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What's so hard about 
building a Heathkit product? 

JUST PICK A KIT... ANY KIT 
Whether you're a beginner or 
an experienced kit builder, 

you'll find it's easier than 
you'd dreamed! 

STEP-BY-STEP, CHECKING AS YOU GO- 
you can't go wrong when you do one 
step at a time and check your work! 

ALL THE PARTS ARE INCLUDED - even solder - so all you need 
are a soldering iron, wire cutter, pliers and a screwdriver! 

ONE LAST CHECK that all the connections are 
made right, and you're ready to turn it on... 

THE 
EASY -TO - 
FOLLOW 
INSTRUCTIONS 
even show 
you how to 
solder perfect 
connections! 

AND TO THINK YOU BUILT IT YOURSELF! It's 
a great feeling. You saved money - you en- 
joyed it - and you ended up with a great, 
hand-crafted product! 

You can start right now...fill in the coupon and mail it today! 

H EATH KIT ° 
CATALOG 
Heathkit products are dis- 
played, sold and serviced 
coast -to -coast at Heathkit Elec- 
tronic Centers (Units of Schlumberger 
Products Corporation). See the white pages 
of your phone book for the store nearest you. 
It coupon is missing, write: 
Heath Company, Dept. 026-580 
Benton Harbor, MI 49022 

Read about nearly 400 money -saving, easy -to -build electronic 
kits - stereo, color TV, clocks and weather instruments, auto and 
aircraft accessories, Amateur Radio Equipment, Personal Com- 
puter Systems and much more! Simply remove the card along 
the perforated line, fill in and mail today. 

MMIMMIMMMMMZEIMiiiiiMM 

Heath Company, Dept. 026-580 
Benton Harbor, MI 49022 

Please send me my FREE Heathkit Catalog. 
I am not now receiving your catalogs. 

Name 

Address 

City State 

CL -705 Zip 
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New Products 
Music Board to SS -50 bus 

The Percom Data Company Newtech 
model 68 Music Board, compatible to 
the SS -50 bus, produces computer -gen- 
erated sounds such as melodies and 
rhythms, computer game sound effects, 
morse code sounds, audible prompts for 
interactive computer operation, train 
sounds for model railroading, play -along 
sing -along music and sounds for many 
other applications. The Music Board 
uses one I/O slot of the Southwest 
Technical Product's 6800 computer, and 
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is supplied with a comprehensive user's 
manual that includes a theory of opera- 
tion, a BASIC program for writing music 
scores and an assembly language rou- 
tine for program execution. The cassette 
version of Americana Plus is compatible 
with Percom's CIS -30+ cassette/data 
terminal interface unit and the SWTP AC - 
30 unit. The disk version runs on Per - 
corn's LFD-400 system using MINIDOS- 
PLUSX. The Americana Plus programs 
are in machine language and do not 
require an assembler or interpreter pro- 
gram. The Music Board sells for $59.95 
assembled and tested. The cassette ver- 
sion of Americana Plus (MC-1SW) is 
priced at $15.95. The disk version (MD- 
1PC) is $19.95. Orders may be placed 
by dialing Percom's toll -free number, 
1-800-527-1592, and may be paid by 
check or money order or charged to a 
Visa or Master Charge account. For more 
information, write to Percom Data Com- 
pany, Inc., 211 N. Kirby, Garland, TX 
75042. 

Disco Electronics 
The new Numark Studio Amplifier, Mixer, 
Equalizer, MA4000 combines essential 
features in one package for disco appli- 
cation-portable or permanent. The am- 
plifier section features 50 watts RMS per 
channel at less than 0.1% THD, 20 Hz 
to 20,000 Hz, along with 12 level LED 
display for accurate monitoring. The unit 
also features a five -band equalizer with 
range of ±12 dB. The mixing section pro- 

vides for two phono, two line, and two 
mike inputs. Other features include fader 
and cue control, phone level adjustment, 
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and talk -over switch. Unit features a 

bridging circuit that allows any power 
amplifier to be tied into the MA4000 for 
unlimited versatility. Suggested retail is 
$580.00. For all the facts, write to Nu - 

mark Electronics Corp., 503 Raritan Cen- 
ter, Edison, NJ 08817. 

Vise Clamp 
A new Vise Base Clamp and D -Vise/ 
Clamp Combination has just been intro- 
duced by Dremel. Both are designed 
for the do-it-yourselfer hobbyist, crafts- 
man, model maker and technician who 
needs that "extra hand" a vise provides. 
The new Vise Clamp can be easily placed 
over the Dremel D -Vise and allows it to 
be clamped to any flat surface. No 
screws are needed to mount the D -Vise 
with the use of the new Vise Clamp. The 
D -Vise offers 180° tilt and 360° swivel 
for optimum positioning of a work piece. 
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Precision machined slide rods assure 
parallel jaw alignment and equalized 
work pressure. Unlike other vises, the 

(Continued on page 4 
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NEW! 

` --.*-Z, JUST WRAP TOOL WITH /0-7---ONE 50 FT. ROLL OF WIRE 

COLOR PART NO. U.S. LIST PRICE 

BLUE JW-1-B $14.95 
WHITE JW1W 14.95 
YELLOW JW1.Y 14.95 
RED JW-1-R 14.95 

. 

REPLACEMENT ROLL OF 
WIRE 50 FT. 

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

WHY CUT? 
WHY STRIP? 
WHY SLIT ? 

WHY NOT... 

JUST 
TM 

AWG 30 Wire 
.025" Square Posts 
Daisy Chain or Point To Point 
No Stripping or Slitting Required 
....JUST WRAP TM.... 

Built In d Off ` 
Easy Loading of Wire 
Available Wire Colors: 
Blue, White, Red & Yellow 

DAISY CHAIN POINT TO POINT 

USA 
FOREIGN 

PATENTS 

PENDING 

MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091 
'MINIMUM BILLING $25.001 AD SHIPPING CHARGE $2.001 NEW YORK CITY I STATE RESIDENTS ADD APPLICABLE TAX. 
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CREATE YOUR OWN GOLD RUSH; 
Create Golden Nuggets 

For Less Than 25c Each 

No flame or fuss 
pliers or tools 
repaired', 

$15w 
+$1.00 postage 

and handling 

Jewelers - Hobbyists 
For Fun or $$$ 

DO IT YOURSELF 
Instructions included. 

Must be electroplated. 
Use a toy railroad control, doorbell battery or car battery 
charger as a power source. NOW! You can build and electro - 
form heavy abstract edges on any stone and create jewelry. 
plate baby shoes, baseballs, leaves, flowers, acorns, etc. 
Information and instruction sheets 

GOLD EDGE 
7117 3rd Ave. /Suite 108/Box P/Dept. EH 

Scottsdale. AZ 85251/602-994-5752 

WE'RE FIGHTING 
FOR YOUR LIFE 

Eat Less 
Saturated 

Fat 

Please give generously to the 
American Heart Association 0 

'vailable ONLY direct from the"l 
Publisher- this LONG TERM 
SUBSCRIPTION TO CAMPING 
JOURNAL only 75e per issue 
($1.00 on newsstands) 

CAMPING JOURNAL 
P.O. Box 2620 Greenwich, Conn.06835 

D Send me 7 issues for only $5.97 
Bill me Payment enclosed 

I prefer 14 issues for only $11.94 
Payment enclosed 

Canada other countries add $1.20 for each 7 issues. 

Name 

Address 

City 

State Zip 
Allow 6 to 8 weeks for your first issue 

A Note to Credit Card Owners 
You can charge your subscription to 
your VISA or MASTER CHARGE card. 

14 issues for only $11.94 
Canada and other countries $14.30 

Credit Card # 
I I I I I l I I I I I I I I 1 1 1 I 

Expiration Date 

Signature - 
H91028 

New 
Products 
(Continued from page 2) 

guide bars of the D -Vise are firmly sup- 
ported at three major points to provide 
"wobble free" operation. The new D- 

Vise/Clamp Combination No. 2221 fea- 
tures one D -Vise and one No. 2218 Base 
Clamp, and sells for only $28.00. The 
new No. 2218 Vise Base Clamp has a 

list price of $4.95. Both are made of 
sturdy die cast metal and are available 
wherever Dremel creative Power Tools 
are sold. Further information can be ob- 
tained by contacting Dremel, a Division 
of Emerson Electric Co., 4915 Twenty 
First St., Racine, WI 53406. 

Voice Synthesizer 
Now your computer can actually talk 
back to you in electronically generated 
speech using the new TRS-80 Voice 
Synthesizer just introduced by Radio 
Shack. The Voice Synthesizer is an ac- 
cessory for the TRS-80 Microcomputer 
System. It translates the computers' 
output into recognizable, intelligible 
speech. The synthesizer includes a vol- 
ume control, built-in speaker and cable 
assembly that permits easy plug-in con- 
nection to TRS-80 systems. Program- 
ming the TRS-80 for speech is done in 
BASIC, the simplified computer language 
used by the microcomputer. About 60 
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"phonemes," representing units of 
speech, can be entered via the com- 
puter keyboard. According to Radio 
Shack, this will even enable the com- 
puter to speak in foreign languages or 
with an accent by integrating the various 
phonemes to produce the desired 
sounds. The voice synthesizer is said to 
be especially useful in the field of edu- 
cation where it is used to supplement 
the displayed video information in a va- 
riety of learning situations, such as 
spelling, reading, language arts, and 
mathematics. The Radio Shack TRS-80 
Voice Synthesizer, priced at $399.00 
comes complete with detailed instruction 
manual and demonstration cassette, and 
may be ordered through participating 
Radio Shack stores and dealers, nation- 
wide. 

Digital Pulser Probe 
The B&K-Precision new digital pulser 
probe, designated as Model DP -100, is 

designed as an aid to fast analysis and 
debugging of integrated circuit logic sys- 
tems. The DP -100 generates a single 
pulse in the "one shot" mode or a 5 Hz 
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pulse train in the continuous output 
mode. Simple to operate, the DP -100 
can be used alone, or in conjunction with 
a logic probe or oscilloscope. When the 
probe output is applied to a circuit, it 
will automatically pull an existing logic 
low to a high state or an existing high 
state to a low. By observing the change 
in circuit output, the user can isolate 
faulty circuits and components. Applied 
test energy is limited to only 0.33% of 
the normal power dissipation of a good 
device. The DP -100 is now available for 
immediate delivery at local B&K-Preci- 
sion distributors. The user net is $80. 
For additional information, write to B&K- 
Precision, Dynascan Corporation, 6460 
West Cortland Street, Chicago, IL 60635. 

Computer Price Cut 
Apple Computer, Inc., has reduced the 
price of its large memory configured 
(32K and 48K) Apple II computer sys- 
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tems. Previously priced at $1495 for the 
32K system and $1795 for the 48K sys- 
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tern, the units now sell for $1345 and 
$1495 respectively. The price of a 16K 
RAM increment was also lowered from 
$300 to $160, reflecting the continually 
declining cost of LSI memory. Get all the 
facts on Apple computers by writing to 
Apple Computer, Inc., 10260 Bandley 
Drive, Cupertino, CA 95014. 

Slimline Scientific Calculator 
A low-cost scientific calculator with Con- 
stant Memory feature has been intro- 
duced by Texas Instruments. The new 
Slimline TI -35 calculator includes a four - 
key Constant Memory which can store, 
recall, sum to memory, and exchange 
memory with the display, while retaining 
data even when the unit is turned off. 
The TI -35, a 54 -function slide rule calcu- 
lator, has the following commonly used 
scientific functions: roots, powers, re- 
ciprocals, common and natural loga- 
rithms, and trigonometric functions in 
degrees, radians, or grads. In addition, 
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it has special functions such as pi, fact- 
orial, and constant which help speed 
calculations in complex problem -solving. 
Scientific notation extends the useful 
range of calculations. The TI -35 also has 
powerful, built-in statistical capabilities 
with mean an& standard deviation for 
both sample and population data. The 
easy -to -read liquid crystal display (LCD) 
shows eight digits or a five -digit man- 
tissa with two -digit exponent in scienti- 
fic notation. The TI -35 has a suggested 
retail price of $25.00 and is available at 
retailers nationwide. For more facts on 
the TI -35, write to Texas Instruments 
Inc., Consumer Relations, P.O. Box 53 
Lubbock, TX 79408 (Attn: TI -35). 

5 -Function Volt -Ohm Milliammeter 
Only 45/8 -inches long, this new VOM fits 
comfortably in the hand for convenient 
on-the-job use. Housed in a high -impact 
plastic case, the instrument is ideal for 
engineers, technicians and hobbyists. 
Known as the Model WV -651B VOM and 
made by VIZ Mfg., the instrument can 
be used to measure DC and AC volts up 
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to 250 V, resistance up to 500,000 
Ohms, current up to 250 mA and deci- 
bels from -20 to +22. Each function 
has three ranges which are easily selec- 
table by means of a rotary panel switch 
with three color coded function indica- 
tions. Sensitivity is 2000 ohms -per -volt 
and accuracy is 3% DC and 4% AC. 
The instrument comes complete with 
battery (for resistance function) and 
standard banana plug test leads. It 
sells for $19.95. For additional informa- 
tion, write to VIZ Mfg. Co., 335 E. Price 
St., Philadelphia, PA 19144. 

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

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

ru,, 
Mt 

OK. 
Ultrasonic 

Snitch 

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

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

Calectro 
Products of GC Electronics, Rockford, IL 61101 f 
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New Products 
Solar Power Vent Fan 

Edmund Scientific is offering a new, 
Solarvent Ventilating Fan that costs 
nothing to operate. Powered by a photo- 
voltaic panel, it has been designed to 
circulate 250 cubic feet of air per min- 
ute without adding a penny to one's 
electric bill. Requiring no connection to 
110 -volt wiring and using no fuel, it 
operates whenever the sun is shining. 
The motor and panel are ideally match- 
ed so that peak efficiency can be ob- 
tained. The panel comprises 12 solar 
cells mounted on a weatherproofed sub - 
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strate and encapsulated in specially for- 
mulated, clear silicone rubber. Self- 
cleaning, it generates six watts in full 
sun. Enough power will be provided to 
start the fan in 15 percent of full sun 
(early morning or an overcast day). The 
new Solarvent Ventilating Fan (stock no. 
80,295) priced at $299.95, can be 
ordered by mail from Edmund Scientific 
Co., 7782 Edscorp Bldg., Barrington, NJ 
08007. A free Edmund Catalog can be 
obtained by writing to the same address. 

Sound Booster 
Robins Industries new entry into the auto 
sound market is the Car Stereo Sound 
Expander/Amplifier Power Booster. The 
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unit packs 50 watts RMS (25 watts -per - 
channel). The unit has a frequency re- 
sponse of 60 Hz to 15,000 Hz, output 
impedance 4-8 ohm, push-button in -out 
boost by-pass switch and LED pilot 

lamp. It also includes . an eight -wire, 
color -coded wiring harness, fuse protec- 
tion and mounting brackets. Voltage re- 
quirements is nominal 12 volt, negative 
ground common in cars. The Robins Car 
Sound Expander/Amplifier Power Boost- 
er, catalog #47-700, carries a list price 
of $63.70. For further information, write 
to Robins Industries Corp., 75 Austin 
Blvd., Commack, NY 11725. 

Little Big Amp 
Hamtronics' model P8 miniature preamp 
kit is designed to be tucked away in a 
corner of your receiver's chassis, but not 
forgotten. The dual j-FET cascode circuit 
provides 20 to 25 dB gain, with a nomi- 
nal noise figure of 2.5 dB, operating in- 
side a bandwidth of 6 dB. It is available 
in three frequency ranges; 20 to 83 
MHz, 83 to 190 MHz, and 220 to 230 
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MHz. Its small size - 1/2 -inch by 2W 
inches, allows it to be fitted to handy 
talkies, scanner/monitors, mobile CBs, 
and of course, any ham receiver. Instal- 
lation is a breeze, since it need only be 
inserted into the coax at the receiver's 
antenna input, and its two coils peaked 
for maximum sensitivity. No neutraliza- 
tion is required. The kit version sells foi 
$10.95, and the wired and tested ver- 
sion for $21.95. For more information, 
write directly to Hamtronics, Incorpor- 
ated, 65 Moul Road, Hilton, NY, 14468 

For Mini Mariners 
A new battery -operated VHF radiotele- 
phone designed for short -distance use 
aboard small craft with no power supply 
is available from Apelco Marine Elec- 
tronics. The Apelco AF -6 six -channel 
transceiver is a compact, hand-held unit 
weighing only two pounds. It operates 
on eight penlight batteries or an optional 
nickel -cadmium power pack which deliv- 
ers 14 hours of operation per charge. 
Maximum range of the AF -6 is one to 
five miles depending on weather condi- 
tions. Other features include an internal 
telescoping antenna, an external anten- 
na jack and a meter for measuring 
transmitting voltage and signal strength. 
List price of the AF -6 is $299 including 
crystals for Channels 6 and 16. Optional 
accessories in addition to the Ni -Cad 
battery pack, include a 110 -volt AC re- 

charger, case with belt loop, waterproof 
case and a short rubber flexible antenna. 
Specifications and other information can 
be obtained from Apelco Marine Elec- 
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tronics, 676 Island Pond Road, Man- 
chester, NH 01303. 

Fingertip Volume Control 
Fingertip convenience is now added to 
the world's finest microphones. Urban 
Engineering manufactures a Fingertip 
Volume Control for use on all Astatic 
TUG8, TUG9, and TUP9 style D104 mi- 
crophones, including the Golden Eagle 
and Silver Eagle. The unit replaces the 
stock bottom plate and requires no drill- 
ing or modifications of any kind. No - 
scratch feet protect fine furniture, while 
the large easy -to -read dial gives com- 
plete 0-100% volume adjustment at the 
touch of a finger. Shipped complete with 
all hardware and instructions, the unit 
retails for $7.95 and is available at finer 
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radio shops everywhere, or send $7.95 
plus 80¢ postage to Urban Engineering, 
Inc., P.O. Box 5701052, Miami, Florida 
33157. NOTE: Prices in Canada and 
overseas are slightly higher. 

"Go, breaker! You've got the 
'Green Thumb' here!" 
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ASK HANK, 

HE KNOWS! 

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

Hank Scott, Workshop Editor 
ELECTRONICS HOBBYIST 

380 Lexington Avenue 
New York, NY 10017 

VTR History 
1 say video tape recorders are fairly new. 

Discounting lab built units, I claim video 
recorders are all about ten years old. My 
father says they are about 20 years old. 
Who is right? 

-DJ., Providence, NJ 

Your Dad! Video tape recorders first 
came into regular use in 1954, 25 years 
ago, in TV studios. The "instant replay" 
type is fairly new; maybe that is why you 
are confused. The first home type that 
met with consumer success was the Sony 
Betamax back in 1976. There were several 
false starts before 1976, but I believe the 
Sony product made the big breakthrough. 

FM DXing 
Hank, I've done some serious FM 

broadcast band DXing. It is amazing what 
could be done with a good hi-fi receiver, 
FM antenna and rotator. In fact, l'm into 
meteor skip and have a few contacts over 
2000 miles. What I can use is a good 
tunable FM booster. Who has one? 

-D.R., Collierville, TN 

What you may want to use is the Mag- 
num FM Power Sleuth which is a tunable 
FM antenna power amplifier. It's primarily 
designed for fringe area AM reception. It 
sells for about $150.00. I suggest you write 
to Audio Marketing by Von, 11 Royal 
Crest Drive, North Andover, MA 01845. 

Down With Dust 
No matter how hard I try to clean my 

records, the dust piles up. I've purchased 
an electrostatic gun. It works for about a 
minute-then the dust starts to accumulate. 
What should I do? 

-W.D., Buena Park, CA 

Try Permostat, sold by Stanton, avail- 
able at most audio salons where Stanton 
and Pickering cartridges are sold. A few 
squirts of Permostat to clean record sur- 
face eliminates static -dust pickup. I've 
tried it, and the only dust on the record in 
24 hours was precipitated by gravity. 
Other discs were loaded because their 
static charges pulled the dust to the sur- 
face. I don't know how it works, but Per- 
mostat relhoves the latent static charges 
almost indefinitely. Permostat, like most 
other record care items, does not work 
well on peanut butter stains and the like. 

Untouchable Tones 
1 suggested to a friend that he use the 

tone in his Touch -Tone phone as a signal 

source. Can you tell me what they are? 
-K.L., Duluth, MN 

The new Touch -Tone phones send tones 
to the central office. Each time you press 
a button on the phone, a pair of very 
accurately controlled tones are produced. 
Pairs of tones are used so that the detector 
in the central office will accept the signal 
only if both tones are present simultane- 
ously. Because tones are in the voice fre- 
quency range, dual tones are used so that 
the central office can distinguish the dif- 
ference between actual signaling and voice 
noise. Two sets of tones are used: the low 
group tones are 697, 770, 852 and 941 Hz; 
and the high group tones are 1209, 1336 
and 1477. Here are the tone pairs for the 
twelve buttons on your touch-tone phone: 

Digit Low -Tone High -Tone 
0 941 1336 
1 697 1209 
2 697 1336 
3 697 1477 
4 770 1209 
5 770 1336 
6 770 1477 
7 852 1209 
8 852 1336 
9 852 1477 
* 941 1209 

941 1477 

The tones provided by buttons "*" and 
are included to avoid future obsoles- 

cence. So you see, it's not as simple as 
you think. If you need audio tones for 
testing, buy a signal generator. 

Here's an Assist 
Every time 1 tune up the car, I need 

someone to kick the motor over, or posi- 
tion the distributor cam. Can I add a 
starting button under the hood? 

-1.P., Louisville, KY 

Check the starter assist relay under the 
hood. By connecting a button between the 
hot terminal on the battery and the cor- 
rect terminal on the starting assist relay, 
you can crank your engine from under the 
hood. Now since this is dangerous for 
novices to do, I suggest you have a friend 
assist. 

Getting Started 
Why must I turn oft my lights, A/C and 

radio when I start my car's motor? My 
battery is kept in good shape and can take 
the load. 

-S.K., Waco, TX 

The heaviest load you can place on your 

car's battery is during the starting period. 
So why not give it a break. Turn off your 
lights! You'd be sujprised how much cur- 
rent headlamps take. Your A/C is auto- 
matically disconnected by the key switch 
when the starter is powered. But at the 
instant the motor catches, you remove the 
starter power and load down the engine 
with the A/C load-it doesn't make sense. 
Get the motor started, running smooth, 
and then turn on the A/C. As for the car 
radio, I leave mine on all the time. The 
load is too small to affect the system. 

White Noise Generator 
How would I go about building a white 

noise generator? 
-L.D., Teaneck, NJ 

A Zener diode operating under normal 
conditions is a perfect white noise genera- 
tor. Just connect a battery supply in series 
with a current limiting resistor and Zener 
diode. Ground one terminal of the diode, 
and the other terminal will be the signal 
source. For most troubleshooting instan- 
ces, a large disc capacitor can be used 
for coupling without attenuating the high 
audio frequencies. 

Forward & Reverse 
What is forward current and reverse 

current in diode specs? 
-L. N., Sunnyvale, CA 

First let me define conventional current 
flow as that mythical flow of electronic 
current from the positive DC source to a 
negative DC source. Shades of ol' Ben 
Franklin! Now, the diode symbol of an 
arrow striking a cathode has meaning be- 
cause the arrow points in the direction of 
ol' Ben's conventional current flow (just 
the opposite of electron flow). Forward 
current (If) is the amount of conventional 
current flowing from the anode to cathode 
for a given forward voltage imposed on 
the diode. In this instance, the anode is 
positive and the cathode is negative. We 
should expect the diode's internal resis- 
tance to be very low. Reverse current (Ir) 
is the amount of conventional current 
flowing from the cathode to the anode 
when a given reverse voltage is imposed 
on the diode. That's to say that the cathode 
of the diode is positive with respect to the 
diode's anode. Now the only problem re- 
maining is identifying the anode and 
cathode leads on a diode. Easy-the banded 
end, a strip of black or red color usually, 
denotes the cathode side of the terminal. 

Hot Up There 
1 need a remote thermometer to moni- 

tor the attic heat during the summer. This 
way, I'll know when to turn on and off my 
attic fan. Got any ideas? 

-M. M., Globe, AZ 

What you need is a thermostatically 
controlled switch in the attic to turn on 
the attic fan whenever the temperature is 
105'F (who knows from Celcius). Nutone 
makes one which is placed in line with the 

(Continued on page 110) 

ELECTRONICS HOBBYIST / Fall -Winter 1979 7 



Lab Test 
Elementary 
Electronics 

For 
Yourself 

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

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

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

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

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

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

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

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

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

Get switched on 

it gives you the complete, ground -floor 
lowdown on a variety of important 
electronics subjects. For example- 
Understanding Transistors ... How 
Radio Receivers Pull in Signals .. . 

Cathode Ray Tubes Explained ... How 
Capacitors Work ... Using Magnetism 
in Electronics. And more! 

ENJOY GREAT ARTICLES 
LIRE THESE 

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

TRY A FEW ISSUES AND 
EVALUATE OUR .. . 

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

NO-NONSENSE TESTS. The scoop 
on Pioneer's TP -900 FM stereo car radio 

. How well does GE's NiCad charger 
pep up your pooped batteries? ...What's 
your best bet in video games? Plus 

C1 
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elementary 
Electronics 

Ml .,, . 
EXCITING DISCOVERIES. What- 

ever your particular interest in elec- 
tronics, you'll be entering a world of 
discovery in the pages of ELEMENTARY 
ELECTRONICS. 

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

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

ORDER 
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FOR MANY CREATURES on this earth, 
two ears are the norm. The two - 
eared arrangement does more than 

allow listening to your mother-in-law 
and wife at the same time. Thanks to 
some special neural circuitry (which, 
among other things, performs phase and 
magnitude comparisons between left 
and right ear signals) a two -eared in- 
dividual can quite accurately tell where 
a sound is coming from. You know 
how marvelously well the present sys- 
tem works, but think of the possibilities 
afforded by a third ear. 

Wait a second now, no one is advo- 
cating surgery as a hobby (à la Frank- 
enstein). The Third Ear in this instance 
is a versatile, electronic, sound -actu- 
ated control system. It can spy on your 
friends, mind the phone, babysit, 
thwart would-be burglars and much 
more. Later on, the Third Ear's appli- 
cations will be explored in detail, but 
first let's examine its circuit. 

The Circuit. The heart (better yet, 
the eardrum) of the Third Ear is a tiny 
module, the ETCO S -210U sound trig- 
ger. This little device originally formed 
the nervous system of an electronic 
turtle. The species is now extinct, un- 
fortunately, but its innards are avail- 
able as a great surplus bargain. As you 
can see from the schematic, the S - 
210U contains a crystal microphone, a 
transistor amplifier, and an SCR. The 
module's black lead goes to the minus 
side of a battery, while the red and 
green leads will be shorted together in 
this application. The shorted leads con- 
nect to one side of a low -resistance 
load (like a relay), and the opposite 
end of the load goes to battery positive. 
Sound picked up by the microphone is 
amplified by the transistor and fed to 
the SCR's gate. If the sound is suf- 
ficiently loud, the SCR latches in a 
conducting state, thus drawing a rela- 
tively large current through the con- 
nected load. Power must be removed 
in order to turn off the device again. 

A more versatile system should op- 
erate in either of two modes, latch or 
pulse. After the first triggering impulse 
of sound, the latch -mode system re- 
mains active. A pulse -mode system, on 
the other hand, remains active only for 
some pre -determined time interval af- 
ter triggering. It then returns to its in- 
active state, where it rests until re -trig- 
gering occurs. Then, the process repeats 
itself. 

Construction. Adding pulse -mode 
capability to the S -210U is a simple 
matter. All it takes is some auxiliary 
circuitry to sense the latching of the 
SCR and to unlatch it again after a 
user -selected time delay. Unlatching an 
SCR can be accomplished by opening 

the 

by Walter Sikonowiz 

rd 

ELECTRONICS 
G;]O[3 B Y oßú 

FALL-WINTER 1979 

This electronic servant will jump at the snap of your fingers 

a switch in series with the anode or 
closing a switch to short the anode and 
cathode together. The latter method is 
the one used in the Third Ear, but 
before getting any further into that, 
there are a few easy modifications that 
must first be made to the S -210U. 

The pictorial diagram shows the four 
necessary modifications in detail. First, 
remove the 5000 -ohm trimmer by un- 
soldering it. This device is unusual in 
that it has two mounting pins, not 
three. Wire a 2500 -ohm potentiometer 
in series with a 680 -ohm resistor so 
that the net resistance is a minimum 

(680 ohms) when the pot is fully clock- 
wise. The two wires from the pot/ 
resistor combination should be solder- 
ed into the, holes vacated by the 5000 - 
ohm trimmer. This new pot will func- 
tion as the Third Ear's sensitivity con- 
trol (with maximum sensitivity in the 
clockwise position). 

The second modification requires 
that the 0.1-uF disc capacitor in the 
upper left-hand corner of the S -210U 
be unsoldered. In the holes vacated by 
the capacitor, install and solder a jump- 
er of bare, solid hookup wire. 

The third step is to cut the red wire 
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3rd ERR 
in the lower lefthand corner completely 
off at the point where it joins the PC 
board. 

Finally, unsolder the 32-uF elec- 
trolytic capacitor from the board, and 
replace it with a similar unit having 
a higher working voltage; 16 VDC or 
higher. In general, your replacement 
may have a value anywhere between 
22 and 47-uF, with 33-uF being about 
optimum. Remember that since you are 
dealing with electrolytic devices, the 
orientation must be correct. In the pic- 
torial you can see that capacitor posi- 
tive (-I-) must be pointing upward. 

Now, let's see how the modified 
S -210U mates with the rest of the cir- 
cuitry in our Third Ear. As the sche- 
matic diagram shows, the green and 
black leads of the module are its only 
connections to the external circuitry. 
Capacitor C2 bypasses the module's 
supply leads in order to keep the sen- 
sitivity high, while R1 isolates C2 to 
reduce its effects on the performance 
of the rest of the circuit. Whenever 
the module's SCR latches into conduc- 
tion (due to sonic triggering), current 
will be drawn through relay K1 and 
the LED1/R2 combination. As a re- 
sult, the normally open relay contacts 
will close, and the LED will light si- 
multaneously. These two conditions 
will persist as long as the SCR remains 
latched. 

Note how switch S3 selects either 
the normally open (N.O.) or normally 
closed (N.C.) contacts of K1. This al- 
lows a load to be turned on or off, 
respectively, when the circuit is acti- 
vated. Diode D1, connected across Kl's 
coil, is normally reverse -biased (not 
conducting). When the SCR is forced 
to unlatch, however, KI's coil gen- 
erates an inductive kickback voltage 
which could cause trouble if D1 were 
not there to clip it. 

In order to see how unlatching is 
accomplished, let's assume that the 
SCR in the module is initially unlatch- 
ed, and that mode switch S2 is closed 
in its "pulse" position. Since the SCR 
is not conducting, the voltage at the 
green lead of the module must be high 
(about 7 volts above ground) . This 
potential drives sufficient current 
through R3, D2 and D3 into the base 
of transistor Q2 to ensure that Q2's col- 
lector is conducting current heavily. 
This prevents the voltage on C3 from 
rising, and nothing of interest happens. 

Suppose, however, that a sound trig- 
gers the module into conduction. The 

LEDI LED 2 

RELAY CONTACTS 
COMMON 

NORMALLY OPEN 

RELA I 

D 
R2 

1 
NORMALLY 
CLOSED 

GREEN 

BLACK 

o 
RI 

n 

QI .a 
- R4 

S2 R5 

CI 

SI+B+ 

This is the component -side view of the main printed circuit board. The foil pattern is 

on the reverse side. If your K1 relay has mounting tabs you may have to make some holes. 

potential of the green lead drops to 
less than one volt, which is less than 
the 2 -volt minimum needed to turn on 
the D2/D3/Q2 combination. Conse- 
quently, Q2's collector no longer con- 
ducts current, and the potential across 
capacitor C3 rises as charging occurs 
through R5 and R6. The rate of ascent 
is controlled by potentiometer R5; 
higher resistance causes the potential 
on C3 to climb more. Eventually, the 
voltage on C3 will reach a critical level, 
at which point unijunction transistor 
Q3's emitter -to -base 1 impedance will 
break down to a very low level. This 
rapidly discharges C3 and causes the 
appearance of a voltage spike across 
resistor R8. 

This voltage spike drives current 
through R4 into the base of transistor 
Q1 . As a result, Q l's collector conducts 
current heavily, thus shorting the mod- 
ule's green and black leads together. 

This deprives the SCR of anode cur- 
rent, causing it to unlatch. Because the 
voltage spike lasts only a brief instant, 
less than 0.1 second, Q 1 soon loses 
base drive and ceases to conduct. 
When this happens, current can no 
longer activate K1 or LED1, and both 
will remain off until another sound 
triggers the module. As you can see, 
the circuit has returned to the state it 
was in at the beginning of this discus- 
sion. 

If mode switch S2 had been opened 
to its "latch" position, no current 
would have been able to flow through 
R5 and R6 to charge C3. Since the 
charging of C3 is an essential part of 
the unlatching process, it is clear that 
the module would have remained latch- 
ed indefinitely. In fact, in the latch 
mode, the only way to reset the circuit 
to its inactive state is by opening pow- 
er switch Si for at least five seconds. 

REMOVE THE ORIGINAL 5e( 

TRIMMER AND INSTALL IN 
ITS MOUNTING HOLES THE 
WIRES FROM a 2.5K POT 

REMOVE O.IuF DISC CAP- a 680n RESISTOR 

ACITOR AND INSTALL A WIRE 
JUMPER IN ITS PLACE. \ 

REMOVE THE 
ORIGINAL 32 uF 
CAPACITOR AND 
REPLACE IT WITH 
A SIMILAR UNIT 
HAVING HIGHER 
VOLTAGE 
RATING 

I uF 

XTAL MIC 

RED WIRE 
(REMOVE 
COMPLETELY) 

5K 
TRIMMER 

This pictorial diagram shows all the modifications that are needed on the S -210U module. 
The 32 uF capacitor should be replaced by one with a 16-VDC or higher voltage capacity. 
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RED GREEN 

WIRT p 
REMOVE ° 

OFF Fi 

hAP 

USE HIGHER 
CAPACITOR 

VOLTAGE 

1OK 

32 I6V 22K 680 
Mtil 

+ 2,500 uF 
REMOVE 

5K,i SENSITIVITY 
TRIMMER 

47K 

INSTALL 
JUMPER 

o 
BLACK 

The above schematic shows the circuit of the S -210U. The mod- 
ule can be obtained from the company listed in the parts list. 

This gives the various capacitors time 
to discharge completely, thus ensuring 
that the circuit will be inactive when 
Si is again closed. Similarly, should 
you wish to manually unlatch the 

RELAY KI 

ACTIVE 
INDICATO R SENSITIVITY 

/ \ 
SU -210 CRYSTAL 
MODULE MICROPHONE 

This shows internal arrangement of The Third Ear. Note how 
the S -210U crystal microphone is mounted over the hole in 
the front panel of the case. Using a large, factory built case such 
as the one shown here makes assembly of a project like this 
a snap. The batteries mount in the other half of the cabinet. 

module in the pulse mode before the 
time delay elapses, the same procedure 
applies. 

In the prototype's pulse mode, dura- 
tion control R5 was able to produce 

time delays between 9 and 130 sec- 
onds. The actual control range obtain- 
ed in your model is likely to be some- 
what different because of variations in 
the characteristics of Q3 and C3. Fur - 

JI 
OUTPUT 

MODI 
SU -210 

GREEN 

BLACK 

RIO 
680 

R9 2.5K 
SENSITIVITY 

201 s R2 i 1000 

LED 1 

AZT IVE 

RI 
33 

C2 
22mf 

01 
2N3904 

R3 
181 

IN ) 
02 D3 

S2 
MODE 

PULSE 

LATCH 

R5 IOOK 
DURATION 

R6 Q3 
IDK 2N2646 

2N39í4 

C3 
470Lf 

R7 
470 

B 

BI 

R4 
220 

R8 
IOO 

SI 

CI 
100tif 

CONTACTS 
OF RELAY 

KI 

PARTS LIST FOR 

THE THIRD EAR 

C1-100-uF electrolytic capacitor, 16 VDC 
C2-22-uF electrolytic capacitor, 16 VDC 
C3-470-uF electrolytic capacitor, 16 VDC 
Dl, 02, D3 -1N914 diode 
11-panel mount AC socket 
K1-relay w/6 VDC coil; one set normally 

open contacts, and one set normally 
closed contacts 

OPTIONAL HIGH -POWER INTERFACE 

1000 

MT2 

MT 

HIGH - 
CURRENT 

L OAD 

117 VAC 

LEDI-small red LED 

MOD1-ETCO SU -210 sound trigger module 
Qt, 02-2N3904 NPN transistor 
Q3 -2N2646 unijunction transistor 
R1 -33 -ohm, 1/2 -watt resistor 
R2 -1,000 -ohm, 12 -watt resistor 
R3 -18,000 -ohm, 1/2 -watt resistor 
R4 -220 -ohm, 1/2 -watt resistor 
R5 -100,000 -ohm linear -taper potentiometer 
R6 -10,000 -ohm, 1/2 -watt resistor 

R7 -470 -ohm, 1/2 -watt resistor 
R8 -100 -ohm, 1/2 -watt resistor 
R9 -2500 -ohm, linear -taper potentiometer 
R10 -680 -ohm, 1/2 -watt resistor 
S1-SPST slide switch 
S2, S3-SPOT slide switches 
Misc.-case, battery holders, batteries, 

knobs, hookup wire, etc. 

Note: S210U is available from ETCO Electron- 
ics, Dept. K, Old Country Shopping Ctr., 
Plattsburgh, NY 12901 
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3rd EAR 
thermore, any leakage within C3 will 
exert yet another influence on the time 
delay; the leakier the capacitor, the 
longer the charging time. With this in 
mind, it is wise to use a new, high - 
quality electrolytic capacitor for C3. 

Power Supply. Power for the Third 
Ear comes from five "D" cells in series, 
yielding 7.5 volts. Electrolytic capaci- 
tor Cl keeps the power supply's im- 
pedance low. Inactive, the Third Ear 
draws only 2 milliamps, but current 
consumption jumps to 22 mA when the 
circuit is active. At these small rates 
of discharge, "D" cells will last a long 
time. Some readers might prefer to see 
the Third Ear powered by an AC sup- 
ply; however, transformers hum at 60 
Hz, and the Third Ear is sensitive 
enough to be triggered if a transformer 
is mounted inside its case. If you want 
to use an AC supply, a 6- to 9 -volt DC 
unit will work well, but it must not be 
mounted inside the Third Ear's case. 

Construction. Construction is easy 
because you don't need to worry about 
the layout; anything will do. A PC 
board is not absolutely necessary, but if 
you like to give your projects that pro- 
fessional look, use the PC patterns pro- 
vided. 

You should test LED1's sensitivity 
before wiring it into the circuit. Bar- 
gain LEDs especially may not be sen- 
sitive enough to be used here. Hook 
your LED in series with a 1000 -ohm 
resistor, and connect the combination 
to a 7.5 VDC source. (Get the polari- 
ties right.) If you do not obtain an 
easily visible red glow, try another 
LED. Red LEDs are more sensitive 
than green or yellow ones, so stick 
with red. 

When wiring duration control R5, 
make sure you obtain maximum re- 
sistance in the fully clockwise position. 
This will then give you a maximum 
time delay. 

When building your Third Ear, you 

The printed circuit 
board for The Third 
Ear is easy to make. 
You can use this tem- 
plate for a photo- 
graphic copy or just 
duplicate the pattern 
with a resist pen. 

Make a three -quarter -inch diameter hole in 
the front panel of the cabinet or wherever 
you want to put the microphone. Adjust the 
sensitivity so that it triggers correctly. 

would be better off with slide switches. 
When a toggle is snapped quickly, the 
click of the switch can activate your 
system, regardless of the sensitivity set- 
ting. Slide switches require very little 
operating force and are practically si- 
lent. 

The contacts of relay K1 are rated 
for a load of up to one ampere, which 
is more than adequate for most appli- 
cations. Sometimes, however, you may 
wish to control a high -power load, such 
as a flood lamp. One method of doing 

SONIC 
INPUT 

PULSE 
MODE 

LATCH 
MODE 

I 2 3 I T -i Imo- T --I 
ACTIVE ACTIVE 

ACTIVE 

TIME 

The Third Ear can be 
adjusted so that it 
triggers and holds, or 
so that it triggers 
and resets. This chart 
shows how the output 
level varies with in- 
coming sound pulses. 

this would be to substitute a relay with 
a higher contact rating for K1, but 
high -current, good -quality relays are 
expensive. Besides that, all relays arc, 
especially with high -power loads, so a 
relay's lifetime under such conditions 
is limited. A cheaper, better solution is 
the high -power interface. Note that the 
triac controls the AC load, but the relay 
contacts control the triac. In this way, 
the relay contacts carry only the small 
gate current of the triac, and your 
Third Ear remains isolated from the 
AC line (and shock hazards) by the 
relay. Choose a triac with a current 
rating high enough for your load, and 
heat sink it. Mount the triac and heat 
sink in a well -ventilated plastic case to 
prevent accidental shocks. 

Checking it Out. After construction 
is complete, you should check out the 
operation of your project. Set your 
Third Ear into the pulse mode, with 
R5 set for a minimum duration, and 
sensitivity control R9 placed at the mid- 
point of its range of rotation. Now, 
turn on power switch Si. LED1 should 
flash momentarily as power is applied. 
Snap your fingers directly in front of 
the microphone, and note the length of 
time that LED1 remains lit. 

Next, rotate the duration control to 
maximum. Snap your fingers, and again 
make a note of how long LED1 stays 
illuminated. 

Finally, turn the power switch off, 
and flip S2 to the latch mode. After 
five seconds, re -apply power. Snapping 
your fingers should now cause the 
LED to light and stay lit for as long as 
power is applied. You can do some 
experimenting with the sensitivity con- 
trol, too. In the prototype, operation 
at maximum sensitivity was impossible 
because even the faintest ambient noise 
would trigger the circuit. 

The applications for the Third Ear 
are only limited to the uses your imag- 
ination can find, and with its switching 
flexibility, it can control almost any- 
thing you may wish to operate around 
the home or office. 
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MOST OF US WHO DRIVE the highways 
these days have become witness, at 

one time or another, to the gruesome 
sight of a high speed, rear -end collision. 
With today's cars becoming smaller 
and lighter, the only way the auto 
makers can provide a margin of col- 
lision safety for the occupants is to 
design the cars to crumple on impact, 
thus absorbing the shock and hope- 
fully leaving the passengers uninjured. 

This tailgating gauge helps you to keep your distance. 

Space 
CushionTimer 

by Thomas R. Fox 
;Lea) 

The drawback to this method is that 
while you and your loved ones may 
manage to avoid serious injury, your car 
is likely to be suited for use as nothing 
more than junkyard scenery. 

The Principle. To help you avoid 
these unpleasant consequences, we sug- 
gest you build the Space Cushion 
Timer. This device works on the "two - 
second rule." The rule simply says that 
if a two -second interval is kept between 

Separate the template for the touchplate and make an individual 
printed circuit board for it. Make both PC boards very carefully. 

. .,.,.. ....:... ... ...,.. ...,. 

cars at all speeds, ample braking dis- 
tance will be provided for safe stops. 
In practice, you would fix a landmark 
at the side of the road, such as a light 
pole. When the car in front of yours 
passes the pole, two seconds should 
elapse before your car reaches that 
same spot. With our timer, you merely 
trip the touch plate, and 2.1 seconds la- 
ter, a pleasant tone sounds. If you're at 
the landmark, then you are a safe dis - 

The components all mount on the side opposite the foil pattern. 
Be sure to double check the .polarities of electrolytic capacitors. 
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Space Timer 
tance behind. If not, then adjust your 
speed accordingly. 

Construction. Best results will be ob- 
tained by constructing the timer on a 
PC board. We have provided a tem- 
plate which you can use for etching 
your own board. All components, ex- 
cept for the speaker, switches, and the 
touch plate, are mounted on the PC 
board. The polarity protection circuit 
may be wired point-to-point on a small 
chunk of perfboard, and mounted on 
or near the car's fuse box, in order to 
save space within the timer's cabinet. 

Instead of using a cabinet, especially 
if your car has a bit of room behind 
the dash, you may wish to mount the 
timer's PC board right inside, and have 
the touch plate and the switches mount- 
ed flush on the dash, in order to give 
the project that "built-in" look. 

How it Works. IC1 consists of two 
555 timers, one operating in a mono - 
stable mode, and the other in an asta- 
ble mode. The monostable multivibra- 
tor is triggered when your finger con- 
tacts the touch plate. It has a pulse 
length of 2.1 seconds when Si is in the 
normal, or closed position, and about 
5.2 seconds in the poor, or open po- 
sition. The output of this circuit goes 
to the base of Q1, which serves as a 
differentiator / inverter, shaping the 
pulse into a positive sawtooth, with a 
duration of 0.25 seconds. The reshaped 
pulse is then fed to the reset side of the 
astable oscillator which operates at 600 
Hz. This oscillator will only produce 
an output when the reset input is held 
above ground potential (minimum of 
0.4 volts). Therefore the oscillator will 
produce a 600 -Hz tone for 0.25 sec- 
onds, which is fed into the speaker as 
the audible warning. 

Operation. After connecting the pro- 
tection circuit to the fuse box and the 
timer, you're ready for the safest driv- 
ing you've ever done. Consult the table 
for the proper setting for the road con- 
ditions and the prevailing speed of traf- 
fic. The look -ahead feature of switch 
S3 allows you to set a considerably 
greater safety margin for conservative 
driving. You may wish to clip the ta- 
ble from the page and fasten it to the 
underside of your sun visor where it 

will be handy when you need it. Re- 
member! The Space Cushion Timer 
will not prevent accidents if you don't 
use it, and even when you do use it, 
it's not intended as a substitute for seat 

belts and common sense. 

DRIVING CONDITIONS 

NORMAL 4 I L,-' POOR 

While almost any 
case can be used 
for the space 
cushion timer, this 
Radio Shack clock 
case seems ideal. 
This unit can be 
mounted at almost 
any convenient 
spot on the dash- 
board of your car. 

Rationale For Two Seconds Following Distance 

At 1 Car Length 
For Each 10 M.P.H. 

You Will Be 2 Second 
Car Feet Car Will (based on 20 ft. Safety Rule 

Speed Travel In 1 Second vehicle) You Will Be 

30 = 44.4 60 ft. back 88.8 ft. back 
40 = 58.6 80 ft. back 117.2 ft. back 
50 = 73.3 100 ft. back 146.6 ft. back 
60 88.0 120 ft. back 176.0 ft. back 

FI 

TO CAR'S 
+12-VDC C7 
SUPPLY + 1000 

C6 
D2 .I 

15-V 
I -w 

R4.--44 
47000 

C 

POOR 
,I° NORMAL 

o-. 

SI / 
D 

R6 
4.7M 
tiw 

E -'- 

+ 

R3 

52200 

SPEAKER 

C4 
22 

14 13 12 10 9 8 

IC -I 

556) 
2 3 4 5 6 7 

R5 
3.3 M 

ZI 
(TOUCHPLATE) 

CI 
1 

I L 

R2 
100000 

is C2 
.047 

PARTS LIST FOR SPACE CUSHION TIMER 

C1-2.2-uF tantalum capacitor, 25 -volt or 

greater 
C2-0.047-uF ceramic disc capacitor, 25 -volts 
C3-2.2-uF non -polarized electrolytic capaci- 

tor, 25 -volts 
C4-22-uF electrolytic capacitor, 25 -volts 
CS, C6-0.1-uF ceramic disc capacitor, 25 - 

volts 
C7-1,000-uF electrolytic capacitor, 25 -volts 

01-1N4001 diode 
02-1N4744 zener diode, 15 -volts 
F1 -0.25 -amp quick -acting fuse 

C3 
2.2 

RI 
47000 

2N3398 

IC1-556 dual 555 timer 
Q1 -2N3398 NPN transistor or equivalent 
R1, R4 -47,000 -ohm, 3/4 -watt resistor 
R2 -100,000 -ohm, 3/4 -watt resistor 
R3 -2,200 -ohm, 1/4 -watt resistor 
R5 -3,300,000 -ohm, 3/4 -watt resistor 
R6 -4,700,000 -ohm, 3 -watt resistor 
Si, -sub -miniature SPST slide switch 

SPKR-8-ohm miniature speaker 

Z1-touch plate (requires 1 square inch of 
PC board stock) 

Misc.-cabinet, perfboard, hookup wire, etc. 
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Are you an avid stereo enthusiast 
looking for a new way to experience 
your favorite music? Have you tried 
conventional "color organs" and found 
them fun for a few minutes, but dull as 
dishwater thereafter? Have you perhaps 
seen an oscilloscope hooked up with a 
microphone on its input and watched 
in fascination as the sound waves dance 
on the screen in perfect synchronism 
with your voice? 

If you'd like something new to stretch 
your visual sense and expand the aural 
connection with your eyes, look no 
further. Lissy, the adapter which turns 
any beat -up old TV set into an oscillo- 
scope for stereo sound, displays myriad 
sound patterns on the receiver screen. 
Its Lissajous patterns respond to both 
right and left-hand stereo signals-al- 
though it can also work with just one 
channel-providing an infinitely -variable 
light/sound display for your friend's 
pleasure and amazement. 

What's a Lissajous?Let's go back to 
basics for just a minute and review 
what a Lissajous figure is. Those of you 
who read our Basic Course in the 

LISSY THE TV LIGHT PEN 
Lissajous patterns on your old TV 

add excitement to stereo. 
by Dean Hock 

March/April issue (Using the Oscillo- 
scope, pages 83-88) will recall that 
Lissajous figures are 'scope displays of 
two signal inputs to the display screen 
-not just the usual vertical input signal 
which we use when we want to measure 
the amplitude of a voltage or watch 
how its amplitude changes with respect 
to time (the most common use of the 
oscillöscope). 

With signals going to both the .verti- 
cal and the horizontal inputs of an 
oscilloscope we can measure the rela- 
tionship with respect to time (it's called 
phase) between the two signals. 

For example, if a known signal is 
applied to the horizontal input and an 
unknown signal is applied to the verti- 
cal input, the resulting Lissajous pat- 
tern shows the phase relationship of the 
two signals. 

Lissajous patterns can also be used 
to measure frequency. A known fre- 
quency is applied to the horizontal 
amplifier and an unknown frequency is 
applied to the vertical. By counting the 
number of tangency points at the top 
and at one side, a ratio of unknown -to - 

known frequency can be obtained. By 
multiplying the ratio times the _known 
frequency, you can determine the fre- 
quency of the unknown. 

A Simple Pattern. The drawing 
shows a Lissajous pattern for two sine 
waves. Numbers have been assigned to 
corresponding voltage points on the two 
signals Extensions of these points are 
brought to the screen. The intersection 
of corresponding numbered lines is the 
position of the electron beam at that 
instant of time. In this case the two 
sine waves are in phase. 

In the figure below, voltage/time re- 
lationships are different; corresponding 
voltage points are 45° apart. Therefore 
the waveforms are 45° out of phase. 

Lissy's Pictures. A continually 
shifting Lissajous pattern results when 
the phase relationship between the two 
input signals is constantly changing. 
The more complex the pattern (result- 
ing from a frequency ratio having large 
numbers, such as 17/13) the harder it 
is to interpret. But since were not hying 
to analyze Lissy's pictures, we can just 
lean back and enjoy. (Please turn page) 
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LISSY TV LIGHT 
How Lissy Does it. By connecting 

the parts of an old TV set so that the 
output from one channel of a stereo set 
(for example, the left) drives the elec- 
tron beam of TV tube vertically, and 
the output of the stereo set's right 
channel drives the beam horizontally, 
we can use the TV set to display Lis - 
sajous figures created by the signals 
from the two stereo channels. What we 
do is make the old TV set/stereo am- 
plifier combination into an uncalibrated 
oscilloscope. Then we feed it the two 
signals without worrying what they 
mean. 

Putting it Together. Begin with an 
old television set. You can use one in 
which the tuner, IF, and sound sections 
do not work since they will not be 
used. You'll also need an extra deflec- 
tion yoke from another old set. Most of 
the older tube -type black and white sets 
have yokes the same size. As long as the 
extra yoke will fit over the neck of the 
set's picture tube it can be used. A 
junked TV is the best place to look. 
You must also have a stereo set with 
amplifiers capable of producing 12-15 
watts of output, power per channel. 
Even better is a spare (second) stereo 
set. This will insure better results and 
will also allow you to adjust the tone, 
volume and balance controls to the TV 
set without upsetting your listening 
pleasure, by changing the volume set- 
ting while you listen. 

Begin by removing the back from the 
old TV set. Disconnect the socket from 
the rear of the picture tube. Loosen the 
clamps holding the deflection yoke and 
slide it off the neck of the tube. Do not 
disconnect any of the wires from the 

These patterns appear from moment to mo- 
ment on the TV screen when it's being 
driven by signals from music. To see what 
they really look like you'd have to have 
motion pictures. 

Simple Lissajous figures like these result 
;rom putting the same (or almost same) 

:signal voltages on horizontal input and 
Vertical input of oscilloscope (or TV picture 
tube). 

C 

B 

D 

'These more -complex Lissajous patterns are 

_`created by feeding a simple sine wave to 
'the horizontal input of a scope and sine 
-waves of exactly f ve times as high a fre- 
quency (A), one-rinth the frequency (B), 
3/5 frequency (C), and 5/6 frequency (D). 

-The added defection 
yoke from second TV set 
is connected as shown 
above to the two stereo 
channels of an amplifier 
or receiver. Using a sepa- 
rate amp (from tie one 
you listen to) is recom- 
mended, but not essential. 

AMPLIFIER 
LEFT 
CHANNEL 
OUTPUT 
(SPEAKER) 
TERMINALS 

IF TRANSFORMER FOR 

SOUND ITAKE OFF 

1 

OPEN HERE 

CONNECT 
HERE 

CONTRAST 
CONTROL 

SINE WAVE ON 
HORIZONTAL 
DEFLECTION PLATE i 

SINE WAVES ON 
VERTICAL 
DEFLECTION PLATE 

----1- - 
IN PHASE OR 360° _ 
OUT OF PHASE _ 
45° OR 3)5° 
OUT OF PHASE 

90° OR 270 ° 
OUT OF PHASE 

135° OR 225° 
OUT OF PHASE 

180° 
OUT OF PHASE 

If your two stereo channels put out exactly 
the same signals (or you put a mono 
signal into both) you should get a straight 
(diagonal) line on the screen. If not, adjust 
gain of one channel. Other Lissajous pat- 
terns like these will result from out -of - 
phase signals. Music waveforms are ex- 

tremely complex compared to the signals 
used to derive simple patterns shown here. 

AMPLIFIER RIGHT 
CHANNEL OUTPUT 

(SPEAKER) TERMINALS 

(NOTE: THERE IS 
NO CONNECTION 
BETWEEN VERTICAL 
AND HORIZONTAL 
COILS) 

VIDEO 
AMP. 

l 

VERTICAL 
DEFLECTION 

COILS 

HORIZONTAL 
DEFECTION 

COILS 

9 

PICTURE 
TUBE 

1-1 

*300V 13KV 

BRIGHTNESS 
CONTROL 

This schematic shows a 

typical video amplifier 
tube for TV sets six to 1:i 
years old. Disconnect the 
video input signal on the 
grid side of the grid - 
coupling capacitor and 
connect your Lissy oscilla- 
tor at the same point tj 
make Lissy do extra tr. 
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Here's how the back of author's set looks 
with the new picture tube yoke (deflection 
coils) on neck of picture tube. Original de- 
flection yoke is removed from tube but kept 
hooked up because it's also used in the 
circuit which generates high voltage for pic- 
ture tube. It's tied out of way at upper right, 
atop high voltage cage. 

Closeup of picture tube neck shows large 
circular positioning magnet which some sets 
have behind yoke. Be sure to replace any 
magnets your set had into their original 
position after you replace the yoke. 

ANTENNA 

RF SECTION IF 
AMP 

SOUND 
AMPS 

VIDEO 
AMPS 

SPEAKER PICTURE 
TUBE 

SYNC 
SEPARATOR 

VERTICAL 
SYNC 

CIRCUITS 

DEFLECTION 
COILS 

HORIZONTAL 
SYNC 

CIRCUITS 

HIGH VOLTAGE 
POWER SUPPLY 

I3KV+ 

Simplified block diagram of TV set shows how vertical and horizontal sweep currents 
are derived from the syncironizing signals sent from the transmitter. Vertical and 
horizontal sweeps feed vertical and horizontal deflection coils. 

ELECTRON 
GUN 

VIDEO 
SIGNAL 

VERTICAL 
CODS 

IMP 
15,000 OR MORE VOLTS 

HORIZONTAL 
COILS 

ELECTRON 
BEAM 

Typical TV picture tube 
and its horizontal and ver- 
tical -deflecting coils. Old 
deflection yoke is still 
used in Lissy because it's 
part of the circuit which 
produces thousands of 
volts required to attract 
the stream of electrons 
from the electron gun to 
the screen. 

PHOSPHORESCENT 
SCREEN 

yoke since it is part of the circuit for 
putting the beam on the screen. Secure 
the old yoke to the chasis of the TV 
somewhere out of the way, taking care 
in seeing that it does not short circuit. 

Preparing the Deflection Yoke. There 
are two coils in the deflection yoke of a 
TV set. One is called the horizontal 
and one the vertical. 

Each of these two coils is divided 
into two sections, and we must elimi- 
nate any extra parts such as a small 
resistor or capacitor which are often 
connected to one or both of the yokes. 
They are usually connected to the mid- 
point of the horizontal coil or vertical 
coil. Simply remove any resistor or ca- 
pacitor connected to any parts of the 
yoke, and if this separates the two sec- 
tional parts of either the horizontal or 
vertical coil, put a jumper between the 
two sections. Check with a voltmeter to 
be sure which terminals are connected 
(through the two coils) together. Mark 
them in some way so that you'll know 
which two leads of each coil are con- 
nected together (through each coil). 
Solder 2 three-foot lengths of speaker 
wire to the terminals of the vertical 
and horizontal coils. 

Putting It Together. Take the yoke 
and slide it on to the neck of the picture 
tube securing it with a clamp. Return 
the socket to the back of the tube along 
with any magnets that máy have been 
removed. Put the magnets back exactly 
where they were. (Adjust to center 
beam, later.) Route the speaker wire 
out the back of the TV set as you put 
the cover back on. Run wires from the 
speaker outputs on your stereo to the 
TV set and connect the two sets of 
wires together using a terminal strip. 

You are now ready to test out Lissy. 
Leave your stereo off and turn on the 
TV set. After warmup a small dot 
should be visible in the middle of the 
screen. Adjust the magnets, if any, to 

Most old TV sets have deflection yokes 
which look like this. Large end (left here) 
goes snug up against the flare of the picture 
tube. May require loosening of screw which 
secures clamp around coils. 
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LISSY TV LIGHT 
center the beam. If necessary turn the 
brightness control up or down. Now 
turn on the stereo set ,and turn up the 
volume slowly until you start to notice 
the dot moving. By adjusting the bal- 
ance control you should be able to 
make the dot move about an equal 
amount horizontally and vertically. It 
may be necessary to disconnect the 
speakers in order to move the beam 
enough. Adjust the brightness for a 
pleasing light level without burning the 
screen phosphor. Low bass notes will 
show up as rotating circles. Each tone 
has its own pattern which intensifies 
with the volume.. 

Now that you are finished sit back 
and enjoy the added dimension of the 
music TV in a dark room. It will pro- 
vide you with many hours of listening 
and viewing pleasure. 

More Fun With Lissy. Once your Lis- 
sy is working you may want to add an 
extra circuit which will strobe the mov- 
ing pattern on and off, making a more 
unusual and interesting light display. By 
connecting the output of an oscillator 
to the grid of the TV set's video ampli- 
fier tube you can turn on and off the 
electron beam in the picture tube. This 
will produce dots and dashes as the 
beam is moved around on the screen. 
The effect is quite pleasing. A stop - 
action type of display (called "strobe"). 
is only one interesting improvement 
you'll see. 

The added circuit is a simple two - 
transistor oscillator. The switches and 
potentiometers allow you to select dif- 
ferent dot line lengths and frequencies. 
By connecting the output of the oscil- 
lator to the grid of the video amplifier 
you force the tube alternately into con- 
duction and cutoff. 

The oscillator and power supply are 
not critical and can be constructed any 
way that is convenient, as long as safe 
construction practices are used. The cir- 
cuit in the prototype was built on a 
terminal strip using point-to-point wir- 
ing and then mounted inside the TV. 
Almost any general purpose PNP tran- 
sistors can be -used for Q1 and Q2. 

If you can't get a schematic of the 
TV set you are using the best way to 
locate the video amplifier tube is to 
look at the tube placement chart (usu- 
ally on the side or back of the TV) 
and find the tube which is labeled 
Video Amp. If the video amp tube also 
contains other elements in the glass 
envelope you will have to trace down 
that part of the tube which has its plate 
connected to the sound trap transformer 

Cl 
loo 
uF 

0 

8+ 

117 VAC 

STROBE 
OSCILLATOR CIRCUIT 

TV ON/OFF 

STROBE 
ON/OFF B+ 

4 

1 
TV 

GROUND 
(AND 8-) 

R4 
IOK 

R7 
250K R5 

TO 
GRID 

VIDEF 

O 
AMPLIFIER 

02 TUBE 

PART LIST FOR LISSY-THE TV LIGHT ORGAN 

TV receiver-which has light (raster) on the 
picture tube. It need not have a working 
tuner or IF section, nor sound. 

Picture tube deflection yoke-in working con- 
dition. (Most are-this is a part that rarely 

fails in TV sets.) 
Speaker wire -8-10 ft. 
Stereo amplifier or receiver-preferably 12- 

15 watts or more per channel. 
Misc.-Solder, wire, switches, etc. 

PARTS LIST FOR STROBE CIRCUIT FOR LISSY 

C1-100-uF, 16-VDC electrolytic capacitor 
C2, 6-.002 or .22-uF capacitor 
C3, 7-.01-uF capacitor 
C4, 8-.1-uF capacitor 
C5, 9-1-uF capacitor 
D1, 2, 3, 4-rectifier diodes, 30 PIV or 

better, any amperage 
R1, 4 -10,000 -ohm, Vs -watt resistor 
R2, 3 -47,000 -uf, 1/4 -watt resistor 

R5 -1000 -ohm, r/a-watt resistor 
R6, 7 -250,000 -ohm potentiometer (or 

500,000 if 250,000 not available) 
S1-Single-pole, 4 -position (or more) rotary 

switch 
Q1, 2-General-purpose PNP silicon transis- 

tors, HEP -242 or similar 
Ti-Power transformer, 117 VAC primary, 

6.3 VAC secondary, any amperage 

You can call Lissy's designs Lissajous patterns, but your friends will call them 
"out -of -sight"! The twisting, convoluted, ever-changing, swirling designs are truly 
a visually exciting wonder which can't fail to draw the viewer's eye into almost 
hypnotic attention. You can convert almost any old television from a boob tube 
to a groove tube with just a little effort, and at almost no cost at all. Just 
an evening's work, and your place will be jumping like never before. 

AL 

(usually a metal can type) and its 
cathode connected to the contrast con- 
trol. This may vary slightly in your set. 

Once you have found the video am- 
plifier cut one of the leads of the 
capacitor going to the grid and replace 
it by connecting the oscillator output 
to the tube in its place, (see the sche- 
matic). Connect the negative lead on 
the oscillator's power supply to the TV 
common ground. 

Fire Her Up. Now you are ready to 
test the circuit. Look it over for any 
wiring errors. Set the potentiometers to 
maximum resistance and set the rotary 
switches at the .01 uF capacitors. Turn 

on the TV set and allow it to warm up. 
Get a musio display on the screen. 
Turn down the brightness control until 
you can no longer see the raster (white 
lines). Turn on the strobe oscillator and 
adjust the brightness control as needed. 
The display should be chopped up into 
little line segments. By adjusting the 
controls you can get different line 
lengths and frequencies-anything from 
star -like dots to a pulsating array of 
stopped action traces. 

Now you can lean back and enjoy 
your Lissy-the TV light organ which 
will amuse and amaze your friends for 
many evenings ahead. u 
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DIseo MUSIC ENJOYS a phenomenal 
popularity, as evidenced by many 
of today's most popular records 

and movies. This popularity is due, in 
part, to the uniquely identifiable Disco 
percussion pattern which is basically 
identical in all songs. Disco King is a 
low cost rhythm unit which produces 
the standard Disco pattern plus _ three 
variations (selected by moving the 
"Pattern Select" jumper wire). The 
King also doubles as a base drum syn- 
thesizer which is triggered by means of 
a standard footswitch. 

Disco King is simple to construct, 
uses readily available CMOS and ana- 
log active devices and is powered by 
two 9 volt batteries, Construction cost 
for the basic unit should be less than 
$20.00 (see parts list for kit avail- 
ability). 

How It Drums. As indicated in the 
schematic diagram, CMOS NAND gates 
ICI A and IC1B form a gated oscillator 
which serves as the clock for the unit. 
The clock output frequency (set with 
Tempo control R2) is divided by two 
in D Flip Flop IC2B and again by two 
in D Flip Flop IC2A. Either the clock 
output, the Q output of IC2A or B or 
the Q output of IC2A can be used as 
the cymbal trigger signal. 

Transistor Q1 generates a continu- 
ous white noise signal which is A.C.- 
coupled through C9, amplified in IC3A 
and provided to IC4, a transconduc- 
tance Operational Amplifier. The trig- 

ger signal selected is A.C. coupled 
through (and differentiated by) C7 
and used to Amplitude Modulate the 
white noise signal in IC4. In this way, 
a repeating pattern of cymbal sounds 
is generated. Initially, R20 is adjusted 
to set the decay portion of the differ- 
entiated trigger pulses to create the 
characteristic amplitude envelope of a 
high hat cymbal. A portion of the IC4 
output signal is tapped off Cymbal 
Level control R16 and provided to 
IC3B, where it is further amplified and 
summed with the synthesized base drum. 

Drum up a storm 
with this 

percussive project! 

The Q output of IC2A is differenti- 
ated by C4 and R5 to produce a nar- 
row trigger pulse. D1 eliminates the 
negative portion of the differentiated 
pulse. The Q output signal is also in- 
verted in IC1C which drives LED 1 

to indicate the start of the pattern (in 
musical terms, the start of the bar). In 
lieu of the Q output, a switch may be 
connected to J1. When depressed, the 
switch will manually generate a trigger 
pulse. In this manual mode, C3 and 
R4 eliminate switch bounce which 
would cause undesirable multiple trig - 

The beat goes on .. . 

and on ... and on ... 
when you build our 
Disco King. It's really 
simple to put together, 
as it uses readily avail- 
able CMOS and ana- 
log integrated circuit 
devices. The full-size 
printed circuit tem- 
plate is shown here, 
and it is easily dupli- 
cated by using one of 
the popular kits on the 
market today. For all 
of you would-be DJs, 
the Disco King is an 
excellent device for 
running mixes! 
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gering. In either the manual or auto- 
matic mode, the resultant pulse trig- 
gers the base drum generator. 

C5, C6, C8, R11, R13 and R14 form 
a Twin -T notch filter tuned to the 
base drum frequency and make up one 
of two feedback loops for Op Amp 
IC5. IT this were the only feedback 
loop, IC5 would simply oscillate at the 
notch frequency. Feedback loop R7, 
however, provides sufficient negative 
feedback to suppress continuous oscil- 
lation. The positive going trigger pulse 
momentarily overcomes the feedback 
through R7 and generates a damped 
sine wave output. The setting of R7 
determines the amount of feedback 
and how long the oscillation lasts. 

With S2 open, operation is as de- 
scribed above. Closing S2 (stop) 
grounds the input to pin 1 of IC1A, 
stopping the clock and resetting both 
Flip Flops with the high output of in- 
verter IC1D. When S2 is released, the 
clock restarts and the sequence re- 
starts at the beginning of the bar with 
the base drum sound. Power (±9 
volts) is supplied by two 9 volt bat- 
teries. 

Construction. Although not abso- 
lutely necessary, a PC Board is recom- 
mended as the means of construction. 
A PC pattern and components place- 
ment guide are provided. Observe 
standard precautions when handling 
and soldering CMOS ICs 1 and 2. 
Sockets may be used if desired. The 
CA3080 IC in the TO -5 can is avail- 
able in two different lead configura- 
tions. The "S" configuration has the 

leads preformed in an 8 pin DIP (Dual 
Inline Package) pattern, where the 
"plain" configuration does not. If nec- 
essary, form the leads in an 8 pin DIP 
pattern prior to insertion. After all 
components are installed, perform final 
wiring. 

Any suitable case may be used to 
house the project (although a case is 
not actually necessary). The case may 
be marked as shown in the photo using 
transfer lettering or other similar mark- 
ing methods. A suitable holder for the 
two 9 volt batteries can be formed 
from a 1" by 3" strip of aluminum. 
Drill a 3/16" hole in the center of the 
strip and form it into a stubby "U" 
shape, the two shorter sides being 3/8" 
each. Drill a 3/16" hole in the bottom 
of the case and pass a #6-32 x 1" ma- 
chine screw through the hole, between 
the two batteries and on through the 
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BI, B2 -9 -volt battery 
Cl, C3, C4, C5, C6, C8, C9-.1-uF capacitor, 

disk ceramic, 25VDC 

C2, C7-1.0-uF electrolytic capacitor (radial 
leads), 10VDC 

D1 -1N4148 or 1N914 diode 
IC1-4011 Quad 2 -input CMOS NAND Gate 
IC2-4013 Dual CMOS D Flip Flop 
IC3-Dual 8 -pin Op Amp (5558, LM1458 or 

similar) 
IC4-Transconductance Op Amp (CA3080 or 

CA3080S or similar) 
IC5-741 Op Amp (8 -pin DIP) 

11-Phono jack, closed circuit, 1/4 -inch 
12-Phono jack, open circuit, 1 -inch 
LED 1-Light Emitting Diode, type NSL5053, 

TIL32 or similar 
Ql-2N2712 transistor 

PARTS LIST FOR DISCO KING 

R1, R13, R14 -470,000 -ohm resistor, 
1/4 -watt 

R2-2.2 Megohm linear taper potentiometer, 
1/2 -watt 

R3 -470 -ohm resistor, 1/4 -watt 
R4, R5, R6, R8, R9, R12, R19 -100,000 -ohm 

resistor, 1/4 -watt 
R7-1 Megohm trim potentiometer, 1/4 -watt 
R10 -100,000 -ohm trim potentiometer, 1/4 -watt 
R11 -4700 -ohm resistor, 1/4 -watt 
R15, R18 -10,000 -ohm resistor, 1/4 -watt 
R16 -10,000 -ohm linear taper potentiometer, 

1/2 -watt 
R17-1 Megohm resistor, 1/4 -watt 
SO -1 -8 -pin DIP socket 
S1-DPST slide switch 
S2-Momentary pushbutton switch, N/0 

(normally open) 

Misc.-Suitable enclosure, aluminum strip, 
knobs, wire, solder, hardware, etc. 

Note: The following are available from BNB 
Kits, RD #1, Box 241H, Tennent Road, 
Englishtown, N.J. 07726; Parts Kit (DK -1) 

consisting of all electronic parts, controls, 
switches, jacks, wire and etched and drilled 
P.C. Board at $18.95. Etched and drilled P.C. 

Board alone (DK-1PC) at $5.95. Prices in- 
clude handling and U.S. Postage. Canadian 
residents please add $1. U.S. Funds only. 
Please allow 3 to 6 weeks for delivery. 

Note: Blank case as shown in photo avail- 
able from Continental Specialties Corpora- 
tion, 44 Kendall Street, P.O. Box 1942, New 
Haven, CT 06509 (DMC-2). Write for current 
price. 
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TO R2 

TO RI6 TO GND 

TO S2 
TO LED I 

(ANODE) 

TO LED I 

(CATHODE) 

TO JI 

The overlay, shown above, provides you with the placement of all on -board components, as well as the wiring connections for the 

switches and jacks. Take care to observe correct polarity for diode Dl. This view of the board is foil side down, with the parts on top. 

C 

B 

A A. 

D 

OFF 

OFF 

OFF 

OFF 0, 

FRONT PANEL MARKINGS 

(FOR PATTERN IDENTIFICATION 
SEE FIGURE 2). 

SWITCH WIRING 

(REAR OF SWITCH) 

P. C. BOARD 

SO -I MOUNTING HOLES 

Here's an easy modification to our Disco King! Our own unit uses jumper wires in the 
SO -1 socket to change the beat but if you'd like a rotary switch could be installed. 

hole in the holder. Secure the holder 
with a #6-32 nut. 

Initial Adjustment and Checkout. 
Set Trim Potentiometers R7 and R10 
and controls R2(Tempo) and R16 
(Cy,nbal Level) to mid position. Con- 
nect the output of the unit to a music 
amplifier or hi-fi. When power is ap- 
plied, you will hear a repeating base 
drum sound. Adjust R7 for a non- 
boomy, short duration "thud" sound. 
Form a jumper from a short length of 
#20 or #22 solid wire and insert it 
into pins 4 and 5 of socket SO -1. Set 
R2 for medium speed and adjust R10 
for a short duration cymbal sound. 
This completes the adjustments re- 
quired. To insure the unit is performing 
properly, check the following. Note 

(Continued on page 111) 
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KITCHEN 
KONTROLLER 

Add a new dimension to your culinary artistry- 
let our electronic chef command your appliances 

by Cass Lewart 

Here is an inexpensive project-the 
cost of parts is under $10-which 
will make many of your kitchen 

appliances perform better then they 
were originally designed to. It is a 
motor speed control combined with an 
optional automatic on -off -on -off cycl- 
ing pulser/interruptor. The pulsing fea- 
ture is particularly important for kitch- 
en blenders, mixers and food proces- 
sors. The short pause, during which the 
appliance stops, allows you to see the 
progress of the food preparation. You 
can then stop before your food proc- 
essor grinds and mashes everything to 
bits. Modern kitchen appliances fre- 
quently operate at such high speeds, 
that a few seconds difference in run- 
ning time can transform an exquisite 
meal into meat loaf. Many appliances 

such as blenders also mix the food 
better when operating with an on -off 
cycle, which prevents the food from 
sticking to one side of the bowl. It 
should be noted that the duration of 
both the "on" cycle and the "off" cycle 
in the 'Kitchen Helper can be adjusted 
separately. The continuously variable 
speed/dimmer control used in conjunc- 
tion with the pulser adds another de- 
sirable feature to many of your ap- 
pliances. The pulsin/interrupting fea- 
ture can also be bypassed by flipping a 
switch, and the Kitchen Helper becomes 
a regular variable -speed or light dimmer 
control for your power tools, Christ- 
mas lights, Halloween pumpkins, etc. 
In fact, you may have trouble deciding 
between the kitchen and the work 
bench, as to where it should be kept. 

TI 

R5 

C2 R6 
NE 01 RI 

Perfboard construction 
is the preferred me- 
thod for building the 
Kitchen Kontroller, be- 
cause some compon- 
ents vary in size de- 
pending on working 
voltage and manufac- 
turer style. An IC 
socket is recommend- 
ed to prevent damage 
to the IC from solder- 
ing. Be sure to iso- 
late the circuit board 
from the cabinet. 

Don't fret too much, build a pair! 
How It Works. The schematic dia- 

gram consists of two distinct sections: 
The low -voltage on -off pulser with a 
heart made out of our old friend-the 
555 timer (ICI ), and the high -voltage 
section, consisting of a 600 -watt/ 110 - 
volt Triac speed control. A small lamp 
(L 1) and a photocell (PC) tied to- 
gether, act as a light coupler by sepa- 
rating the high and low voltage sec- 
tions. When the timing circuit puts a 
voltage across the lamp (L1), it lights 
up, the resistance of the photocell de- 
creases, and the Triac conducts. Po- 
tentiometers R5 and R6 control in- 
dependently the "on" and "off" cycles 
of the timer, with time on-1.1xC4xR5, 
and time off-1.1xC6xR6. With the val- 
ues chosen for resistors and capacitors, 
the "on" and "off" cycles can be set 
between 0 and 5 seconds. Switch Sl, 
when closed, bypasses the timing sec- 
tion of the circuit. Power for the low - 
voltage section is provided by trans- 
former Ti with the associated rectifier 
bridge (Z1) and capacitor C3. 

The high -voltage section of the cir- 
cuit is a standard Triac motor speed/ 
dimmer control for lights and appli- 
ances up to 600 -watts. Capacitors Cl 
and C2, resistors R1, R2, R3 and the 
photocell resistance, set the firing point 
of the Triac, and vary its duty cycle 
for conduction. Potentiometer R1 is 
used as the speed/dimmer control, and 
neon light NE provides the hysteresis 
required by the speed control circuit 
for smooth operation. 

Construction. The circuit can be 
built easily on a 21/2 by 31 -inch perf- 
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If you decide to put 
together more than 
one Kitchen Kontrol- 
ler, it might be a wise 
idea to investigate the 
bulk prices for com- 
ponents offered in the 
HOBBY MART section 
at the back of the mag- 
azine. The dimmer 
feature, coupled with 
the slow pulse timer 
can be a real bulb - 
saver with photo -flood 
lamps, and other high - 
wattage / high-priced 
lamps. Be sure not to 
exceed the load rating 
of your Triac in use. 

board, using point-to-point wiring. No 
special wiring precautions are neces- 
sary, except for the section of the cir- 
cuit which carries AC voltage. It should 
be well -insulated, and kept away from 
the rest of the circuit and the cabi- 
net. We strongly recommend using a 

3 -prong cable and jack, with the ground 
wire connected to the cabinet. The light 
coupler consists of the photocell and 
the lamp tied together with black elec- 
trical tape. Make sure that the active 
side of the photocell faces the lamp, 
and that the photocell pins do not 
touch the lamp wires. 

The "on" and "off' controls, R5 and 
R6, can be mounted externally on the 
case, or internally on the perfboard. 
Mounting them inside makes for neater 
appearance, but changing the timing 
becomes a chore. We found that 3 - 

seconds "on" and 2 -seconds "off" were 
optimum for most applications. -- 

Operation. Operation of the Kitchen 
Helper is very simple. Plug it into an 
AC outlet, and plug your appliance 
into jack JI on the case of the Kitchen 
Helper. You can vary the speed or 
brightness -if you use it as a dimmer- 
with R1. If you don't need the pulsing 
feature flip switch SI. That's all there 
is to it! Bon apetit! 

Ci, C2 -0.l -4F, 200-VDC tubular capacitor 
C3 -220-µF, 25-VDC electrolytic capacitor 
C4, C6 -4.79.F. 35-VDC electrolytic capacitor 
C5 -0.01-4F, 35-VDC mylar capacitor 
D1 -1N4000 diode 
11 -3 -prong AC appliance receptacle 
L1---6-volt pilot lamp, low current -type 
NE- NE -2 neon lamp 

PC- CdS photocell (Radio Shack =276-116 or 

I I 

C2 0 u 
R2. 
,nr 

NE 

'G201 

oI OUTLET 

JI 
MT2 
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TI 
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WA'_L 
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4.,' h: 
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PC . LI 
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R3 
680 
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50K CONTROL 

6.3V 

3 rd (GROUND) 
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68 

OFF -TIME 

Orà R5 
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C3 C4 
220uF 4.7uF 
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7 5 
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C5 C6 
O.OIuF 4.7uF 

IC (TOP VIEW) 

a -15 
QI (FRONT VIEW) DI 
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MT I 

0 
A ---I- C 

I G A '-"L-1}-- C 

MT2 

PARTS LIST FOR KITCHEN KONTEOLLER 

equiv.) 
(1l ---T-iac rated @ 200 -volts @ E -Amperes 

IGE -X12 or equiv.) 
R1 -5),000 -ohm, linear taper potentiometer 
R2--4 700 -ohm, 1/2 -watt resistor 
R3 -630 -ohm, /-watt resistor 
R4 63 -ohm, 1/2 -watt resistor 
R5, R6--1,000,000-ohm, linear tape- potenti- 

ometer 

St-SPST switch 
T1-trans`ormer with primary rated @ 110- 

VAC/se` ondary @ 6.3 -VAC @ 300 mA. 

U1-555 Liner 

ZI-full-wive bridge rectifier; 200 PIV @ 4 - 

Amperes 

MISC.-caaiiet, perfboard, hookup wire, solder, 

knob, At plug and line cord combo., etc. 
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chIpellp 
IC testing got you flipping? Don't 

give up, try Clip -Chipping! 

by James Gupton 

The dual-inline-package (DIP) in- 
tegrated circuit (IC) is not a really new 
electronics device; it's been around for 
more than ten years. While it was the 
microprocessor and mini -computer rev- 
olution that focused attention on this 
device, even those of us not involved in 
computers use ICs. For example, tape 
decks, radios, and television receivers 
now use them. Unfortunately, ICs are 
not infallible, and do on occasion break- 
down. Due to the compact size of the 
IC, working space between devices is 
scant, to say the least. The need for an 
IC tester becomes apparent when one 
tries to follow a schematic diagram, 
manhandle two snake -like probes, and 
keep one eye on a meter and the other 
on an IC pin at the same time. That's 
where our deluxe Chip -Clip becomes a 
necessity. 

Most frequently, repairmen come 
across digital ICs. In digital logic cir- 
cuits there are only two input and out- 
put values (called states), low or high, 
corresponding to off or on. Most digital 
logic ICs use a voltage of +5 volts DC 
for the high state and 0 volts for the 
low state. We use the low or high volt- 
age to turn off or on a light emitting 
diode (LED) and let a number of 
LEDs tell us what the present state is at 
every IC pin simultaneously. Chip -Clip 
will close on the small, tightly spaced 

is high on either or both NAND out- 
puts, there are eight close -quarter volt- 
age measurements that you must make. 
Imagine how difficult it would be to 
keep your meter probe in the right spot 

, without wandering and shorting be- 
tween pins! We have also diagram- 
med the 7404 hex inverter logic IC. 
Here we have not two logic devices but 
six independent inverting circuits. In 
operation, if a high voltage appears on 
the input pin, the output drops to a 
low voltage. Should the input go low, 
the output goes high. By taking ad- 
vantage of the high and low voltage 
states, we can observe the on or off 
condition of the LEDs and see the sta- 
tus of all six inverters simultaneously. 
Here, too, the Clip -Chip will prove an 
invaluable aid. 

Building the Chip -Clip. The founda- 
tion of the Chip Clip is the standard 
14 pin or 16 pin IC test clip available 
at any Radio Shack store or from any 
number of electronic mail grder firms. 
To the IC test clip we add subminiature 
LEDs and a current limiting resistor 
between each logic test -clip pin and 
the IC ground pin. As mentioned pre- 
viously, when low voltage is present on 
the IC pin, the LED does not light. 
When +5 volts appears on the logic 
input pin, the LED turns on. In addi- 
tion, Chip -Clip hAs a different color 

Shown is a nearly com- 
pleted, 16 -pin Chip - 
Clip. The green LED 
is connected to the 
Vcc pin, number 16. 
The contrasting size 
and color serve as 

pointers to the correct 
positioning. 

LED on the Vcc connection (pin 14 or 
16) to confirm the presence of Vcc 
IC pins without shorting adjacent pins. 
Equally important, it can be attached to 
an IC when there is only a quarter of 
an inch of space between circuit com- 
ponents. 

To further illustrate the utility of our 
Chip -Clip, lets take a look at two types 
of logic ICs. We have illustrated a 
7420, quad input, positive, NAND 
gate. It actually contains two separate 
four -input NAND gates, one on each 
side of the DIP. In either circuit, the 
output voltage will be high if a low 
voltage appears on any of the four in- 
put pins. When all four input voltages 
are high, the output voltage goes low. 
Therefore, to find out why the output 
voltage. The contrasting LED color 
prevents confusing Vcc indication with 
a logic indication. 

The assembly drawing illustrates the 
necessary connections for the 14 pin 
Chip -Clip. If you are building a 16 pin 
unit, two additional LEDs and resistors 
are needed for the two extra test points. 
The IC ground changes to pin 8 and 
Vcc input changes to pin 16. The ad- 
ditional LEDs are connected to pins 
7 and 15. No other changes are neces- 
sary. 

The ground pin is connected to a 
common ground wire loop. It consists 
of two rectangular loops fashioned 
from 20 gauge solid wire. One of these 
loops is placed around each edge of 
the test clip one-half inch down from 
the top of the plastic. Four 0.028 holes 
are drilled to anchor the ground bus to 
the test clip. Since there is one ground 
bus loop on each half of the test clip, 
they must be connected together with a 
short piece of #20 flexible stranded 
wire to allow free movement of the test 
clip's sections and enable the test clip 
to clamp onto the IC DIP pins. 

On the 14 pin test clips, six 150 
ohm, quarter watt resistors are soldered 
to the ground bus loop on each side of 
the test clip and are positioned vertical - 
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ly. The body of the resistors should not 
stand above the top of Chip -Clip's frame 
and the resistor leads should be trimmed 
to the level of the metering pins. The 
resistor for the Vcc pin is positioned 
at the same level as the rest of the re- 
sistors but instead of being positioned 
on the side of the test clip, it is placed 
at the end of the clip next to the Vcc pin. 

Finishing Touches Installing the 
LEDs is only a matter of soldering the 
cathode LED lead to a resistor and the 
anode lead to one of the test clip's me- 
tering pins. The cathode lead can be. 
identified by its knotch or flat side. 
Remember, no LED goes to the test 
clip's pin 7 on a 14 pin Chip -Clip, or 
pin S on a 16 pin one. All oher test 
clip metering pins have a LED and 
resistor attached. It should be noted 
that the specified LEDs have a forward 
voltage rating of 1.6 volts d.c. and a 
maximum current rating of 20 mA. 
For voltages greater than 5 volts at 
Vcc, a new value of current limiting 
resistance must be used. (See accom- 
panying box.) 

Determining Limiting Resistance 
The simplest way to determine the 
value of current limiting resistance 
for any value Vcc is by the formula: 

Vcc- 1.6 
R - .020 

Vcc = voltage greater than + 5 volts. 
1.6 = forward voltage of LED 
.020= maximum LED current 
R = the new resistance 

While almost any size LED can be 
used, the subminiature LED is recom- 
mended because of the limited space 
across the side of the IC test clip. In 
the author's model, a green emitting 
LED, jumbo size, was used to indicate 
the presence of Vcc voltages. The con- 
trasting color prevents mistaking the lit 
LED as a logic function and serves as a 
pointer to the correct positioning of the 
test clip on the IC under test since the 
Vcc indicator is on pin 14 or 16. 

Final Checkout. There are two 
things to be sure of. Be certain that 
the LEDs polarities are observed. Also, 
identify pins 1 and 14 on the 14 pin 
test clip or 1 and 16 on the 16 pin test 
clip and always be sure that these num- 
bers always point towards the IC iden- 
tifying notch, dot, or indenture on the 
top of the IC case. Final note, while 
these logic status test clips have been 
designed only for logic type ICs, it may 
be possible to employ them for other 
14 or 16 pin ICs providing your sche- 
matic diagram confirms pins 7 or 8 as 
ground and pins 14 or 16 as Vcc. If in 
doubt, don't use the Chip -Clip. 

A NAND unit's output 
is low only if all inputs 
are high. If any inputs 
are low, the output 
must be high. The 7420 
is actually two separate 
NAND logic units 
housed in the same 
package and powered 
from the same source. 
An inverter's function 
is to convert a high sig- 
nal into a low signal, 
or vice-versa. The 7404 
Hex inverter contains 
six independent units. 
Like the 7420, the only 
interfaces are common 
packages and Vcc in- 
puts. 

7420 NAND GATE 

Vcc 2D 2C NC 28 2A 20UT 

14 13 12 10 9 8 

IA IB NC IC ID 

7404 HEX INVERTER 

Vcc 6 IN 60UT 5 IN 

14 13 12 I 10 

5 OUT 

IOUT GND 

4 IN 4 OUT 

9 

%.0 

>0 
2 6 

I IN I OUT 2 IN 2 OUT 3 IN 3 OUT GND 

R2 

R3 

LED I 

LED 2 

LED 4 

LED 5 

LED6 

GROUND 
BUS LOOP 

TOP VIEW 
OF CLIP - CHIP 

o 
o 
o 
o 
O 

GND 

LED13 

W R 
V, fit 

LED IO AK 
LED f 

NuldW 
LED 8 Mk 

VIP 
LED 7 AN '4, 

FLEXIBLE 
STRANDED WIRE 

LED 12 

LED I I 

R13 

R12 

RII 

RIO 

R9 

R8 

R7 

N 
GROUND 

BUS LOOP 

Composite wiring -component placement drawing for 14 pin Chip -Clip. The LEDs are 

shown connected to the test clip's metering pins. They are attached to the current limit- 
ing resistors which are in turn all fastened to the ground bus loops. The ground bus 
loops must be firmly anchored to the test clip. Flexible wire connects both loops elec- 
trically making them into a common ground wire loop which is wired to pin 7. 
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F YOU HAVE BEEN INVOLVED in de- 
signing and building digital circuits, 
you have undoubtedly found a con- 

stant need for a handy clock signal 
source of some kind. There are several 
ways of satisfying this need. One way 
is to build a simple R/C oscillator 
whenever you need one. Another way 
is to build a fixed -frequency crystal 
oscillator, and divide the output fre- 
quency down to whatever frequency 
you want. Any of these methods will 
do the job in most cases, but it invari- 
ably involves building something special 
for each particular case, and tearing 
it down again when it is no longer 
needed. Of course, you could also buy 
one of the commercially available pulse 
generators if your budget can stand 
the price tag of $150.00 and up. 

We have another solution for you- 
a simple pulse generator based on two 
CMOS ICs. It covers a frequency range 
of 1 Hz to 1 MHz, and has a pulse - 
width variable between 0.5 -seconds and 
0.5 -microseconds. It features three 
modes of operation: Free running, 
Gated oscillator, and Single Shot, with 
either external or internal triggering. 

The unic}ue thing about this design 
is that it is powered from the same 
power supply as the circuit it is driving. 
This means that you can use the pulse 
generator to drive both CMOS and 
TTL circuits, as the drive level will 
always match the circuit you are testing. 
It also saves you the cost of a separate 
power supply for the pulse generator. 

The Circuit. Referring to the sche- 
matic diagram, it can be seen that the 
basic pulse generator consists of U2 
and U3, which are .both 4047s, a low - 
power CMOS Astable/Monostable 
multivibrator. 

U2 and associated circuitry form an 
oscillator circuit with a 50% duty -cycle 
in the free running mode. In the mono - 
stable mode, it is a one-shot oscillator 
which may be triggered either from an 
external source or from the internal 
pushbutton. 

S4 controls the mode of operation. In 
the free running mode, it grounds pin 
8 and pin 9 of UI, thereby keeping pin 
6 of U2 high, and pin 8 of U2 low. 
This enables the astable mode of U2. 
Neither the trigger input or the push- 
button have an effect on the circuit 

Here's the universal digital clocking 
source you always needed 

but couldn't afford 

T 
operation in this mode, because pin 5 
of U 1 is held high. 

When S4 is in the free running posi- 
tion, pin 5 of U2 may be pulled low 
by a low input on GATE IN. This 
allows U2 to operate as a gated oscilla- 
tor. When GATE IN is pulled low, 
the operation of U2 is inhibited. 

With S4 in the one-shot position, U2 
operates as a one-shot oscillator. In 
this mode, U2 is triggered by a low - 
going signal at pin 6 of U 1. This low - 
going signal may originate from an 
external source (if S3 is in the EXT 
TRIG mode) or from the de -bounced 
pushbutton switch, if S3 is in the INT 
TRIG mode. Two sections of U1 are 
used to de -bounce the push button 
switch. 

The components which determine 
the operating frequency of U2 are ca- 
pacitors Cl through C6, and resistors 
R6 and R8. S1 allows frequency adjust- 
ment in decade steps while R8 is a 
vernier control allowing adjustment of 
the output to the exact frequency re- 
quired. 

U3 operates continuously in the 
astable mode. It is used to generate an 

A 
by 
John 
Rasmussen 

output signal with a variable pulse - 
width, and is triggered on the rising 
edge of the waveform output of U2. 
The components which determine U3's 
pulsewidth are C7 through C12, and 
R7 and R9. 

S5 allows a choice of either a posi- 
tive or negative -going output pulse. S6 
allows a choice between an output 
signal with a 50% duty -cycle, or one 
with a variable pulsewidth (adjusted by 
R9). 

The output signal is buffered by U4. 
Only one section of the six buffers con- 
tained in the chip is shown on the 
schematic, although all the buffer sec- 
tions can be driven in parallel to pro- 
vide as many as 12 (each' buffer can 
drive 2 TTL or DTL circuits) outputs. 
Check the wiring diagram provided 

T RIGGER 

EXT 

MODE 
O'SFRUNREE 

POLARITY 

POST, NEG 

PULSEWIDTH 

50°`°':R 4699 
PULSE 

GENERATOR 

100KHZ 

10KHZ 

IKHZ 

100HZ 

10HZ 

IHZ 

VERNIER 

This professional -looking finished product was completed with the aid of a dry lettering 
transfer kit, which is available in most art supply stores for a usually very low price. 
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with the chip for the pin numbers of 
the additional buffers. 

Construction. Assuming that you will 
utilize a PC board for assembly of 
the pulse generator's circuitry (and we 
suggest that you do), take note of the 
fact that the PC board that must be 
used for this project is a double -sided 
one, with copper foil on both sides of 
the board. We have provided two tem- 
plates for this purpose. Template "A" 
is to be used to create the foil pattern 
on the underside of the board (the side 
opposite the component side). Template 
"B" is to be used to create the foil 
pattern on the component side of the 
board. Depending upon what etching 
method you use, you may have to etch 
one side, and then repeat the process 
for the other side, or you may be able 
to etch both sides in one single process. 
Check the directions with your etching 
kit before proceeding with the etching 
process. 

Once the board is completed (and 
after you have visually inspected it for 
accuracy and compliance with the orig- 
inal template) solder all of the com- 
ponents (except the ICs) to the "B" 
side, following the component layout 
diagram we have provided. We strongly 

suggest that you utilize IC sockets, es- 
pecially for CMOS chips, since they 
are susceptible to damage from static 
charges emanating from your body, as 
well as stray AC from a soldering iron. 

The only component which is not 
mounted on the board is switch S7. As 
you can see in the photograph, S7 is 
connected to the board by three jumper 
wires to points G, H and I. 

In order to mount switches Si and 
S2 on the PC board, the wiper and the 
topmost terminal of the unused second 
sections must be cut away. In addition, 
the wiper of the section that is to be 
used must be bent down slightly to 

This photograph shows 
the foil pattern of the 
PC board. Use the 
template on the next 
page to obtain similar 
results in building 
your own PULSTAR. 

accommodate the holes drilled in the 
PC board. 

Applications. This pulse generator 
may be used to check out all kinds 
of digital circuits. Its wide frequency 
range and operating voltage make it 
very adaptable. The variable pulse - 
width feature enables you to check a 
circuit for sensitivity to variation in 
clock pulse width. 

Let's say a circuit using CMOS ICs 
with long counting chains, and both 
positive and negative edge -triggered 
flip-flops was to be tested. Such a cir- 
cuit, due to the relatively high propa- 
gation delays in the CMOS ICs, may 
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This is the component placement guide for the printed circuit board. Be certain that you observe correct pin orientation when installing 

the integrated circuit sockets. Switches Si and 52 can be mounted directly on the PC board. Refer to the text for mounting instructions. 
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PULSTAR 
be sensitive to clock pulsewidth varia- 
tions. With this pulse generator, you 
will be able to check the operating mar- 
gins of such a circuit. 

If you wish to drive a TTL circuit 

at 1MHz with this pulse generator, it 
may he done by operating the pulse 
generator from a voltage source be- 
tween 10 -volts and 15 -volts and by 
using an external type 4050 IC to 
level -shift the output pulse to the TTL 
level. The 4050 would be powered 
from a 5 -volt source. 

The pulse generator is not calibrated 

per se. The component values are 
chosen so that the ranges are overlap- 
ping on both ends of the vernier con- 
trol. It was designed so, in order to 
accommodate the changes in the oper- 
ating frequency and pulsewidth asso- 
ciated with different supply voltages. 
It is suggested that either a scope or a 

(Continued on page 114) 
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PARTS LIST FOR PULSTAR 
Cl, C12-10-pF ceramic disc capacitor, 100- 

VDC 

C2, C11-220-pF ceramic disc capacitor, 100- 
VDC 

C3, C10-0.0022-uF mylar capacitor, 100-VDC 
C4, C9-0.022-uF mylar capacitor, 100-VDC 
C5, C8-0.22-uF mylar capacitor, 100-VDC 
C6, C7-2.2-uF tantalum capacitor, 25-VDC 
C13-0.1-uF ceramic disc capacitor, 100-VDC 
D1 -1N4148 diode 
Rt to R4, R10 -100,000 -ohm, 1/4 -watt resistor 
R6, R7 -4,700 -ohm, 1/4 -watt resistor 
R5 -10,000 -ohm, 1/4 -watt resistor 
RB, R9 -100,000 -ohm, linear -taper potentiom- 

eter 
Si, S2 -2 -pole, 6 -position, non -shorting rotary 

switch (Radio Shack #275-1386) 
S3 to S6-SPDT toggle switch 
S7 - SPOT momentary -contact pushbutton 

switch 
Ut-CD4001 quad NOR gate 
U2-CD4f47 astable/monostable multivibrator 
U3-CD4047 astable/monostable multivibrator 
U4-CD4049 inverting hex buffer 
U5-optional CD4050 non -inverting hex buffer 

(see text) 
MISC: binding posts, knobs, plastic case, IC 

sockets (three 14 -pin DIP, one 16 -pin DIP), 
dry letter transfer kit for faceplate letter- 
ing, etc. 

Note: The following are available from Engineering Resources, 221 W. 
Carillo St., Santa Barbara, CA 93101: Screen -printed PC board (double- 
sided)-$18.00; Cabinet with front panel drilled and labled-$15.00; 
Complete parts kit, including all of the above-$65.00 plus $3.25 for 
postage and handling. California residents add 6% sales tax. No CODs. 

This is the full-scale cir- 
cuit board template for 
PULSTAR. Check your 
finished board for un- 
wanted foil bridges and 
continuity of the long 
foil paths before at- 
tempting to assemble 
the project. This pre- 
caution can save a lot 
of headaches later on. 
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Getting burned by the high cost of electricity? Go Sun Power! 

SOLAR SWINGER 
Homer L. Davidson 

HAVE YOU EVER seen a model ship 
inside a bottle? The next logical 
step is to build a small radio in- 

side of a radio or TV vacuum tube! 
We call it the Solar Swinger and it has 
no on/off switch, batteries or power 
supply. If you want to turn the Solar 
Swinger off, just place a cap or hood 
over the tube. You may want to let it 
play all the time-it doesn't hurt a 

thing. No need to worry about batteries. 
running down, for the little radio is 

solar powered. It will operate in the 
sun, shaded daylight or under a desk 
lamp in the evening. Of course, the 
radio won't blast your ear drums with 
music, but you can listen to local AM 
broadcast stations with ease. 

Tube Preparation. Select a defective 
radio or TV tube with a bakelite base. 
The larger the glass tube, the greater 
building area for the small radio com- 
ponents. An antique radio tube is ideal, 
but not necessary. If you can't find one 
in the junk box, check with your local 

Radio-TV shop-they may throw out 
several hundred of these old tubes ev- 
ery year. 

There are many old power output 
tubes available, such as 6L6G, 6C6G 
and 5U4G. Don't select á 6BK4 type 
as you cannot remove the top metal 
anode from inside the glass envelope. 
You may use a large tube (6LQ6) 
with a glass base and then mount it on 
top of a black tube base. Pickup five 
or six old tubes to practice on. 

Before attempting to remove the 
bakelite base from the tube, let air into 
the bottom of it. All radio and TV 
tubes operate with an internal vacuum 
-the air having been pumped out. A 
small glass seal is located at the bottom 
of the tube. 

Always wear a pair of gloves, when 
working around glass or warm compo- 
nents. 

Now you want to let air back inside 
the tube. Break off the black bakelite 
center key locator between the tube 
side the tube. Break off the black bake - 
lite center key located between the tube 

prongs. You should see the pointed 
glass seal. Take a pair of long nose 
pliers and break off the glass tip. You 
may hear a rush of air, or see a couple 
of white areas form near the bottom 
of the tube envelope. 

To prevent glass pieces or excess 
solder from falling on the floor or work 
bench, do all of the glass preparation 
inside of a large pasteboard box. 

Next remove the soldering iron tip 
from a 150 or 250 watt soldering gun. 
Take a six-inch piece of number 14 

copper wire, (you can remove the in- 

sulation from a piece of number 14 

romex or a single conductor electrical 
wire for this purpose) and form a loop 
shaped soldering element. Wrap the 
bare wire around the base of the tube 
next to the bakelite base area and in- 

sert about one inch into the gun tip 
and bend over. Tighten down the sol- 
dering iron nuts-real tight. After cut- 
ting a couple of glass bases you may 
want to snug up the soldering iron nuts 
for a greater transfer of heat. Keep 
the copper loop close to the gun tips so 
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SOLAR SWINGER 

Break off the black tube -locator pin and 
the glass tip with some long nose pliers. 

Form a loop of copper wire that fits snug 
around the tube and into a soldering gun. 

Put the loop over the part of the tube you 
wish to cut and hold the tube firmly. Wear 
gloves to keep from burning yourself on the 
hot glass. Next apply heat to the loop and 
rotate the tube until the glass cracks. 

the loop will heat up faster. Pinch it 
close together, and snug, clear around 
the tube with a pair of long nose pliers. 
You have now constructed a copper 
wire loop to replace the soldering iron 
tip. 

Slip the wire loop over the end of 
the tube base and press the loop to- 
gether at the ends-but not so close as 

Note the clean easy cuts this technique pro- 
duces. Make sure you have a back-up tube. 

nk..r..r. 

The four copper support wires are soldered 
into the pin bases. The components are 
soldered and glued to these supports. 

to touch. Now hold the tube in the left 
hand and soldering .gun in the right. 
Very slowly turn the vacuum tube in- 
side the heated loop. Within a few min- 
utes you will hear the glass crack and 
break in a perfect cut at the base of 
the tube. Some glass tubes take longer 
to break than others. In the meantime 
you may smell a hot bakelite odor from 
the wire loop, which is normal. Often 
the glass will crack clear around and 
just a tap on the end of the bakelite 
base separates the two pieces. 

If you have selected a tube with a 
metal cap on top, turn the inside com- 
ponents until the connecting wire 
breaks off. Be careful not to break the 
remaining glass envelope, which is very 
brittle. It's best to cut off the wires con- 
necting the tube elements to the base 
with a small pair of side cutters. In 
case the tube elements and mica in- 
sulators will not pull through the small 
opening, use a pocket knife to cut out 
sections of the insulators. You may 
have to crush or remove the tube ele- 
ments in sections. Again, proceed slow- 
ly to prevent breaking the glass en- 
velope. If you break or crack the tube 

envelope, start on another one-one out 
of three is not a bad average. 

If you choose a TV tube with a glass 
base (6LQ6), press the copper loop 
around the prongs and against the glass 
bottom of the tube. Break off the small 
glass seal between the prongs and let 
air into the tube. Heat up the soldering 
gun and rotate the tube until the glass 
cracks in a round circle. Now break 
and crush the glass base with the wire 
tube prongs into little pieces. Be very 
careful in removing the tube elements, 
they must be reduced in size until all 
parts fit through the small opening. 
You may want to cut and remove each 
element piece individually until all parts 
are removed from the tube envelope. 
Later on, you can glue this glass en- 
velope over a separate bakelite tube 
base. 

It's best to cut out three or four, tube 
envelopes. After removing the tube ele- 
ments, choose the best one. If the glass 
edge is a little irregular, don't worry; 
when placed upon the black base the 
area will be covered with rubber sili- 
cone cement and will look like it be- 
longed there all along. Now wash out 
the white and dark areas inside the 
glass envelope. 

Tube Base Preparation. To remove 
the remaining glass and connecting 
wires from the tube base, each tube 
prong must be unsoldered. Hold the 
tube base upright and over a paste- 
board box. Apply heat from the sol- 
dering iron against each prong. Let the 
excess solder begin to boil and then 
fling the tube base downward and the 
excess solder will fall into the bottom 
of the pasteboard box. Use this method 
on each tube prong a couple of times 
to remove all of the solder. After the 
excess solder has been removed, pull 
the connecting wires out of the tube 
base area. You may have to break the 
glass in several pieces to remove some 
stubborn connections. Clean out the 
excess glass cement with a pocket knife 
and place the tube base with the glass 
envelope for safe keeping. 

Tube Base Construction. Cut four 
pieces three inches long, of number 14 
or smaller copper wire. These four sup- 
port wires will become tie-in circuit 
and mounting supports for the small 
components. You may use any stiff 
wire for these supports as long as the 
wire itself can be soldered. Number 
14 copper wire will just fit inside the 
tube pins and solder should be fed up 
from the bottom terminal. Also, you 
may solder the wire supports from the 
top side, down inside the tube base. 
Place support wires in terminals 1, 2, 6 
and 8. Look at the bottom of the bake - 
lite socket and start with Pin #1, to the 
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left of the center pin. (Although the 
tube locator pin is broken off you still 
can see where it was located.) 

After all support wires are soldered 
into position, clean excess solder from 
each wire with a pocket knife. Scrape 
off rosin and excess solder down inside 
the base, next to the support wires. 

Place a 6-32 3/4 inch machine' screw 
and washer in the center hole of the 
tube socket. Slip a nut on the outside 
of the screw to hold it in position until 
the socket can be bolted to the wooden 
base. Temporarily, slip the glass en-, 
velope over the support wires to see if 
they will clear the top area. You may 
use longer support wires if the glass 
envelope is a lot longerkin length. This 
may help string out the parts and keep 
them from shorting against each other. 
A cut glass envelope from a 5U4GT 
tube runs about three inches long. 

A tube's pin terminal connections 
(bottom view) are shown. Remember 
the tie -wire supports are reversed when 
the tube socket is upright. Scratch a 
line straight up from the tube locator 
pin, along the side of the socket, with 
a pocket knife. Now place a piece of 
masking tape around it and mark the 
support wires. You can now solder to 
your heart's desire. The four supports 
will be used for component tie points 
and they are marked upon the sche- 

The photo cells are mounted on two sides 
of the frame. The loop stick fits neatly 
in the middle of all the components. The 
transistors are in the base of the tube. 

matic. Wire support number 8 is used 
only as a wiring tie -point for the small 
components. All other support term- 
inals will be tied into .the circuit after 
the tube socket is bolted to the wooden 
base. 
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PARTS LIST FOR SOLAR SWINGER 

C1- 65-uF variable capacitor 
02-5-uF electrolytic capacitor, 15 -volts 

01-1N34A germanium diode 

J1-any jack to fit headphones 

11-ttrrite antenna coil (Radio Shack 270-1430 

or equiv.) 
Ql, 02-2SÁ52 transistor (RCA SK -3003, GE -2, 

Radio Shack 276-2004) 
R1, R3--10,000-ohm resistor, 1/4 -watt 
R2 -220,000 -ohm resistor, 1/4 -watt 
R4--15,000-ohm resistor, ?/á -watt 

SB1-two solar cells (Radio Shack 276-120 or 

equiv.) 
Misc.-headphones of 1000 -2000 -ohms; 3/4 

bolt and nut; tube base; old tubes; wooden 

plate; etc. 

The only wood work needed is to make two 
large holes in the base. One for the tube 
and one for the tuning capacitor. A bolt 
through the base holds the tube in place. 

Wiring in the Parts. Mount the an- 
tenna coil (L1) in the center of the 
support wires since it is the largest 
component. Solder the top wire to pin 
2 and the bottom terminal to pin 1. 

Leave it loose until all parts are solder- 
ed and then use a dab of silicone ce- 
ment to hold it in place. Solder the col- 
lector terminal of Q1 and negative 
terminal of C2 to support wire number 
2. Keep the leads fairly short and place 
a pair of long nose pliers next to the 
transistor body as a heat sink. The 
emitter terminals from each transistor 
will tie tó terminal support number 1. 

Now solder in all small components 
to their correct support wire' terminals. 
Place a piece of spaghetti over the col- 
lector wire of Q2 and solder into pin 
terminal 4, if it is long enough. If not, 
lengthen the terminal wire with a piece 
of hookup wire. Connect the small 
diode between the coil tap (L1) and 
the base terminal of Ql. Slip a piece 
of spaghetti over the wiring to prevent 
touching of other components. 

Mount the solar cells last-inside the 
tube area. Be careful to observe cor- 
rect wire polarity. The positive terminal 
will solder to terminal 1 and the nega- 
tive wire to 6. After all wiring has been 
completed inside the tube socket, dou- 
ble check each component and tie wire 
before bolting to the wooden base. Now 
tack the antenna coil (L1) and solar 
cell into position with a dab of silicone 
cement. 

Base Layout. You may pick up a 
wooden base mounting plate at any 
novelty or hobby store; Ours was 
63/4 by 41 and cost .99 cents. They 
may come in many sizes and shapes 
with a higher or lower price tag. Mark 
the parts layout on the bottom side of 
the wooden base. The tube socket may 
be mounted 11/2" from the rear and in 
the center of the base plate. Place a 

(Continued on page 111) 
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Keep up with current events by expanding your meter's amp -ability 

HIGHAMP METERS 
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 S1 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 be 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 

LOAD 

Meter Resistance Determination 

.R3 
0=l0000 

- POWER - SUPPLY 

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 

M TER' COIL 
RESISTANCE R meter =100 OHMS 

.01 AMPS 

10 AMPS 

SOURCE 

R shunt =0.10 OHMS 
9.99 AMPS 

EXTERNAL SHUNT 

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 
bè 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. 
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New from NRI! 25"color TV that 
tunes by computer, programs an 
entire evening's entertainment. 

Just part of NRI's 
training in servicing TV, 

stereo systems, video tape 
and disc players, car 
and portable radios. 

Only NRI home training prepares you 

so thoroughly for the next great leap forward 

in 'IV and audio...digital systems. Already, 

top -of -the -line TV's feature digital tuning, 

computer programming is appearing, and new 

digital audio recording equipment is about to 

go on the market. 

NRI is the only home study school to 

give you the actual "hands-on" training you 

need to handle servicing problems on tomor- 

row's electronic equipment. Because only NRI 

includes this designed -for -learning, 25" 

diagonal color TV with electronic tuning, 

built-in digital clock, and computer pro- 

grammer as part of your training. With this 

advanced feature, you can pre-program an 

entire evening's entertainment...even key lock 

it in to control children's viewing. 

Exclusive 
Designed -for -learning Concept 

The color TV you build as part of NRI's 

Master Course looks, operates, and performs 

like the very finest commercial sets. But behind 

that pretty picture is a unique designed -for - 

learning chassis. As you assemble it, you per- 

form meaningful experiments. You even intro- 

duce defects, troubleshoot and correct them as 

you would in actual practice. And you end up 

with a magnificent, big -picture TV with ad- 

vanced features. 

Also Build Stereo, 
Test Instruments 

That's just a start. You demonstrate 

basic principles on the unique NRI Discovery 

Lab® then apply them as you assemble a fine 

AM/FM stereo, complete with speakers. You 

also learn as you build your own test instru- 

ments, including a 5" triggered sweep oscillo- 

scope, CMOS digital frequency counter, color 

bar generator, and transistorized volt -ohm me- 

ter. Use them for learning, use them for earn- 

ing as a full- or part-time TV, audio, and video 

systems technician. 

Complete, Effective Training 
Includes Video Systems 

You need no previous experience of any 

kind. Starting with the basics, exclusive "bite - 

size" lessons cover subjects thoroughly, clearly, 

and concisely. "Hands-on" experiments rein- 

force theory for better comprehension and 

retention. And your personal NRI instructor is 

always available for advice and help. You'll be 

prepared to work with stereo systems, car 

radios, record and tape players, transistor 

radios, short-wave receivers, PA systems, musi- 

cal instrument amplifiers, electronic TV 

games, even video tape recorders and tape or 

disc video playbacks. 

Send for Free Detailed Catalog... 
No Salesman Will Call 

Mail the postage -paid card today for our 

free 100 -page catalog with color photos of all 

kits and equipment, complete lesson plans, 

convenient time payment plans, and informa- 

tion on other electronics courses. You'll also 

find out about NRI's new Computer lèchnol- 

ogy Course that includes your personal mi- 

crocomputer. Or Complete Communications 

with 2 -meter transceiver. If card has been 

removed, write to: 

NR 
1r1 

lame Washington, D.C. 20016 

NRI Schools 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Ave. 



HOW FAST CAN YOU REACT? One way 
to find out is by playing our LED 
game, named Stoppit. Start by 

pressing and holding the ready button. 
The ready LED will light and remain 
on for an unspecified time. Then the 
light will begin "falling" at a speed 
determined by the skill control (the 
illuminated light will extinguish and the 
one below it will go on, and so forth). 
If the zero position is reached, this light 
will remain on until the game is reset 
by pressing the ready button. 

The object of the game is to stop the 
action as quickly as possible (thus earn- 
ing a high score) by momentarily de- 
pressing the stop button. Since the 
ready button must be held down until 
the action starts, you must be quick to 
reach the stop button and obtain a 
high score. 

Stoppit uses readily available CMOS 
devices, is powered by a single 9 volt 
battery and can be built for between 
$15 and $20. 

How It Works. The "heart" of 
Stoppit is a 4017 CMOS Decade 
Counter with decoded outputs. It con- 
tains 10 output pins that are sequen- 
tially energized (count from 1 to 10) 
with each input clock pulse. Only ,one 
output at a time is high. A high input 
to reset pin 15 will set the count to 1. A 
high input to enable pin 13 will stop 
the counting. 

As seen in the schematic diagram, 
the decade counter's (IC2) outputs 
drive 10 inverting buffers. When any 
one of the counter outputs goes high, 
the corresponding buffer output goes 
low and sinks sufficient current to al- 
low the associated LED to light. R7 
limits the current drawn by the LED. 
The last output (pin 11) is also con- 
nected to the enable pin. This output 

S TOPP! T! 
Are your reflexes faster than a speeding LED? 

by James J. Barbarello 

is low until the last count, allowing 1C2 
to sequence. At the last count, pin 11 
goes high, energizing LI and disabling 
IC2. 

Another way of stopping the count 
is by stopping the input clock signals. 
ICI, a Quad 2 -input NAND gate serves 
two purposes. It is used to form a 
gated clock oscillator (IC1C and D) 
and an R/S (Reset/Set) Flip Flop 
(ICIA and B). When SI is closed, a 
negative pulse is transmitted through 
C2 which resets the R/S Flip Flop 
through D2. This causes the "Q" output 
(Pin 4 of IC1B) to go low and the 
"Q" output (Pin 3 of IC1A) to go 
high. The negative pulse is also in- 
verted in IC3F and resets IC2. At the 
same time, Cl begins to discharge 

The LEDs are mounted carefully on the PC board so that they just fit through the holes in 
the front panel. You may have to fiddle around with the spacing between the PC board 
and project box. The diagram below shows how the various components fit on the PC board. 
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through R2 and S1 to ground. When 
the voltage across Cl decays to the 
CMOS low level (t/aV+), the R/S Flip 
Flop is set, forcing the "Q" output 
high and the "Q" output low. The high 
"Q" output enables the clock oscillator 
and allows IC2 to begin counting at a 
rate determined by R5 (Skill), R6 and 
C3. R6 limits the upper frequency of 
the clock oscillator. Closing S2 (Stop) 
resets the R/S Flip Flop, disabling the 
clock and stopping the count. Since the 
set pin of the Flip Flop must be high 
before it can be reset, 51 must be re- 
leased to allow Cl to recharge through 
R1 and D1 before S2 has any affect. 
Since R1 is relatively small, C1 re- 
charges "instantaneously." Thus, in 
operation, Si is depressed until the 
counting begins. S1 is then released and 
S2 is quickly closed to stop the count. 
Power is supplied by a 9 volt battery. 

Construction. Stoppit can most easily 
be assembled using our PC Board lay- 
out and components placement. In this 
way, all components except for the 
switches and skill control are mounted 
directly on the board. Note that there 
are 18 jumpers, 3 of which are insu- 
lated. Standard handling precautions 
should be observed for the CMOS de- 
vices and I.C. sockets may be used. To 
be compatible with the PC Board lay- 
out, 1/2" diameter LEDs should be 
used. The leads should be long enough 
so that, when mounted, the top of the 
LED is at least 3/4" above the PC 
Board. Mount the LEDs so that they 
form a straight line and are of uniform 
height. The finished unit can be mount- 
ed in any convenient case. A simple 
battery holder can be made from a 3/4" 
x 13/4" piece of aluminum stock by 
forming it into a "Z," the vertical por- 
tion of the "Z" being the dimension of 
the wider side of the battery. A hole 
can then be drilled in the lower hori- 
zontal portion of the "Z" so that it can 
be anchored to the bottom of the case 
with a machine screw and nut. 

Playing The Game. When the unit is 
first turned on, the lights will sequence 
and stop on the zero position. Place 
the skill control near the amateur posi- 
tion. Depress and hold the ready but- 
ton. After a few seconds, the ready 
LED will extinguish and the numbered 
LEDs begin to sequence. As soon as 
this happens, release the ready button 
and momentarily depress the stop but- 
ton. Repeat this process five times, not- 
ing your score each time. Your total 
score is then the sum of the five indi- 
vidual scores. As your proficiency in- 
creases (as noted by an increased total 
score), advance the skill control. You 
may wish to challenge your family or 
friends in a test of quick reactions. 

You can use the above, PC board template to build your own or order one from the 
supplier listed below. If you do it yourself watch for those pesky PC -board short circuits. 

St. 
READY 

R 
4700 

22M + 

at 

ICI, P14, IC3,4, PIN I. V+ 
ICI, PIN 7, IC3,4, PIN 8 = GNO 

C3 

PARTS LIST FOR STOPPIT 

C1 -1 -uf, 10 volt electrolytic capacitor 
C2, C3 -0.1 -uf, 25 volt disk capacitor 
01, D2 -1N4148 or 1N914 diode 

-4011 Quad 2 -Input NAND Gate (CMOS) 

-4017 Decade Counter with Decoded Out- 

puts (CMOS) 

4-4049 Hex Inverting Buffer (CMOS) 

LED 1-LED 10-1/2" dia. LED (Such as Conti- 
nertal Specialties Corp. LD-12) 

41 -4700 -ohm, 1/4 watt resistor 
!R2-22 Megohm, 1/4 watt resistor 
R3, R4 -100,000 -ohm, 1/4 watt resistor 
R5 -220,000 -ohm, 1/4 watt resistor 
R7-470 ohm, 1/4 watt resistor 
R6-470,000 or 500,000 -ohm, 1/2 watt poten- 

tiometer (Audio Taper) 

S1, S2-Pushbutton Switch, normally open 

POWER 

DI 
s3 

IC2 

i 

ª 

6 

4 

2 

º 

S3-SPST slide switch 

Misc-9 volt battery and battery clip; suitable 
case (such as Radio Shack 270-627); one knob; 

two #6-32 x 11/4" machine screws and nuts; 
one #6.32 x 1/2" machine screw and nut, wire, 
etc. 

Note-The following are available from BNa 

Kits, R.D. #1, Box 241 H, Tennent Road, 

Englishtown, N.J. 07726: Kit containing all 

parts and P.C. board (less case and mounting 
hardware) (STOPPIT) at $17.50; P.C. Board only 

(STOPPIT-PC) at $6.00. Prices include postage 
and handling. Canadian residents pleasse add 

$1.00. U.S. Funds only. N.J. residents add 5% 
sales tax. Please allow 3 to 6 weeks for de- 

livery. 
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Send your model rocket to the stars with our launch computer 

FOR YEARS, THOUSANDS of people 
have been building and launching 
small scale model rockets that pro-. 

pel themselves with miniature solid - 
core propellent engines. But no matter 
how much time, money, and effort a 
person put into his (or her) rocket, the 
launch has always been pretty much 
the same; a switch, a battery, and per- 
haps a light bulb to check continuity. 

A Breakthrough! Thanks to lower 
Integrated Circuit (IC) prices, a hand- 
held, computer -like launch controller is 
new practical even for a "model roc- 
keteer" on a budget. The Rocket Com- 
puter consists of a display that-when 
ordered-counts down from 9 to 0 
and then, thanks to a SCR (Silicon 
Controlled Rectifier), fires current 

You can use perfboard construction to build 
your controller, as shown here. Parts lay- 
out is not critical, nor are any dimensions. 

through an igniter to start the propel- 
lent engine. Two LED's tell you if 
power is on and also give continuity 
verification. It's simple to operate with 
only three switches. The whole project 
can be assembled, even at retail prices, 
for only $5 or $20, less case. 

Construction. The circuit is quite 
stable, so any method of construction 
can be used. IC sockets should be used 
to protect the "chips" from soldering 
heat, and facilitate easy replacement- 
if necessary. 

I built my Rocket Computer on perf- 
board, with IC sockets, and a wire - 
wrapping tool was used to wire it up. 
But, soldering the project with point- 
to-point wiring is just as easy and 
effective. Take care not to make any 
solder "bridges" between socket pins, 
as they are usually spaced pretty close 
together. The LED display pins must 
correspond with IC 3's output pins. 
Most manufacturers of these displays 
give sufficient data to make this an 
easy task; simply match the A -G lines 
together. A 15 -ohm resistor on the com- 
mon anode lead should be rated at 
least at a half watt. (The common 
anode lead is easily identified on the 
LED display data also.) In the parts 
list, I recommend a Radio Shack RS - 
1020 SCR, but any SCR that can 
handle 2 amps or more of current 
with a low gate voltage can be used. 
Use spring clip terminals like I did to 

make igniter hook-up quick and easy. 
I mounted my terminals for the ig- 
niter on top of the case. Then, I 
mounted the power input jacks on the 
side. Once again, use spring clip or 
screw type connectors here. It is an 
excellent idea to use jacks for the 
power input and igniter output that do 
not look similiar. This will avoid mis- 
takes and possible damage. Finally, be 
sure to note polarity when wiring the 
input power jacks. 

Testing and Blastoff! Give the cir- 
cuit a complete bench test before tak- 
ing it out to your "launch pad". Use 
only a 6 volt lantern -type battery on 
this circuit. Only a small or large lan- 
tern battery can insure that there will 
be plenty of current available to drive 
both the circuitry and igniter. Test the 
circuit first _ without using an igniter 
hooked up. Attach your battery to the 
proper jacks. Now, turn switch S1 

This igniter wire fits into the back of a 

model rocket engine. Once fired by our 
rocket computer it burns with the intensity 
of a match. This sets off the engine. 
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(off /on) to the on position. LED 1 

should light, and the display should 
show a 9. If the display did not light, 
or if it didn't show a 9, then recheck 
the wiring from IC3, and correct the 
problem. Turn S2 (safety/arm) up to 
arm. LED 2 will not light yet because 
no igniter is in. Now, take a low cur- 
rent igniter (Estes #2301) and hook it 
up to the igniter output jacks. LED 2 
should now glow, proving continuiny. 
(Polarity is not *observed on an igniter.) 

Now see if the unit can fire an ig- 
niter (not in an engine yet!!!) on your 
bench. Move the igniter await from 
anything inflammable as the igniter 
usually burns for a second at about the 
intensity of a match. Throw switch S3 
(hold/run) to run. The display should 
count slowly down, and-get ready-at 
zero, the igniter should fire. 

At all times, when using this unit, 
start your launching procedure with 
all switches in their `off', "safety", 

The model rockets our controller will let 
you launch are fun kits in themselves. Most 
have a parachute for a colorful "re-entry" 
and you can get everything from nearly 
exact scale models of the V2 and Saturn V, 
to some far-out spaceships of the future. 

"HOLD" positions respectively. After 
the launch always pull S2 and S3 down 
to their safety and hold positions. Fail- 
ure to do so can result in premature 
liftoff of the next rocket. Remember, 
safety in rocketry always comes first! 

In the Firing Room. The heart of 
this circuit is the 74192 IC counter. 
This amazing little chip takes the clock 
pluses generated by the 555 timer IC 

and counts them in binary code. The 
7447 IC receives the binary numbers 
and changes them into a form we can 
shows us the numbers as they are 
understand-decimal. The LED display 
counted. IC 7406 and IC 7408 "watch" 
the count and when they sense a zero, 
they send a pulse to the SCR, trigger- 
ing it into conduction and thus firing 
the igniter. 

DI 

4 B 7 

2 
ICI 

(555) 6 
3 

5 

R4 
270K 

C1 

01 

R5 
56K 

C2 
IO 

16 IS 9 

4 3 

-- 14 
(74192)IC2 6 

II 7 

I 8 10 

SI 

OFF .1 
i i 0N 

B I 

6v 
LANTERN 
BATTERY 

S2 

16 13 
7 12 

I IC3 11 

(74471 10 
2 9 

6 15 
14 B 

1 

R3 
5 

4 (ANODE) 

B 

C 
D 

I 2 

3 4 
IC4 

5 (7406) 
13 12 

14 7 

A 

G'B 

D 

1 

02 

1 3 

2 6 
4 (.40058)13 

5 12 

14 7 II 

LED DISPLAY I 

1 

SAFE ! . 
RI 
330 

Ab 
ARM IGNITER 

OUTPUT 
JACKS 

LED I 

(POWER ON) 

Bt -6 -volt lantern battery, Mallory F918 or 

equivalent 
C1-0.01-uF ceramic disc capacitor, 15 VDC 

C2 -10-u1 electrolytic capacitor, 15 VDC 

D1, D2 -1N4148 diode 
IC1-555 timer, 8 -pin IC 

IC2- 74192 binary counter, 16 -pin IC 

IC3-7447 BCD -to -decimal decoder, 16 -pin IC 

IC4-7406 hex inverter, 14 -pin IC 

R2 
1BO 

\ LED 2 
(CONT.) 

PARTS LIST FOR THE ROCKET COMPUTER 

SCRI 

S3 
6 HOLD 

o `0 1 
RUN 

IC5-7408 AND gate, 14 -pin IC 

LEDI-large red LED 

LED2-large green LED 

LED Display 1 -7 -segment, common -anode 

LED display 
RI -330 -ohm, 1/2 -watt resistor 
R2 -180 -ohm, 1/2 -watt resistor 
R3 -15 -ohm, 1/2 -watt resistor' 
R4 -270,000 -ohm, 1/2 -watt resistor 

R5 -56,000 -ohm, 1/2 -watt resistor 
St-DPDT slide switch 
S2-SPST toggle switch 
S3-SPDT toggle switch 
SCRI-Silicon controlled rectifier, 50 -volt/ 

2 -amp or better 
Mist:-Input and output jacks, IC sockets, 

wire, solder, suitable enclosure, igniter 
(Estes #2301), etc. 
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THU BOL 
For Stop - 
Action 
Photos 
Quick as lightning, this sound - 
activated flash switch responds 
to get your picture. 

by Frank I. Gilpin 

HOW WOULD YOU LIKE TO CAPTURE 
the sphere -capped minaret of a 
drop of water at the precise mo- 

ment it strikes the surface of a pool, or 
a bursting balloon with the piercing 
dart still in mid-air? All you need is this 
easily -constructed, sound -activated, elec- 
tronic flash-Thunderbolt. 

Sound -activated switches have been 
around a long time. The first one I 
built 18 years ago weighed 25 pounds 
and would have cost nearly $100 if I 
hadn't cannibalized some old radios for 
the parts and tubes ... remember tubes? 
When I built Thunderbolt a few months 
ago it cost five dollars and weighed in at 
about eight ounces. What made the dif- 
ference? Solid-state components, includ- 
ing a silicon -controlled rectifier, make 
it lighter and cheaper-and it works 
much better and faster. 

How It Works. Sound picked up by a 
microphone is boosted by an amplifier 
which feeds the signal in the form of a 
rectified pulse (via R3 and D1) to the 
gate and cathode of the SCR. The SCR 
is internally like three diodes connected 
(alternately) in series-positive-negative- 
positive-so it acts like a conventional 
rectifier in the reverse direction. Thus, 
the SCR's forward conduction is con- 
trolled by operating the "switch," or 
gate. Since the sound we are picking up 

is a single, sudden sound of short dura- 
tion, it acts like a pulse, when magni- 
fied by the amplifier, and it causes the 
SCR to conduct. An electronic flash unit 
connected across its anode and cathode 
"sees" this conduction as a direct short 
so it flashes. 

In practice, you will find a wide lati- 
tude of application techniques possible. 

' You can control the microphone's sensi- 

tivity so it will respond only to certain 
higher level sounds, if the ambient noise 
level is high. Additionally, you can se- 
lect the time at which an event is pho- 
tographed by varying the distance be- 
tween the event and the mike. 

Various Applications. Let's say, for 
example, the event to be photographed 
is a coin dropping into water. By placing 
the mike very close to the container of 

The inside view of Thunderbolt. Except for the ampli- 
fier PC board, with its many components, the box is 
largely uncluttered. You can see R1, R2, and Si all 
mounted on the front panel, and the 9-VDC transistor 
battery mounted on the rear. 

s 
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water, and by turning up Thunderbolt's 
sensitivity control, you can freeze the 
coin as it first touches the water. On 
the next shot, repeat the event, but 
place the mike farther away from the 
point of impact. The sound must now 
travel farther to reach the mike and the 
flash will go off at a later stage in the 
splash sequence. 

By repeating this process, you can 
get a series of shots to cover the entire 
sequence from the coin first touching 
the water, to the final catapulted drop- 
let falling back into the water. It could 
be a club flattening a golf ball, a dart 
bursting a balloon, a hammer shattering 
a light bulb, or a (patient) athlete div- 
ing into a swimming pool. Any event 
which produces a sound, faint or deaf- 
ening, can be recorded on film at the 
decisive moment chosen by you. 

The great advantage of Thunderbolt 
is that it is totally electronic, as op- 
posed to the electromechanical heavy- 
weights of a few years ago. The older 
devices depended on mechanical relays 
and electromagnets to close a switch. 
This mechanical energy transfer added 
milliseconds to reaction time. Even that 
is a significant interval when you are 
planning to break up into sequences 
such events as bursting firecrackers and 
shattering lightbulbs. Once the sound 
gets to Thunderbolt's mike the reaction 
time approaches the speed of light. 
That's about as fast as you're going to 
get-in this world. 

Putting Thunderbolt together is easy, 
because the most complicated part-the 
amplifier-is a module, ready to wire 
into a circuit with just, a few simple 
connections and a handful of other 
parts. 

Building lt. Begin by selecting an am- 
plifier. Almost any inexpensive module 
will do as long as it has an output 
transformer. Note that most modern 
transistor amps don't have an output 
transformer. Radio Shack and Lafay- 
ette Electronics sell suitable amp mod- 
ules for less than six dollars apiece. 
Any amp capable of delivering a couple 
hundred milliwatts is sufficient. I scav- 
enged the amp for my Thunderbolt 
from an old, discarded portable tape 
player. You can find many of these old 
reel-to-reel relics in second-hand stores 
for a dollar or two. Goodwill and Sal- 
vation Army Thrift Shops are a good 
hunting ground. All you need do with 
these old units is carefully trace and 
identify the input and output leads and 
the battery supply leads. If you get a 
unit that's fairly intact, it may even 
have volume and tone control pots 
which are of the correct value for your 
Thunderbolt. 

The cabinet I show in the parts list 

will accommodate almost any transistor 
amp you select. You could even get 
ambitious and build a simple transistor 
amp. Most any old tube amp will also 
work fine, though it'll be quite bulky. 

Just which mike jack, you use will 
depend on the plug on the microphone 
you use. It may be a standard phone 
jack, or the miniature type-whatever, 
as long as it matches your mike plug. 
When you have all the parts in hand, 
arrange them on the cabinet's front 
panel and mark the panel for the 
mounting holes to be drilled. Parts 
placement is not critical, but the leads 
to Rl and R2 should be kept short. If 
you locate Si close to the sensitivity 
control, R2, then you can use point-to- 
point wiring for the SCR, Dl and R3. 
They are rigid enough to be self-sup- 
porting if the leads are kept short; other- 
wise a tie -point terminal can be used. 
Follow the schematic and wiring illus- 
trations carefully and you'll have no 
trouble. You must use shielded (co -ax 
audio cable) for the input connections 
from Rl to your amp. 

Hookup To Flashgun. After making 
all the connections, double check your 
work. Be sure you have connected the 
SCR's three leads correctly and check 
the polarity of Dl. When you are sure 
everything is in order, you'll need to 

Closeup of the front panel, showing the 
way SCR1 is mounted directly on S1, and 
D1 and R3 attached to R2. 

make a connector cord for your flash 
unit. Insert the PC plug of your flash 
extension cord into the flash unit's sync 
cord. Both ends of some brands of ex- 
tension cords look almost alike and you 
don't want to cut off the wrong end. 
With one end plugged into your flash 
unit to make sure, cut off the other end 
close to the plug. Strip off the insula- 
tion and carefully separate the braided 

M IKE 
INPUT 

IN 

AMPLIFIER 

OUTPUT 

GROUND 

R 

I 

R3 

Z 
DI 

J2 

TO FLASHER 

0 MI 

SI 9VDC 

Schematic diagram for Thunder- 
bolt. As you see, most of the 
components are encapsulated in 
the amplifier, which is described 
fully in the text. Virtually any 
amplifier will do, as long as it 
produces a couple hundred mil- 
liwatts. The diagram below 
shows the connections to SCR1. 

GATE 
(9) 

CATHODE 
(C 

ANODE 
(a) 

(VIEWED FROM BOTTOM) 

PARTS LIST FOR THUNDERBOLT 

R1-10,000 ohm potentiometer 
R2-5,000 ohm potentiometer 
R3-2,200 ohm half -watt resistor 
D1-PIV 50 volts Rectifier Diode 
11-To suit your mike. (see text) 
J2-AC chassis -mount receptacle 
S1-SPST slide switch 

SCR-Silicon Control. Rectifier (General Elec- 

tric C5G or equivalent in T0-5 type case.) 

Misc.-Wire, solder, two control knobs, chas 
sis box (see text), a PC type extension 
cord for electronic -flash sync cord, and 

an AC plug. Total cost for all parts should 
not exceed $12, excluding chassis. 

You'll find Thunderbolt to be one of the most useful photographic accessories. 
It's easy to build, both at the worktable and on the pocketbook, and is a truly fun 
project. Before you know it, you'll be happily strobing away roll after roll. 
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THUNDERBOLT 
shielding from the inner conductor of 
the co -ax cord. There is little or no 
standardization in the photo industry, 
so you can't be sure that the inner con- 
ductor of any given sync cord is con- 
nected to a positive voltage when 
plugged into a flash unit. Some units 
have a positive ground and some have 
a negative ground. In order to make 
sure your Thunderbolt will work with 
any flash unit, you need a plug which 
can be reversed for any polarity match. 
You may have more than one flash 
unit and they may not be the same, 
hence the adaptor cord. 

Plug one end of your modified cord 
into Thunderbolt and the other into the 
flash unit's sync cord. Set the sensitivity 
control, R2, at the center of its rotation 
and input control, R1, fully counter- 
clockwise. Plug in a microphone and 
apply power to ooth the switch unit 
and the flash unit. The flash may fire 
once or twice by itself before it settles 
down. If the flash unit keeps firing as 
fast as it recycles, reverse the plug in 
J2 to get the correct polarity match. 

With the polarity established, whistle 
or hum into the mike as you slowly 
turn R1 clockwise. The flash should go 
off. From this point, it's a matter of 
see -sawing controls R1 and R2 back 
and forth until you get the hang of 
your mike's sensitivity. The best way to 
discover what your Thunderbolt can do 
is to use it in a closely controlled 
test set-up. This procedure is easier 

This is one of the things you can do with 
Thunderbolt. You can use it to capture 
any sound -producing motion instantane- 
ously, as long as the object to be photo- 
graphed is within the range of your elec- 
tronic flash gun. 

SI 

BLACK 

O 
O 

AMPLIFIER 

SHIELDED 
CABLE 

JI 

OUT 

_L 

Diagram of the parts 
layout for Thunder- 
bolt. The components 
are pretty evenly dis- 
tributed between the 
front panel and the 
box, and connected by 
a few hookup wires 
and some shielded ca- 
ble. Make sure that the 
wires and the cable 
are long enough and 
flexible so that there 
wont be any trouble as 

you close the box after 
construction. 

with an assistant, so recruit a friend. 
Against a dark background, set up a 

clear glass, or bowl, of water. Place the 
mike as near to the bowl as possible 
without it getting into the picture area. 
Position the flash on a tripod and aim 
it at the bowl. The camera, also tripod 
mounted, should be aimed at the bowl 
at a 45 degree angle to the flash. Focus 
on the surface of the water and com- 
pute your f-stop as you normally would 
for a flash shot using the flash's guide 
number divided by its distance to the 
subject. (For instance, if the manufac- 
turer's recommended guide number for 
your flash is 45 when used with ASA 
25 film and your flash is placed five 
feet from the subject, divide 45 by five. 
Since the answer is nine, choose the 
f-stop closest which is f-8) . 

Set the camera's speed control on 
"B" as you would for a time exposure. 
Attach a locking type shutter release 
cable to the camera and position your 
assistant close to the bowl, but out of 
the camera's field of view. 

Turn off all the lights in the room 
and open the lens with the shutter re- 
lease cable, but do not remove the lens 
cap yet. With your assistant poised over 
the bowl, ready to drop a coin into the 
water, turn on the flash unit and the 
switch unit. The flash may go off, trig- 
gered by the sound of its own switch, 
which is why you've left the lens cap 
on. Wait for the flash to recycle, then 
snap your fingers. It should go off again. 
When it recycles, remove the lens cap 
and give your assistant a visual signal 

to drop the coin. As the coin hits the 
water, the flash will go off and you can 
close the shutter and replace the lens 
cap. 

On the next shot, move the mike a 
foot or two farther away and repeat the 
process. On successive shots, move the 
mike exactly the same distance farther 
away. You should have a complete se- 
quence after about six to eight shots. 

The film should be a very slow film, 
that is one with a very low ASA num- 
ber, such as Plus -X by Kodak, which 
has an ASA of 125. If you have a set- 
up which requires you to have more 
room illumination in which to work, 
use an Othro type film which is insen- 
sitive to red light. With this film, you 
can use a fairly bright red light in the 
room without affecting the film image 
while the lens is open. 

Once you've done a series such as" 
the water bowl and coin, you will know 
what Thunderbolt can do for you and 
how to predetermine its sensitivity to a 
given sound. When you have all its pa- 
rameters for operation understood and 
set up, you can start thinking of things 
to do with Thunderbolt. Its applications 
are virtually limitless, since the princi- 
ple of stopping sound -producing 'motion 
is an especially fascinating one. You 
can use it indoors in ordinary ways, 
such as the coin and bowl technique, 
or you could even use it for crime de- 
tection, by fixing it at night on a win- 
dow or door you expect an intruder 
to come through. Any sound he makes 
will take his picture. Good luck! 
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OCTAVI_ER MY IGf1 
A new dimension in sound for 
the hobbyist and musician 

CONNECT ANY ELCTRIFIED Or elec- 
tronic musical instrument to Octa- 
Vizer and your instrument's single 

frequency output is expanded threefold. 
In addition to the single frequency input 
signal, square waves at fifty -percent of 
the frequency and one at twenty -five - 
percent of the frequency are available 
at OctaVizer's output. All three signals 
can be mixed in any proportion de- 
sired, using the blend and prime con- 
trols. The composite output signal can 
be used immediately, or further pro- 
cessed using filters or other such de- 
vices. 

The blend control adjusts the relative 
magnitude of the two square wave sig- 
nals, while the prime control adjusts the 
amount of input signal which is fed 
through to the output. The footswitch- 
operated cancel function disables the 
square wave outputs when activated. 

OctaVizer uses readily available 
linear and CMOS digital integrated cir- 
cuits, is powered by a single 9 -volt bat- 
tery, and can be built for less than 
$15.00. 

How It Works. As shown in the sche- 
matic diagram, the input signal is AC 
coupled through Cl and C6 to a low- 
pass filter and a level control (R23) 
respectively. R4 and C2 form the low 
pass filter with a -3 dB point of about 
350 Hz, which filters higher order har- 
monics that might otherwise be detected 
in later stages and cause false trigger- 

ing. The filtered signal is amplified in 
ICID along with the DC level set by 
R2. The output of IC1D is further pro- 
cessed in ICI A where it is squared up 
and clipped. The output of IC1A is AC 
coupled through C3 and added to the 
variable DC level set by R12 in the 
R11, R12, R13 voltage divider. This 
composite signal is used to trigger a 

monostable multivibrator (one shot) 
formed from IC2, R14, R15 and C4. If 
pin 4 of IC2 is held low by grounding 

As you can see from 
this almost full-scale 
photograph, the cir- 
cuit board is rather 
compact. It would be 
a relatively easy mat- 
ter to build it into 
an existing pre -amp. 

J2, the output remains low regardless 
of the input. If J2 is not grounded, pin 
4 of 1C2 is held high by R16 and the 
pin 3 output is a pulse train of the same 
frequency as the input signal. This pulse 
train is used to clock two divide -by -2 
flip-flops (IC3B and IC3A) which pro- 
duce square waves at one-half and one - 
quarter the frequency of the input pulse 
train. The two flip-flop outputs are 
attenuated in the two variable voltage 
dividers formed by R17, R18 and R19. 
With R19 set at midrange, two equal 
voltage dividers are formed which at- 
tenuate the 9 -volt square wave outputs 
to about 95-millivblts each (a level 
similar to that of the input signal). As 
the wiper is moved toward one side, 
that divider's signal level is decreased 
while the other's is increased. There- 
fore, blend control R19 can select either 
signal alone, or any ratio of the two. 
The level of the input signal provided 
to ICIB is selected by the prime control 
(R23). This signal, along with the out - 
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OCTAVIZER 
put of the two voltage dividers, is added 
in unity gain summer IC1B. Since the 
output of IC1B has a DC component, 
it is coupled by C5 to output jack J3. 

Construction. OctaVizer can be con- 
structed using any standard technique. 
Standard CMOS handling precautions 
should be observed when handling IC3. 
IC sockets may be used if desired. As- 
semble all components onto the board, 
being sure to observe polarity for the 
ICs, D1, 'and C5. Note that C6 is not 
mounted on the PC board, but is wired 
directly between J1 and R23. Intercon- 
nect the completed PC board with all 
jacks and controls. Any suitable case 
may be used to house the project. 

Alignment. If the input to OctaVizer 
was always a pure, mono -frequency 
signal, no alignment would be neces- 
sary. However, many electrified musi- 
cal instruments' outputs are generated 
by a non-linear electromagnetic device 
(such as a magnetic pickup) and, as 
such, contain non -sinusoidal and/or 
harmonically related components. These 
components can be detected and cause 
false triggering. The alignment proce- 
dure outlined below will minimize the 
effects of these components while maxi- 
mizing the overall response of the unit. 

Begin by setting the wiper of R2 to 
ground, and the wipers of R12 and 
R15 to midposition. Connect the input 
device you will be using, and patch the 
output to an amplifier. Turn the unit 
on and rotate the wiper of R12 towards 

ground until you hear oscillation begin. 
Now turn the wiper of R12 slightly 
past the point where the oscillations 
stop (If a VOM is handy, set the volt- 
age on the wiper to about 31/4 -volts). 
Set R23 (prime) to minimum and R19 
(blend) to high. As you play the in- 
strument, rotate the wiper of R2 until 
an output is obtained. If the output is 
not half the frequency of the input (as 
determined aurally), back off R12 very 
slightly. You will notice that when the 
proper frequency output is obtained, 
its duration may be short. To increase 
the duration, adjust R2 slightly in the 
direction that produces oscillation. 
Next, play the highest note you will in- 
tend to play. The output will either be 
correct, very static sounding, or much 
lower in frequency than anticipated. If 
the output is correct, no adjustment is 
required. If the output is static sound- 
ing or lower than anticipated, rotate 
R15 until the proper output is obtained. 

The final step is a fine adjustment 
which will maximize how long the sig- 
nal lasts while minimizing false trigger- 
ing. This adjustment consists of alter- 
nately adjusting R12 and R2 until you 
are satisfied you have obtained maxi- 
mum duration and minimum (if any) 
false triggering. 

Use. OctaVizer can be used over a 3 - 
octave range. As with any new device, 
it is best to experiment with all controls 
to determine the effects that can be ob- 
tained. A standard guitar can be used 
with OctaVizer to create a raspy bass 
guitar effect by setting blend to "Hi" 
and prime to "Min." An interesting 

R19 KNOB 
POSITIOr 

_ 

_ 

1 

(Th 

1 

tin 
J3 OUTPUT FOR DIFFERENT 
BLEND SETTINGS (PRIME SET H I LO 
TO MINIMUM). BLEND 

Here is the chart of the various waveform 
configurations made possible by varying 
settings on the "blend" and "prime" con- 
trols. Although designed for use through a 
three -octave range, if used with an electric 
guitar, false harmonics can be generated 
by forceful strumming, thus raising the 
outputs by one full octave automatically. 

n 

effect is created with blend to midvalue 
and prime set so both output compo- 
nents are of equal loudness. By striking 
the strings forcefully, you can create 
high amplitude harmonics that will 
false trigger the unit and raise the 
square wave outputs in frequency by an 
octave. Thus, by varying your striking 

(Continued on page 113) 

PARTS LIST FOR OCTAVIZER 

B1 -9 -volt transistor battery 
Cl, C3, C6 -0.1-µF, 25-VDC disc capacitor 
C2 -0.047-µF, 25-VDC disc capacitor 
C4 -0.01-µF, 25-VDC disc capacitor 
C5 -1.0-#F, 16-VDC electrolytic capacitor 
D1 -1N4148 diode 
IC1 -LM3900 quad op amp 
IC2-555 timer 
IC3 -CD4013 dual flip-flop 
11, 12, 13-standard 2 -conductor phone jack 
R1 -1,000,000 -ohm, 1/4 -watt resistor 
R2, R15 -100,000 -ohm, 1/4 -watt vertical - 

mount trimmer potentiometer 
R3, R10 -2.200,000 -ohm, 1/4 -watt resistor 
R4, R13, R14 -10,000 -ohm, 1,'4 -watt resistor 
R5, R6, R8, R9, 

R17, R18, R20, 

R21, R22, R24, R25 -470,000 -ohm, 1/4 -watt 
resistor 

R7 -3,900,000 -ohm, 1/4 -watt resistor 
R11 -22,000 -ohm, 1/4 -watt resistor 
R12 -10,000 -ohm, 1/4 -watt vertical -mount 

trimmer potentiometer 
R19, R23 -10,000 -ohm, 1/4 -watt linear -taper 

potentiometer 
S1-SPST slide switch 
Misc.-cabinet, hookup wire, knobs,etc. 
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Note: A complete parts kit is available from: BNB Kits, R.D. #1, Box 241H, Tennent Road, Englishtown, 
NJ 07726, for $18.95. The PC board alone is $6.00 from BNB also. 
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SIMPLE-SYN,THE Music MACHINE 
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innenuum 

by Walter Sikonowiz 

IT WAS INEVITABLE that modern man 
would use electronics to imitate the 
sounds of earlier musical instru- 

ments. Just as the pipe organ has been 
used for centuries to produce sounds 
similar to trumpets, flutes, and strings, 
for the past thirty years electric pianos 
and organs have been used to mimic the 
pianoforte and the pipe organ. Only 
today, with the advent of microelectron- 
ics-integrated circuits and other im- 
provements on the vacuum tube and 
discrete transistors-we are seeing an 
explosion in the design and manufac- 
ture of electronic musical instruments. 

In the Beginning. We've had elec- 
tronic instruments as far back as the 
1930's, though they were far simpler 
than even today's toys. In France the 
Martinot and the Oniolone used piano - 
like keyboards to control electronic 
oscillators which produced sustained 
tones. They were the forerunners of the 
keyboards which most rock -pop groups 
use today to produce those massive 
120 -dB sound crushers at festivals and 
concerts-to say nothing of thundering 

This simple project, using an 

integrated circuit does more, 
better than many professional 
devices a generation ago. 

45 
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dance halls and discotheques. 
Early Instruments. The best-known 

electronic instrument before today's was 
the Theremin. It consisted of two radio - 
frequency oscillators. One had a fixed 
frequency, and the frequency of the 
other was controlled by the player mov- 
ing one hand nearer to, or farther from 
a sensing plate. The difference between 
the frequencies of the fixed and the 
variable oscillator produced a tone 
capable of being shifted throughout 
the audio range. The volume was con- 
trolled by slight movements of the 
player's other hand. Because nothing 
was actually touched to produce the 
frequency and volume changes, the 
Theremin made a weird, gliding tone 
which could, in the hands of a skilled 
performer, be extremely effective. How- 
ever, it could produce only one tone at 
a time, and the world of music had to 
await the development of much more 
sophisticated circuitry before true elec- 
tronic musical instruments were de- 
veloped. 

Electronic Music Today. The modern 

Z f 

M ' _ mow 

electronic synthesizer came into being 
with the construction of a vacuum -tube 
monster with thousands of tubes and 
other components. Called the Mark I 

RCA Synthesizer, and built at Prince- 
ton, New Jersey, it was dismantled 
after several years of experimentation 
to supply parts for the Mark II. This 
machine is still in use, and though 
smaller than the Mark I, it measures 
about 17 feet square and 7 feet high. 
It is still in use in the Columbia -Prince- 
ton Music Center, in New York City. 

In the early 1960s Robert Moog (pro- 
nounced like "vogue") began develop- 
ing and producing a line of electronic 
music synthesizers which revolutionized 
music. Within the next few years several 
other firms began producing synthesizer 
equipment, and in the last several years 
the microminiaturization made possible 
by the development of integrated cir- 
cuits has made possible synthesiz- 
ers controlled by keyboards-so now 
real performance instruments exist. 

The Nature of Music. Before describ- 
ing the construction of our simple syn- 
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SIMPLE-SYN 
thesizer, Simple-Syn. we should first ex- 
amine the composition of its end product 
-the music itself. Musical instruments 
all produce sounds, which can be de- 
fined in terms of their frequency (also 
called pitch), dynamics (often de- 
scribed, inaccurately, as loudness), and 
timbre. 

Timbre. This is the quality of sound 
that differentiates a trumpet from a 
violin when both are playing the same 
frequency. The timbre is the result of 
"secondary" frequencies (harmonics- 
also called "overtones") being present 
in the sound of the respective instru- 
ments. If there are many harmonics 
present, the sound is cased bright. If 
there are only a few present, the sound 
is called dull or mellow. 

These harmonics are above the basic 
pitch being played. The timbre of each 
instrument is different because each in- 
strument has its own particular pattern 
of harmonics. 

Assume both the violin and clarinet 
are playing the same pitch, A440. Then 
A44O would be called the fundamental. 
The first overtone has a pitch of 880 
cycles per second (2x440); the second 
overtone has a frequency of 1320 cycles 
a second (3x440); the third overtone has 
1760 cps (4x440) and so on. 

The clarinet and violin have different 
overtones. The violin produces the fun- 
damental and all the odd and even 
numbered overtones. The clarinet on 
the other hand produces the fundamen- 
tal and the odd numbered overtones. 
The overtones are not as loud as the 
basic frequency and are therefore not 
recognized as the fundamental. The 
loudness of the higher numbered over- 
tones decreases rapidly. 

In other words, every instrument has 
its own set of overtones that make up 

Small electronic musical instruments may 
be built from kits like this one from PAIA 
Electronics (address at end of article) 

AMPLITUDE 

ATTACK SUSTAIN DECAY 

1 r, 
j ~ VELOPE 
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TIME 

WAVE 
BEING 

MODULATED 

Typical musical note shows approximate 
areas of attack, sustain, and decay, Any or 
all of these may be much shorter or longer. 

its timbre. The two factors that account 
for the difference in timbre are: which 
overtones are present; and the relative 
strength of those overtones. 

There are four basic combinations of 
fundamental and overtones that are im- 
portant in electronic music. These spe- 
cific combinations are named: sine, tri- 
angle, square, and sawtooth. A sine 
wave is like a flute in quality. 

A triangular wave consists of a fun- 
damental and the odd numbered over- 
tones. The overtones that produce the 
triangle wave are very weak in strength. 
The quality of the sound produced by 
a triangle waveform at an audible pitch 
is like a wooden recorder. 

A square wave, like the triangular 
waveform, consists of the fundamental 
and the odd numbered overtones. The 
overtones that make up a square wave 
are more numerous and louder than 
the same overtones in the triangle. The 
square wave has a "hollow" sound to 
it, like a clarinet. 

Lastly, the sawtooth waveform con- 
sists of the fundamental frequency and 
the even and odd numbered overtones. 
The sawtooth sound quality is very 
"bright" like a string or brass instru- 
ment. 

Dynamics (loudness). Dynamics is 
the third property of sound. It has two 
important aspects. It includes overall 
loudness, which can vary from the 
rustle of leaves to the blast of a rocket. 
It also includes the changing ratios of 
sound as time passes. 

Musical tones may be gener- 
ated by osçjllators making 
simple sine waves, or any of 
several other shapes. The 
most common of these are 
shown. Note that the fre- 
quency of each note is the 
same, but the timbre (sound 
quality) will be different, de- 
pending on the wave -shape 

Closeup view of printed circuit board shows 
placement of the components. Be sure to 
use an IC socket for the IC. 

For most musical sounds the loud- 
ness versus time characteristic may be 
broken into three parts: 
1. Attack time-the time period from 

silence to when the sound reaches 
its maximum loudness. 

2. Sustain time-the period during which 
the sound is maintained at some 
loudness level. 

3. Decay time-the period during which 
the sound fades away to silence. 
The voice is an example of a sound 

that has flexible loudness. A sound 
from a voice can begin very quietly and 
increase in volume, then hold some 
volume level for a time, and finally 
decrease the loudness of sound until it 
is silent. 

A graph of the variations in loudness 
in a typical sound is shown. 

Two sine waves drawn in dòtted lines 
are labeled "A" and "B." As you can 
see from the drawing, waveform "B" 
goes through two cycles in the time 
that it takes waveform "A" to com- 
plete a single cycle. Waveform "B" is 
therefore twice the frequency of "A" 
and is said to be the first harmonic 
of the fundamental frequency "A." If 
we draw another wave three times the 
frequency of "A" it will be the second 
harmonic, four times will be the third 
harmonic, and so on. 

If at every point in time we sum to- 
gether the amplitudes of waveform A 
and B the result is the waveform shown 
by the solid line. Note that while the 
new wave is shaped differently than 
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either A or B it has the same frequency 
(and consequently pitch) as the funda- 
mental frequency A. If third, fourth, 
fifth and higher order harmonics were 
added into this wave the result would 
continue to change shape but the fre- 
quency would remain the same. 

It is not necessary that every har- 
monic of a fundamental frequency be 
included in a wave and indeed the most 
musically interesting sounds have cer- 
tain harmonics deleted. The square 
wave is a good example. It is difficult 
to imagine that the sharp -edged wave 
illustrated could be built up from 
smoothly changing sine waves, but it 
can, as shown in the progression of dia- 
grams (a) through (e). In (b) the fun- 
damental frequency is added to its third 
harmonic, producing the waveform 
shown by the solid line. In -(d) the fifth 
harmonic has been added to the result 
of (b) to produce the new solid wave- 
form and in (e) the seventh harmonic 
has been added to all the rest. You can 
see that the trend as higher order har- 
monics are added is to steepen the sides 
of the square and flatten and reduce the 
ripple in the top. When enough har- 
monics have been added the result will 
be a square wave. Notice in particular 
that not all harmonics are added to- 
gether for a square wave, only the odd 
harmonics (3rd, 5th, 7th, etc.) are in- 
cluded. 

Making Waves. It is much easier to 
generate a complex ramp or square 
wave than a sine wave. Since synthe- 
sizers operate with harmonic -rich wave- 
forms as their primary signal source 
there is no need to start out with a 
sine wave at all. The VCO's supplied 
with most synthesizers provide a vari- 
ety of waveforms each of which pro- 
vides different harmonic structures. 
Common practice is to use a relaxation 
oscillator to generate a voltage ramp 
which is then converted to triangle and 
pulse waves using simple shaping cir- 
cuits. In some cases the triangle will 
also be shaped into a sine wave. These 

Underside view of front panel shows print- 
ed circuit board in place, ready to be drop- 
ped into its case. 

Waveforms show how harmonics of sine wave, added sufficiently, can form square wave. 
At (b) the fundamental (A) and its first harmonic (B) add to produce shape (b). At (d) and 
(e) additional harmonics begin to approximate square wave. An infinite number of har- 
monics would make a perfect square wave, as in (f). 

waveforms and their harmonic con- 
tents are listed in the Table. 

Building Blocks. Modern synthesiz- 
ers are made up of one or more each 
of several different kinds of building 
blocks, just the way all component hi- 
fi systems include similar blocks (pre- 
amplifier, controls, power amplifier). 
These building blocks are mostly oscil- 
lators, filters, envelope generators, mix- 
ers, and amplifiers. Each circuit is itself 
fairly simple. When a number of them 
are connected together they can com- 
prise a performer's synthesizer. To 
demonstrate the basic principles of the 
most important of these building blocks 
we are presenting Simple-Syn---a one - 
tone synthesizer which incorporates 
most of the principles needed for prac- 
tical music synthesizers. 

The simple synthesizer in this project 
shows how basic oscillators (tone gen- 
erators) work, and how the frequencies 
they produce are modified to produce 
a wide variety of sounds, 

Simple-Syn is capable of simulating 
many naturally -occurring sounds, as 
well as some unnatural ones. It will be 
useful as a demonstrator of the char- 
acteristics of sound, as well as, a sound - 
effects machine for tape recordists. The 
output of Simple-Syn is sufficient to 
drive the Aux input of an amplifier or 
the Line input of a tape recorder. It 
may also be adapted to other uses, as 
will be discussed later. 

Shown here is a diagram of a burst 

of sound. The time interval during 
which the sound's volume builds from 
zero to some reference level is called 
the Attack time, while the interval dur- 
ing which the sound remains at the ref- 
erence level is called the Sustain time. 
Finally, the period during which the 
sound level decays exponentially back 
to zero is the Decay time. 

As you can see, what we have here 
is an amplitude -modulated sine wave. 
Now suppose that this sine wave is re- 
placed by some other periodic wave- 
form of the same frequency but with 
a different waveshape. For instance, 
consider the ramp, square, and pulse 
waveforms shown. If you think that 
they will sound different from the sine 
wave, you're right. Although these 
waveforms all have the same frequency 
as the sine wave, they are aurally per- 
ceived as having different timbre. 

An important characteristic of natural 
sound generators is that they filter the 
waveshapes of the sounds they gen- 
erate. For example, the body of a violin 
and the horn of a trumpet are natural 
resonators which reinforce some fre- 
quencies, and attenuate others. The 
overall shape of a waveform is corre- 
lated with the relative amplitudes of 
its harmonics. So, if a harmonic -rich 
waveform is filtered, we will alter its 
shape, since some of its harmonics will 
be attenuated more than others. Thus, 

-filtering produces changes in timbre. 
How the Circuit Works. Now let's turn 
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to the schematic of the synthesizer. Sec- 
tions A and B of IC1 comprise a volt- 
age -controlled ramp generator, whose 
control voltage is supplied by poten- 
tiometer R1. Cl bypasses contact noise 
generated by rotation of R1. Section A 
is an integrator, which when fed a con- 
stant positive input voltage, produces 
an output voltage that decreases linearly 
with time. Section B is a Schmitt trig- 
ger which senses the output of A. When 
A's output drops below some lower ref- 
erence level, Section B's output drops 
low, causing current to flow through 
D1 ani R5. This current flow is op- 
posite to (and greater than) the current 
from R1 that passes through R3. There- 
fore, A's output is forced rapidly up- 
ward. When A's output rises above 
some upper reference level, B's output 
swings high, D1 ceases to conduct, and 
A's output can once again begin to 
linearly drop. Thus, the whole process 
repeats itself. 

The ramp waveform is fed through 
C3 to section C, which acts as a comp- 
arator. By adusting the Symmetry con- 
trol, R11, we can shift the reference 
level at which the comparator switches, 
and thus the ratio of "high" time to 
"low" time of the rectangular wave at 
C's output. This rectangular wave is 
clipped by D2 and D3. The ramp and 
rectangular waves are mixed in R13 
and fed to volume control R15. Clos- 
ing S1 connects C4 across R15, thus 
forming a low-pass filter. C5 couples 
the signal from R15 to the voltage 
divider formed by R16 and Q 1, an re- 
channel JFET whose resistance decreas- 

Large synthesizer, the ARP 2600, has four - 
octave keyboard, three voltage -controlled 
oscillators which can produce tones from 
three Hertz up to 20 kHz. In addition to 
voltage -controlled oscillators, filters, etc., it 
includes a ring -modulator, two envelope 
generators and an envelope follower, a ran- 
dom noise generator, three voltage proces- 
sors, and a reverberation unit. 

Placement of the com- 
ponents on printed cir- 
cuit board. Perf board 
construction may be 
used since placement 
is non -critical. Con- 
trols, however, should 
be positioned approxi- 
mately as indicated, for 
manual convenience. 

Printed circuit board 
layout for Simple-Syn 
is easy to make even 
if you haven't made 
one before. Radio 
Shack has inexpensive 
kits for boards. 

es as its gate bias decreases. 
Gate voltage for QI is developed 

across C8, which we can consider in- 
itially discharged with S2 in the position 
shown. Therefore, Q1's resistance is 
minimal and the audio signal at its 
drain is also minimal. Flipping S2 up- 
wards causes C8 to gradually charge 
through R19, R20, and R21; conse- 
quently, Q1's resistance increases and 
so does the volume. Flipping S2 down 
again causes C8 Lto slowly discharge 
through R22 and R23, and the volume 
drops once again. Finally, the audio 
signal from Q1's drain is coupled by 
C6 to the buffer amplifier formed by 
section D of ICI. 

Building Simple-Syn. Construction of 
the synthesizer is not critical. The best 
method would be to copy the printed 
circuit layout shown. The board is sim- 
ple enough to be copied using one of 
the kits available at Radio Shack and 
elsewhere. My Simple-Syn was built in 
a plastic box but a metal case is recom- 

PINS 182 
OF R21 

PINS 182 
OF R23 

BI 82 

mended in order to eliminate hum -pick- 
up problems. The control layout shown 
in the photograph should be used. The 
completed printed circuit board will 
mount behind the control pots, with its 
foil side facing them, using 11/4 -inch 
spacers. 

After you have fabricated the board, 
install the IC socket. The other com- 
ponents may be installed in any order, 
but solder Q1 last. Be sure to observe 
proper orientation of Q1, D1, D2, D3, 
C8, C9, and C10. Trimmer R19 used 
in my prototype was mounted horizon- 
tally. The two large upper pads connect 
to its wiper. If you use a vertical -mount- 
ing trimmer instead you will have to 
change the position of the pads to ac- 
commodate it. Finally, install ICI in 
its socket and set the board aside tem- 
porarily. 

Try to copy the construction of 
Simple-Syn's prototype cabinet as closely 
as possible. Frequency control RI 
mounts in the upper -right-hand quad - 
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rant and is actuated by the largest knob. 
Directly below that pot is an aluminum 
bracket holding B1 and B2. Right below 
the bracket is Power switch S3. 

The first row of controls on the left- 
hand side of the front cover contains 
R21, R23, and R11 (from left to right). 
The second row contains S2, R15, and 
R13. Below the second row are Filter 

switch SI and Output jack J1.' With 
this arrangement, the interconnecting 
wiring is shortest, and all components 
mount on the cover, which is conven- 
ient when batteries have to be changed. 
Incidentally, the battery drain is less 
than 2 ma., so the batteries will last 
a long time. 

After you've located and drilled all 

holes in the front panel, including those 
for the spacers that mount the printed 
circuit, solder short lengths of #22 
stranded wire to the appropriate lugs of 
the controls, then mount them. Six-inch 
lengths of wire will suffice. This is easier 
than mounting the controls and then 
trying to solder to the leads in' close 
quarters. Note that R14 is not on the 

+9V 
C2 

.01uF 

FREQUENCY I R3 
R g_._,2,,3(;).!.____< 330K 2 

50K 
.3 3 

R2 
2200 

BI 
9V 

CI 
OIuF 

T. R5S 
12K 

330K 

CIA 

POWER 
ON/OFF 

S3 f 

R4 

2 MEG 
DI R6 

+ +1C9 
I .-. 
I IOOuF 

+ 

ICIB 

R7 
50K 

6 50K 
R8 

TO PIN 4 
OF ICI 

+9V 

B2 
9V 

CIO Cl2 
+ IOOuF .IuF 

r'. T T 

Ih 

TO PIN II 
OF IC I 

9v 

C3 1 .IUF 

12 

R9 13 

I00K 

+ 

IC IC 

R13 
50K, 2 

R12 
3 

40-50K FILTER 

MIXER 

1r 

14 

RIO RII 
270K 10,000 

SYMMETRY 

PARTS LIST FOR SIMPLE-SYN 

TONE SYNTHESIZER 

C1-.01-uF capacitor 
C2-.01-uF mylar capacitor 
C3, 1.1, 12-.1-uF capacitor 
C4, 5, 6-.005-uF capacitor 
C7-1.0-uF, 250-VDC capacitor 
C8-1.0-uF tantalum capacitor - 

C9, 10-100-uF, 16 VDC electrolytic capacitor 
D1, 2, 3-1N914 silicon diode 

IC1-1M324 quad operational amplifier IC 

Q1 -2N3819 JFET (N -Junction field-effect 
transistor) 

R1 -50,000 -ohm, audio taper potentiometer 
(Allied Electronics 854-7333 or equiv. See 

end of Parts List for Allied's address) 

R2 -2200 -ohm, 1/2 -watt resistor 
R3, 4 -330,000 -ohm, 1/2 -watt resistor 

R5 -12,000 -ohm, 1/2 -watt resistor 
R6-1.8 to 2.2-megohm, 1/2 -watt resistor 
R7, 8-47,000 to 51,000 -ohm, 1 -watt re- 

sistor 
R9 -100,000 -ohm, lh-watt resistor 
R10 -270,000 -ohm, 1/2 -watt resistor 

R19 
50K, 

SI 
RI 

_ 
" 

took 2 

D2 D3 3 
} 
! 

C5 

R14 
.005uF 

27K C6 
005 uF 

t R16 

.005uF - C4 
VOLUME 

-9V 
R20 

ATTACK 

22K I jR21 IMEG -M + r7, 

RI7 
2-3 MEG 

2 
3 

ENVELOPE 

R22 R23 I MEG + 1.0 u F 

33K 
DECAY 

DI,2,3 
CATHODE 

T 

1I -- 

RI 1 -10,000 -ohm, linear taper potentiometer 
R12-39,000 to 47,000 -ohm, lh-watt resistor 
R13 -50,000 -ohm, linear taper potentiometer 
R14 -27,000 -ohm, 1/2 -watt resistor 
R15 -100,000 -ohm, audio taper potentiometer 
R16-10-megohm, 1/2 -watt resistor 
R17-2.2 to 3.3-megohm, 1/2 -watt resistor 
R18 -1000 -ohm, 1/2 -watt resistor 
R19 -50,000 -ohm, linear taper potentiometer 
R20 -22,000 -ohm, 1 -watt resistor 
R21, 23-1-megohm, linear taper potentiom- 

eter 
R22 -33,000 -ohm, 1/2 -watt resistor 
S1-SPST slide switch 
S2-SPOT pushbutton switch 
S3-DPDT slide switch 
Misc.-knobs, cabinet (preferably metal); 9- 

VDC transistor radio batteries (2); battery 
clips; socket for ICI, wire, solder, etc. 

Allied Electronics' address is 401 East 6th 
St., Ft.. Worth, TX 76102. 

C8 

CATHODE 

OUTPUT 

10 C7 TO 

IuF AMPLIFIER 

R18 
1000 

1 2 3 

I 

14 m 
Workbenches are alive with the sound of 
music-wherever Simple Syn is being 
built! When the first caveman whistled 
the first tune, who would have thought 
that just five million short years later such 

sweet music would be floating from an 

electronics filled box? Well, Cro-mag-non 
Man didn't have the editors of e/e backing 
him up. Today, you'll find that building a 

state-of-the-art music machine can be as 

simple as Do -Re -Mi following our PC 

board foil and component side layouts. 
You'll find dozens of uses for the Simple- 
Syn, especialy if you make tape recordings 
and are in need of special effects. Besides 

music, Simple-Syn can be used to imitate 
foghorns, sirens, whistles and can make 

eerie, creepy, wailing noises like from the 
soundtrack of a Grade B science-fiction 
movie of the Fifties. But, more to the 
point, Simple-Syn can be calibrated to pro- 
duce some really outrageous music. Just 

calibrate the frequency control and the 

Simple-Syn can span more than three full 
octaves, a wider range than many popular 
singers of today command. 
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SIMPLE-SYN 
circuit board-it mounts point-to-point 
between lug #2 of R14 and lug #1 
of R15. Likewise, C4 is off the board, 
wired between S1 and R15 as the sche- 
matic indicates. 

Position the front panel face down 
on a table, and next to it place the 
printed circuit board, foil side up. Con- 
nect the control leads to the pads indi- 
cated on the board by inserting each 
lead into the appropriate hole from the 
foil side and then soldering. Trim off 
the excess wire that protrudes from the 
component side of the board. When the 
connections have all been completed, 
mount the board foil side down behind 
the controls. All the wiring will now be 
underneath the board, and your project 
will not be cluttered by dangling wires. 

Final Adjustment. When Simple-Syn 
is completed, only one adjustment must 
be made. Turn on the power and adjust 
R21 for minimum attack time, and then 
R15 for maximum volume. Press S2. 
Now turn R19 fully to the right, and 
then fully to the left. Leave it at which- 
ever end provides a loud tone in your 
speaker (the opposite extreme should 
produce silence). Now turn R19 back 
until there is a just barely -noticeable 
diminishing of sound intensity. The cor- 
rect position for R19 is anywhere be- 
tween R19's present position and the 
position it was in previously. You will 
notice that the position of R19 affects 
the attack and decay times somewhat if 
you play with those controls. Choose 
a position for R19 (within the two 
bounds previously indicated) that pro- 
duces the most pleasing attack and 
decay behavior. 

Using Simple-Syn. If you make tape 
recordings, Simple-Syn can be used to 
imitate foghorns, train whistles, sirens, 
musical instruments, insect buzzes and 
hums, as well as surreal science -fiction - 
movie sounds. In conjunction with a 
small amp and loudspeaker it can pro- 
vide realistic horn and whistle effects 
for a model railroad. You might use it 
to replace your humdrum doorbell with 
some really wild sounds. Finally, 
Simple-Syn can be used as a musical 
instrument. All that is necessary is that 
you calibrate the frequency control, per- 
haps using a pointer affixed to the - 

frequency knob and a scale with the 
positions of the various notes marked 
on it. Simple-Syn spans more than three 
octaves, so the larger scale you use, the 
easier it will be to calibrate. Calibration 
is easiest with a frequency counter, but 
you can also tune it by ear, using a 
piano as reference. In addition, you can 

Completed prototype 
shows layout of controls. 
If your cabinet is larger 
you should still stick to 
this physical layout, to 
keep internal leads as 
short as author did. 

Here's what the author's prototype looks 
like inside. Everything mounts on the top 
panel, so the cabinet body is used just for 
support. If you use a metal cabinet (recom- 
mended) it will also serve to minimize 
possible hum pickup. 

replace the 9V. batteries with 8.6V. 
mercury cells, since the frequency of 
the ramp generator is voltage -sensitive. 
Your calibration with mercury cells will 
stay accurate because, unlike zinc -car- 
bon cells whose voltage decreases with 
age, a mercury cell's voltage remains 
quite constant throughout its useful life. 

Final Remarks. A few final remarks 
about operation of the synthesizer might 
be helpful. First, the Symmetry 
control will have its maximum effect 
when the Mixer is rotated to yield a 
pure rectangular wave; its effect will be 
inaudible when Mixer is rotated to 
pure ramp. The effect of Symmetry 
and Mixer controls, which vary the 
harmonic structure of the output, will 
be most evident at low frequencies. 
This is because the important harmonics 
(all those up to about the thirtieth) of 
the higher frequency tones fall above 
15 kHz. Beyond 15 kHz the human ear 
has a rapidly diminishing sensitivity. 
Thus, a high frequency ramp won't 
sound tremendously different from a 
high frequency rectangle because the 
human ear does not respond to all the 
important harmonics. 

The effect of the I titer control 
will be to attenuate the higher harmon- 

ics of a waveform, and produce a more 
mellow sound. In most natural sounds 
decay time is longer than attack time. 
Try using a long attack time together 
with a very short decay time for a really 
strange effect. Finally, if you are feed- 
ing the )ynthesizer's output into your 
hi-fi system, be careful not to sustain 
a loud tone for too long a time. Home 
speaker systems can handle large 
amounts of power only on a transient 
basis; sustained operation at high power 
can burn out voice coils. 

Learning More About Synthesizers. If 
you'd like to learn lots more about how 
today's practical electronic musical in- 
struments work you can get an excellent 
booklet called the Synthesizer Primer by 
writing to Electronic Music Laborator- 
ies, Box H, Vernon, CT 06066. If 
you're interested in knowing more about 
their extensive line of Synthesizers, say 
so, and they'll send you literature and 
prices, as well as a fascinating 7 -inch 
phonograph disc of five short selections 
performed on EML synthesizers. 

Another good source of information 
on the subject is PAIA Electronics, Inc., 
Box 14359, Oklahoma City, OK 73114, 
the makers of a wide variety of kits for 
synthesizers and allied instruments. 
They have several very interesting low- 
cost modules for producing all sorts of 
sounds, including wind, surf, chimes, in 
addition to musical and other sounds. 
The PAIA "Gnome" micro -synthesizer 
produces many sounds, such as winds 
and flutes. Gnome kit costs $48.95. For 
more information circle number 71 on 
the Reader Service coupon. 

If you're into really heavy per- 
forming instruments you can look over 
the state-of-the-art models being sold by 

, ARP Instruments, 45 Hartwell Ave., 
Lexington, MA 02173. ARP will send 
you a record demonstrating the sounds 
of the ARP Omni, which they call the 
world's first symphonic electronic key- 
board, for $1.00. Moog and Buchla 
synthesizers are also still being pro- 
duced, and are available in many music 
stores. S 
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The chances are excellent that... 
You have a talent other people 

are willing to pay for! 
You're "handy" around your 
house, have the ability to fix 
things, and "make them work 
right"... that's why there 
may be a rewarding career 
for you in Electronics. 

A career in Electronics? 
Absolutely. Because you're interested 
in things. How they work. Why they 
work. How to take them apart and 
put them back together. Plus . . . 

you've got a head for detail work. 

Your chances are excellent 
With the right kind of specialized 
technical training, you can have a 
challenging, financially rewarding future waiting for 
you in Electronics. Think of the career opportunities 
... computers, aerospace, 2 -way radio communica- 
tions, radio/TV broadcasting, medical electronics, to 
name just a few. 

And, surprisingly, you don't need a college degree! 
All you need to do to qualify for one of these excit- 

ing career fields is to build upon the technical aptitude 
you already have ... just put your hands and your 
head to work with a CIE Electronics career course. 

You learn by doing 
The CIE method of instruction is the refinement of 
over 40 years of Electronics, independent home -study 
experience. It works. And you don't need any prior 
electronics experience. A CIE career course can take 
you from ground zero right up to training in Lasers, 
Microminiaturization, Radar, Analog Computers, 
and various applications in Communications. 

In some CIE courses, you'll perform "hands-on" 
experiments and tests with your own CIE Personal 
Training Laboratory. And, if TV technology and dig- 
ital Electronics are your main interest, you can select 
from several courses that involve working with and 

troubleshooting a TV. (And the TV 
is yours to keep, too!) This combi- 
nation of "head and hands" learning 
locks in your understanding of the 
crucial principles you'll use on the 
job in your new career. But, don't 
kid yourself .. . 

Electronics is not an "easy" science 
and CIE courses are not "snaps." 
Subject matter is technical, thorough, 
and challenging. It has to be. We're 
training you for a career. So the pre- 
sentation of ideas is logical, written in 
easy -to -understand language ... you 
progress step by step, at your own 
pace. 

CIE Education by mail 
There is no need to "go back to the 
classroom" with CIE. Because you 

learn at home or wherever else is convenient. You 
keep your present job and income. No cross-town 
commutes. You decide when and where you study best. 

Your eventual success ... at CIE and in your elec- 
tronics career ... will be determined by your own 
motivation and self-discipline. You can do it. And CIE 
can show you how. 

Patterns shown on TV and oscilloscope screens are simulated. 

Put your talent to full use 
We believe that you may be a "natural" for Electronics, 
and we'd like to tell you more about potential career 
fields and our school. We'll be glad to send you our 
complete package of FREE career information if you'll 
send in the card or write mentioning the name and date 
of this magazine. For your convenience, we'll try to 
have a school representative contact you to review vari - 

CIE 

ous educational programs and assist in course selection. 
As soon as we receive your request, we'll mail you our 
school catalog, complete G.I. Bill details, and special 
information on government FCC License preparation. 
There's no obligation. 

Let's discuss your new career in Electronics. NOW! 
Send for your FREE school catalog and career infor- 
mation TODAY. 

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

Accredited Member National Home Study Council 



1. Why not build projects you can be proud 
of, in appearance as well as circuit de- 
sign? It is neither difficult nor expensive 
as you'll note when you follow this unit 
on a step-by-step journey from a blank, 
machined panel to real artistic beauty. 

14. And now-the finished project, a de- 
light to the eye! Once you try this method 
on one of your projects you'll never go 
back to ugly again. You don't have to be 
an artist, and it does not add much to 
the cost. Electronics can be beautiful! 

13. Here you see what the panel looks like 
after the lettering has been completed but 
before the parts have been mounted. It al- 
ready has a clean, professional look, 
more like something out of an assembly - 
line factory than from your workbench! 

2. You will need spray and brush -on pro- 
tective coating, plastic tape, various types 
of rub -on lettering and designs, and a 

burnishing tool (the white cylinder) to 
effect the transfer of the letters from the 
carrier sheet to a project's front panel. 

WHEN YOU GIVE birth to an elec- 
tronic project, don't send it into 
the world illiterate. As shown in 

this article, it's easy to apply lettering 
and designs to give your projects a pro- 
fessional appearance, as well as for 
functional reasons. This is accomplished 
by using a product called rub -on let- 
tering (or dry -transfer lettering), which 
consists of letters, numbers, or designs 
witi an a lhesive on their back side so 
that they, can be affixed to a panel or 
other stnface. The letters come at- 
tached to the back of a transparent 
plastic carrier sheet, from which they 
are transferred to the panel by rubbing 
or burnishing. Follow the photos to see 
how it is done. The process may seem 
complicated at first, but with a little 
experience you will find that the steps 
go quickly. 

Rub -on lettering is available in vari- 
ous sizes and colors (black and white 
are the most common) . Sets may con- 
tain complete words, individual letters 
or numbers, or a combination of these. 
Sets consisting of index marks and other 

12. You can also buy spray overcoating as 
pictured here. Spray is more even than the 
brush -on, but the brush -on can be applied 
thicker. This method too requires that you 
carefully check for the compatibility of 
the overcoat with both letters and panel. 

3. You can't fashion it if you have never 
seen it before-at least seen it on paper. 
First, make a sketch and work on the 
arrangement until you are quite satis- 
fied with it. Using the quadrille paper, 
as pictured here, makes the job easier. 

LOVE THAT 
Press -on decals will turn 

by Randall 

designs for rotary switches and dials 
are also available. 

A small set, which should see the 
average hobbyist through half a dozen 
projects or more, costs only about two 
dollars. Your local electronics store 
probably carries rub -on lettering and 
related supplies, if not, try the suppliers 
listed at the end of this article. Rub -on 
lettering is also available from art, 
graphic arts, and office supply stores. 
Although the type they carry is intended 
primarily for other purposes, it can he 
used for electronic projects. 

In addition to the lettering and a few 
household items (cellophane or plastic 

11. You'll want to protect that final panel, 
and there are two methods you can use. 
Here we show the brush -on method of 
overcoating. First, check on a scrap or 
hidden area for compatibility with both 
rub -on lettering and the panel finish. 
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4. Once you know where it is all going to 
be at, you can begin to machine the panel. 
Follow your quadrille -paper layout careful- 
ly and don't make last minute, poorly plan- 
ned changes! Then make certain the panel is 

clean and dry and free of any imperfection. 

LETTERING 
projects into works of art 

Kirschman 

tape, ruler, paper, etc.), you will need 
a blunt -pointed tool to burnish the let- 
ters into place. Tools for this purpose 
can be obtained where art supplies are 
sold, or you may be able to find some- 
thing around the house that will serve 
the purpose. However, a pencil or ball- 
point pen tends to be too sharp, and 
may also obscure the lettering. The 
burnishing tool shown in the photos was 
made from 1/4 -inch diameter plastic rod 
sanded round on one end and tapered 
and rounded to about 1/2 -inch diameter 
on the other end. It could also have 
been made from a wood dowel. 

The panel or other surface to which 

10. Once all lettering is applied, and you 
are- satisfied with it, burnish one more 
time. Use a backing sheet of slick paper, 
so the lettering will not stick to the back- 
ing sheet, and go over the whole panel. 
Use the blunt end of the burnishing rod. 

5. Locate the desired letter (or word, or 
design) on the carrier sheet, place it in 
position on the panel and press the sheet 
against the panel. The back of the sheet is 

tacky so it will not easily slip. Here we 
have already applied some of the letters. 

you intend to apply the lettering should 
be clean and dry. Any oil, grease, dirt, 
or moisture will hinder adhesion of the 
lettering. Soap and water can be used 
for cleaning, except on bare aluminum. 
Rinse and dry the panel thoroughly; 
after wiping off excess water, use a 

heater or warm oven to dry. Solvents 
can also be used for cleaning; test first 
for compatibility with the finish. Do 
not use a heater or oven with solvents. 
To clean bare aluminum, solvents can 
be used, or chemical preparations for 
this purpose are available from paint 
and hardware stores. After cleaning do 
not touch the areas where you will 
apply the lettering. 

If you use solvents or other chemi- 
cals be sure to follow the manufac- 
turer's directions and particularly ob- 
serve the appropriate safety precautions. 
Spend a little extra time and effort to 
be safe and minimize the possibility of 
injury. 

After you have applied the lettering, 
you will probably want to protect it 

(Continued on page 113) 

9. Positioning index marks is done by 
temporarily mounting both a switch 'and its 
knob. Turn the knob to each position and 
align the mark with the pointer. As you 
see here, the number "1" makes a good in- 
dex mark, certain other letters may be used. 

6. Transfer the letter to the panel by use 

of the burnishing tool. Rub over the letter 
several times, increasing the pressure each 
time until the transfer is complete. As you 
do this a slight change in the letter's 
appearance verifies transfer is working. 

7. Peel the carrier sheet away from the 
panel, starting from one end and holding 
the other end in position against the panel. 
Check that the letter has completely trans- 
ferred. If it has not, all you have to do 
is lay the sheet back down and burnish over. 

8. Make a mistake? It's no disaster. To 
remove an error, press ordinary cello- 
phane or plastic tape over the offending 
letter and then simply lift it off. This 
may be repeated if needed, until all is 

clear. An eraser may also be used. 
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SOME BIG CHANGES are on the way for 
the SWL, especially in the upper 

shortwave bands from the 25 -meter 
band on up to 30 MHz .and beyond. 
The Sun is now entering one of its 
periods of increased sunspot activity 
after a 20 -year period of relative calm. 
This will make short range communica- 
tions unreliable and long range DX an 
everyday affair. Signals from stations 
just down the road will be, literally, lost 
in outer space, and wishy washy signals 
from outer nowhere will come booming 

SHORTWAVE SUPERCHARGER 
Turn your old SW clunker into a high -band hot -rod. 

into your listening post like they were 
right next door. 

Under these conditions many old 
and some not -so -old shortwave 
receivers will need a hit of 
help when they try to work the high 
hands. Their circuits tend to get a little 
frazzled. As a matter of fact, almost 
any SWL would appreciate a bit of a 
signal boost now and then. It might just 

make the difference between a very 
good DX catch and a record breaking 
DX discovery. 

If you decide you want a DX boost 
or you need to increase the versatility 
of your old set then you should build 
this Shortwave Supercharger. 

This unit will boost selectively the 
RF signal by 20-30 dB and it will com- 
pensate for many deficiencies of your set. 

TO ANTENNA 

SIA), 

ON4 ÒOFF 

)2NH 
LI 

CI 
150 
pF 

C2 

01 

IC 

8 10 23,7 

C31 C1 C5 
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2200pF 2 (SHIELDED COAXIAL JACK) 

1000RI .A OFF 
IC 

(- SIB (BOTTOM VIEW) 

ON C681 
.01 9V 

CASE 
PARTS LIST FOR SHORTWAVE SUPERCHARGER 

B1 -9V transistor radio battery 
C1-150-pF variable capacitor 
C2, C3, C4, C5, C6-0.01 uF capacitor 
C7-2200-pF capacitor 
R1 -1000 -ohm I/4 -watt resistor 
R2 -10,000 -ohm variable resistor 
IC-Motorola MC1550, HEP 590 or HEP C6091 

9 

8 

IO 
I 

2 

6 

3 

4 

LEO-Red LED indicator 
Lt-Miller 4502, 1.1-1.5-microhenry coil (for 

winding your own, see text), for antenna 
connection use 3 turns of wire wound 
tightly around the coil. 

S1-DPDT switch 
Misc.-case, knobs, jacks for shielded cable 

It will not only improve the gain of the 
shortwave receiver but will also im- 
prove its selectivity and the image fre- 
quency rejection. Simple, single conver- 
sion superhet SW sets have the annoy- 
ing tendency of receiving spurious sig- 
nals separated by twice the IF fre- 
quency from the desired signal. For 
example if you tune to 20 MHz you 
may also receive 20 + (2 X 0.455) = 
20.910 MHz (image frequency) signal 
which will interfere with the 20 MHz 
signal. In addition you will be able to 
pull in many SW stations you didn't 
even know existed. With 10- to 15 -feet 
of wire behind your sofa as an antenna 
you may receive stations as distant as 
Australia or mainland China. 

How does it work. The circuit is based 
on an inexpensive integrated circuit 
manufactured by Motorola and its HEP 
subsidiary. Its innards consist of three 
transistors, a diode and four resistors 
which together form an excellent auto- 
matic gain controlled (AGC) radio 
frequency amplifier. To build the circuit 
with separate discrete components 
would cost a bundle and the result 
would not he as good. The incoming 
RF signal is coupled with a few turns 
of wire to the coil LI. The tuned paral- 
lel -resonant circuit consisting of LI and 
C l selects the wanted signal by rejecting 
adjacent frequencies and feeds the sig- 
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nal to pin 1 of the integrated cir- 
cuit. The amplified signal leaves the IC 
on pin 6. The AGC input on pin 5 is 
used to control the gain of the ampli- 
fier when you turn potentiometer R2. 
The light emitting diode indicates that 
the circuit is on and that the battery is 
still alive. The DPDT switch Si selects 
between straight -through connection, 
booster off and booster on. 

Construction. This is a radio frequen- 
cy project which requires a neat solder- 
ing job and short connections. However, 
if you do a half -decent job the super- 
charger should fulfill your expectations. 
The author used point-to-point wiring 
on a perf board. If you have some ex- 
perience with PC boards you might use 
the layout shown here. The Super - 

Use this full-size circuit -board template 
to build your Shortwave Supercharger. You 
can find etching materials at a radio shop. 

charger with the indicated component 
values will cover approximately 10-30 
MHz. Using different values for L1 or 
Cl will change this range, though the 
ratio of minimum to maximum fre- 
quency will remain 1:3. Doubling the 
capacitor or inductance value lowers 
the frequency by 1.41 and lowering 
either value increases the frequency by 
the same factor. If you want to substi- 
tute some parts, or wind your own coil 
or use a different capacitor, the circuit 
is quite flexible in this respect. For ex- 
ample you may want to replace the 
150 pF capacitor Cl used by the author 
since this is often difficult to find. Use 
instead the oscillator half of the stand - 

TO CENTER 
TAP R2 
4 

TO LED I 

ANODE 
e 

OUTPUT 
TO RECEIVER 
AND JUMPER 
TO SIA 

TO CI WIND WIRE AROUND LI 
ROTOR 3 TIMES AND LEAD TO SIA 

To 
END 
TAP OF 
R2 

TO CI 
STATOR 

This part's location overlay is twice the actual size in order to make the positioning 
clearer. If you use a loop different than specified in the parts list you may want to 
modify the appropriate spacing on the printed circuit board. Don't forget to wrap the 
L1 -to -antenna wire around the loop stick three times. You might install an integrated 
circuit socket on the printed circuit board to simplify installation and repair. 

and AM tuning capacitor from any 
pocket transistor radio. Instead of the 
coil mentioned in the parts list you 
might try to wind 15-20 turns of insu- 
lated copper wire on a pencil. 

Mount the Shortwave Supercharger 
inside a metal case which you can find 
in most electronic supply stores. Use 
shielded cable between the supercharger 
and your receiver otherwise the con- 
necting wire will behave like an an- 
tenna and some of the features of your 
supercharger will be lost. The final job 
is to make a dial. You can calibrate it 
with your shortwave receiver by tuning 
Cl to optimum reception. 

If you find that the circuit "whistles" 
at certain frequencies (this may easily 
happen if you do not use a PC board or 
your connections are too long), the 
simplest cure is to thread a few small 
ferrite cores through pins 1 and 4 of the 

IC. Such cores can be purchased from 
many electronic surplus dealers. 

Operation. Tune your receiver to the 
desired frequency and then tune C 1 till 
you can hear maximum signal or noise, 
if no station is present. Returning your 
receiver with the fine tuning knob 
should require no readjustment of the 
supercharger. You can use R2 as your 
volume control or leave it in some in- 
termediate position and use the volume 
control of the receiver. For strong sig- 
nals you may want to turn R2 back to 
prevent overloading the receiver with 
the corresponding increase in the back- 
ground noise. 

Once you get it working, start dig- 
ing deeper into the higher shortwave 
frequencies. There is a lot going on out 
there and with the increased sunspot 
activity and a Shortwave Supercharger 
you can't go wrong. 

The author's prototype, 
shown here, used perf- 
board and point-to- 
point construction. 
You may build your 
Shortwave Supercharg- 
er using this technique 
or by making a printed 
circuit board and sol- 
dering on all the parts. 
The author added a 
small LED power indi- 
cator to prevent dead 
batteries if left on. 
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LOW-COST FILTER 
IMPROVES 
CODE 
RECEPTION 
A few snips of aluminum and an old reed make 
headphones into high quality filter. 

Amateur radio operators and short 
wave listeners often find CW (continu- 
ous -wave code) reception difficult, i1 

not impossible, when several radiotele- 
graph stations are transmitting on, of 
near, the same frequency. Such inter 
ference can be eliminated, or at leas' 
greatly reduced, by a narrow band elec- 
tronic filter circuit that can be install- 
ed in the radio receiver or transceiver. 
However, this extra equipment can 
cost up to $150. 

What You Need. A mechanical filter 
that will do the job can be built for 
$15, or less. In fact, should you already 
own a pair of earphones-the old-fash- 
ioned kind with metal diaphragms- 
and have access to a music store that 
will sell a used steel reed removed 
from an accordion (the writer was 
given his at no cost by such a store) 
you can build this effective filter for 
practically nothing. 

A low -frequency reed should be used. 
A 440 -Hertz (A) reed will work well. 
In fact, anything from about 300 to 
1000 Hertz will be ok. 

Should you have access to a steel 
(not brass) reed from an old harmon- 
ica, that could be used, too. 

The removed reed is installed in one 
earphone of the headset so that it vi- 
brates only when an incoming CW sig- 
nal sets up a beat note at the reed's 
resonant frequency. All other inter- 
fering signals will automatically be 
eliminated since they will be of a 
different beat frequency, and the reed 
will not respond (audibly) to them. 

To Get More Volume. Should you 
wish to have both earphones of the 
headset operate in this manner, the 
matching reed of the same length (they 
come in pairs in the instrument) must 

A thin piece of aluminum is cut to same size 
disc as the original iron diaphragm of the 
'phones. Rectangular center opening is for 
the iron frequency -resonant instrument 
reed. Small hole at right of rectangle is for 
rivet (or nut and bolt) to secure reed. 

be installed in the second earphone. 
Here's how it's done: Use a pair of 

tin snips to cut from a thin sheet of 
aluminum (about 1/32 -inch thick) a 
disc that will replace the earphone dia- 
phragm. At the center of the aluminum 
diaphragm make an elongated hole that 
will permit the reed to vibrate freely 
(see picture) when it is riveted fast at 
one end of the opening. 

In installing the reed it is important 
that the little strip of steel extend into 
its opening for the same vibrating dis- 
tance that it did when it was in the 
musical instrument. 

The operation is simple. The alu- 

minum diaphragm, being non-ferrous 
metal, will not be influenced by the 
magnets in the earphone. Only the reed 
will vibrate, instead. In use, only the 
desired CW signal will be heard loudly 
as the receiver or transceiver is tuned. 
The resulting silence can be uncanny! 

PARTS LIST FOR CW FILTER 

Communications -type headphones, 1000 - 
ohms or more. (Not stereo headphones, 
which are all wrong for this project). 

Steel reed(s) from accordion or harmonica. 
One (or two) small rivets of the same size 

as were used to hold the reed in place in 
the instrument. 

Use These Tools. You'll need a pair 
of tin snips or metal cutting shears. An 
electric (or hand) drill, with bits the 
right size for drilling out the rivet(s) 
which secure the reed(s) in the instru- 
ment will be needed, and you'll find a 
small square -edge (or triangular) file 
good for dressing the opening in the 
aluminum disc. 

Original hard rubber cap (left), original mag- 
net and coil assembly (right) and new alu- 
minum diaphragm (center) with steel reed 
in place. 
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Darkroom Color 
by Herb Friedman 

It's easy to make quality, bright color prints at home with 
modern color chemistry and this electronic color analyzer! 

ONE OF THE SHUTTERBUG'S most sat- 
isfying accomplishments is pro- 
ducing his own color prints. For 

years the time spent on and the cost of 
making color prints were discouraging, 
but with modern color chemistry, such 
as the Beseler system, you can turn out 
quality color prints in less time than for 

black and white (about 3 minutes). and 
the prints will be far superior to any- 
thing you're likely to get from a color 
lab. 

One thing that takes the drudgery 
out of color work-besides the chem- 
istry-is a color analyzer, a device that 
gives you the correct filter pack and 

MAGENTA 
SUBTRACTIVE 
PRIMARY 

BLUE 
ADDITIVE 
PRIMARY 

RED 
ADDITIVE PRIMARY 

CYAN 
SUBTRACTIVE PRIMARY 

YELLOW 
SUBTRACTIVE 
PRIMARY 

GREEN 
ADDITIVE 
PRIMARY 

Any one of the 
primary colors on 
this circle is 
composed of its 
immediately 
adjacent colors in 
equal amounts. 
Each primarycolor 
is also comple- 
mentary to the 
color directly 
across the center 
of the circle. 
Complementary 
colors added 
together form 
neutral densities. 
It is the balancing 
of additive primary 
colors of photo- 
graphic light 
sources and sub- 
tractive -type color 
filters that provides 
control in color 
print photography. 

exposure time at the very first eracx. 
Most often, the very first print made 
with the analyzer will be good. At most, 
it will take perhaps 0.10 or 0.20 change 
of filtration for a superb print. This is 
a lot less expensive and time-consum- 
ing than making test print after test 
print. In fact, it's really the color an- 
alyzer that puts the fun into making 
your own color prints! 

Color Analyzers Are Not Cheap. 
A decent one costs well over $100, and 
a good one runs well over $200. But if 
you ve got even a half-filled junk box 
you can make your, own color analyzer 
for just the junk parts and perhaps $10 
to $15 worth of new components. 

A color analyzer is basically a minia- 
ture computer. You make a "perfect" 
print the hard way-by trial and error 
-and then calibrate the analyzer to your 
filter pack and exposure time. As long 
as you use the same box of paper and 
similar negatives, all you need to do to 
make a good color print is focus the 
negative, adjust the filter pack and ex- 
posure so the analyzer reads "zero," and 
hit the enlarger's timer switch. Even if 
you switch to a completely different 
type of negative, the analyzer will put 
you well inside the ballpark, so your 
second print is a winner. (And even if 
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COLOR ANALYZER 
the filtration is off, the exposure will 
probably be right on the nose.) 

Construction. The color analyzer 
shown was specifically designed for the 
readers of this magazine-essentially an 
electronics hobbyist with an interest in 
photography. All components are read- 
ily available in local parts stores or as 
junk box parts. Several protection de- 
vices have been designed into the cir- 
cuit so accidental shorts won't produce 

a catastrophe. The printed circuit 
board template has foils for both incan- 
descent and neon meter lamps,` as well 
as extra terminals so you can use either 
a socket and plug or hard wiring for 
the color comparator and exposure sen- 
sor. In short, you can make a lot of 
changes to suit your individual needs. 

The template for IC1 uses a half- 
minidip, Signetics V -type package lead 
arrangement. However, you can also 
use an IC with a round (TO -5) con- 
figuration. If anything is wrong with the 
IC you can get the TO -5 out easily. The 

R5 
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P2 

PC2 

MLT.I-"CAN' 
TO. VIEW 

<+6.2V 

M Y 
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R2 
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R6 
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R7 

I 
Dl 
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PARTS LIST FOR COLOR ANALYZER 

BR1-50-PIV, 0.5 -amp or higher silicon bridge 
rectifier 

Cl, C2-500-uF, 10-VDC or better electrolytic 
capacitor 

D1, D2 -6.2 -volt, 1 -watt zener diode 
ICI-type 741C operational amplifier, see text 
11 -5 -pin socket, DIN -type (optional, see text) 
Ml -0 to 1 -mA DC meter, see text 
P1 -5 -pin plug, DIN -type (optional, see text) 
PC1, PC2-Clairex CL5M5L photocell, do not 

substitute 
R1 -10,000 -ohm, 1/2. -watt resistor 
R2, R3-1-megohm potentiometer, see text 
R4 -500,000 -ohm potentiometer, see text 
R5 -100,000 -ohm potentiometer, see text 
R6 -10,000 -ohm trimmer potentiometer (Mallory 

MTC-14L4 for exact fit on PC board) 
R7, R8 -820 -ohm, V2 -watt resistor 
R9 -100,000 -ohm, 1/2 -watt resistor 
S1 -2 -pole, 4 -position rotary switch (Allied Elec- 

tronics 747-2003; adjust stops for 4 positions) 
S2--spst switch 
Tl -117 -volt primary, 24 to 26.6 -volt secondary 

transformer, see text for point-to-point wiring 

MI 
0-1 
mA 

+6.2V 

6.2V 

(Note: you can also use two less expensive 
12 -volt transformers with secondary windings 
connected in series -aiding, if you have the 
space.) 

The printed circuit board for the Color Analyzer 
is available direct from Electronics Hobby Shop, 
Box 192, Brooklyn, NY 11235 for only $5.60. US 
orders add $2.00 for postage and handling; 
Canadian orders add $3.50. No foreign orders, 
please. Postal money orders will speed delivery; 
otherwise allow 6-8 weeks for delivery. 
If you cannot obtain the Clairex Type CL5M5L 
photocell locally, write to Electronics Hobby 
Shop at the above address, enclosing $5.00 for 
each photocell. U.S. orders add $2.00 for post- 
age and handling. Canadian order add $3.50. No 
foreign orders, please. New York State residents 
add sales tax. Postal money orders speed de- 
livery; otherwise allow 6-8 weeks for delivery. 

Misc.-cabinet, pilot lamp for meter, 2 -in. or 
3 -in. size Kodak Wratten filters #70, #98, and 
#99 (available from photo supply dealers). 
calibrated knobs, wire, solder, hardware. etc. 

half-minidip removal might result in de- 
struction of the PC board. We'll explain 
how to install the TO -5 IC on the PC 
board later. 

You can either buy or make the 
printed circuit board (see parts list). 
Either way, the first step is to prepare 
the printed circuit board. If you do it 
yourself, make it any way you like, 
using free -hand or template resist. Noth- 
ing is critical, but be certain there are 
no copper shorts between the terminals 
for ICI. Use a #56 bit for all holes. 
Then use a larger bit for transformer 
Ti's mounting screws (#4 or #6 
screws) , a 1/4 -in. bit for resistor R6, 
and a #30 to 40 bit for the linecòrd 
connections (any bit that will allow 
the linecord wires to pass through the 
board) . 

Assemble the power supply and check 
it out before any other components are 
installed. Install transformer T1 first. 
Any 24 -volt or 25.2 -volt center -tapped 
transformer that will fit on the board 
will be fine. Get something small, like 
100 milliamperes. A Wescom 81PK-100 
is a perfect fit. 

Bridge rectifier BR1 is the low cost 
"surplus" found in many distributors. 
This type has the positive and negative 
outputs at opposite ends of a diamond. 
The AC connections are the remaining 
opposite ends. Note that BR1- is in- 
stalled in such a manner that its negative 
output is farthest from transformer Tl 
while the positive output is nearest to 
TI. Make certain your bridge rectifier 
has the same lead configuration; if it is 
different, modify the printed circuit tem- 
plate to conform to the rectifier you're 
using. Get it right the first time. 

Finally, install Cl and C2, R7 and 
R8, and zener diodes D1 and D2. Take 
care that the capacitors and zener 
diodes are installed with the polarity 
correct. If the capacitors have their 
negative leads marked with an arrow or 
line, these markings face the opposite 
edges of the PC board (negative to the 
outside). The zener diodes are installed 
so that their cathodes (the banded ends) 
face each other towards the center of 
the board. 

Initial PC Checkout. When the power 
supply is completed, temporarily con- 
nect 'a linecord. Connect the negative 
lead of a meter rated 10 volts DC or 
higher to the foil between Ti's mount- 
ing screws (that's ground). Connect the 
meter's positive lead to the junction of 
R7 and D1, which is in the center of 
the board; the meter should indicate ap- 
proximately +6.2 volts DC. Then con- 
nect the positive meter lead to the .R8 
and D2 junction, which is near the edge 
of the board. You should get approxi- 
mately -6.2 volts DC. If the voltages 
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The color comparator photocell Z -bracket is installed 

under a light integrator. If your enlarger has a filter holder 
under the lens, attach the Z -bracket to the holder. 

BEND 

TOP VIEW 
(BEFORE 
BENDING) 

--BEND 

1/2- IN ID 

are far apart in value, or if the polarity 
is wrong, make certain you find the 
mistake before installing IC1. 

Disconnect the linecord and complete 
the PC assembly. If you use a 24 or 28 - 
volt pilot lamp to illuminate the meter 
you connect to the holes adjacent to 
Ti's secondary (24-V) leads. If you 
plan to use a neon illuminator, install a 
100,000 -ohm resistor (R9) on the PC 
board and connect the lamp to the holes 
marked "neon." The lamp must have 
as little illumination as possible. Incan- 
descent 24 or 28 -volt lamps must be 
the miniature or "grain of wheat" type 
rated approximately 30 -to 60 mA; the 
lamps come with attached leads. Do 
not use pilot lamps of the 100 to 500 
mA variety. The excessive light will 
confuse the analyzer. 

To install IC1 when it is the metal 
can TO5 type, fan out the #1 to 4 leads 
and #5 to 8 leads so they form two 
straight lines. Note that the lead oppo- 
site the tab on a TO5 package is #8. 
Insert the leads into the board leaving - 
about 1/4 inch between the IC and the 
board. The IC is correctly installed if 
the tab faces away from the transformer 

Rear view of author's color analyzer shows 
vertical mounting of the circuit hoard. 

towards the nearest edge of the PC 
board. Solder IC1 and cut off the excess 
lead length. 

The edge of the PC board nearest 
ICI has four sets of paired foil termi- 
nals. These are provided as mounting 
terminals if you connect the photocell 
comparator and sensor without the use 
of a plug and jack. However, we strong- 
ly suggest the use of the specified DIN - 
type connectors as they allow for easy 
repairs if the connecting wires break. 
(The connectors aren't that costly). 

Potentiometers R2 through R5 can 
be linear or audio taper, though audio 
taper gives a slightly smoother adjust- 
ment; use whatever you have in stock. 

The analyzer shown is built in a Bud 
7 -inch AC -1613 Universal Sloping 
Cabinet. This is the least critical item 
and you can substitute whatever cabi- 
net you prefer. Just be certain the cabi- 
net will accommodate the type of meter 
you use. 

Meter M1 should be O-1 mA with a 
zero -center scale. But these are expen- 
sive, so you can substitute any standard 
1 -mA meter you want. You will simply 
calibrate the instrument for zero -center. 

If you use a neon pilot lamp mount it 
directly above the meter and shield the 
forward brilliance with a piece of black 
tape; ,the lamp should radiate straight 
down onto the meter scale. If you use 
the meter in the parts list, remove the 
front cover by pulling it forward. Then 
remove the meter scale. As shown in 
the photographs, place a black dot ap- 
proximately 3/16 -inch wide at the cen- 
ter of the scale. If you want, you can 
also modify the meter for the incandes- 
cent lamp. Drill a 1/4 -inch hole in the 
lower right of the meter from the rear. 
Position the meter in the cabinet and 
mark the location of the meter hole on 
the panel. Remove the meter ,and drill 
a 3/4 -inch hole in the panel. When the 
meter is installed you can pass a "grain 
of wheat" lamp through the panel into 
the meter. Reassemble the meter and 
complete assembly. 

The Comparator. The photocells 
used for the comparator and exposure 
sensor, P1 and P2, must be Clairex type 
CL5M5L. Make no substitutions. From 
a piece of scrap aluminum 3/4 to 1 inch 
wide, fashion a Z -bracket to the di- 
mensions shown. Drill a 1/2 -inch hole 
close to the end of the longer Z -leg. 
Fasten the other end of the Z -leg to 
your enlarger's under -lens filter holder. 
If your enlarger does not have a filter 

BR1 G2 R8 D2 ICI Rl \ \ 1 i__ 1 

Tl Cl/ R7 Dl R6 

This is the parts location when our PC 
board is used. To get a free template of 
the PC board, send a Self -Addressed 
Stamped Envelope to: Davis Publications, 
Dept. T, 229 Park Ave. South, New York, 
NY 10003. 

PHOTOCELL EPDXY 
3/16-INHOL. 

ORE p 1 CUT 
WIRE .i, 

11/2 IN 

The exposure sensor photocell is mounted in anything that will keep it in place on 
the easel. This example was epoxy -cemented into a large control knob after the outside 

dial section was ground off. In typical operation, the sensor is placed under the 
lens with the light integrator or filters. 
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COLOR ANALYZER 

holder, or if it has a permanent swing - 
away red filter under the lens, mount a 
Paterson swing -away light integrator 
(available from local photo shops) un- 
der the lens. Fasten the short leg of the 
Z -bracket to the integrator-which has 
pre -drilled holes-so that the 1/2 -inch 
hole is on the optical center of 
the lens. Then cement photocell P2 

the switch and the control "C" for cyan. 
(We suggest you paint the cyan knob 
insert a blue-green. Also paint the other 
knobs the appropriate color.) Advance 
Si one position clockwise, find the cor- 
rect knob and label both "M" for ma- 
genta. Advance the switch another posi- 
tion clockwise, find the knob and label 
both "Y" for yellow. The last switch 
position and knob is labeled "W" for 
white (white light exposure). Make cer- 
tain the C, M, and Y controls are read - 

TO Slab 
WIPERS 

DRILL OUT 

TO 24V 
PANEL LAMP PRIMARY 117 VAC 

/ 
S2 

Ti 

NE2 

TI I 

SECONDARY (OPTIONAL) 

There are few parts on the PC board and nothing is critical. Modify the board 
if you wish. Trimmer potentiometer R6 should be a flat mount, so it can 

be adjusted through a hole in the cabinet. 

in the hole and attach the connecting 
wires; these can be extra -thin zip cord 
such as used for short -length speaker 
connections. (This whole bit reads a lot 
more complicated than it is. Use the 
photographs as a guide.) 

Photocell P1, which measures the ex- 
posure light, can be mounted in any- 
thing heavy enough to hold it in place 
on the easel. The photographs show the 
photocell epoxy -cemented in an over- 
size control knob. 

When the complete analyzer is as- 
sembled, attach oversize calibrated 
knobs such as the Calectro E2-715 to 
R2 through R5. The knob calibrations 
are important so they should run out to 
the very edge of the knob skirt. If the 
calibrations don't run to the edge you 
won't be able to preset the controls with 
any reasonable degree of accuracy. 
Place a fine line or other indicator di- 
rectly above each knob. 

Checkout. Connect the photocells to 
the control unit and apply power. Don't 
worry if the meter pins at either end of 
the scale. Set switch Si 'to the extreme 
clockwise position and adjust R2 
through R5 until you find the control 
that changes the meter reading. Mark 

ing P2, the color comparator mounted 
under the enlarger lens. 

Set Si to any position, set all other 
controls to their mid -position, and turn 
on bright room lights. If the, meter pins 
out or approaches full scale deflection, 
adjust trimmer control R6 so the meter 
pointer just pins (don't be afraid to 
pin the meter). Depending on the 
amount of light the meter pointer will 
pin right (for bright light) and left (for 

Close-up of meter face showing a small 
scale -illumination lamp in lower right 
corner. This lamp should not be operated 
at full voltage to avoid fogging the film. 

dark or very low light). This is normal 
and there will be no damage to the 
circuit or the meter. (Note: If you use 
a zero -center meter the pointer will 
barely pin on both sides.) 

Install the Z -bracket under the lens. 
If your enlarger uses a filter holder un- 
der the lens insert a diffusion screen or 
glass, or a Beseler Light Integrator or 
similar ground glass in the filter holder; 
You are now ready to make color 
prints. 

The first thing you need to make 
fine quality color prints is a high speed 
chemistry, such as the two-step Beseler 
system which can produce a finished 
print in two minutes. The second item 
you need is the electronic color analyzer 
for which we've already given you the 
plans. 

Color Variables. Color materials 
such as the negative, printing paper, en- 
larger lamp, and even color correction 
filters vary in their sensitivity to light 
colors from batch to batch, roll to roll, 
and time to time. Even the enlarger's 
optical system can have a color cast. 
For this reason it is generally impossible 
to place a negative in your enlarger, 
expose the paper, and develop a good- 
let alone decent-color print. 

To avoid upsetting a control 
setting while groping for the 
on -off switch in the dark- 
room, mount switch S2 as far 
as possible from the controls. 
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PRNtnNG 
COLOR 

NEGATIVES 

Provides a wealth of 
worthwhile info for 
photographers inter- 
ested in the color print 
techniques available 
from Kodak or your 
photo dealer. Their 
publication No. E-66. 

One way we can correct for these 
variables is through an additive ex- 
posure, exposing the paper through 
blue, green, and red filters for differing 
lengths of time. Since blue, green, and 
red create all the colors in additive 
printing, any correction can be obtained 
by controlling the precise timing of each 
exposure. The additive system is a pain 
in the neck for the hobbyist, for the 
slightest desired change in the color 
rendition or saturation (exposure) can 
involve changes in the exposure through 
all three filters. 

A printing system that's easier to use 
and more favored by hobbyists is the 
subtractive exposure. A single filter pack 
made pp of two of the filters known as 
YELLOW, MAGENTA, and CYAN makes 
all the color corrections at the same 
time. This filter pack' is placed between 
the enlarger lamp and the negative; vir- 
tually all modern enlargers have a draw- 
er in the lamphouse to accommodate 
a filter pack. A single exposure through 
the filter pack is all that's required to 
make a color print. Some of the more 
expensive enlargers have what is termed 
a "dichroic head" with variable filters 
as part of the light system; the exact 
value of filtration is simply dialed by 
the user. Again, all the color correction 
is provided at one time by the dichroic 
head so only a single exposure iF 

needed. 
More Info. A full and complete treat- 

ment of both types of color printing is 
contained in the Kodak publication 
Printing Color Negatives; this book is 
a required reference for anyone who 
wants to make quality color prints. The 
book also gives .the most convenient 
operating procedures for electronic 
color analyzers. 

The subtractive printing procedure is 
particularly well adapted for use with a 
color analyzer, is the easiest method for 
the amateur, and is exceptionally fast - 
handling, so the illustrations to follow 
will refer to the subtractive system. 

An electronic color analyzer basically 
consists of a photocell (vacuum tube 
photomultiplier or photoresistor) posi- 
tioned under the lens, blue, green, and 
red filters mechanically positioned over 
the photocell (or positioned over the 
cell by hand) and a meter that indicates 
the amount of light falling on the cell. 
The meter is connected to the photocell 
through independent potentiometers as 
shown in the figure. Color analyzer 
readings will be accurate"for most nega- 
tives and lighting situations as long as 
the same box of printing paper is used. 
The system needs to be recalibrated 
only when the printing paper is changed 
(so purchase boxes of at least 100 
sheets to avoid extra work) . 

The first step is to make a really fine 
print from a decent negative. You can 
do it the hard way, one print at a time, 
or use a Beseler Subtractive Calculator 
which puts you insidethe ball park on 
the first try. When you have made a 
print with satisfactory flesh tones and 
color saturation don't disturb the en- 
larger or tinier controls. 

To Continue. . . Place the color 
analyzer's probe on the easel or swing 
it uncle' the lens (if it is mounted on 
the enlarger). Install a light integrator- 
which is nothing more than a piece of 
ground glass or its equal-under the 
lens, between the lens and the analyz- 
er's probe. The light integrator scram- 
bles the picture :into a diffused "white 
light" which contains all the color 
elements of your negatives and 
the filter pack. Place a blue filter 
(Kodak Wratten No. 98) on top of the 
light integrator. (Note that most hobby- 
ist analyzers have a selector switch that 
also mechanically positions the correct 
filter over the photocell.) Turn on the 
enlarger and adjust the analyzer's yel- 
low control for a convenient reference 
meter reading. (Usually, center -scale or 
"null" is used as the reference reading, 
but any meter reading can be used as 
a null.) 

Remove the blue filter, install a green 

FILTERS 

LIGHT FROM 
BLUI 

GRN 
ENLARGER 

RED I' PHOTO- 
CELL 

YELLOW 

MAGENTA 

CYAN 

WHITE 

The basic color analyzer. Once controls 
are matched to a "standard" negative, 
just select filters for a null on the 
meter for each individual color and white. 

filter (Kodak Wratten No. 99), switch 
the analyzer to MAGENTA and adjust the 
magenta control for a null meter read- 
ing. Remove the green filter, install a 
red filter (Kodak Wratten No. 70), 
switch the analyzer to CYAN and adjust 
the cyan control for a null meter read- 
ing (the color controls yellow, magenta, 
and cyan refer to the color of the sub- 
tractive filters in the filter pack). Fi- 
nally, remove all filters from under the 
lens, switch the analyzer to WHITE and 
adjust the white control (exposure con- 
trol) fora null meter reading. 

(The color analyzer in this project 
uses a separate photocell for the ex- 
posure. If you look at the easel you'll 

Modern color print chemistry techniques 
from Beseler include this subtractive color 
calculator to aid filter selection. 

see a shadow cast by the Z -bracket 
holding the color comparator cell. Posi- 
tion the exposure cell on the easel so it 
is just off the edge of the shadow. If 
you prefer, you can place several thick- 
nesses of opaque paper over the color 
comparator cell and use it for the 
white measurement, though we suggest 
you use the separate cell.) 

When all the controls are adjusted 
you have programmed the color char- 
acteristics and exposure of your "refer- 
ence" print into the analyzer, and you 
should note the control settings and 
exposure time for future use. 

Down to Business. Now assume you 
want to make a print from another 
negative. Put the new negative in the 
enlarger. Then set the degree of en- 
largement and focus, leaving the lens 
wide open. Place the analyzer's probe 
under the lens, install the light integra- 
tor and set the analyzer's switch to 
CYAN. Install the red filter on top of the 
light integrator and adjust the lens aper- 
ture until the meter indicates null. 
Switch the analyzer to MAGENTA, install 
the green -reading filter and note the 
meter reading. If it is not at null, add 
or remove magenta filters (from the 
filter pack) until the meter shows a 
null. Then switch the analyzer to YEL- 
LOW, install the blue -reading filter and 
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COLOR ANALYZER 
modify the yellow filtration in the filter 
pack until the ,meter shows a null. 
Finally, set the analyzer to WHITE, re- 
move all reading filters and adjust the 
lens aperture for a null indication. 

Through the color analyzer you have 
now established a new filter pack and 
exposure for the new negative. If the 
new negative uses similar lighting to the 
reference negative the print should be 
perfect. If the lighting was considerably 
different the print will be good-ac- 
ceptable to most people, but requiring 
just a slight filter pack modification for 
a great print. 

Swinging Filters. In the previous 
example the filter pack would wind up 
with magenta and yellow filters-which 
is what is generally needed. Some Koda - 
color negatives, however, might require 
cyan lters plus magenta or yellow (but 
never all three). This information will 
have been programmed into the color 
analyzer, so you will have no difficulty 
if you make a slight modification in 
procedure. The first meter reading, the 
one where you adjust the lens's aper- 
ture, should be made for the filter you 
are not using in the filter pack. For 
example, if your basic filter pack has 
cyan and magenta, switch the analyzer 
to YELLOW, place the blue -reading filter 
in position on the light integrator, and 
close down the lens for a null indica- 
tion. Then proceed with the other read- 
ings. If your reference negative did not 
require Cyan in the filter pack, if it had 
yellow, magenta, or both, and you find 
a new negative just can't be pulled in 
for null meter readings with yellow and 
magenta filters, it indicates the new 
negative requires cyan filtration, so start 
with the assumption that yellow is not 

Kodak color printing filters. Typical filter 
designation CP2OY means color filter with 
a .20 density; the color is yellow. 

r squired. It you still can't null the 
meter, it means magenta should not be 
in the filter pack. 

As we mentioned, a more thorough 
discussion and procedure for using a 
color analyzer is found in Kodak's 
Printing Color Negatives. 

Most, but not all, commercial color 
analyzers use photomultiplier tubes 
which have no light memory, nor are 
they confused by infrared from the en- 
larger lamp. These units are, as you 
would expect, relatively expensive. Low 
cost models use photoresistors. 

More Data. Photoresistors are intra - 
red -sensitive and they have a light mem- 
ory, both of which can confuse the 
meter. The infrared is easily handled by 
installing a heat or infrared filter glass 
in your enlarger (it should be there to 
protect the negative anyway). The light 
memory is handled by using a consistent 
measurement procedure. The best way 
is to turn the enlarger off, install the 
reading filter and the light integrator, 
turn off the bright room lights, count 
to five, and then turn the enlarger on. 

Professional equipment used by color labs includes this 
Kodak Video Color Negative Analyzer. It uses a 5 -in, color 

TV screen to assist an operator in selecting the correct filter. 

Take the meter reading, or adjust the 
appropriate color control, slide the new 
reading filter in place before withdraw- 
ing the old one, switch the analyzer, and 
make the new meter reading. Repeat 
this for the third reading filter. You'll 
note that this procedure keeps bright 
white light from falling on the photo- 
cell between meter readings. If you 
want to change filters under room 
lights, make certain there are about five 
seconds of darkness between turning the 
room lights out and turning the enlarger 
on. 

The whole bit might sound somewhat 
complicated, but after you've run 
through the procedure once or twice to 
get the hang of things it shouldn't take 
you more than a minute or so for a full 
color analysis of a new negative. 

The Kodak Wratten filters needed are 
available from professional camera 
shops. For the construction project, 
color analyzer 2 -in. or 3 -in. Kodak 
Wratten filters Nos. 98 (blue), 99 
(green), and 70 (red) are recommend- 
ed. If you have difficulty obtaining 
these specific filters you can make the 
following substitutions, through the 
analyzer's precision will be slightly re- 
duced: 47B (blue), 61 (green), and 
92 (red). 

The Pro Shop. We could not close 
without some words on commercially 
processed color prints such as you might 
order from a drugstore or camera shop. 
Commercial color labs have as high (if 
not higher) a remake rate than the 
amateur if quality color prints are de- 
sired. As a general rule, it takes two 
tries to get a decent color print, so the 
hobbyist with a color analyzer is way 
ahead of the game because he can turn 
out, at worst, two good prints for each 
three first tries. The average is even 
higher than this as the hobbyist gets 
skilled in the use of a color analyzer. 

Commercial labs come close to a 
.lobbyist's results only when they are 
equipped with a video analyzer such as 
the Kodak Video Color Negative An- 
alyzer Model 1-K; and Kodak only 
claims a 75%+ first try acceptance rate 
for their analyzer. The video analyzer 
is a 5 -in. x 5 -in. TV display. The opera- 
tor views the color negative as a posi- 
tive color TV image, and adjusts the 
TV's controls for proper color balance 
and brightness (saturation). The con- 
trol settings are translated to the print- 
ing equipment's filter adjustments so 
that the final print is similar to the 
image displayed on the TV. 

The video analyzer is a fast and easy 
way to get good color prints on the 
first try, but since video analyzers cost 
in the thousands, the color analyzer is 
the best thing going for the hobbyist. 
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handful of parts plugged into solderless breadbo 
for crystals, diodes, LEDs and lots mi 

by Martin Weinstein 

o I built a crystal tester several years 
ago and had an accident. Two of the 
connections were accidentally shorted 
together when I soldered the parts to- 
gether. As a result, I soon discovered 
that my crystal tester was also good as 
a diode tester, a LED tester, a con- 
tinuity tester, an electrolytic tester and 
more. 

Now that's what I call a happy acci- 
dent! 

The whole circuit was built onto a 
scrap of printed circuit board and 
mounted in a small plastic box. I've 
used it for years, and it's come in handy 
dozens of times. Recently, while chat- 
ting with a couple of ELECTRONICS 
HOBBYIST editors it occurred to us that 
some of you might enjoy this handy 
little gadget. So I rebuilt it one evening 
on a small, inexpensive solderless bread- 
board. And now I can pass the secrets 
of this marvelous little Checker Board 
on to you. 

What It Can Do. Checker Board 
started out as a crystal tester, with the 
desired action that a good crystal lights 
the LED and that a bad crystal won't. 
You can also use it to check out so 
many other components with just as 
simple an indication. These are some 
of the things you can test with your 
Checker Board: lamps, switches, diodes, 
LEDs, cables, capacitors, crystals, 
printed circuit traces, connectors and 
more. You can even use Checker Board 
to test itself! 

How It Works, Part One. Transistor 

Q1 and the parts near it, R1, R2, Cl, 
and C2, work together with the crystal 
you connect into the circuit as a simple 
crystal oscillator. Without a good crys- 
tal, the circuit will not oscillate. When 
it does oscillate, a signal appears at 
the emitter of Ql. 

Capacitor C3 passes this signal to 
diodes DI and D2, which are connected 
as a rectifier. They convert the signal 
(which is a high -frequency AC signal, 
at the frequency of the crystal) to a 
bumpy DC signal. C4 smoothes out 
most of the bumps. As result, the signal 
that leaves Q1 arrives at Q2 as a small 
DC voltage. Q2 then acts as a switch. 
When the DC voltage appears , at its 
base, it completes the circuit from the 
battery and switch, through R3 and 
the LED, to ground. When this hap- 
pens, the LED turns on. 

With no signal coming out of Q1, 
no voltage appears at the base of Q2 so 
it doesn't turn on, and neither does the 
LED. R3 limits the current that can 
go through the LED to keep it from 
burning out and to help give it a very 
long life. It also lengthens Checker 
Board's battery's life. 

And that's how Checker Board 
checks crystals. 

How It Works, Part Two. Take a 
good look at R4. It acts as a kind of 
cheater, connecting the cathode end 
of the LED to the red clip. So, when 
there's no crystal in the circuit, R3, 
R4 and D3 are the only parts of the 
circuit actually connected to the clips, 

,d make a te 
re. 

r 

the switch and the battery. The equiva- 
lent circuit is shown nearby. AS you 
can see, whatever you connect to the 
alligator clips then completes the cir- 
cuit to light the LED. The purpose of 
R4, here, is to keep this mode of op- 
eration from interfering with Checker 
Board's performance as a crystal tester, 
since that's why we built it. 

Building Checker Board. Use any 
construction technique you feel com- 
fortable with.. Nothing is very critical, 
and you can try lots of other values for 
any given component and still have a 
Checker Board that works. 

The Checker Board you see here was 
built on a small solderless breadboard 
from AP Products. It's fully described 
in the Parts List. You can use any size 
wire from #20 to #28 to make the 
connections between terminals, and 
most components' leads plug right in. 

You can help the switches, battery 
leads and alligator clip leads plug right 
in, too, if you use AP Headers. They're 
small contact posts embedded in a plas- 
tic strip at precise 1/10 -inch intervals," 
so they can plug right into the bread- 
board. Just break off the number of 
posts you need from the rest of the 
strip, solder your connection to the 
short end and plug the long end into 
the breadboard. 

I used small U-shaped pieces of. bare 
wire plugged into several holes in a row 
to form a contact pad area, connected 
to each clip lead. This makes testing 
larger components as easy as touching 
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CHECKERDOARD 
their leads to the bare wires. 

You can use either a momentary 
switch, like a pushbutton, or any spst 
switch, or both for Si. It depends on 
whether you prefer on -off or push -to- 
test operation. 

If you have trouble relating the sche- 
matic to the solderless breadboard, it 

should clear up quickly once you under- 
stand how the solderless breadboard 
is arranged. 

There are 17 rows of five holes each 
on each side of the center of the bread- 
board, a total of 34 rows in all. Under- 
neath each row of five holes is a con- 
necting spring clip. The clip holds onto 
whatever lead you push through the 
hole. And all the leads you've inserted 
in any one row (on each side of cen- 
ter, independently) are connected to- 
gether. 

In other words, there are 34 places 
where you can tie up to 5 leads to- 
gether, 17 on each side of the center. 

Once you know that, you can cus- 
tom -design a circuit in just a few min- 
utes, working directly from your idea 
onto one of these breadboards. Or you 
can translate a circuit like Checker 
Board into a solderless breadboard lay- 
out very, very quickly indeed. You can 
solder switches and cable leads to head- 
ers, like these from AP products, and 
plug them right into either solderless 
breadboards or female headers, the 
darker strips near the center of the 
photo. Headers come in rows of 36 
contact posts, and either cut or can be 
broken to length. A single row of male 
headers, widely available, costs less 
than a dollar. 

Using Checker Board. Follow the 
instructions below as you test each com- 
ponent. Generally, components can ei- 
ther be clipped -to with the alligator 
clips, plugged directly into the solder - 

(Continued on page 118) 
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If you use Checkerboard circuit to tes 
capacitors (electrolytics, tantalums, etc.) o 
diodes, LEDs, or switches, here's the actual 
working circuit, simplified from the com- 
plete Checkerboard circuit, which can 
check crystals. 

Top view of Checker- 
board tester assembled 
on solderless breadboard 
shows where the parts go 
if you use this method of 
assembly. 

Prototype Checkerboard was built on AP Products' solderless breadboard for ease 

of construction and flexibility in layout. Perf board can also be used. 
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PARTS LIST FOR CHECKER BOARD 

Cl, 3-.001-uF capacitor 
C2-100-pF capacitor 
C4-.005-uF capacitor 
Dl, 2-1N914 or other general-purpose, rapid - 

response silicon diode 

D3-LED (light -emitting diode) 

al, 2-General-purpose, small -signal NPN 

transistor, 2N3904 or similar 
R1 -3300 -ohm, 1/2 -watt resistor 
R2 -1000 -ohm, 1/2 -watt resistor 
R3 -220 -ohm, 1/2 -watt resistor 
R4 -470 -ohm,' -watt resistor 

Sl-SPST toggle switch, or normally -open 

pushbutton. Use either, or both in paral- 
lel, as desired. 

Misc.-Solderless breadboard (AP Products, 
Inc. distribution strip part number 
923273 -for AP dealer see end of Parts 

List); headers (AP Products), alligator clips 
with pastic covers, 9-V battery connector, 
9-VDC transistor radio battery, hookup wire, 

solder, etc. 
For name of dealer nearest you who carries 
AP Products telephone 800-321-9668 toll 
free. 

The 470 ohm resistor (R4) is included to keep the continuity tester from interfering 
with the crystal checker. In the crystal tester mode, the crystal being tested plus 

C1, R1, R2 and Q1 act as a simple oscillator circuit, If the crystal is good a 

signal will appear at the emitter of Q1 and be rectified by D1 and D2 into a bumpy 
DC that will turn on Q2. If the crystal is bad nothing will get past Q1 and, therefore, 
there will be nothing to turn on Q2 and light LED 1. 
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EOPLE HAVE .ALWAYS BEEN fascin- 
ated by games of chance, as di- 
versions and obsessions. Inverte - 

rate gambler or not, chances are you'll 
really like Las Vegas LED, our version 
of that old favorite, Roulette. Here's 
more good news-you won't have to 
drop a bundle to cash in on the fun. 

Las Vegas LED's spinning wheel 
of fate is a revolving dot of light, pro- 
vided by a ring of ten LEDs. A glance 
at the photographs will show you that 
play is governed by three controls: Ac- 
celerate, brake, and decay. You start by 
pressing the accelerate button, which 
causes a red dot of light to revolve at 
an ever-increasing rate until a terminal 
velocity is reached. If you release ac- 
celerate, the spinning light will gradu- 
ally coast to a standstill. The rate of 
deceleration is determined by the decay 
control. Pressing brake while the light 
is coasting causes a more rapid, but 
not instantaneous, halt to the spinning. 

At least two games are possible, with 
this control format. Using a little imagi- 
nation, you can probably devise more. 
The first possibility is similar to stand- 
ard Roulette. A player presses acceler- 
ate, then releases it, and hopes that the 
number he has predicted beforehand 
will be the one at which the light ulti- 
mately comes to rest. Alternatively, the 
player starts the light into motion; then, 
upon the release of accelerate, he tries 
to stop the light on a number designated 
by his opponent, using only one pulse 
of the brake switch for this purpose. 
This second variation is quite a frus- 
trating game; particularly so if various 
decay times are used. Decay times from 
about 1.5 to 15 seconds can be selected 
via the decay potentiometer. 

How It Works. Before discussing 
construction, let's delve into the theory 

fp Always win od%e jed with electronic roulette 
leWalter Slkonwi ¡ 
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behind our Roulette game. We start 
with a very simple voltage -controlled 
oscillator. We then devise some means 
for converting the oscillation of our 
VCO into the apparent revolution of a 
spot off light (this might seem hard, but 
we'll see how simple it is later) ; the 
velocity of the light will be directly 
proportional to the VCO's frequency. 
The VCO's frequency, however, is pro- 
portional to the control voltage applied 
to it. We can produce acceleration of 
the revolving light if we cause the 
VCO's control voltage to gradually rise 
while the accelerate button is depressed. 
Conversely, deceleration of the light is 
synonymous with a gradual reduction 
in control voltage. How do we produce 
a control voltage that behaves in such 
a manner? We can charge and discharge 
a capacitor through resistors, and use 
the voltage across the capacitor as our 
control voltage. 
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Mount the LEDs in one of the two orders 
shown here, which one depending on 
whether you wish your wheel to "rotate" 
clock -wise (cw) or counter -clockwise (ccw). 

Take a look at the schematic dia- 
gram. The voltage across capacitor C3 
is our control voltage, and you can see 
how pressing S2, the accelerate button, 
charges the capacitor through R13. 
Once S2 is released, charge accumu- 
lated on C3 drains away through R13, 
R11, and decay control R12. Setting 
R12 to its maximum resistance pm- 
duces the slowest rate of capacitor dis- 
charge; hence, as we'll see later, the 
revolving light will take a maximum 
amount of time to come to rest. 

Brake switch S3 also discharges C3, 
this time through R14. Since the re- 
sistance of R14 is set to a relatively 
small value, the rate of discharge is 
quite rapid, and produces a quick cut 
in the speed of the light. It is the volt- 
age on C3 that is to be our control 
voltage. Transistor Q11, functioning 
here as an emitter follower, reads C3's 
voltage; and because the emitter fol- 
lower configuration is used, Q11 will 
not significantly contribute to the dis- 
charge of capacitor C3. At Ql1's emit- 
ter we now have a voltage proportional 
to that on C3, which is used to drive 
our VCO. 

Unijunction transistor Q13, along 
with R16, R17, R18, R19, and C4, 
comprise a relaxation oscillator, the 
frequency of which is proportional to 
the input voltage present on the left- 
hand end of R16. We don't have the 
nice, linear, voltage -to -frequency con- 
version of fancier VCOs, but what we 
have serves our purpose well enough. 
The output signal of our VCO appears 
across R19, and is a series of short - 
duration spikes with an amplitude of a 
volt or two. Such a signal won't be 
acceptable to the circuitry that follows, 
so we first feed it to transistor Q12, set 
up so that only a small input signal 
saturates it fully. The resultant output 
signal, available at Q12's collector, is a 
well-defined series of negative -going 
pulses, approximately 9 volts in ampli- 
tude. 

Now 
quency 

we convert the variable-fre- 
pulses from Q12 into the ap- 
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Las Vegas LED 
parent revolution of a dot of light by 
using an integrated circuit known as a 
decade counter. One essential character- 
istic of such an IC is that it has ten 
outputs, and at any given instant of 
time, nine of these outputs will be at a 
low potential, while the tenth will be 
high. The second important feature of 
the decade counter is that whenever its 
input, (pin #14 in this case), senses a 
specific change in potential (high -to -low 
in this case), the lone high signal ad- 
vances serially along the outputs. Spe- 
cifically, successive input pulses to ICI 
will cause the high signal to advance 
from output #1 all the way to output 
#10, and then back to output #1 
again. You might logically assume out- 
put #1 to be available at pin #1, and 
so on; however, this is not the case. We 
won't discuss the actual location of the 
individual outputs, because this infor- 
mation is available on the data sheet 
that accompanies this IC. 

From the schematic, we see how Q12's 
output feeds IC 1's input, pin 14. The 
outputs of IC1 (pins 1 through 7, plus 
pins 9, 10, and 11) connect to ten 
LEDs through buffer transistors Ql 
through Q10. These buffers are emitter 
followers; they're necessary because the 
IC alone cannot supply sufficient cur- 

rent to illuminate an LED. Whenever a 
particular output is high, its associated 
driver transistor will supply current to 
a LED, and light it. 

We arrange these LED's in a circle 
so that as we progress in a clockwise 
direction, starting at the LED associated 
with output #1, we encounter, in 
proper consecutive order, those LEDs 
associated with output #2 through out- 
put #10. When we feed an input signal 
to our IC, we see the LEDs fire se- 
quentially so that a spot of light ap- 
pears to be revolving in a counter- 
clockwise direction. One full revolution 
of the light requires ten input pulses, 
and the rate of revolution is in direct 
proportion to the input frequency. 

Let's review what we have: 1) the 
frequency of our VCO is controlled by 
the gradual charge and discharge of a 
capacitor; 2) the variable -frequency 
signal from the VCO feeds a decade 
counter, which drives ten LEDs; and 
3) proper LED arrangement results in 
the apparent revolution of a single dot 
of light, with a velocity proportional to 
the frequency of the VCO. That's all 
there is to it. 

Wiring. Since nothing about the cir- 
cuit is critical, you may build it any 
way you wish. Perfboard construction 
is good. Alternatively, you might want 
to copy the PC layouts provided; the 
choice is up to you. A good place to 
begin construction is by drilling your - 

LEDs are to be wired to the foil side, with 
their leads left long enough that their heads 
poke through the front cabinet (see text). 
Observe polarity; the negative leads of the 
LEDs are notched, as shown, and should be 
connected as both the pictorials and the 
schematic indicate. 

cabinet to accept the ten LEDs. With 
a compass, lay out a small circle on a 
sheet of paper. If you intend copying 
the PC layout provided, the circle's 
radius should be exactly .9 inch. With a 
protractor centered at the circle's cen- 
ter, divide the circle into arcs at 36 - 
degree intervals. Trim away any excess 
paper, leaving just the circle and a small 
border around it. Position the circle 
conveniently on your cabinet, and tape 
it down. With a fine, sharp awl make 

LED 
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The component sides of the main and display boards are shown in this pictorial view. Make certain that the main board's IC pins are 

all interconnected properly to the solder -points on the display board, as labeled. Connect, for example, IC pin 1 to Q10. Don't forget about 
R11 which is not shown and is wired point-to-point between R12 and S2. 
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slight indentations in the cabinet at the 
points where the circle is subdivided 
into arcs. Remove the circle, and at 
each indentation drill holes through 
which the LEDs can protrude. 

The drawing given shows the order 
of mounting of LEDs for both clock- 
wise and counterclockwise revolution. 
The PC layout supplied for the display 
board provides counterclockwise revolu- 
tion of the light. 

The majority of the components 
mount on two circuit boards-either 
the main board or the display board. 
Even if you decide not to use a PC 
board, the PC layout provided for the 
display board may be helpful to you. 
Note that the arrangement is particu- 
larly simple, even though a good many 
parts are involved, because a radially 

symmetric pattern is employed instead 
of the usual rectilinear layout. 

When installing components on the 
display board, follow the dimensional 
details in the accompanying drawings. 
Note that Q1 through Q10, and R1 
through R10 mount on the component 
side of the board. LED1 through 
LED10 mount on the opposite foil side, 
with leads of such a length that the tops 
of the LEDs extend beyond the spacers 
and through the cabinet's panel. The 
semiconductors that mount on the dis- 
play board are not especially fragile, 
but as is the case with all solid-state 
devices, excess heat can be damaging. 
Solder all connections quickly, using a 
25 -watt iron and fine, rosin -core solder. 
Twelve wires will run between the dis- 
play board and the main board; ground, 

1 , and the ten counter output leads. 
The main board contains the rest of 

the components. Note that if the PC 
patterns supplied are copied, the main 
board may be stacked right behind the 
display board. This makes for a very 
dense packing arrangement, but if you 
have ample space, the boards may be 
mounted in any manner you like. R11 
does not appear on either circuit board; 
instead, it is wired point-to-point be- 
tween R12 and S2. Be sure to use a 16 - 
pin socket for IC1. This IC is a CMOS 
unit, and should be inserted into its 
socket only after all soldering is fin- 
ished. If, in checking out your unit, 
you should find an error that requires 
re -wiring, remove IC1 before applying 
a soldering iron to the board. 

In assembling the circuit, pay atten- 

Inside view of Vegas LED 
showing stacking of PC 
boards. 

Completed Vegas shown ful- 
ly assembled, and installed 
in case. 
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PARTS LIST FOR LAS VEGAS LED 

B1-Six AA (penlight cells) 1.5 VDC 

C1-100-uF, 16-VDC capacitor 
C2-.1-uF capacitor 
C3-22-uF, 16-VDC tantalum capacitor 
C4-.47-uF, capacitor 
ICI-Decade Counter/Divider CD4017 

LED1-LED10-Light Emitting Diodes 
Q1 -Q12 -2N3904 transistors 
Q13-Unijunction transistor 
R1 -R10 -3300 -ohm resistor 
R11 -150,000 -ohm resistor 
R12-2-Megohm potentiometer 

R13, R14, R16 -100,000 -ohm trimmer 
R15 -68,000 -ohm resistor 
R11 -47,000 -ohm resistor 
R18 -2700 -ohm resistor 
R19 -220 -ohm resistor 
R20 -1000 -ohm resistor 
R21 -100,000 -ohm resistor 
S1-SPST toggle switch 
S2, S3-SPST pushbutton switches, normally 

open 
Misc.-Battery clips, IC socket, aluminum 

spacers, wire, solder, hardware, etc. 

You might not be able to afford a trip to 
Vegas; but Las Vegas LED will bring the 
glittering, gambling glamor of that city 
right into your own home town. When you 
assemble the circuit, just pay strict atten- 
tion to the orientation of C3 and Cl. It 
also pays to doublecheck the positions of 
all ICs and transistors; you'd be surprised 
how often a simple positioning error can 
lead to hours of fruitless trouble -shooting. 
The boards may be mounted in any way 
you like within the cabinet, but remember 
to leave room for the batteries to fit into 
later on. Finally, make absolutely sure 
you have positioned the LEDs properly 
depending on whether you want clockwise 
or counter -clockwise rotation of your 
"wheel." Follow the diagram on the first 
page very exactly. Once it's all together 
just get your bet down and start Las 

Vegas LED spinning around. 
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Las Vegas LED 
tion to the orientation of C3 and Cl. 
Likewise, make sure the transistors and 
IC are correctly positioned. The LEDs 
must also be properly oriented. The 
leads of all these devices are identified 
on the packages in which they are sold. 
Because of the circuit's low power con- 
sumption, six 1.5 -volt penlite cells in 
series will power it for a long, long 
time. A single 9 -volt transistor battery 
could also be used. 

Because this is not a finicky circuit, 
the operating controls and circuit boards 
can be mounted in any convenient way 
inside your cabinet, but be certain to 
allow sufficient room to accommodate 
the batteries. When you've completed 
cutting and drilling the cabinet, finish 
off the front panel with press -on decals. 
As shown in the photographs, LEDI 
through LED10 should be identified 
with numerals applied in a, random 
order. 

Final Calibration. After assembly is 
complete, only a few simple adjust- 
ments are necessary to put the circuit 
into operation. Turn R12 so that its 
resistance is at a minimum. Set R13, 
R14, and R16 to the midpoints of their 
ranges of rotation. Apply power, and 
depress the accelerate button. Within 
several seconds you should see a spin- 
ning dot of light. Adjust R16 for the 
desired maximum velocity. Too high a 
maximum speed blurs the image and 
spoils the effect, whereas a slow -poke 

LEDs MOUN I cD ON FOIL SIDS, 
SO THAT TOP OF LED IS 5/8 
ABOVE SURFACE OF BOARD 

1" NO 4 BOLT 

TEN FRONT - PANEL 
HOLES THROUGH WHICH 
THE LEDs PROTRUDE 

I/4" N0.4 
BOLT 

1/2" NO .4 
THREADED SPACER 

N0.4 NUT The two boards may be easily and neatly 
mounted to the front panel by following 
the method shown here. Make sure you 
leave the LEDs enough lead, and that you 
mount them to the foil side of the display 
board. 

display is equally undesirable. 
Release the accelerate button, and 

the velocity of the light will diminish 
rapidly. Press accelerate again, and then 
release it, repeating the cycle sevet. 1 

times, and at the same time adjust R13 
to get an acceleration response that you 
like. In general, the best position for 
R13 will be somewhere in the middle 
of its range of rotation. 

Turn R12 so that its resistance (and 
the decay time) is a maximum. Press 
the accelerate button until the display 
reaches maximum velocity, then release 

it, and press brake. Note the rate at 
which the display is slowed down. Ad- 
just R14 while alternately pressing ac- 
celerate and brake until you obtain a 
rate of deceleration that you like. A 
very rapid braking action is undesirable; 
the brake should diminish the velocity, 
not halt motion instantaneously. 

The game may be used as already 
described in the opening paragraphs. 
However, just as dice can be found as 
constituent parts of many other games, 
so too can Las Vegas LED be 
adapted to games of your design. 

4 
Las Vegas LED uses two compact PC boards to keep its "wheel" spinning. The display board, on the left, takes advantage of a 

repetitious circuit to achieve a neat, clean symmetry of design. The main board, on the right, is also simple to etch and wire. Use 
these two full-size patterns as templates for your own Las Vegas LED. 
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INhen working with various elec- 
tronic projects, it's easy to get 
carried away with too many cur- 

rent -eating components, which can 
overload a power supply. Our Smart 
Power Supply solves this problem with 
its built-in LED ammeter, which always 
tells you what the current draw is. 

The supply delivers a regulated 5 and 
8 -volt output at up to 1 -amp, and 
you'll never be in the dark as to how 
much current is being drawn. 4 LEDs 
display the amount of current being 
utilized by the load. Each LED lights 
respectively to show the level of current 
being drawn. For example, if 3/4 of an 
amp (.75) is being used, the first three 
LEDs (".25", ".50'.', and ".75") will all 
glow to show that a current of at least 
3/4 of an amp is flowing. Best of all, 
the current measuring resistance is an 
unprecedented 0.1 -ohm! What's more, 
the cost for the ammeter portion of the 
circuit is only about $5. That's way less 
than you'd pay for a good mechanical 
meter. 

The 5 -volt output is ideal for all of 
your TTL IC projects, while the 8 -volt 
output may be selected for CMOS cir- 
cuits, and other, higher -power require- 
ments. The total cost for the whole 
supply, including the bargraph am- 
meter, is about $15-20, depending on 
your buying habits, and choice of parts 
suppliers. 

How it Works. IC4 is supplied by an 
accurate reference voltage of 5 -volts by 
IC3. IC4 is a quad op amp used in a 
quad comparator configuration. 

The 4 op amps (comparators) in IC4 
are each fed a separate reference volt- 
age by the divider network made up of 
R1 -R4 and R5 -R8. These comparators 
in IC 4 are very sensitive, and they can 
detect extremely small voltage differen- 
ces and compare them. 

Let's take the first op amp compara- 
tor as an example. Its inputs are pins 
2 and 3, and its output is pin 1. The 
reference voltage appearing at pin 3 is 
compared to the voltage coming into 
the first comparator at pin 2. When IA 
of an amp or more is flowing thru R10, 
.025 -volts or more (0.1 -ohms times 
0.25A = .025V) appears across R10, 
which is enough voltage to equal pin 3's 
reference voltage, thus turning on the 
first op am. The output of this op amp 
is at pin 1, so LED1 turns on to signify 
that at least 1/4 of an amp is being 
drawn. In a like manner, the other 
LEDs turn on or off with the changing 
current. The rest of the circuitry makes 
up a basic voltage -regulated power 
supply. 

Construction. All of the circuitry, ex- 
cept ICs 1 and 2, can be mounted on a 
small piece of perfboard. These two ICs 
must be mounted to the cabinet. In 
operation, IC1 and IC2 will get hot 

The Smart 
Power 
Suppl 
by Bob Powers 

Keeps tabs automatically 
on current and 
voltage levels 

when the supply is run at higher cur- 
rents, and they may shut down if the 
heat is not carried away. The back of 
the cabinet is the best place to mount 
ICs 1 and 2, for it allows a large heat 
dissipating area, while keeping the rest 
of the cabinet cool to the touch. When 
mounting ICs 1 and 2, smear heatsink 
grease between the IC cases and the 
cabinet, then bolt the ICs down tightly. 
Connect three long wires to IC1 and 2. 
These will be connected to the main 
circuit board later. 

If the transformer that you wish to 
use has a center tap, cut it off or tuck 
it away. You won't need it. Bolt Ti 
down to the cabinet. Use heavy gauge 
(#16) wire for all line voltage con- 
nections, and carefully wrap all AC line 
connections with electrical tape. Use a 

As you can 
see, our pro- 
to type was 
assembled 
on bread- 
board, with 
plenty of 
room for the 
components. 
The parts 
layout isn't 
critical. 

(i) 

sas y 
REGULATED 

POWER 
SUPPLY 
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Smart Power 
grommet around the line cord exit hole 
in the chassis to protect the cord 
from the heat that will be there due to 
ICs 1 and 2. Tie a knot in the line cord 
just inside the cabinet hole to prevent it 
from being pulled out. 

IC3, unlike ICs 1 and 2 can be 
mounted on the perf-board because it 
will not get hot in operation. You 
should use a 14 -pin socket for IC4. In- 

stall IC4 only after all of your wiring 
to the socket is complete. 

Be careful not to make any solder 
"bridges" between socket pins, as they 
are close together. When you install IC 
4 in its socket, make sure that you 
observe the correct orientation with re- 
gard to pin 1. 

After you've installed the circuit 
board, attach the wires from ICs 1 and 
2 to their proper places on the board. 
Connect the wires to the display LEDs 
last, and make sure that you observe 
polarity on each LED. Be careful not 

Again, parts layout is 

not critical in this 
power supply, but feel 
free to use our idea 
of where things should 
go. It's always a good 
general design idea to 
keep the power trans- 
former as far away 

IC4 from the rest of the 
circuitry as cabinet 
size or practicality 

TI permits. Suspend the 
board above chassis. 

to let the LED leads short against the 
metal cabinet. 

Operation. Carefully inspect your 
wiring on the circuit board, especially 
the wiring to IC4's pins. This is a very 
important step, as one misplaced wire 
here can produce some real odd -ball 
systems. If everything appears to be 
in order, turn the unit on. The "power" 
LED (LED5) should glow. 

Connect a voltmeter to the output 
jacks. Depending on what position 
switch S2 is in, the voltmeter will read 
5 or 8 volts. Throwing S2 to its other 
position should cause the voltmeter to 
read the other of the two voltages that 
the supply delivers. 

To test the ammeter section, connect 
a circuit to the output jacks. With the 
supply set for 5 -volts, a TTL IC circuit 
would be good for this test. 

If the circuit that you hooked up 
draws more than 1/4 amp, then one or 
more of the display LEDs will go on 
to show you how much current is being 
drawn. 

Conclusion. You shouldn't worry 
about overloading the power supply, as 
fuse F1 will limit current draw to a 
peak of about 1.3 -amps momentarily, 
before acting, and we deliberately over- 
loaded several times in a row, with no 
damage occurring to the circuitry. 

You might wish to attach a solderless 
breadboard to the top of the cabinet, to 
act as a permanently -powered bread- 
board *for your experiments, or to con- 
struct an output voltage switcher for 
powering several projects alternately. 

PARTS LIST FOR THE SMART POWER SUPPLY 

BP1, BP2-5-way insulated binding post 

8R1-bridne rectifier rated @ 50 PIV 2 -Amperes 

C1 -1,000-µF, 24-VDC electrolytic capacitor 
F1-3AG 1 -Amp fuse 
IC1,IC3-7805 linear voltage regulator 
IC2-7808 linear voltage regulator 
IC 4-LM324N quad op amp 

LED1 through LED5-large, red LEO rated @ 

20 mA. 
R1 -2,000,000 -ohm, 1/4 -watt resistor 
R2 -1,000,000 -ohm, 1/4 -watt resistor 
R3 -660,000 -ohm, 1/4 -watt resistor 
R4 -500,000 -ohm, 1/4 -watt resistor 
R5, R6, R7, R8 -10,000 -ohm 1/4 -watt resistor 
R9 -180 -ohm, 1/4 -watt resistor 
R10 -0.1 -ohm, 5 -watt resistor (Radio Shack 

#271-128) 
R11, R12, R13, R14 -100 -ohm, 114 -watt resistor 
S1-SPST switch 
S2-SPOT switch 
T1-transformer with primary rated @ 120- 

VAC/secondary @ 12.6 -VAC, 2 -Amperes 

(TOP 
VIEW) 
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OU WILL HAVE to be alert to win at 
The New Shell Game. In this elec- 

tronic version of the famous carnival 
shell game, the electronic "pea" is 
manipulated in full view, rather than 
hidden under one of three walnut 
shells. As the game starts, the three 
light emitting diodes (LEDs) are dark. 
The operator presses the start button, 
a single LED lights and then moves 
back and forth in a straight or 
zig -zag pattern. After a time, the light 
goes out. The player's job is to follow 
the light's movement in an effort to 
determine which one was on last. 

How fast the light moves, the total 
time of the manipulation, which light is 
on last, and for how long, are all con - 

new ¢()h¢II 
a 

Barbarello 

Step right up and 
build this semiconductor con game 

trolled by the operator. The operator 
also selects either the straight or zig- 
zag sequencing pattern. The controls 
allow a full range of settings, from one 
that is fully obvious, to one that is 
totally misleading. 

The skill of the player is pitted 
against that of the operator in this pro- 
ject that uses readily available CMOS 
devices, is powered by a single 9 volt 
battery, and can be built for about 
$20.00. 

How it Works. As shown in the sche- 
matic diagram, flip-flops IC1 and IC2 
form a four stage shift register. When 
start switch S3 is depressed, a logic 
"1" is loaded into ICIa through the 
set input, while all other stages are set 

to zero. As the shift register is clocked, 
the "1" bit continually circulates like a 
standard ring counter. Outputs 2 
(ICIb), and 4 (IC2b) are combined in 
the discrete OR gate made up of D1, 
D2, and R3. The 1, 2 (or 4) and 3 
outputs drive LEDs 1, 2, and 3 respec- 
tively. 

NAND gate IC3 and associated com- 
ponents form a one-shot (monostable) 
`multivibrator. When S3 is depressed, 
C3 discharges rapidly through D4, and 
drives the IC3c gate output high. When 
S3 is released, C3 charges through R5 
and R6 with a time constant propor- 
tional to [C3 X (R5-+R6)l. When the 
voltage across C3 reaches 4.5V (the 
CMOS logic level), the output of IC3c 

í 

R2 

Wiring the printed 
circuit board is a 

snap if you follow 
this parts location 
diagram carefully. 
The two, large non - 
electrically con- 
nected holes in the 
upper left and right 
corners of the P.C. 
board are for the 
mounting bolts. 
Make sure you use 
the correct polarity 
on the 9 -volt bat- 
tery connector. 
Red positive, black 
negative. 
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The three LEDs must 
to the PC board so 
through the holes in 

To the right is the 
cuit board template 

be carefully soldered 
that they will just fit 
the project faceplate. 

full-sized printed cir- 
for New Shell Game. 

returns to the low level. The positive 
portion of the IC3c output is differen- 
tiated by the C2, R7 combination which 
provides a set pulse to ICla and a reset 
pulse to the other flip-flops. The output 
of IC3c is also inverted in IC4f and 
provided to IC3d. The other input to 
IC3d is one of the three shift register 

o 

cf°'rc'tcr'''' 
:0regi-gel Trai 

_47J1 

outputs routed through select switch 
S2. Thus, when S3 is depressed, the out- 
put of IC3d goes high, enabling the 
clock. The clock is simply an oscillator 
(made up of IC3a and B, R1, R2, and 
C1) which is controlled by the output 
of IC3d. Aside from turning on the 
clock, the output of IC3d also charges 

C4 through D3. When the voltage 
IC4d goes high, and turns on driver 
across C4 reaches 4.5V, the output of 
transistor Q1. This furnishes power to 
the LEDs, allowing them to light when 
driven by either IC4a, IC4b or IC4c. 

At the end of the one-shot interval, 
(Continued on page 112) 
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PARTS LIST FOR THE NEW SHELL GAME 
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IC2A 

D CL 
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IC28 

D CL 
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Ilo 
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2 
0 

3 II,fIC3h 12 2MEG R6 
` 

C 114 + 
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o-S3 L 
V+ 2.2uFI prr START 

R8 QI 1-- 
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SI 
SELECT 
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R3 
100,000 

LEDI 0, - 
LED 2 

LED 3¡1) ' 
V+ S5 1+81 

POWER - 
(9 VOLT ) 

470 2N5129 

For those of you who are interested, a complete kit (less case) is 
10,000 available for the NEW SHELL GAME, (ask for kit NSG-E) for $21.95, 

as is the PC board alone (NSG-PC), for $6.50, from BNB KITS, 

RD #1, Box 241H, Tennent Road, Englishtown, NJ 07726. No C.O.D.s. 

89 

Cl, C2-0.1-uF ceramic disc capacitor, 10 VDC 

C3-2.2-uF electrolytic capacitor, 10 VDC 

C4-0.22-uF ceramic capacitor, 10 VDC 

D1, D2, 03, D4 -1N4148 or 1N914 diode 
1C1, 1C2-4013 dual flip-flop 
IC3-4011 quad NAND gate 
IC4-4049 hex inverter w/buffer 

S4 LDISPLAY 

+ 
V 

LEDI, LED2, LED3-small, red LED 

Dt-2N5129 transistor 
Rl, R3, R1 -100,000 -ohm, 1/4 -watt resistor 
R2, R4, R5 -2,000,000 -ohm, linear -taper poten- 

tiometer 
R6, R9 -10,000 -ohm, 1/4 -watt resistor 
R6 -470 -ohm, 1/4 -watt resistor 

S1-DPDT slide switch 
S2 -1 -pole, 3 -position rotary switch 
S3, S4-SPST momentary -contact pushbutton 

switch 
S5-SPST slide switch 
Misc.-battery clip, mounting case, hookup 

wire, knobs, etc. 
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the regulates! 
IC Power supply 

Keep your projects cool, 
calm and under control with this peppy power supply 

HERE'S A LOW-COST precision regul- 
lated DC power supply which is 
sure to be a welcome addition to any 

workbench-provided some family mem- 
ber doesn't appropriate the power sup- 
ply for use as a universal AC adaptor! 
Compactly assembled in an eye-catching 
low profile, the Mini -Reg is continu- 
ously adjustable from 3.4 volts to 15 
volts DC and delivers up to 500 milli- 
amperes, enough for, just about any job. 
Using the HEP C6049R precision 
monolithic IC regulator, the Mini -Reg 
effects 0.01% regulation with line volt- 
age variations, 0.05% regulation for 
load variations, and its output imped- 
ance is a mere 35 milliohms. Short- 
circuit proofed, the Mini -Reg also 
features adjustable current limiting 
which greatly reduces the chances of 
damaging valuable components in the 

16 

14 

12 

10 

0 100 200 300 

'out (ma ) 

This chart shows the operating range of 
the Mini -Reg at various line voltages. The 
full 15 VDC is only available at lower 
currents, but few IC projects ever require 
that much voltage or current supply. 

125 

400 500 

circuits you are working on. You can 
also use the Mini -Reg as a constant - 
current source and recharge nicad bat- 
teries. 

Circuit Operation. The HEP C6049R 
is actually a DC regulator within a 
regulator which accounts for its high 
performance. As shown in the block 
diagram, a very stable reference voltage 
(Vr) is applied to the non -inverting or 
voltage follower input of an op -amp 
which serves as the first regulator and 
DC level shift amplifier. The output 
voltage of this stage can be varied from 
3.4 volts to 15 volts by varying pot R11. 
This voltage is applied to the non - 
inverting input of the second op -amp 
which is capable of supplying up to 
5000 milliamperes current to the load. 
This stage has unity voltage gain where- 
in V -out follows the input voltage to 
this stage. This double regulator ar- 
rangement fully isolates the DC level 
shift amplifier and results in very close 
regulation. Capacitor C4 provides fre- 
quency compensation and precludes 
possible circuit oscillation. 

External components consisting of 
transistor Q1 and selectable resistor Rsc 
provide constant -current limiting should 
the supply be short-circuited. When the 
load current passing through Rsc be- 
comes sufficiently high, the base of Q1 
becomes forward biased causing Q1 to 

conduct. When Q1 conducts, the volt- 
age regulator delivers an essentially 
constant current to the load at a level 
depending -on the value of Rsc. In the 
schematic diagram, resistor R3 places 
a minimum load on the regulator. 
Switch S3 selects the desired current 
limit. Jacks J1 and J2 permit insertion 
of a milliammeter to read load current 
but without impairing regulation. Diode 
D2 provides meter protection and diode 
D1 provides reverse voltage protection. 

Construction. Assemble the Mini - 
Reg in an aluminum case or in a plas- 
tic case with aluminum cover plate. 
Select a case which will accommodate 
the particular meter and transformer 
you plan to use. Plan the layout allow- 
ing room for the PC board assembly 
when the cover plate is secured. 

Begin by laying out and drilling 
mounting holes for IC1 in the heatsink. 
Drill a 7/16 -inch -diameter hole in the 
heatsink to pass the lead wires of IC1. 
File off drill burrs and ridges so that 
IC1 mates perfectly on the heatsink. 
Drill matching holes in the cover plate. 
For ventilation, drill a number of holes 
in the cover plate and on the bottom of 
the case. 

Make the PC board using the circuit 
pattern shown, taking care to locate 

This is a simplified block diagram of the C6049R regulator chip-the heart of the Mini -Reg 
power supply. Thanks to such ICs construction projects are easy to build. 

ELECTRONICS HOBBYIST Fall -Winter 1979 75 



MINI -REG 
pads for IC1 just right. Push IC1 into 
the drilled board and mark and drill the 
mounting holes. For easier mating, 
countersink the lead holes for IC1 on 
the insulation side of the board by twirl- 
ing a small drill bit. 

Install and solder the jumper on the 
insulation side of the board and install 
and solder T42-1 micro -clips (Vector) 
on the copper side at all resistor and 
board take-off terminals. Clip a small 
heatsink (Radio Shack 276-001) on the 
leads of Q1 when soldering. Install re- 
maining circuit board components ex- 
cepting trim resistor R5. Using 6-32 
machine screws, bolt ICI and the heat - 
sink to the cover plate. Place a lock 
washer and two 6-32 nuts' on each 
mounting bolt. Omit the mica washer 
between ICI and the heatsink and ap- 
ply a bit of silicone heatsink grease be- 
tween ICI and the heatsink. Coil a I/ - 
by 11/2 -inch strip of fishpaper insulation 
and slip it down into the hole in the 
cover plate around the IC lead wires. 
Push the PC board assembly down on 
the mounting screws and mate with the 
protruding IC leads and secure. If you 
can't install the assembly, look for bent 
pins or reversed installation of ICI. 

Install switches S1 and S2 along with 
jacks J1 and J2 on the left side of the 
case. Install diode D2 and capacitor C7 
on switches S2. Secure two solder lugs 
on each binding post and install diode 
D1 and capacitor C6 on the binding 
posts: Pass the AC line cord through 
the left side of the case and knot the 
cord for strain relief. Install resistors 
R6 thru RIO on switch Si. Depending 
on the base -emitter characteristics of 
QI, the specified values of current limit 
resistors R6 through R10 may differ 
somewhat in your power supply. This 
is why trim resistor R5 was included 
to properly trim the 500 mA current 

Men/ 

Internal view of the Mini -Reg. The circuit board is positioned so that it doesn't come in 
contact with the meter and transformer. The case is perforated for ventilation. You can see 

the tiny, square HEP 176 rectifier on the small circuit board in the bottom of the case. 

limit. For this reason, you may defer 
installation of resistors R6 thru R9 but 
do install resistor R10. 

Place RECT-1, R1, C5, and C8 on 
a small piece of perfboard and situate 
this, sub -assembly behind the meter. 
Connect meter M1 directly to binding 
posts BP1 and BP2. Use #20 stranded 
wire for connections to the PC board. 
Connect a wire from board pin G to 
BP2. Run a wire from board pin E to 
the rotor lug of S3. Connect a wire 
from board pin D to resistors on S3. 
Run a wire from board pin F directly 
to BPI. Run a pair of wires from pot 
R11 to board pins B and C. Connect 
a wire from V -in minus directly to BP2. 
Do not make the connection from V -in 

This is an exact -scale printed 
circuit board pattern showing 
the foil side of the board. This 
side contrary to normal, is, 
where the components are to 
be mounted. Only the jumper 
and the IC chip are mounted 
on the other side. Be careful 
to keep the foil -side 
component bodies off the 
metal surface to avoid shorts. 
Be especially careful with resis- 
tors R4 and R5 and capacitor C3. 

plus to board pin A at this time. You 
may omit the double -fused plug and 
provide but one fuse in the primary 
side of transformer T1. Carefully check 
all wiring and solder connections. 

Checking It Out. We intentionally de- 
ferred installation of several components 
and some wiring, so that you can per- 
form a few simple tests which preclude 
damage to circuit components. Connect 
a voltmeter across R1 and verify that 
V -in plus is nineteen volts DC. Connect 
a milliammeter and 100 -ohm resistor in 
series from V -in plus to board pin A. 
Set S3 to pick up R10 and set R11 to 
minimum resistance. Turn Si on and 
observe about five milliamperes current 
on the milliammeter and 3.4 volts on 
meter M1. Advance R11 and observe 
a voltage increase up to fifteen volts 
DC. If the output voltage is less than 
fifteen volts, the value of R11 may be 
too small or R2 may be too large. Hav- 
ing verified the above, you may now 
install the wire from V -in plus to PC 
board pin A. 

Plug the milliammeter into jacks J1 
and J2 and open S2 (Meter In). Adjust 
R11 for ten volts output and set S3 
to ten milliamperes current limit. Then, 
connect a 500 -ohm 1/2 -watt resistor 
across the output terminals. If current 
limiting action is taking place, the milli - 
ammeter should indicate roughly ten 
milliamperes and the output voltage 
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should drop to about five volts. If much 
higher values are observed, current 
limiting is not taking place. Look for a 
defective or improperly installed Ql. 
If lour current limit is, say, seven mil- 
liamperes, you can bring it up to ten by 
using a smaller value for R10 or by 
connecting a suitably larger value re- 
sistor across R10. 

Only after you have verified current 
limiting action at low current, set S3 
to pick up R4 (500 ma setting) and set 
the VOM accordingly. You will need 
either a 50 -ohm 10 -watt rheostat or 
adjustable power resistor to gradually 
load the supply. Or, you can use a 
number of small -valued power resistors. 
Set the rheostat to maximum resistance 
and connect it across the output ter- 
minals. Gradually reduce load resistance 
while observing output voltage and cur- 
rent. Current limiting should occur at 
below 500 ma. To increase the limit to 
500 milliamperes, select and install a 
suitable resistor for R5. Proceed simi- 
larly to size or trim resistors R6 thru 
R10. You can easily include other cur- 
rent .limits in the spare positions on S3 
to match the charging currents of your 
nicad batteries. Do not exceed 500 
milliamperes or IC1 will be damaged. 

Application. The operating range of 

R6,R7,ETC. BP2(-) 

The parts should be placed according to this diagram. Note the location of the three 
drill holes for securing the IC and the board to the chassis. Locate the IC mounting 
holes very carefully so that everything mates snugly. This will help keep the chip cool. 

the Mini -Reg for several line voltages 
is shown. The supply "drop -out" shown 
in the upper right hand corner of this 
chart is due to an insufficient differ- 
ence between V -in plus and V -out which 
in turn depends on transformer T1 volt- 

age. When you are not using a meter at 
jacks J1 and J2; close S2. 

The adjustable current limiting fea- 
ture of the Mini -Reg greatly reduces the 
chances of damaging circuit components 
of the circuit powered by the supply. 
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BP1, BP2-binding posts, red, black 
Cl, C3, C5-0.1-uF 25-VDC capacitor, ceramic 
C2-0.02-uF 25-VDC capacitor, ceramic 
C4-0.001-uF 25-VDC capacitor, ceramic 
C6-10-uF 25-VDC electrolytic capacitor 
C7-5-uF 25-VDC electrolytic capacitor 
C8-2500-uF 25-VDC electrolytic capacitor 
D1, D2 -1 -Amp 50 PIV silicon rectifier diode, 

HEP 154 
F1 -1/2 -Amp fuse 
1C1-HEP C6049R voltage regulator 
11, J2-insulated phone tip jacks, red, black 
M1-0-15 VDC miniature DC voltmeter 
91-HEP 738 transistor 

01 

PARTS LIST FOR MINI REG 

DI, D2 
CATHODE 

HEP 154 

R1 -18,000 -ohm, 1/2 -watt resistor 
R2 -6800 -ohm, 1/2 -watt resistor 
R3 -3600 -ohm, 1/2 -watt resistor 
R4 -1.5 -ohm, 2 -watt wire -wound resistor, IRC 

type BWH 

R5 -3.6 -ohm, 1/2 -watt resistor 
R6 -0.75 -ohm, 2 -watt wire -wound resistor, 

IRC type BWH 

R7 -2.7 -ohm, 2 -watt wire -wound resistor, 
IRC type BWH 

R8 -11 -ohm, 1 -watt resistor 
R9 -24 -ohm, 1 -watt resistor 
R10 -62 -ohm, 1 -watt resistor 
R11 -25,000 -ohm linear taper potentiometer 

RECT-I-HEP 176 1 -amp, 200-PIV bridge recti- 
fier. 

Si, S2-SPST slide switch 
S3 -1 -pole, 12 -position switch, non -shorting 

(Mallory 321121 or equiv.) 
71 -12 -volt, 1.2 -ampere filament transformer 

Misc.-Plastic case with aluminum top, 61/4 x 

33/4 x 2 inches; heat sink, 3 x 31/2 inches, 

(Allied Electronics 957-2840 or equiv.); 

742-1 micro -clips (Vector); AC line cord; 
fused cord plug or fuseholder; perforated 
board; copper clad board; rubber feet (4); 

hardware, etc. 
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MINI -REG 
Suppose you are experimenting with a 
transistorized circuit drawing five milli- 
amperes at five volts. You would then 
set S2 to ten milliamperes. At these set- 
tings, the maximum power the supply 
can deliver is but a mere fifty milliwatts. 

If you plug a transistor in backwards, 
the most it can draw is fifty milliwatts, 
probably much less; hence, the device 
will survive the error. However, certain 
semiconductors can be damaged with 
but microwatts of power. Nevertheless, 
you are far better off using current 
limiting supplies. If your experimental 
circuit draws 400 milliamperes at five 
volts, set S3 to 500 milliamperes limiting 
the power to 2.5 watts. This power level 
is more than enough to zap many de- 
vices if you make an error. If you have 
another five volt supply, split the cir- 
cuit supply lines and protect those de- 
vices you cannot spare with the Mini - 
Reg. 

Almost any circuit operating off three 
volts can safely operate at 3.4 volts. 
The output voltage can be further re- 
duced by connecting a low -voltage zener 
diode in series with the plus lead to the 

The AC line switch, current jacks and cur- 
rent meter switch are on the end of the case. 

load and monitoring the load voltage 
with a voltmeter. In this case, load volt- 
age regulation now depends o-' zener 
diode characteristics. 

When recharging ba,:eri2s with the 
Mini -Reg, connect a silicon rectifier 
diode in series with the plus lead going 
to the battery. This eliminates "back - 
leak" when the supply is turned off 
with battery yet connected. Observe 
battery polarity when making connec- 
tions. Circuits using op -amps usually 
require a dual or split supply. To pro- 
vide a dual six -volt supply, set the out- 
put voltage to fifteen volts, set S3 to 
100 -milliamperes, and connect two six - 
volt zener diodes in series across the 
output terminals. Then, connect a 100 

uF 25V electrolytic capacitor across 
each zener diode. 

The Mini -Reg handily checks and 
sorts zener diodes of fifteen volts or 
less. Set R11 for fifteen volts output and 
set S3 to ten milliamperes. Connect the 
diode across the output terminals with 
plus lead wire to BP1. Observe zener 
diode voltage on M1. Advance S3 to 
high currents but do not exceed rated 
current of the diode. The better the 
quality of the diode, the less increase 
in voltage observed on Ml. 

When you operate radio or audio 
equipment from the Mini -Reg, set S3 
to a current level which supplies peak 
currents on audio peaks. Otherwise, you 
will notice audio distortion on audio 
peaks. With some radio and audio 
equipment, operations off an AC adap- 
tor or the Mini -Reg may introduce an 
AC hum. Reversing the AC plug usu- 
ally remedies the problem. If not, con- 
nect a ground wire to either the plus 
or minus terminal of the Mini -Reg, 
whichever proves most effective. In 
addition to its use as a universal AC 
adaptor, the Mini -Reg serves as an ex- 
cellent power supply when servicing 
battery operated transistorized equip- 
ment. You'll wonder how you ever 
solved your power supply problems be- 
fore you discovered Mini -Reg! 

CONSTRUCTION 
QUICKIE 

Digital Goes Linear 
D Digitally -oriented ICs are best at their intended On -Off 
tasks, but can be persuaded into linear operation if care 
is taken. CMOS lends itself better than TTL for linear 
operation, but good by-passing and layout is essential to 

'avoid pickup and exotic self -oscillations. The 4009 
CMOS hex -inverter sections can be biased as shown 
below. A typical single stage yields a gain of about 5. 
The triple combination can give a gain of 100 with care. 
These circuits could be useful where a high -impedance 
input circuit does not quite have sufficient amplitude to 
operate the digital gate. 

PARTS LIST FOR DIGITAL GOES LINEAR 
Cl, C2-0.1-uF ceramic capacitor, 15 VDC 
IC1-4009 hex buffer 
R1, R2, R3 -1,000,000 -ohm, 1/2 -watt resistor 
R4 -500,000 -ohm linear -taper potentiometer 
R5-5,000,000 to 10,000,000 -ohm, 1/2 -watt resistor 

INPUT 

C1 

RI 

R2 

ICI 

R5 

5,7,9,11,14 
OUTPUT 

I 
APPROX. 
GAIN =5 

APPROX. 
GAIN=100 
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THE. JUIgKoX 
SPEiAL 

Power your projects, spend pennies for parts. 

by Herb Friedman 

Between 555 timers, TTL, CMOS, 
opamps and run of the mill transistor 
projects, the average experimenter is 
often faced with the need for a regu- 
lated power supply with a range of 
about 5 to 15 volts-just to try out a 
breadboard project. If you've priced 
any regulated supplies lately you know 
they don't come cheap. Maybe, just 
maybe, you might get one for $30 or 
$35. 

With a little careful shopping, a rea- 
sonably stocked junk box and one or 
two "brand new" components you can 
throw together a regulated supply cost- 
ing less than $10 that will handle most 
of your experimenter power supply re- 
quirements. One of these Junk Box Spe- 
cials is shown in the photographs and 
schematic. The range of this model is 
5 to 15 volts DC at currents up to 1 

ampere. One of the common, 3 -terminal 
regulators which are now flooding the 
surplus market provides everything in 
the way of regulation. Depending on the 
source, the regulator will cost you from 
$1 to $2.50; the higher prices often in- 
clude an insulated mounting kit (worth 
about 25 -cents). 

5 to 15 volts from one 3 -terminal reg- 
ulator? Correct. If regulator IC1's col- 
lector terminal is connected to a voltage 
divider across the output-R1 and R2- 
the output voltage will be that at the 
junction plus the volage rating of the 
regulator, which in this instance is 5 
volts. Só, when potentiometer R2 is 
adjusted so its wiper is grounded the 
power supply's output is that of the 
regulator, 5 volts-perfect for TTL pro- 
jects. As R2 is advanced, increasing the 
resistance from IC1's collector to 
ground, the voltage output increases. 

Getting the parts. There are plenty 
of parts around to build this supply for 

under $10. If you go out and round up 
"all new" components the cost is likely 
to go well over $30, so forget about 
new parts. Power transformer Tl can 
be 18 volts at 1 ampere (or rated at 
higher current, though the supply's 
maximum output is 1 ampere), or 36 
volts center -tapped at 1 ampere or 
more. Both the 18 volt and 36 volt 
transformers are glutting the surplus 
market. If you get an 18 volt trans- 
former use the bridge rectifier shown 
in the schematic. If you get a 36 volt 
C.T. transformer use the full -wave recti- 

C2 

RUBBER ANTI -SCRATCH 
FEET 

ICI 

TI 

To prevent scratching your workbench apply 
rubber anti -scratch feet or bumpers on the 
bottom of the cabinet. They are available 
in most hardware and houseware stores. 

fier shown below the schematic. The 
diode rectifiers SR1 through SR4, are 
type 1N4001, 1N4002, 1N4003, or 
1N4004, which are also glutting the 
surplus market. Just to show you the 
savings possible, at the time this article 
is being prepared you can buy fifteen 
surplus 1 N4001 s for $1. Just one single 
"general replacement" for the 1N4001 
from a national supplier is selling for 
over 40 -cents. Get the idea how to save 
costs on this project? 

Capacitor Ç1 can be anything from 
2000 to 4000 uF at 25 volts or higher. 
Look for an 'outfit selling surplus com- 
puter capacitors. If worse comes to 
worse you can get the value specified 
in the parts list in a Radio Shack store. 

The 3 -terminal, 5 volt regulator is 
another item easily found on the surplus 
market. With an adequate heat sink- 
such as the cabinet itself-the device can 
safely deliver 1 ampere. The unit shown 
in the photographs is a Motorola 
MC7805 (though you can substitute 
any similar type) obtained for $2.50 
from Circuit Specialists. We have seen 
similar devices from other manufacturers 
selling for $1. The terminals B, C and E 
are indicated directly on the device or 
on the terminals-where they join the 
case. The collector (C) lead is con- 
nected to the IC's metal tab, and is 
normally grounded. Note that in this 
project, however, the collector terminal, 
and therefore the tab, is not grounded. 
You must use an insulated mounting kit 
consisting of a mica insulator and a 
shoulder washer. Place the insulator 
between the IC's body and the cabinet, 
or the tab and cabinet, and slip the 
shoulder washer into the opening (hole) 
in the body or tab. Pass the mounting 
screw from outside the cabinet through 
the mica washer, through the IC, and 
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 Everyone loves a bargain, and bar- 
gain bags of semiconductors often yield 
great buys in the form of perfectly 
good, but unmarked and untested di- 
odes, transistors, and silicon -controlled 
rectifiers (SCRs). The trouble is, how 
do you go about identifying the leads 
and testing these semiconductors? 

A simple, one -evening project using 
light -emitting diodes (LED) both as 
indicators and as functional circuit 
parts in the testing process can now 
be built for less than five dollars. This 
LED -indicating tester (LEDIT) will 
check out diodes and SCRs, and to 
some will even identify leads of and 
test many transistors for opens and 
shorts. 

While transistors are actually quite 
easy to check on a standard ohmmeter, 
using the lower voltage, middle -range 
scales to prèvent excessive voltage or 
current through the transistor, an SCR 
is a bit more difficult. As shown in the 
drawing, an SCR contains the equiva- 
lent of two transistors connected in a 
closed feedback loop. One lead is the 
anode, the other the cathode. A third 
lead is called the gate. 

How SCRs Work. Whenever the gate 
is brought close enough to the voltage 
on the anode to cause a specified mini- 
mum current to flow in through the 
cathode and out of the gate, the SCR 
will suddenly turn On and exhibit a 
"short," similar to the action of a con- 
ducting diode, provided current is per- 
mitted to flow in the cathode -to -anode 
circuit. It will stay in this mode even 
if the positive voltage is removed from 
the gate. Only by reducing the anode 
current below a specified minimum 
level can the SCR be turned Off again. 

The problem with trying to check 
most common, small -size SCRs with an 
ohmmeter is that the minimum gate 

"Bad SCR" 
LEDIT Said It 

Here's a device to check 
those cheap, surplus bargains. 

current and minimuna holding current 
are naturally provided by the ohmmeter. 
All but the cathode -to -gate path may 
check "open," making it impossible to 
identify the leads on an unmarked SCR. 
What LEDIT does is to provide a 
quick and low-cost way of putting a 

safe current through the SCR gate and 
anode circuits, while providing enough 
current to turn on and latch virtually 
all small SCRs found in grab-bag assort- 
ments. 

By placing an adjustable resistance 
and a current meter in series with the 
anode and gate, you could obtain the 
specified current levels, but for most 
quick testing of SCRs (open, shorted, 
or perhaps not even an SCR after all) 
LEDIT will provide all the information 
needed. 

Checking SCRs. There are five ways 
to misconnect an SCR to the three 
posts, and one correct. way. None of 
the incorrect ways will damage a good 
SCR among the vast majority of those 

by David R. Corbin 

around today. The correct connection, 
when identified, provides for short tests 
between gate and cathode, cathode and 
anode, and anode to gate. It also pro- 
vides. for open tests between cathode 
and anode, and cathode to gate, and 
turn-on/turn-off functions. 

Here's How It Works. Light emitting 
diodes D2 and D3 have a current rating 
of about 10 milliamps, with between 
1.5 and 1.8 volts across them. This is 

normally enough current to turn on 
any common SCR connected to termi- 
nals J2, J3 and J4, and to keep the SCR 
conducting after the gate voltage is 
removed. With the SCR turned on, cur- 
rent will flow through D3 in the anode 
circuit until the current is interrupted. 
Then the SCR will turn off again, and 
power can be reapplied to the circuit 
without illuminating D2 or D3. 

As the schematic shows, voltage is 
supplied through J1, or from a 9 -volt 
battery if you prefer. A 9 -volt DC 
transistor radio or tape player AC sup - 

ANODE (+) 

GATE (+TURNS ON ANODE - 
CATHODE) 

CATHODE (-) 

Silicon -controlled rectifier (SCR) is really a 

diode which conducts only when a third 
element, the gate, lets it. Circuit between 
anode (+) and cathode (-) is normally 
open, until the voltage on the gate ap- 
proaches the anode. When that happens 
electrons flow from cathode to anode al- 
most as though the diode were a "short." 

G ATE 
( + TURNS ON 
ANODE -CATHODE) 

ANODE (+) 

CATHODE( - ) 

Equivalent circuit of an SCR looks like this- 
two NPN transistors connected. Gate is 

same: as base of lower. It can turn On the 
lower transistor, which turns On the base of 
the upper. 
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LEDIT Said 
ly is a very convenient way to power 
small projects like LEDIT which have 
very low current requirements. More 
importantly, if LEDIT is used lnly 
occasionally a battery may tend to i un 
down, leak, and become a nuisance 
when left on the 'shelf too long. One 
9 -volt DC supply can power any num- 
ber of projects simply by plugging it in, 
if you use an external supply jack as 
shown here. 

A negative 9 volt potential is applied 
through diode D1 to the rest of the 
circuit as a precaution against applying 
reverse power. Resistor R1 is a 1000 - 
ohm cathode -to -gate resistor which 
shunts the flow of current rushing into 
the internal capacitance of the anode - 
to -gate junction whenever voltage is 
first put across an SCR under test. If it 
were not for R1, the SCR would turn 
on every time it was connected, even 
without a gate signal voltage, an effect 
called dv/dt and meaning "change in 
voltage with a change in time." The 
rapidly -applied anode voltage causes a 
small current to flow which charges the 
junction capacitance, and it flows 
through the cathode -to -gate circuit un- 
less shunted by R1. Since cathode -to- 
gate current is what normally turns on 
an SCR, there is nothing ve1y mysteri- 
ous about this dv/dt effect. 

More on LEDIT's Action. Two push- 
button switches control the gate and 
anode currents of the SCR under test. 
Switch S1 is in series with R2 and D2 
and is normally open. This is the gate 
signal voltage. Since "ground" is posi- 
tive in this design, pressing 51 lets 
cathode -to -gate voltage flow through D2 
and R2. R2 limits the current to a safe 
value for both the SCR and D2. 

If the gate is either normal or 
shorted, D2 will emit red light. But only 
if the gate is normal will D3, the anode 
current indicator, come on with a clear 
light. Letting up on 51 should let D2 
go out and leave D3 on. If it does not, 

Author's LEDIT 
is finished and 
ready to test 
unknown SCRs 
as well as units 
which have 
their leads 
identified. The 
LEDIT is an easy 
project for a 

weekend 
builder. Find 
out the truth 
about those 
SCRs and 
diodes! 

then the SCR either cannot remain on 
with a 10 mA anode current (which is 
not too likely, but possible) or it is 
defective. 

Pushing normally -closed switch S2 
interrupts the anode current. The clear 
light will go out. When that switch is 
released, the light should not come on 
again. If it does, there is likely a prob- 
lem with the SCR, or possibly R1 is not 
small enough for that particular device. 
This is not very likely since 1000 ohms 
is getting near the minimum value 
used with most SCRs. 

If S1 is pressed and D2 (red) does 
not light, then the gate is open. Actu- 
ally, D2 will light very weakly through 
the 1000 -ohm shunting resistor even 
without an SCR in the tester, but it is 
easy to tell the difference between a 
good light -up and this weak glow. 

Put It Together. None of LEDIT 
part values are critical, and any con- 
venient "next -size" part can be used 
with reasonable results. Resistors R2 
and R3 are necessary to limit the cur- 
rent to D2 and D3 (LED indicators), 
and shouldn't be much smaller than 
indicated in value. If anything, use 
slightly larger values. The gate turn -on 
current is rather Stiff for small devices 
so don't hold them "on" with the turn - 
on button any longer than necessary. 
I've tested innumerable smal devices 
and none were damaged by LEDIT but 
when dealing with unknown parts, it's 

(Continued on page 113) 

JI 

9 . 
VDC 

DI 

R2 
330 

S2 

PARTS LIST FOR LEDIT SCR TESTER 

D1-1000-PIV, 2.5-A rectifier, HEP R0170 
D2-Red LED 

D3-Clear LED 

R1 -1000 -ohm, 1/2 -watt resistor 
R2 -330 -ohm, l/ -watt resistor 
R3 -220 -ohm, 1/2 -watt resistor 
Sl-SPST normally -open pushbutton switch 
S2-SPST normally -closed pushbutton switch 
Misc.-Cabinet 4 -in. x 21/ -in. x 21/2 -in., ap- 

prox., jack for battery connection (any 

convenient type), 5 -way binding posts. 
The circuit used in LEDIT is extremely 
simple and should take little time to as- 
semble. The parts, with the possible ex- 
ception of the two LEDs, will probably 
be in your junk box. Mount the panel on 
an old plastic box-perhaps from a 
broken midget volt/ohm meter that's 
seen better days or been canibalized for 
its meter. The resistors can be 10 per- 
cent, but no smaller than indicated. 

CATHODE 
POST 

JI 
( FOR 
BATTERY) 

RI 
GATE 
POST 

R2 

D2 

D3 

Si 

S2 

R2 

Here we have a view of LEDIT's interior, specifically the reverse side of the 
front panel. No PC board is necessary or recommended, just follow the 
author's design of direct point-to-point wiring for neat and easy assembly. 
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AUTOMOBILES have been coming off 
the production lines with alterna- 
tors instead of generators for some 

13 years now, and these units have 
proven to be reliable and superior to 
the ones they replaced. Being alternat- 
ing current machines, they are inherent- 
ly more complicated than generators 
and require slightly more sophisticated 
testing procedures to indicate their 
condition. This problem is brought 
about by the fact that automotive al- 
ternators are three phase machines, 
with full wave rectification of the out- 
put to produce direct current as re- 
quired by the automobile and its bat- 
tery. The schematic shows a typical au- 
tomotive alternator connected to its 
three-phase full -wave rectifier circuit. 

Rectificätion is accomplished by six 
high -current silicon diodes in the alter- 
nator, and this is where the problem 
comes in. Many of the troubles en- 
countered with automotive alternators 
are due to failure of one or more of the 
diodes, either by opening or shorting. 
Neither of these conditions will result 
in an inoperative alternator, and no 
doubt some of the automobiles on the 
'road today have just such a problem. A 
shorted diode is the more serious of the 
two conditions, since it will result in 
the loss of about 50 per cent of the 
output capability of the alternator. 
Such a condition is easily detected by 
an ordinary output test on the alter- 
nator. However, an open diode is an- 
other matter. This condition will result 
in loss of only a few amperes of output 
capability of the alternator due to the 
fact that only one half of one phase 
of the machine is disabled. Some of 

ALTERNATOR TESTER 
Your alternator may be building for a big 
breakdown without your knowing it. This 

simple circuit lets you check it out. 

by Anthony Caristi 

this lost capacity is carried by the other 
two phases, which will be overloaded 
when the alternator is required to pro- 
duce full output as demanded by the 
automotive electrical system. Such a 
condition may well result in further 
failure of more diodes. An ordinary 
output test of an alternator with an 
open diode generally will not detect 
any malfunction. Because of those 
testing problems, another test method 
to determine the condition of alterna- 
tors has been developed, and the con- 
struction of the Alternator Tester is 
the subject of this article. 

The ability of Alternator Tester to 
detect defective diodes, both open and 
shorted, depends on the fact that the 
output ripple voltage of an alternator 
with a defective diode rises dramatical- 
ly higher than that produced by a nor- 
mally -operating alternator. When the 
pulsating DC waveform output voltage 
of an automobile alternator is measured 

the magnitude of the ripple voltage is 
about 0.2 to 0.5 volts, peak -to -peak. 
When one of the diodes in the alterna- 
tor fails the ripple voltage increases to 
1 -volt peak -to -peak or more. The Al- 
ternator Test measures the peak -to -peak 
ripple voltage so that the condition of 
the alternator can be determined. 

Construction Details. In order to 
keep construction costs low, the Alter- 
nator Tester was designed to be used 
with an ordinary VOM or VTVM as 
the indicating device. Since the output 
impedance of the test instrument is 
close to zero, any meter of at least 
1000 -ohms -per -volt sensitivity can be 
used. The circuit is constructed on a 
small printed circuit board and fitted 
into a metal or plastic cabinet. Two tip 
jacks are mounted in the cabinet which 
serve as the connection to the VOM. 
A pair of test leads is brought out 
through a grommet and these provide 
the DC power to operate the circuit 

Alternator -.. 

Tester completed 
and installed in its compact 

metal cabinet, shown with its test leads. 
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ALTERNATOR TESTER 
as well as the connection to the alter- 
nator output (battery) terminal where 
the ripple measurement is to be made. 

About the Circuit. The Alternator 
Tester is basically a peak detector cir- 
cuit which responds to the peak-to-pe,ak 
value of an AC voltage fed to its input 
terminal. Power to operate the circuit 
is derived from the output of the al- 
ternator on the same lead which feeds 
the ripple voltage to the input of the 
peak detector. The DC output of the 
alternator is blocked by Cl, which al- 
lows only the ripple voltage to pass 
through. 

Operational amplifier IC1A and 
ICIB are connected together to form a 
peak detector circuit. The ripple voltage 
from the output terminal of the alter- 
nator is fed to the positive input of 
IC1A after the DC voltage of the al- 
ternator is blocked by Cl. D1 clamps 
the ripple voltage to ground, so that it 
varies between zero and some positive 
value. Op amp ICIA charges C4 to 
the peak value of the ripple voltage. 
Op amp IC1B is a voltage follower 
which feeds back the peak value of the 
ripple voltage to the negative input of 
ICI A. This stabilizes the circuit so that 
the voltage appearing at the output of 
IC1B holds to the peak -to -peak value 
of the ripple voltage fed to the input 
of IC1A. Capacitor C4 is prevented 
from discharging through IC1A by D2, 
and can discharge only through R4 at a 
rate much slower than the ripple fre- 
quency of the alternator. This holds the 
meter reading constant between voltage 
peaks of the alternator. Amplifier IC1C 
has an adjustable gain of slightly more 
than unity to compensate for the slight 
error (loss) caused by D2, as well as 
providing a means for calibration of 
the instrument. Voltage follower ICID 

STARTER 
SOLENOID 

A 
+ 

CAR 
BATTERY = 

BATTERY 
TERMINAL 

ALTERNATOR 
TESTER 

FIELD 
TERMINAL 

ALTERNATOR 

L o- -o- 
FI F2 

BRUSHES 

_ _ _ _ _ 
CAR REGULATOR 

-L GND 

FIELD 
(ROTATING) 

STATOR 

LLTERNATOR 

DIODES 

CAR 
BATTERY. 

FULL- WAVE 
RECTIFIER 
BRIDGE 

1 

4 It 

Alternator Tester opened, showing printed circuit board. Comparison with 'this 
early version of printed circuit board reveals improvements made by the editors. 

Typical automotive 
charging circuit. Latest 
model alternators have 
solid-state regulator 
circuit built into alter- 
nator frame. 

Calibration of the Al- 
ternator Tester. 

This shows the parts 
placement on the 
printed circuit board. 
Shown larger than ac- 
tual size for clarity. 

TI 6 
VAC 

115 VAC 
A 

60HZ 
10011 

.L. 
IVOMI 

RED 

WIRE 

B . 

12V+ INPUT 
CAR - 

BATTERY 
BLACK 

WIRE 

ALTERNATOR 
TESTER 

RED 

JACK 

FROM CAR TO VOM 

BAND 

CATHODE 
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This pattern shows the printed circuit 
board (foil side up) for the Alternator 
Tester. You can construct the unit on 
a perf board if printed circuit board 
fabrication seems too much touble. 

provides an extremely low. output im- 
pedance to drive any meter of 1000 - 
ohms -per -volt or more. Power for the 
circuit, about 2 mA, is taken directly 
from the alternator output terminal. 
Diode D3 prevents damage to the cir- 
cuit. in the event of any reverse polarity 
connections. 

Calibration of The Instrument. Cal- 
ibration of the Alternator Tester is ac- 
complished by feeding an AC voltage 
of known amplitude between the input 
terminal and ground, and adjusting R6 
for the correct meter reading. The cali- 
brating AC voltage input can be meas- 
ured by the AC voltmeter function of 
the VOM, which reads RMS volts. Tb 
convert RMS to peak -to -peak voltage 
multiply the value by 2.83. The calibra- 
tion circuit uses .a 6 -volt filament trans- 
former and potentiometer as a source 
of low voltage AC. To calibrate the 
instrument connect the filament trans- 
former, potentiometer, and alternator 
test circuit as shown, using any twelve 
volt DC supply for power. (Be sure 
there is no ripple voltage on the output 
of the supply, since this will cause an 
error in the calibration.) Set the VOM 
to read AC volts, and connect it be- 
tween points A and B as shown. Set 
the potentiometer so that the VOM 
reads 0.35 volts RMS. This is equiva- 
lent to 1 volt peak -to -peak. Disconnect 
the VOM, set it to a 1.5 to 3 volts DC 
scale, and connect it to the output ter- 
minals of the Alternator Tester. Cali- 
brate potentiometer reading of 1 volt. 
This completes calibration of the Al- 
ternator Tester. 

1 
SLACK 

RED INPUT FROM 
ALTERNATOR 

D3 
R7 C3 

1000 I5uF 

RI 
IK 

+IE 

R3 100,000 

R5 

CALIBRATE 

R6 10,000 

CI D2 
4700 

13 
RED 

.47 
II 

ICIB 

IO 
14 

12 

ICID 

I> N 
ICIA 

R4 
100,000 

JI 

J2I- 

BLK1 

C2 
01 

R2 < T ICIC 

I0C,000 DI + C4 T I5uF OUTPUT 
TO 

14 13 12 II 10 9 8 VOM 

D Ici 

1 2 3 4 5 6 7 
TOP VIEW 

With the three-phase output of automobile alternators, which is rectified by a six 
diode full -wave rectifier, it is possible for the output of the system to appear normal 
even though one diode is open. With this circuit a mechanic can test the rectifier output 
and discover the increase in the ripple voltage that would be caused by such a failure. 

PARTS LIST FOR ALTERNATOR TESTER 

CI -0.47 uF ceramic capacitor 
C2-0.01 uF ceramic disc capacitor 
C3, C4-15 or 22 uF, 25 VDC tantalum capaci- 

tor (Allied Electronics 852.5671 or equiv.) 
D1-1N34A, 75 VDC, 5 mA germanium diode 

(Allied Electronics 578-0034 or equiv.) 
D2, D3 -1N487, 75 VDC, 100 mA silicon diode 
IC1-LM324 (Quad 741) operational amplifier 

(James Electronics, or equiv.-address be- 
low) 

11, 12-red, black tip jacks (Allied Electronics 
920R0181, 2, or equiv.-address below) 

R1, R7 -1,000 -ohm, 1/4 -watt resistor 

R2, R3, R4 -100,000 -ohm, 1/4 -watt resistor 
R5 -4,700 -ohm V4 -watt resistor 
R6 -10,000 -ohm potentiometer (Allen Bradley 

Type A, Radio Shack 271-218, or equiv.) 
Misc.-23/4 x 21/21 x 13/4" utility box, hardware, 

14 -pin IC socket, printed circuit board or 
printed circuit kit, red, black test leads with 
alligator clip termnials. 

Allied Electronics' address is 401 E. 8th St. 

Fort Worth, TX 76102. 
James Electronics' address is 1021 Howard 

Ave., San Carlos, CA 94070. 

Alternator Testing. The testing of 
an automotive alternator consists of 
two parts. The first test is the output 
test, which determines if the alternator 
can deliver the full current that it was 
designed to produce. Bear in mind that 
the following procedure tests both the 
alternator and voltage regulator at the 
same time, and failure of the alternator 
to deliver rated output also may be 
caused by a defective voltage regula- 
tor. Before making the following tests 
inspect the connections to the alternator 
and battery to be sure they are tight. 
A loose or bad connection between the 
alternator and the battery may cause an 
excessive ripple measurement even 
though there are no defective diodes in 
the alternator_ 

The alternator output test requires 
the use of only the VOM which is set 
to read DC volts on a 0 to 15 volts or 
greater scale. Connect the VOM di- 

rectly across the 'battery, observing cor- 
rect polarity. Start the engine and turn 
on the headlights (high beam), wind- 
shield wiper, blower motor (high 
speed), and radio. Race the engine to a 
moderate speed (about 2000 RPM) 
and note the reading of the meter. A 
properly operating charging system 
should maintain at least 13.5 and not 
more than 15 volts across the battery. 
Voltage readings below 13.5 indicate a 
defective alternator or voltage regula- 
tor. Voltage readings above 15 indicate 
a defective voltage regulator. Some 
automobiles have voltage regulators 
which can be adjusted. Refer to the 
service manual for your car for voltage 
regulator tests and adjustments. If the 
above test indicates satisfactory per- 
formance proceed to the ripple voltage 
test, using the connections shown in 
the testing diagram. Note that the posi - 

(Continued on page 118) 
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Super Sound EffEcts 
5!InthE!îzEr Bring way out sound effects 

right into your home 

The table at right 
shows some of the 

TABLE OF SWITCH POSITIONS 

more popular effects 1 2 3 4 5 6 7 Sound Effect 

made possible by our 
synthesizer. More com- 
binations can be had 
by experimenting al 

+ 
0 
+ 

+ 
0 
+ 

+ 

0 
+ 

+ 
0 

0 

+ 
-i- 

+ 

0 

+ 
-+ 

0 

0 

0 

Siren 
Locomotive 
Tweeting bird 

random with the 0 + 0 0 0 + 0 Phaser gun 
switch positions. If 0 -f- + 0 + 0 Phaser gun 
you feed the synthe- 0 0 f- 0 0 + 0 White noise (sea sound) 
sizer through your + + 0 + 0 + -T- Different siren 
stereo system, the O 0 0 0 0 + 0 Steady organ sound 
tone controls can also + + 0 + 0 -f 0 Ticking clock 
be used to vary the 
sound effects. 

0 

0 

0 
O 

0 
+ 

+ 
0 

0 
+ 

+ 
r 

+ 
0 

Alternating tones 
Interrupted tone 

CIRCUIT BOARD 

SPEAKER 
SI -S7 

BI 

The arrangement of 
parts on the perfboard 
is not at all Critical. 
Wire the switches and 
potentiometers to the 

R8 circuit board before 
mounting them to the 
front of the cabinet. 
You may wish to pur - 

R6 chase a larger cabi- 
net to accomodate a 

R9 larger speaker. This 
will definitely add 
depth to the sound 
quality of the Super 
Sound Synthesizer. 

by Cass R. Lewart 

IF YOUR IDEA OF FUN IS a locomotive in 
your bedroom, or a siren announcing 

breakfast, then we have the right kind 
of project for you! This simple -to -build 
sound effect generator will produce a 
variety of sounds resembling a ticking 
clock, a locomotive puffing away, a po- 
lice siren, a ray gun straight out of a 
science fiction movie or a tweeting bird. 
The sound generator can be used to 
add a "living" sound to electronic 
games, or it can be a part of a futuristic 
bell chime. 

How It Works. The guts of the sound 
generator-a newly developed integrated 
circuit-consist of thousands of transis- 
tors. The main building blocks of this 
IC are a noise generator, an audio pitch 
generator and a Super Low Frequency 
(SLF) generator. The SLF generator 
controls the changing pitch and the 
repetition rate of the audio generator 
by, for example, producing a slowly 
rising and falling pitch of a siren. The 
SLF generator can also turn the other 
two generators on and off, at a slow 
rate. A puffing locomotive sound will 
result when the SLF generator controls 
the noise generator. 

Several pins on the integrated circuit 
control the mixing mode of the three 
generators. Seven of these control pins 
are brought out to switches SI through 
S7. The frequency of the SLF generator 
and of the audio pitch generator is con- 
trolled by the potentiometers R10 and 
R8, respectively. Transistors Q1 and Q2 
drive a small speaker while potenti- 
ometer R6 adjusts the volume. Switch 

Make sure to follow the proper pin orien- 
tation for the IC. See the text for details. 
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S8 ganged with the volume control 
turns the unit on and off. 

Construction. The sound generator 
operates at audio frequencies, therefore 
no special wiring precautions are neces- 
sary. We assembled our prototype on 
regular breadboard stock with point-to- 
point wiring techniques, and encount- 
ered no difficulties. Caution is advised 
when handling the IC. It is highly sensi- 
tive to static electricity discharges 
passed from the body, and can be de- 
stroyed before you are aware that 
you've done the damage. During con- 
struction, do not remove the IC from 
its packing until you are ready to install 
it in its socket, which should be fully 
connected to the rest of the circuit. 

Take care that you have followed the 
correct pin orientation in wiring the 
socket. The pin connections are supplied 
with the IC, and pin number one is 
marked on the IC's body. Make a small 
mark on the IC socket to indicate pin 
number one, and wire the pins in con- 
secutive order to avoid confusion and 
possible errors. 

After assembly, you may find that 
the small, built-in speaker does not pro- 
vide sufficient sound for the purposes 
which you intend the synthesizer's use. 
To provide for direct input to your 
home stereo system, or to a tape deck, 
simply wire a 22 -ohm, i -watt resistor 
across the leads running to the built-in. 
speaker (you must disconnect the 
speaker for this purpose), and run the 
synthesizer directly into your system. 

Of course, these are only some of the 
many combinations and effects avail- 
able. With a little experimentation, 
many more are available. If you are 
using a guitar amplifier with the syn- 
thesizer, the reverb, vibrato, and ac- 
cessory controls, such as "fuzz" can also 
enhance the effects which are gener- 
ated. Even the tone controls on your 
stereo can cause dramatic changes in 
the synthesizer's effects. 

One note of caution: Your stereo 
speakers may not be able to handle 
sustained high-level output when being 
driven by the synthesizer. Watch your 
levels! 

Operation. You can control the sound 
coming out of the sound generator by 
setting switches S1 through S7 and by 
adjusting the pitch and the repetition 
rate with potentiometers R8 and RIO. 

Shown are some representative switch 
positions and the corresponding sounds. 
A "+" in the Table means that the 
switch is connected to Vreg, a "0" 
means that it's connected to ground. 

1111111 
19 22 25 26 27 28 I 15 

R2 
47K 

e 

e 

c + CI 
IOuF 

13 
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SN76477 

vref 
RH 
470r. 
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C2 C3 
0.1 luF 
uF 

S8 

R9 
18K 

RIO 
2M 

_--- B I - 9V 

SPEAKER 

PARTS LIST FOR SOUND SYNTHESIZER 

B1 -9 -volt transistor radio battery 
C1 -10-µF, 35 -volt electrolytic capacitor 
C2 -0.1-µF, 35 -volt mylar capacitor 
C3 -1-µF, 35 -volt electrolytic capacitor 
IC1-SN76477 (Radio Shack #276-1765) 
Q1-general purpose NPN transistor 
Q2-general purpose PNP transistor 
R1 -3,900 -ohm, 1/2 -watt resistor 
R2 -47,000 -ohm, 1/2 -watt resistor 
R3 -39,000 -ohm, 1/2 -watt resistor 
R4 -33,000 -ohm, 1/2 -watt resistor 
R5 -82,000 -ohm, 1/2 -watt resistor 
R8 -2,000,000 -ohm audio taper potentiom- 

eter with SPST switch attached (S8) 
R7 -5,600 -ohm, 1/2 -watt resistor 

VOL 

28 15 

' 
ICI 

(TOP VIEW) 

14 

PITCH REPETITION 
RATE 

b ec 
01,02 

(BOTTOM VIEW) 

R8 -100,000 -ohm linear taper potentiometer 
R9 -18,000 -ohm, 1/2 -watt resistor 
R10 -2,000,000 -ohm linear taper 

potentiometer 
R11 -470,000 -ohm, 1/2 -watt resistor 
S1 through S7-SPDT toggle switches 
S8-SPST switch, part of R6 

SPKR-B-ohm miniature PM speaker 
Misc.-cabinet, 28 -pin IC socket, battery 

holder and clip, knobs, hookup wire, etc. 
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Here's a flow chart of the inner workings of the SN76477 chip. As you can see, there's 
an immense amount of circuitry. An actual schematic would fill up three full pages. 
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11 Cm SIM 3 IC 
Low-cost project charges inexpensive nickel -cadmium cells 

to keep you on the air for pennies an hour. 

If you're a typical user of one of 
those high -power hand-held CB walkie 
talkies rated between 3- and 5 -watts 
input, you know that batteries don't 
come cheap. And if the cost of the 
batteries doesn't get you, their leakage 
will. Leave the power switch on over- 
night by accident and it's a good bet by 
next morning the hand-held set will be 
dripping battery gook. 

But there is a way to beat the prob- 
lems of high battery upkeep and leak- 
age, and also to insure maximum RF 
output at the same time. The answer? 
Switch to nickel -cadmium (NiCad) pen- 
light batteries (AA size). Are they ex- 
pensive? Not any more. A NiCad 
should cost about the price of two 
alkaline batteries, or even less, and the 
NiCad can be recharged hundreds, pos- 
sibly a thousand times. If you use a 
hand-held transceiver you'll break even 

by Herb Friedman W2ZLF 

on the second or third recharge. 
Hold on, don't go running to the 

parts catalog to look up the price of 
NiCads, you probably can't afford them 
at catalog prices. What you need is 
a surplus dealer. You see, today every- 
one is in a hurry and most people can't 
wait the usual overnight period to re- 
charge NiCads-they demand a fast - 
charge battery. So hundreds of thou- 
sands of the overnight (or trickle 
charge) NiCads were dumped on the 
surplus market, and you can buy them 
for as little as a buck a piece, no higher 
than $1.50. And you get a tremendous 
advantage with the trickle -charge Ni - 
Cads: they hold their charge much 
longer than the fast -charge type. Charge 
'em up,- stash the transceiver in the 
closet, or the trunk of your car, and a 
week or two later they will deliver al- 
most full power. Fast charge NiCads 

LED 

SI 

JI RI 

BRIDGE 
RECTIFIER 

TI 

Inside view of author's 
prototype charger. Parts 
layout is uncritical. Using 
terminal strip lugs as 

shown makes things se- 
cure. Bridge rectifier can 
be made up from four 
junk box diodes. 

can't hold a charge that long. 
You Can Refrigerate 'Em. Speaking of 

car trunks, if you leave a hand-held 
CB set in the trunk and the temperature 
plunges down near freezing ordinary 
penlight batteries aren't going to de- 
liver much operating time. But NiCads 
will still be going like gangbusters in 
cold weather long after standard bat- 
teries are too pooped to pop. 

Can your hand-held use NiCads? 
Simply look inside to tell. If your hand- 
held uses penlight (AA) size batteries 
there is probably room for twelve cells 
though only ten are used; a filler takes 
up the space of two cells. Since the 
standard battery delivers voltage of 1.5, 

T 

SI 

BR I 

RI 

LED I 

JI 

W 1 

This simple circuit will allow you to 
take advantage of recharging your bat- 
teries and saving a bundle of cash. Using 
surplus parts also keeps costs low. 

PARTS LIST FOR 

CB -BATTERY CHARGER 

R1 -220 -ohm, 1/2 -watt resistor 
T1 -2428 -VAC power transformer rated 100 

mA. 

BR1-Bridge rectifier, 50 PIV, 100 mA. 
LED1-50 mA. 

11-Phono jack 
PLt-Phono plug (see 11, above) 
PL2-Plug to match transceiver power input 

receptacle 
S1-Switch, SPST 

Misc.-Cabinet, terminal strips, wire, solder, 
etc. 
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ten batteries equals a fresh power pack 
of 15 VDC. But NiCads only deliver 
1.2 volts, so twelve batteries are re- 
quired to produce 15 VDC. The two 
"extra" NiCads fit in place of the 
filler. So in order to use NiCads your 
set must provide room for twelve, rather 
than ten cells. There must also be a 
jack on the side of the transceiver to 
which a charger can be connected. If 
you have both these conditions (space 
for twelve cells, and a charger jack) 
you can use NiCads. The only excep- 
tion to this rule is a few models which 
cannot accept NiCads because some 
NiCads are very slightly longer than a 

standard penlight AA battery, or the 
CB set manufacturer did not allow for 
the extra size even though he provided 
a charger connection. Make certain 
your hand-held set will accept NiCads 
before you buy them. 

Really Low -Cost. Finally, you need a 
NiCad charger, and that's where you 
can spend real money, but really! One 
of the top instrument companies charges 
$30 for a NiCad charger you can build 
for less than $8. They get this exorbi- 
tant price because they manufacture 
one of the very few chargers that can 
handle all twelve batteries at the same 
time. Most chargers handle only four to 
eight cells at a time, taking two to three 
days to recharge a complete set of 
NiCads. If you can recharge all twelve 
cells at once you plug it in in the 
evening, and you're ready to go the 
following morning. 

The diagram shows a simple but 
effective charger circuit that will handle 
up to twelve cells simultaneously. It 
needs no regulation or control because 
it trickle -charges any type of NiCad. 
You can even leave it plugged in con- 
tinuously without fear of damage to the 
cells, thereby insuring the NiCads are 
always in a state of full charge. The 
charging current is 40 to 50mA regard- 
less of the number of cells (in case 

some become defective); or their state 

Side view of author's CB transceiver shows 
two inputs, one for charging internally - 
contained Nicad batteries. 

of discharge. From full -discharged to 
fully -charged the charging current is 
always a safe 40 to 50mA. 

Use These Parts. Excepting the cabi- 
net, if you select surplus components 
the whole thing will cost less than $8. 
If you buy all new, you'll run up un- 
necessary expense, which have no effect 
bearing on the performance. 

Transformer TI is 24 -to -28 VDC 
at no less than 100 mA. It doesn't have 
to be more than 100 mA. Don't waste 
your money on a high current filament 
transformer. If you use a 28 -volt trans- 
former increase RI's value to 270 ohms. 
BR1 is a 50 PIV bridge rectifier rated 
100 mA or better. Use the least expen- 
sive type you can get. If you have four 
discrete silicon diodes lying about sim- 
ply connect them as the bridge circuit. 

LED 1 serves as both a pilot light 
and Charge indicator. If the LED 
doesn't light the batteries aren't being 
charged. The LED also serves as a 
fuse. If the rectifier and R1 short 
out the NiCads will attempt to dis- 
charge through the diodes and the 

Completed charger chassis shows 
neat layout of parts. Note knot in AC 
power cord just to the left (inside) 
of the rubber pass -through grom- 
met in the chassis. Knot prevents 
power cord from pulling through 
grommet accidentally. 

high discharge current could cause 
considerable damage. But the LED will 
burn up almost instantly, thereby open- 
ing the circuit to the batteries. 

The LED is the only critical com- 
ponent, in the sense you must be cer- 
tain it is rated for a maximum of at 
least 50 mA. We suggest a diffused 
LED be used as its light can be seen 
from the sides. These are usually not 
too hard to obtain. 

To mount the LED simply push it 
through a hole in the front panel of 
whatever you use for the cabinet. If 
you connect R1 between the LED and 
a terminal strip as shown in the photo- 
graphs the LED will be held in position 
without need for glue or a lamp mount- 
ing kit. The cabinet can be plastic or 
metal; the one shown is a store-bought 
metal cabinet. 

How To Connect It. The charger's 
output is through phono jack J1 rather 
than a direct cable. In this way different 
patch cords can be connected to ac- 
commodate the several styles of plugs 
required for transceivers charging jacks. 
Just make certain you get the charger 
plug polarity correct. Before PL2 is 
wired, insert it in the transceiver's 
charging jack and measure the voltage 
across the jack noting the plug's polar- 
ity. Normally the shield is ground (-) 
and the tip (center conductor) is posi- 
tive, but it can sometimes be the other 
way round. Make certain the charger's 
positive output connects to PL2's posi- 
tive terminal. You can damage the 
NiCads badly if you get it reversed. 

Note that most transceivers are dis- 
connected when the charger plug is 
inserted, so don't expect to operate 
the transceiver while charging the bat- 
teries. 

Using The Charger. Resistor R 1 

limits the charger's output to 40-50 mA 
even if the output jack is shorted, so 
the charger can be used with hand-held 
transceivers that use ten, rather than 
the usual twelve NiCad batteries. Re- 
gardless of the number of batteries the 
charging current remains a safe 40 to 
50 mA. Normally 14 to 16 hours will 
be required for a full charge, so this 
can be done overnight. If you want the 
batteries maintained fully charged and 
ready for use at any time you can keep 
them on continuous -trickle charge. 

The only caution is not to try and 
charge two or more hand-helds at the 
same time. Don't make up a "Y" 
adaptor that connects two or more 
hand-held battery packs in parallel be- 
cause one pack will discharge into the 
other, and if there is a weak cell in 
one pack the other pack will discharge 
with excessive output current. Charge 
only one set at a time. 
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IT IS A LITTLE KNOWN FACT, but the simple act of using jumper cables to start (boost) a car 
with a dead battery can lead to severe personal injury. It's true! 
A good Samaritan in California was helping his neighbor start his car by jumping the battery. 

The battery exploded and our hero got a face full of sulfuric acid for his trouble. A man in Pennsyl- 
vania noticed another charging his battery incorrectly. When he attempted to rearrange the cables 
from the charger there was some sparking, and the battery exploded. 

The reason for both of these accidents, and many others, is the fact that a battery being 
charged produces hydrogen gas, a very combustible and explosive element. The longer a bat- 
tery is charged the greater the accumulation of hydrogen, and the greater the danger of a seri- 
ous explosion. All that is required is a single spark as one connects either of the jumper ca- 
bles to a battery post. 

How does one avoid such an occurrence? Simple. Just follow the step-by-step procedure given 
below whenever you need to jump one battery to another. 

10 steps [o safe 
IalierV boosting 

By Thomas R. Sear 

1. Ensure that the ignition switches and all 
electric accessories, including the lights, are 
turned off in both cars. 

2. Verify that both batteries are rated for the 
same voltage. Most automotive -type batteries 
are 12 -volt models these days; but many older 
cars, as well as some of the smaller models, may 
have a 6 -volt battery. 

3. Remove the dustcaps from each cell of both 
batteries, and make certain that the electrolyte 
reaches the FULL -mark. If not, ordinary tap water 
can be used to top -off each cell if distilled 
water is not available. If the dead battery is to be 
recharged, the dustcaps should be left off to 
prevent any buildup of pressure due to the rapid 
release of hydrogen gas from the battery fluid. 

4. Cover the battery openings to prevent any 
splashing acid from reaching your skin or 
clothing. Your handkerchief will suffice. 

5. Attach only one jumper cable at a time. 
Connect one end of the red jumper cable to the 
positive terminal of the good battery first. This is 
the terminal marked with a +, a P, or POS. 
Then connect the other end to the positive 
terminal of the dead battery. 

6. Connect one end of the black jumper cable 
to the negative terminal of the good battery. This 
is the terminal marked with a -, an N, or NEG. 

Then connect the other end to a point on the 
frame of the car with the dead battery at least 
18 inches from the battery. 

7. Start the engine of the car with the good 
battery. Allow the car to warm up for a few 
minutes, holding engine speed to a fast idle. 

8. Start the engine of the car with the dead 
battery. If the engine starts, proceed to Step 9. 
If it doesn't, turn off the ignition and wait several 
minutes. Don't flood the engine with too much 
gasoline. If the battery is completely dead, wait 
about half an hour so the battery may be charged 
by the running car. Try to start the dead car 
again. Now, if successful, proceed to Step 9. 
If the car cannot be started, see a mechanic. 

9. Disconnect the jumper cables by reversing 
the order in which they were connected. Keep the 
car with the bad battery running at a fast idle 
until it is warmed up. The chance of stalling is 
thus greatly reduced. 

10. Replace the dustcaps on the dead battery. 
Some final notes: It's always best to determine 

why the car didn't start in the first place and 
have the car adjusted or repaired. Repeated 
battery boosts are unwise and unsafe. Also, 
because of the hydrogen gas present when 
batteries are involved, never smoke a cigarette 
near a battery that is being charged. 
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Sleep for 1001 peaceful nights 
with this electronic genie standing faithful guard 

BUILD CYCLOPS. With his space age 
magic eye he will stand guard over 
your house or property and sound 

a musical alarm if an intrusion should 
occur. He does this without the use of 
any special light source by monitoring 
the ambient light intensity falling on 
his eye. Cyclops performs his guard 
duty with a very meager appetite for 
power, consuming only 1/2 watt while 
he is on duty. If an intrusion should 
occur, Cyclops responds by sounding 
an attention getting alarm, and auto- 
matically resets himself after a speci- 
fied time delay selected by you. 

You can also take advantage of 
Cyclops' unfailing eye by using him as 
an automatic doorbell. When someone 
approaches the door of your house 
and casts a shadow, the resulting change 
in light intensity falling upon Cyclops 
will cause him to sound a short and 
pleasant series of musical notes. You 
can extend his detection range by plac- 
ing him in your driveway or garage to 
announce the arrival of an automobile 
at night, when he sees the headlights 
of a car. 

Versatility. Cyclops is quite versatile 
and can be used for purposes other 
than an intrusion alarm or automatic 
doorbell. For example, you can con- 
struct an electronic rifle range by plac- 
ing Cyclops' eye at the center of a 
bull's eye and shooting with a beam of 
light from a home-made ray gun. Each - 

time the bull's eye is hit, a series of 
musical tones will sound. An electronic 
ray gun or rifle can be constructed by 
modifying a small flashlight which 
emits a narrow beam so that the light 
rays are concentrated. In order to pro- 
duce a "shot," the circuit shown can 
be used. This will drive the light bulb 
from a charged capacitor and result 
in a pulse of light. Use a spring loaded 
SPDT switch. 

Cyclops' built-in musical ability can 
be used as the basis for a "Close En- 
counters" sound generator accompa- 

by Anthony J. Caristi 

vied by a flashing light, or you can 
even place Cyclops in your car and 
have an unique musical horn. This 
and all the other features of Cyclops 
can be performed by a single electronic 
assembly which can be constructed at 
low cost. Simple modifications of the 
circuit will permit you to use Cyclops 
for whatever purpose you desire. 

About the Circuit. The eye and heart 
of Cyclops is a specialized integrated 
circuit which is the result of a marriage 
between a photodiode and a digital 
and linear circuit on a single chip. Such 
a device is called an Optolinear and is 
available to you from the source spe- 
cified in the parts list for Cyclops. This 
is the 14 -pin IC chip shown in the 
photograph of the Cyclops PC board. 

The Optolinear IC 
chip is the eye of 
Cyclops. This nifty 
little package de- 
tects small changes 
in the ambient 
lighting conditions 
and triggers the 
alarm. You can use 
this handy device 
as a burglar alarm 
or as a household 
remote controller. 

ICI is an integrated circuit motion 
detector which monitors the ambient 
light intensity falling on the built-in 
photodiode. When a change in light 
intensity occurs, a circuit is triggered 
which produces a series of pulses of 
varying frequency in the audio range. 
A digital counter within the chip per- 
mits a specified number of pulses to be 
generated, and then resets the circuit 
back to a standby mode to await the 
next change in light intensity falling 
upon the photodiode. The series of 

audio pulses produced, when ampli- 
fied and fed to a loudspeaker, is a sim- 
ulation of the familiar whooping sound 
which is characteristic of some alarms. 
C4 determines the rate at which the 
circuit changes from one tone to the 
next, and can be changed to suit in- 
dividual tastes. IC1 has an additional 
digital circuit which produces a second 
set of random musical tones which 
might be described as "Close Encount- 
ers" music. When the chip is in this 
mode of operation, it is also capable of 
flashing a 6 volt light bulb in time with 
the music. 

Control of the operation of IC1 is 
accomplished by feeding a positive volt- 
age to either or both control input 
terminals, pins 11 and 14. When ter- 

minais C and D of the printed circuit 
are connected together and terminals 
A and B are open, the circuit is set to 
perform as an intrusion alarm. Opening 
the circuit between terminals C and D, 
and A and B, programs the circuit for 
"Close Encounters" music. Automatic 
control of terminals A and B of the 
circuit is provided by IC2 and IC3, and 
manual control of terminals C and D 
is provided by a single pole silde 
switch mounted directly on the printed 
circuit board. 
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CYCLOPS 
Power to drive a loudspeaker is pro- 

vided by Q2 and Q5 which amplify 
the low voltage output pulses of IC1 
and deliver peak currents of up to 1 

ampere into the speaker. When ICI is 
in standby mode, the voltage at the 
output terminal, pin 1, is about 4 volts. 
This cuts off both Q2 and Q5 so that 
current in the loudspeaker is zero. 
When IC1 is activated, Q2 conducts 
current and provides base drive to Q5 
through R3 which acts as a volume 
control. When the circuit is set for 
maximum volume, Q5 acts as a switch- 
ing transistor, driving the loudspeaker 
with pulses of about 12 volts. The cir- 
cuit will drive loudspeakers of any im- 
pedance. Greatest volume will be ob- 
tained with a 3.2 ohm speaker, since 
this will draw the highest load current 
from Q5. Peak power delivered to a 
3.2 ohm speaker can be as high as 40 
watts when the volume control.is set to 
maximum. Average power will be 
much less than this since the circuit 
delivers pulses with a duty cycle of 
less than 50%. 

Construction. Cyclops can be con- 
stucted on a single sided printed cir- 
cuit board measuring 2%s by 41/4 inch- 
es. This includes all the necessary cir- 
cuitry with the exception of the 12 volt 
power source. If an AC operated pow- 
er supply is desired, it can be added to 
the circuit at the option of the builder. 
A typical power supply circuit is shown 

Use this full-sized printed circuit board template to make your own Cyclops. You might 
try out one of the new PC kits from Vector that lifts the pattern from a magazine page. 

with the schematic' on the next page. 
The printed circuit layout in this 

article is shown full size gs seen from 
the copper side of the printed circuit 
board. The component layout is also 
shown. If possible, make photocopies 
of the printed circuit, component lay- 
out, and schematic diagram and work 
from these copies. This will avoid wear 
and tear on the originals which you 
will want to keep in good condition for 
future reference. 

After etching the printed circuit, go 
over it with a magnifying glass to pick 
up any shorts or opens which may ex- 

ist. This will help avoid problems when 
the circuit is first placed in operation. 
For a slight additional cost, it is strong- 
ly recommended that sockets be used 
for the integrated circuits. Their value 
in a printed circuit assembly cannot be 
overemphasized. The use of sockets 
give you the ability to troubleshoot the 
circuit, should a problem exist, in 
much less time than if the IC's were 
soldered in place. It is extremely dif- 
ficult to remove a multi -pin IC which 
has been soldered into a printed circuit 
without destroying the IC or printed 
circuit. Do not mount the integrated 

This parts location 
diagram will help 
you get everything 
in the right place. 
This view is of the 
component side 
with the parts fac- 
ing up. The foil PC 
pattern is on the 
underside. Building 
this project is a 

snap even if you 
are a beginner.' 

D 

POINT B POINT A 

SPEAKER 

-I2VDC 
+ I2VDC 

SPEAKER 
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circuits until instructed to do so in the 
checkout procedure. 

The component layout shows con- 
trol switch Si and volume control R3 
mounted directly to the printed circuit 
board. You may want to mount the 
printed circuit board in a small cabinet 
with these components accessible from 
the outside. If you are going to use the 
lamp with the circuit, be sure to place 
it so that its light will not fall upon 
ICI. Should this happen, the additional 
feedback signal from the lamp may 
cause a circuit malfunction, although 
no damage will occur. 

You will note that the power output 
transistor, Q5, is mounted to the print- 
ed circuit board with no heat sink. 
None is required since this transistor 
operates as a switch at high current 
levels, and therefore dissipates very 

little heat. Mount Q5 to the printed 
circuit board with two 4-40 screws and 
nuts. Make them tight but not overtight. 

Checkout Procedure. The printed cir- 
cuit assembly should be checked with 
power applied before installing any of 
th'e integrated circuits in place. This 
will avoid damaged components in the 
event of possible short circuits or mis - 
wiring. Apply 12 VDC power to the 
circuit using a battery or AC operated 
power supply, observing correct polar- 
ity. Measure the voltage at pin 13 of 
IC 1 using the negative side of the DC 
power supply as the meter reference. 
This should be between +3.5 and 
+4.5 volts DC. If the voltage is not 
within this range, check zener diode 
D1 for a voltage drop of 4.2 to 5.2 
volts. Check also that D1 is mounted 

(Continued on page 112) 

If Cyclops really appeals to you as a use- 
ful gadget, but you don't have the time or 
experience to put it together, then you 
might consider ordering Delta Electronics' 
Motion Detector. It uses the same IC as 

Cyclops. It sells for $24.50 in kit form 
or $69.50 fully assembled with NiCad bat- 
teries and charger. Delta's address is in 
the parts list of this article. 

12 VDC 
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L 

R7 R8 
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C8 
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2N3904 

R6 
4,700 

- 

R3 
5,000 

VOLUME R5 
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OFF SHOOT TARGET PRACTICE 
2 CIRCUIT rGUN 

(SEE TEXT) 

81 
9VDC C13 

470pF L2 
20 VDC FLASHLIGHT 

BULB 

B1 -9 -volt battery 
Cl, C3-47-uF electrolytic capacitor, 10 VDC 

C2, C4-4.7-uF electrolytic capacitor, 10 VDC 

C5-0.47-uF ceramic disc capacitor, 10 VDC 

C6, C1-220-uF electrolytic capacitor, 20 VDC 

C8, C10-0.01-uF ceramic capacitor, 10 VDC 

C9, C11-4.7-uF electrolytic capacitor, 20 VDC 

C12-100-uF electrolytic capacitor, 20 VDC 

C13-470-uF electrolytic capacitor, 20 VDC 

C14-4,000-uF electrolytic capacitor, 20 VDC 

D1 -1ír5230 4.7 volt zener diode 
D2 -1N4148 silicon diode 
D3, D4. D5, D6 -1N2069 silicon diode 
IC1-Optolinear IC (see text for explanation) 
IC2-555 timer 
IC3-555 timer 

SPKR 

05 
2N4231 

# R9 
4.7MEG 

3 -+ C 0 - .OIpF NC-' 

+ 12 V DC 

;RIO 
' 47,000 

T 

RII 
D2 8,200 

IR17 
00,000 R12 

4,700_ 

117 VAC 

PARTS LIST FOR CYCLOPS 

11-#47 lamp 
12 -flashlight bulb 
LED1-light emitting diode 
Q1, Q3, Q4 -2N3904 NPN silicon transistor 
Q2 -2N3916 PNP silicon transistor 
Q5 -2N4231 NPN silicon transistor 
R1, R4 -2,200 -ohm, 1/4 -watt resistor 
R2 R8, R10 -47,000 -ohm, 1/4 -watt resistor 
R3 -5,000 -ohm trimmer potentiometer (PC 

board mounting type) 
R5 -100 -ohm, 1/4 -watt resistor 
R6, R12, R15 -4,700 -ohm, 1/4 -watt resistor 
R7, R16 -10,000 -ohm, 1/4 -watt resistor 
R9, R14 -4,700,00 -ohm, 1/4 -watt resistor 
R11 -8,200 -ohm, 1/4 -watt resistor 
R13 -1,000 -ohm, 1/4-watt'resistor 

TI 

C9 
47p F 

R13 
1,000 

LEDI 

2 8 3 

7 
5 

6 IC3 
555 

12 VDC 

:R14 
'4.7MEG 

R15 
4,700 
04 -. RI6 2N3904 

10,000 

CII 
4.7pF 

POWER 
S UP PY 

R17 -100,000 -ohm, 1/4 -watt resistor 
SPAR -3.2 -ohm PM type speaker 
S1-SPST miniature slide switch 
S2-SPDT momentary -on switch 
T1 -10 -volt, 1.2 amp transformer 
Misc.-large plastic cabinet (8 in. by 4 in. by 

4 in.) screws, spacers, wire, AC plug and zip 
cord, etc. 

Note: ICI is available from: 
Delta Electronics 
7 Oakland St. 

P.O. Box 2 

Amesbury, Mass. 01913 
Catalog #1072W 
Price: $8.95 
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pid 
Web Receiver 

IN THE OLD DAYS OF RADIO, back when 
grandpa was building his first one 
tube radio, the spiderweb coil was 

the "cat's pajamas." This type of tuning 
coil was very popular with the home - 

constructors, and with good reason; the 
spiderweb coil is a high Q type, wound 
with interleaved turns for minimum res- 
idual capacity. Many of the old timers 
made long distance reception common- 
place with this type of tuning coil in 
their radios. 

The spiderweb coil is a type of coil 
in which the wire is wound on a flat 
form so that the radius of successive 
turns increases from the center out- 
ward. You can experiment with this 
type of coil by building our receiver 
model which combines the old spider - 
web coil with present day solid state 
circuitry. The receiver covers from 550 
kHz to 14 MHz, with three plug-in 
spiderweb coils in a FET regenerative - 
detector circuit. A stage of audio is in- 
cluded with a pnp transistor directly 
coupled for good headphone volume. 

The Spiderweb Coil Receiver Circuit. 
Signals from the antenna are coupled 
through J1 and Cl to L1 and the tun- 
ing capacitor C3. The bandspread ca- 
pacitor C2 is used to fine-tune crowded 
SW bands and the resultant signals are 
fed via C4 to the gate -leak R2 and the 
gate of FET Ql. The RF signals are 
detected and amplified by Q1 and a 
portion of the RF is fed back into LI 
from the source circuit of Ql. This 
feedback RF is detected and further 

amplified by Ql. The regen control R1 
varies the amount of RF feed-back to 
L1. 

The detected audio signals in the 
drain circuit of Q1 are coupled through 
Ti to the AF Gain control RS and to 
the audio amplifier circuit of Q2. The 
amplified signals are direct -coupled via 
the collector circuit of the pnp tran- 
sistor Q2 through J4 to external high 

Lure hard -to -get DX 
like grandad used to do 
with this hot receiver 

impedance phones. DC power for the 
circuits is supplied by an external 6 

volt battery. Bias current for the Q2 
base circuit is supplied by the R6 -R7 
divider circuit, and R8 -C7 acts as the 
interstage decoupling network to mini- 
mize audio feedback between the stages 
via the DC power bus. 

Three plug in coils are used for L1, 
each one covering a different band- of 

The best material for 
the coil is the plastic 
used for making print- 
ed circuit boards (ap- 
prox. 1/16 -in. thick). 
There are 17 vanes, 
each about 7/8 inches 
long and about 1/4 -in. 
wide. Trace this diagram 
with thin tissue paper 
then glue the paper to 
three pieces of plastic sheet 
that have been temporarily 
glued together. Then cut them 
with a jig saw and pry apart. 

-4 1/2" I.-- 
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C8 R3 R2 C4 C2 C6 TI 
HANDLE 
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SCREW 8 NUT 

rh 1 
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"W,.¡,---1--- BRASS 
EYLET 

P2 

A h -SOLDER LUG 

A 

B 

P3 

NOTE: 

SOLDER P2 8 P3 TO 
SOLDER LUGS AND BRASS 
EYELETS (SEE TEXT) 

Solder the phono plugs to each spiderweb 
by using small brass eyelets as rivets. 
A handle will simplify plugging -in. 

frequencies. L1 A tunes from 7 MHz 
to 14 MHz, LI B tunes from 1.7 MHz 
to 5 MHz, and L1 C tunes from .55 
MHz to 1.6 MHz. 

Spiderweb Coil Construction. Look 
at the drawing of the spiderweb coil 
form. There are seventeen "vanes," 7/8 - 

inch long and approximately 1/4 -inch 
wide, positioned around the perimeter 
of a 11/2 -inch disc. A good quality 
plastic should be used for the coil form; 
the coil forms shown in the receiver 
model photo are made from the type 
of plastic sheet used for printed circuit 
boards (approx. 1/16 -inch thick). 

The easiest way to start construction 
of the coil forms, is to trace the outline 
of the spiderweb coil form drawing 
and temporarily cement the tracing onto 
a sheet of plastic. Then cut out the 
coil form with a hack saw. If desired, 
three sheets of plastic can be temporar- 
ily cemented together with rubber ce- 
ment and the coil forms for all three 
bands can be cut out at the same time. 
After cutting out the forms, carefully 
pry apart the spiderweb coils. 

Brass eyelets (available at notions 
counters in department stores) are sol- 
dered to lugs and P2 -P3 as shown in 
the drawing. Carefully drill holes to fit 
the eyelets, positioned 1/2 -inch. apart, 
for each of the three spiderweb coil 
forms, and mount the phono plugs 
(P2 -P3). 

Refer to the Spiderweb Coil Winding 
Table and wind the coils with the turns 
indicated for each band. Start winding 
on the inside of each coil form and 
wind to the outside of the form. Allow 
enough wire at each end of the coil to 
solder to P3A-B as shown in the sche- 
matic. After winding the coil make the 

C3 

LI 

R6 

R7 

C7 

R4 

R8 

C9 

Q2 

JI C5 QI 

This layout shows how best to locate the spiderweb coil to leave room for the perf- 
board. Note capacitor C8 which is used to help achieve the desired bandspread. 
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PARTS LIST FOR 

C1-4 to 40 pF midget mica trimmer (ARCO 
422 or equiv.) 

C2-Bandspread capacitor (modified C3, see 
text) 

C3-365 pF subminiature variable capacitor 
(Radio Shack 272-1341) 

C4-100 pF capacitor 
C5-300 pF capacitor 
C6, C7-5uF/15 VDC Miniature electrolytic 

capacitor 
C8-16 pF capacitor (see text) 
C9-.022 uF capacitor 
11, 12, J3-Phone jacks 
J4-Phone jack 
LI-See Coil Table and text 
Pl, P2, P3-Phono plugs (see text) 
Q1-FET (NPN), Motorola HEP -F0015, or 

equiv.) 

R4 
3,300 

d 

R6 
68,000 

R3 
220 

TI 

II 

R5 
5000 
VOL 

J4 

c 
5uF/I5V 
C6 

R7 
1000 

R8 
150 

C15uF 5V 
SPIDERWEB RECEIVER 

Q2-Transistor (PNP), Motorola HEP -57 or 
HEP -S0019 (or equiv.) 

R1 -10,000 -ohms linear taper potentiometer 
R2 -3,300,000 -ohm resistor, 1/4 -watt 
R3 -220 -ohm resistor, 1/4 -watt 
R4 -3,300 -ohm resistor, 1/4 -watt 
R5 -5,000 -ohm audio tape potentiometer 
R6 -68,000 -ohm resistor, 1/4 -watt 
R7 -10,000 -ohm resistor, 1/4 -watt 
R8 -150 -ohm resistor, 1/4 -watt 
Tl-Audio transformer; PRI: 10,000 -ohms, 

SEC: 2,000 -ohm (Calectro D1-722 or equiv.) 
Misc: 5 by 7 by 2 -in. aluminum chassis, 5 by 

7 -in. copper clad board (for front panel), 
sheet plastic for LI form (see text), knobs. 
3 by 41/2 -in, pert board, two lug solder 
strip (to mount C1) 6 brass eyelets. 
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Spider Wels 
taps as indicated in the table; carefully 
scrape the enamel off the wire for a 
good soldered connection to the tap 
leads to P2A-B. 

Receiver Construction. Most of the 
receiver components are mounted on a 
3- by 41/ -inch perf board section in- 
stalled on a cut-out portion of a 5- by 7 - 
by 2 -inch aluminum chassis. As shown 
in the photos, the perf board is install- 
ed on one half of the top of the chassis 
to leave enough room for the plug-in 
spiderweb coils. The tuning capacitor 
C3 and the bandspread capacitor C2 
are mounted on a 5- by 7 -inch section 
of copper -clad printed circuit board 
used as the front panel. A similar sec- 
tion of sheet aluminum would also be 
suitable for the front panel. The panel 
is held by the mounting nuts of the 
regen control R1, audio gain (volume) 
control R5, and the phone jack J4 that 
are mounted in holes drilled through 
the front of the chassis and the lower 
half of the panel. 

Begin construction of the receiver by 
cutting the perf board section to size 
and then temporarily positioning it upon 
the top of the chassis. Lightly draw the 
outline of the board on the top of the 
chassis, then remove the board and lay- 
out the chassis cut-out within the board 
outline. The cut-out section on the 
model shown is approximately 21/2 by 
4 -inches. Drill holes near the inside cor- 
ners of the cut-out section and use the 
holes to start a hack saw or jewelers 
saw. After the chassis section is cut-out, 
drill six mounting holes for the perf 
board edges. Install the perf board on 
the chassis with small machine screws 
and nuts. 

Locate and install the board com- 
ponents with perf board clips. Do not 
install Ql at this time to minimize any 
possible damage to the FET; solder Q1 
into the circuit when all of the other 
components have been connected. Tem- 
porarily place an alligator clip across 
the source and gate leads (shorting 
them together) while soldering the FET 
in place. Cut the leads of all of the 
components to allow short, direct con- 
nections and to prevent any of the leads 
from accidently coming in contact. 
Make sure that you remove the alliga- 
tor clip from the FET after soldering. 
For best results follow the component 
layout of the model shown in the photo. 
Tl is mounted by drilling holes in the 
perf board to fit the mounting tabs and 
then bending them over for a snug fit 
under the board. Position the three 
ground lugs on three of the board 

SPIDERWEB COIL WINDING TABLE 

WIRE TOTAL 

SIZE TURNS 

BAND A # 18 

7 MHz to 14 MHz Enam. 

BAND B 

1.7 MHz to 5 MHz 

BAND C 

.55 MHz to 1.6 MHz. 

#24 
Enam. 

#28 
Enam. 

4 

17 

52 

ANT TAP 

(P2A) 

1/2 -Turn 
from 
end 

11/2 -turns 
from 
end 

10 -turns 
from 
end 

"S" TAP 

(P2B) 

1 -turn 
from 
start 

2 -turns 
from 
start 

1 -turn 
from 
start 

mounting screws, as shown in the photo. 
Cut holes in the center of the re- 

maining portion of the chassis top to 
fit J2 and J3. Space the two jacks to 
fit the plugs P2 and P3 mounted on the 
plug-in spiderweb coils. A dual jack 
was used on the model shown in the 
photo. But, it may be easier to use sep- 
arate jacks for easier spacing in the 
front and rear of the chassis to fit the 
components to be installed; R1, R5 and 
J4 on the front and Jl, Cl and the 
rubber grommet for the DC power 
leads on the rear chassis. Cl is mount- 
ed on a two lug terminal strip with a 
small access hole drilled in the chassis 
to allow adjustment. 

Bandspread Capacitor Construction. 
The bandspread capacitor C2 is a mod- 
ified tuning capacitor that originally 
had a 365-mmf capacity. The model in 
the photo utilizes a Radio Shack minia- 
ture type with plastic dielectric. In this 
particular make of capacitor, the stator 
blades are made from thin sheet metal 
and are fastened with only one screw 
and nut. Carefully remove the end nut 
(after removing the plastic outer cover) 
and pry out the stator blades one by 
one with small pliers until only one 
blade is left. Replace the nut and tight- 
en it. Check with an ohmeter to see if 
the blade is shorted to the rotor blade 
assembly. If so, remove the nut and 
readjust the stator blade. The rotor 
blades should be able to rotate freely 
as the shaft is turned. 

Front Panel. Mount the panel on to 
the front of the chassis by drilling the 
appropriate holes and securing it with 
the mounting nuts of the panel controls. 
After the panel is mounted with the 
copper clad surface facing outward, lo- 
cate and drill the holes for C2 and C3. 
Install the two variable capacitors and 
then connect them to the circuit board 
with short leads. C8 is mounted be- 
tween the stator of C2 and the stator 
of C3. The exact value of C8 is best 
determined by experiment after, the 
receiver is operational for the desired 
bandspread. A good starting value is 16 

This bottom view of the receiver shows 
the jacks for the spiderweb and how they 
are hooked up to the antenna. Note how 
the perfboard is secured to the chassis. 

mmf (as on the model shown in the 
photo) . 

Completing Construction. Complete 
the construction of the receiver by wir- 
ing the underchassis components. Make 
sure that the leads to J2 and J3 are as 
short and direct as possible; position 
these leads up and away from the chas- 
sis bottom. Connect the DC power 
leads to the circuit and mark them with 
the proper polarity. Or, a red lead can 
be used for positive and a black lead 
for negative polarity. Make a knot in 
the power leads before putting them 
through the rubber grommet on the rear 
of the chassis. 

Install knobs on the shafts of the 
front panel controls. If necessary, cut 
the shafts of the controls for a uniform 
appearance. Cement a 1 -in. length of 
Number 18 wire on the rear of the C3 
knob. Or, a shaped section of clear 
plastic with a black line drawn down 
the center can also be used for a point- 
er. 

Dial Calibration. The front panel dials 
are marked with rub -on lettering posi- 
tioned on three concentric India -ink 
lines for the C3 dial, and one inked line 
for C2. Begin dial calibration by plug- 
ging in the "C" Band (Broadcast Band) 
coil and connecting earphones and a six 

(Continued on page 114) 
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SUB -BASEMENT RADIO 
EXPERIMENTER'S DELUXE FET/IC VLF RECEIVER 

JUST -AS MANY of the "cliff dwellers" in 
modern multi -story apartment build- 
ings have little-known basements 

and sub -basements, the radio spectrum 
has a "basement" LF (low frequency) 
band and a mysterious "sub -basement" 
VLF (very low frequency) band, little 
known to many electronics hobbyists 
and experimenters. The LF band - goes 
from 300 kHz down to 30 kHz, and the 
VLF band from 30 kHz down to 3 kHz. 

The lower portion of the LF band, 
from about 60 kHz to the upper portion 
of the VLF band (about 18 kHz), is 
used by the National Bureau of Stand- 
ards to transmit coded, standard -fre- 
quency signals (similar to WWV). 
Special receivers are used for proper 
reception of these signals, which auto- 
matically adjust electronic laboratory 
generators to coincide with the standard 
frequencies. The U.S. Navy has found 
that the VLF band signals will penetrate 
into salt water and has established giant 
high powered transmitting stations that 
communicate with submerged subma- 
rines anywhere in the world. 

Other nations maintain transmitting 
stations in the LF/VLF region for scien- 
tific and navigational purposes. These 

stations are subject to changes in fre- 
quency, power, and time of broadcast 
since there is still considerable experi- 
mentation. The stations usually transmit 
their call signs in CW at periodic inter- 
vals for identification. 

Receivers for the LF/VLF "basement" 
transmissions are usually quite complex, 
but you can sample the activity in this 
portion of the rf spectrum with our 
simplified receiver project which covers 
the most popular portion of the bands 
from 20 to 50 kHz. This frequency 
coverage can be changed by using dif- 
ferent values of inductances than speci- 
fied in our plans. Plans are also in- 
cluded for a VLF -style loop antenna to 
be used with the receiver instead of the 
usual outdoor dipole antenna used in 
the higher frequencies. Inasmuch as VLF 
wavelengths are many miles long, a 
half wave antenna dipole is impractical 
at these frequencies. 

The receiver uses two ICs and three 
FETs in a simplified regen detector cir- 
cuit with a two -stage i f amplifier. Good 
audio volume is provided for earphone 
reception, and the receiver is housed 
in a compact metal utility box. Perf 
board style construction is used for 

ease in building the receiver. 
The Circuit. Very low frequency sig- 

nals picked up by the loop antenna are 
fed through coax cable to the input of 
IC1, the rf amplifier stage. The ampli- 
fied signals are fed through C3 to the 
coil L1 and the second rf amplifier 
stage, IC2. L1 and the input capacity of 
IC2 act as a broadly tuned circuit for 
VLF signals: R2 controls the rf ampli- 
fication. 

Capacitor C6 couples the amplified 
rf signals to the oscillating detector 
stage of FET Ql. These signals are 
tuned by L2 and the S1 switch -selected 
capacitors of C8 to C18. Variable 
capacitor C7A/B acts as a fine tuning 
control for the VLF signals, and R5 
controls the oscillation point and, there- 
fore, the sensitivity of the detector stage. 

The detected audio signals are fed 
through the low pass filter R7/C20 
and coupling capacitor C21, to the 
audio gain control R8 and audio am- 
plifier stage Q2. The amplified audio 
signals are coupled via the L3/C23 
peak filter to the second audio amplifier 
stage of FET Q3. The peak filter is 
tuned to approximately 800 Hz to pro- 
vide better receiver selectivity of the 
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SUB -BASEMENT RADIO 

VLF signals. The amplified signals are 
fed from the drain circuit of Q3 to 12 
and can drive high impedance ear- 
phones (2000 -ohm type). 

Field effect transistors Q2 and Q3 
form the audio amplifier stages. Q3 is a 
P -channel FET and therefore requires 
a relatively negative potential on its 
"drain" terminal. This is accomplished 
by grounding the drain through the 
earphone and returning the "source" 

to the positive power supply terminal. 
Construction. Coils L1 and L2 are 

made from miniature transistor audio 
transformers by removing the laminated 
iron core. We used 10,000 -ohm to 
2,000 -ohm center -tapped transformers 
for the coils in our receiver. The con- 
nections are made to the 2,000 -ohm 
center -tapped winding only; the leads 
to the 10,000 -ohm winding should be 
cut off close to the coil form. Coil L3 
is a 1,000 -ohm CT to 8 -ohm miniature 
output transformer and is used with its 
iron core intact. The 1,000 -ohm wind- 

ing is used (no connection is made to 
the center tap), and the 8 -ohm and cen- 
ter tap leads should be cut off close to 
the coil form. 

The receiver operation is at low rf 
frequencies, but the wiring of the re- 
ceiver should still be carefully done. 
For best results, follow our component 
layout as shown in the photos. Your 
best way to start .construction is to cut 
a 41/4 x 77/8 -in. section of perf board 
and install it approximately halfway up 
the LMB-146 aluminum box. We used 
two 41/4 -in. lengths of sheet aluminum 

C2 
05µF 

LOOP ANT 
3 

J4 J1 

Cl 
.05µF 

BOTTOM VIEW 

01 

8 

ICI 

4 

Rl 
4.7K 

7 

TOP VIEW 

ICI 
1C2 

c 

C1, C2, C4, C5, C23-0.05-uF capacitor, 12-VDC 

or better 
C3-0.05-uF capacitor, 12-VDC or better 
C6, C19-470-pF capacitor 
C7A/B-dual-gang 365-pF variable capacitor 

(TRW 273 or equiv.) 

Note-A dual -gang 365-pF variable capacitor 
may be difficult to obtain. You can go the 

same route as pioneer radio builders by 

using two single -gang 365-pF variable ca- 

pacitors and operate them in tandem (turn 
each knob the same amount). 

All capacitors 15-VDC or better 
C8-500-pF (see text for all capacitors, C8 to 

C 18) 

C9-1000-pF 
C10-1500-pF 
CI I -2000-pF 
C 12-2500-pF 
C13-3000-pF 

812 SO 2OO2§14S O Ooo ÛUÑUUMUU 
O O O O O O O O O O 

50kHz 20kHz 

L2 
C7A 

365pF 

FINE TUNE 

R7 
15K 

R5 
270 

OSC 
R6 - 
10K 

C21 
01µF 

1 C20 
01µF T 

R8 
= 1M 

C7B 
365pF 

50 OHM COAX 

02 
D 

C26 
01 AF 

.01µF 03 \ PHONES 
C25 

VOLUME C22 
1OµF= 

PARTS LIST FOR SUB -BASEMENT RADIO 

C14-3500-pF 
C15-4000-pF 
C16-4500-pF 
C17-5000-pF 
Cl 8-5500-pF 
C20, C21, C25, C26-0.01-uF capacitor 
C22, C24, C27, C28-10-uF electrolytic ca- 

pacitor, 16-VDC 

ICI, IC2-703-type integrated circuit 
11, 13-insulated phono jack, RCA type (see 

text) 
12-two-conductor phone jack 
L1, 12-inductors made from small 10k to 2k 

audio driver transformers 
L3-inductor made from small 1k to 8 -ohm 

audio output transformer (see text) 
QI-N-channel FET, HEP -802 (Motorola) 

Q2-N-channel FET HEP -F0015 

Q3 -P -Channel FET HEP -F1035 

Rl, R3 -4700 -ohm, 1/2 -watt resistor 

S L3 
CT 
INC) 9 ) 

100 

R10 
100 

SZ 

Ó23 
µF 

C24 
_1 OAF 

J2 

1 C27 

R2, R6 -10,000 -ohm potentiometer, linear 
taper 

R4-2.2 meg, 1/2 -watt resistor 
R5 -270 -ohm, 1/2 -watt resistor 
R1 -15,000 -ohm, 1/2 -watt resistor 
R8-1 meg potentiometer, audio taper 
R9, R10 -100 -ohm, 1/2 -watt resistor 
R11-1 meg, 1/2 -watt resistor 
R12 -4700 -ohm, 1/2 -watt resistor 
SI-single pole, 11 position rotary switch 

(Calectro E2-161 or equiv.) 

Note: values for bias resistors R9 and R12 

may be changed for optimum performance. 

Misc.-aluminum cabinet 8 -in. x 6 -in. x 41/2 -in. 

(Author used LMB 146), pert board, push -in 

clips, 50 -ohm coaxial cable, knobs, hook-up 

wire, No. 28 enameled wire, plastic tape, 

solder, etc. 
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bent into brackets with sides approxi- 
mately 1/4 x 1/2 -in. (1/2 -in. side mounted 
to the box wall, and the -1/4-in. side 
mounted to the perf board). Additional 
lengths of 1/4 -in. wide sheet metal stiff- 
eners were added to the side of the perf 
board to increase the rigidity of the 
board. This may not be necessary in 
your unit. 

More Mechanics. Locate C7A/B on 
the front panel as shown in the photos, 
and then cut a 1/2 -in. or larger hole for 
the shaft. This will allow the frame of 
C7A/B to be mounted to the perf board 
and allow the shaft to protrude through 
the front panel without touching the 
metal panel. Note that the shaft must 
be insulated from the panel, or it will 
short the B+ at the detector circuit. If 
necessary, you can use an insulated 
coupling for the shaft. Make sure that 
you use a plastic tuning knob to mini- 
mize the possibility of short circuits. 

Locate and install the remainder of 
the front and side panel controls and 
components as shown in the photos. 
Make sure that you install serrated 
washers between the control bushings 
and the inside of the panels to prevent 
accidental disturbance of the position 
of the controls. Also, use insulating 
washers for J1 to keep the jack body 
from electrical contact with the box 
panel and electrical ground. 

G13 R6 C12 CII CIO C9 C8 SI C16 C17 CIS L2 
CI4 

CI5 

02, 

C22 

C24 

C23 

RIO 

C27 

RI2 C26 Q3 L3 Ql C6 C20 R3 C4 IC2 C5 

These are the major parts locations for the pert board. Note dual -gang cap C7A/B. 
Most of the components on the perf 

board are connected to push -in clips. 
Keep the component leads as short as 
possible and group them around their 
particular IC or FET as shown in the 
photos. Wire the components as indi- 
cated in the schematic drawing and 
position the leads as shown in the 

C7A/B 

C21 

C3 

Cl 

ICI 

board photo. 
Coil forms L1 and L2 can be either 

cemented to the top of the perf board, 
or (as in our unit) held with an appli- 
cation of hot plastic glue from an elec- 
tric glue gun. Use short lengths of coax 
or shielded wire to connect R8 to the 
perf board components as shown in the 

PLACE PLASTIC TAPE 
IN SLOTS TO PROTECT 
LOOP WIRE 

LOOP WINDING MADE OF 38 
TURNS OF #28 ENAMELED 
MAGNET WIRE. COVER WITH 
PLASTIC TAPE. 

PLASTIC TUBES 
BOLTED TO 
WOOD DOWELS 

WOOD DOWEL CORE 
TO FIT INSIDE 

PLASTIC TUBES 
(SEE TEXT) 

ELECTROSTATIC SHIELD 
HOOKUP WIRE WOUND AROUND LOOP WINDING 
(SEE TEXT). CONNECT ONE END OF SHIELD 
WIRE TO GROUND LUG OF J3 

I/4"W x I/2°D 
SLOT CUT IN 
END OF EACH 
TUBE TO FIT 
WIRE 
(SEE TEXT) 

J3 BRACKET 
MOUNTED 
PHONO PLUG 

Reinforced PVC tubes available from building supply outlets are lighter and easier to work with than dowel sticks when building an open air antenna support frame. The RCA -type phono connector makes a convenient way to use standard audio cable. 
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SUB -BASEMENT RADIO 

photo. Connect ground lugs at the board 
corners and on the C7A/B mounting 
screws for the necessary electrical cir- 
cuit connections. 

Capacitors C8 to C18 should have as 
accurate a capacity value as possible 
(select them on a capacitor bridge if 
possible), and they can be either ce- 
ramic or polystyrene types. Mount them 
with short leads around S1 and connect 
them with straight direct leads to the 
Si lugs. If necessary, you can parallel 
capacitors to make up the required ca- 
pacity values. Connect the remainder 
of the front and side panel controls and 
jacks to the board circuits, and position 
the leads as shown in the photos. 

CENTER SLOTS 
CUT IN TWO 5 -IN. 
WOOD DOWELS 

AND CEMENTED 
TOGETHER TO 
FORM LOOP CORE 

Dowel sticks for this assembly are available 
from lumber yards, hardware store and 
hobby shops. Notch with a wood chisel or 
a keyhole saw or whittle with a pocket knife. 

The Loop Antenna. As shown in the 
drawing, the loop antenna is composed 
of four 1 -in. diameter x 24 -in. long 
plastic tubes. We used polyvinyl chlo- 
ride (PVC) tubes that can be obtained 
from a building supply store. Or any 
type of plastic tube can be used as well. 
The plastic tubes are fitted over a wood - 
dowel center core as shown in the draw- 
ing, and the loop antenna wires are 
wound over the slots in the tube ends. 

Begin construction of the loop an- 
tenna by cutting center slots in two 5 - 

in. long wood dowels (of a diameter to 
fit snugly into the plastic tubes), and 
cement them together as shown in the 
drawing. Wood screws can be used in 
place of cement, or hot glue from an 
electric glue gun can be used as we 
did in our model. 

Cut the plastic tubes to size and then 

The front panel control knob "osc" sets the 
regenerative feedback point of the detector 
FET Q1 (it sets the audible "plop" point!). 
That "tune" knob is actually a fine-tune of 
the bandswitch-like "kHz" (course) control. 

cut a V4 -in. x 1/2 -in. deep slot on one 
end of each tube. Then mount the 
tubes to the wood dowel core with the 
slotted ends outward and parallel to 
allow the loop antenna wires to be 
wound around the ends as shown in the 
drawing. 

Place plastic tape in the tube slots 
to prevent the wire from being abraded, 
and wind the loop with 38 turns of 
#28 enameled magnet wire, and cover 
the wires with a layer of plastic tape. 
Connect the loop leads to a phono 
jack (J4) mounted on the end of one 
of the plastic tubes. 

To minimize noise pickup, wind an 
electrostatic shield composed of a spi- 
ral winding of hookup wire around the 
antenna loop. Leave about 1 -in. spac- 
ing between the electrostatic shield wire 
turns, and connect one end of the wire 
to the "low" side (shell) of J4. 'the 
other end of the electrostatic shield 
wire should be taped so that it will not 
cause any accidental short circuits. 

A length of good quality phono or 
coax can be used to connect the loop 
antenna to the receiver. Make sure that 
the "low" sides of P4 and J1 are con - 

JI R2 J2 R8 S2 C28 

COAX 50 M 
COAX 

Experimenters should use a short length of 
50 -ohm coaxial cable for vol. control R8 con- 
nections (mini -type RG -174U or RG -58 U). 

nected together (the outside shells of 
the jacks). 

Range and Panel Markings. We used 
rub -on decals for the panel markings 
for our receiver model, but neatly 
drawn pen and ink markings on white 
tape can be used as well. 

The receiver does not require any 
calibration for exploratory operation on 
the VLF band, and you can designate 
the approximate frequency of the S1 

1fHz switch as follows: 20 kHz (C18= 
5500 pF), 25 kHz .(C15=4000 pF), 30 
kHz (C13=3000 pF), 35 kHz (C10= 
1500 pF), 40 kHz (C9=1000 pF), 45 
kHz (C8=500 pF). 

For more accurate calibration with 
the transformers you used for Ll and 
L2, connect an audio oscillator to J1 
through an isolating audio transformer. 

Testing and Operation. The loop 
antenna can be suspended with a length 
of cord from one of, the plastic tubes 
for easy rotation and operation in- 
doors. Or the loop can be placed on a 
wooden chair for temporary operation. 
Note, however, that the loop should be 
away from AC appliances for best per- 
formance. 

Set all controls to the extreme coun- 
ter -clockwise position, and connect the 
receiver to a 12 volt DC power supply 
or battery. Connect the loop antenna 
to J1 with either coax or a length of 
good quality phono cable, and plug in 
a set of high impedance earphones at 
J2. 

Adjust the audio gain (R8), rf gain 
(R2) and fine tune (C7A/B) controls 
to mid -range. Adjust the osc control 
(R5) clockwise until the detector cir- 
cuit (Q1) is oscillating. There will be 
a "click" or "plopping" sound in your 
earphones when the detector stage first 
falls into an oscillating condition. Keep 
adjusting the osc control (R5) near this 
point for best sensitivity when tuning 
for signals. Adjust R8 and R2 for best 
reception of signals. 

Adjust the fine tuning control (C7A/ 
B) for each setting of Si as you listen 
in on the VLF band from 20 kHz to 
50 kHz. Reposition the loop antenna 
as necessary for best reception of sig- 
nals. Practice is required to obtain the 
proper "feel" for operating the receiver 
controls. You can also try different loop 
antenna assemblies with different turns 
of wire for best results in VLF recep- 
tion over different portions of the band. 
You can experiment with the tuning 
range by changing the values of L1 
and L2. 

Remember, this is an experimenter's 
project exploring the little-known, little - 
tuned very low frequencies. It's a good 
first -step project into VLF; why not 
"kick .in" right now! 
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Rhythm & 
Blues Box 
Boogie to the sound of 

this electronic drummer 

by Randall 
Kirschman 

RHYTHM IS THE TIME -PATTERN Of 
sounds that enables us to dis- 
tinguish a march from a mazurka, 

and it is one of music's basic ingredi- 
ents. It could also earn a stack of votes 
from both beginner and veteran musi- 
cian alike as one of the most trouble- 
some. But help can be close at hand 
if you build the rhythm synthesizer 
described here. 

Use our Rhythm and Blues Box 
(R&B Box), while practicing on an in- 
strument, to analyze or demonstrate 
rhythms, or even for learning dances. It 
can also be connected to a percussion 
generator to provide simple accompani- 
ments, or it can serve as a program- 
mable controller for musical synthe- 
sizers. Whatever your particular in- 
volvement with rhythm, you'll find the 
R&B Box a valuable companion. 

A metronome is the traditional aid 
for timing in music, but it falls short 
in the rhythm department because the 
clicks it produces are all identical. In 
music, rhythm comes about when each 
beat does not receive identical empha- 
sis. With the R&B Box you can over- 
come metronomic monotony by giving 
each click in a sequence a different 
emphasis to produce musical rhythms. 

A notable feature of this rhythm 

synthesizer is that it is not limited to 
standard or preset rhythms, but can 
be set up to generate thousands of 
rhythms of all kinds. Furthermore, 
each rhythm is precise to the micro- 
second. 

Let's find out how the Rhythm and 
Blues Box accomplishes its feat by 
taking a tour of the circuit. Even at 
second glance the circuit may seem 
formidable, but it can be understood 
by tackling it a section at a time. Each 
section is a basic building block which 
you may meet in other circuits also- 
the multivibrator, shift register, flip- 
flop, latch, analog switch, and multi- 
plexer. 

Good Vibes! We'll begin our tour 
with IC2, a 555 timer, and its asso- 
ciated components. These form an as- 
table (free -running) multivibrator that 
generates a continuous train of pulses 
to drive the rest of the circuitry. The 
tempo of the rhythm is controlled 
by Tempo control R3. 

The pulses from IC2 (pin 3) go to 
IC3A. IC3A and IC3B, both NOR 
gates, are connected as a monostable 
(one-shot) multivibrator, which puts 
out a pulse each time it is triggered by 
a pulse from IC2. This pulse is then 
fed to NOR gates IC3C and IC3D to 

improve its shape and to generate both 
an inverted (negative -going) pulse 
(from pin 3 of IC3C) and a positive - 
going pulse (from pin 4 of IC3D). As 
we'll see, these pulses serve as clock- 
ing (or simply clock) pulses for the 
flip-flops in the synthesizer. They oc- 
cur at the same rate as the tempo 
pulses from IC2, but are narrower. 

Shift Into High. The next section on 
our itinerary is a shift register. Basical- 
ly, a shift register is a string of flip- 
flops connected in cascade. The output 
of each flip-flop is connected to the in- 
put of the next and all are clocked by 
the same clock pulse. Thus, at each 
clock pulse, the high or low bit held in 
each flip-flop is shifted to the next 
flip-flop (except at the ends). This 
mode of operation of the shift register, 
where the bits play follow -the -leader, 
is called the serial mode. Some shift 
registers, like the one in the Rhythm 
Synthesizer, can also operate in the 
parallel mode. In this mode the inputs 
of the flip-flops are disconnected from 
the outputs so that all the flip-flops can 
be loaded simultaneously from outside 
during a single clock pulse. 

In the R&B Box, IC's 5, 6, and 7, 
each a four -bit shift register, are cas- 
caded to form a 12 -bit shift register. 
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As described later, to start a rhythmic 
pattern the shift register is loaded in 
the parallel mode with a high in stage 
1 and lows in the remaining 11 stages. 
The shift register is then put into the 
serial mode and clocked by the posi- 
tive clock pulses from pin 4 of IC3D, 
which shift the single high from stage 
to stage (left -to -right in the circuit 
diagram) . Thus the otpput of each 
stage goes high in sequence. 'Phis con- 
tinues úntil the high reaches the stage 
selected by the Sequence Length 
switch, S3. S3 then feeds the high to 
the input of a D -type flip-flop (pin 9 
of IC4) . 

A D -type flip-flop has the character- 
istic that the logic level (high or low) 
present at its input before it is clocked 
will be assumed by its output after it 
is clocked. However, note that the 
clock input (pin 11 of IC4) of the 
D flip-flop is fed the inverted clock 
pulse from pin 3 of IC3C. So when 
the shift register is being clocked by 
the rising edge of the positive clock 
pulse, and the high is fed to the D 
flip-flop input, the D flip-flop sees the 
falling edge of the inverted clock pulse 
and just sits there with its output still 
low. A few milliseconds later, at the 
end of the clock pulse, the D flip-flop 
is clocked and then the high is trans- 
ferred to its output (pin 13 of IC4), 
which connects to the load enable in- 
put of the shift register (pin 7 of IC5, 
6, and 7) . This puts the shift register 
into the parallel mode. Nothing hap- 
pens until the next clock pulse, at the 
beginning of which the shift register is 
loaded with a high in stage 1 and lows 
in the other stages, and at the end of 
which the output of the D flip-flop goes 
low, putting the shift register back into 
the serial mode. The situation is now 

the same as it was when we began our 
analysis, and the whole sequence re- 
peats. 

Here we have been assuming that 
S3 is set to a number (2-12), caus- 
ing the shift register to keep reloading 
automatically as described, so that the 
sequence repeats indefinitely. However, 
if Sequence Length is set to off, the 
high in the shift register is shifted 
through all 12 stages and out the end 
without being fed to the D flip-flop, so 
the shift register is not automatically 
re -loaded. Thus the sequence only oc- 
curs once, after. which the R&B Box 
quiets down. To start the action again, 
it must be loaded manually. 

The shift register is loaded manually 
by means of the Reset/Start pushbut- 
ton, switch S2, and the other half of 
IC4. This half of IC4 is also a D -type 
flip-flop but is used here as a set -reset 
flip-flop or bistable latch to eliminate 
the effects of switch bounce from S2. 
Pushing S2 makes pin 6 of IC4 high, 
setting the latch. This in turn sets the 
other flip-flop (via pin 1 to pin 8) in 

Just by properly setting 
the controls, you can 
program our Rhythm 
and Blues Box for any 
kind of beat you wish. 
Any sequence of one 
to twelve beats, with 
any of them empha- 
sized, is readily obtain- 
able. The Tempo con- 
trol sets overall speed. 

The Rhythm and Blues Box can be used as a 

simple metronome for piano practice. Just 
as easily, the rhythm shown on the score can 
be dialed in directly, so you can keep your 
feet on the pedals, your mind on dynamics. 

IC4, which puts a high on the load 
enable input of the shift register (pin 7 
of IC5, 6, and 7), putting it into the 
parallel mode. At the same time, the 
latch makes pin 4 of IC2 low, stopping 
the tempo pulse to keep the synthesizer 
silent. 

Releasing S2 makes pin 4 of IC4 
high, which resets the latch, and IC2 
and IC3 start producing pulses. The 
initial pulse first clocks the shift regis- 
ter, loading it, and then clocks the 
D flip-flop so its output goes low, put- 
ting the shift register into the serial 
mode. After that the high in the shift 
register is clocked from stage to stage 
as described previously. 

Move To Multiplexing. Let's move on 
to the next section of the circuit to see 
why the high is being shifted around. 
The output of each stage of the shift 
register is fed to the control input of 
an analog switch (in IC8, 9, and 10). 
An analog switch is a solid state ver- 
sion of a relay; when the control 
input is high the two signal lines are 
connected together with a low re- 
sistance; .when it is low they are dis- 
connected. An analog switch differs 
from a logic gate in that a logic gate 
deals only in highs and lows, whereas 
an -analog switch passes any voltage 
level (within limits), and passes it in 
either direction. 

At the beginning of a rhythmic se- 
quence, the high in stage 1 of the shift 
register turns on the first analog switch 
(pins 1 and 2 of IC8 are connected), 
while the remaining switches are off. 
At this time the common output line of 
the analog switches (pins 2, 10, 3, and 
9 of each of the chips-IC8, 9, and 10) 
is connected only to the wiper of beat 
control #1 (R11), and assumes the 
voltage level set by R11. At the next 
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IC4-CD4013 dual D -type flip flop 
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PARTS LIST FOR RHYTHM AND BLUES BOX 

(Switchcraft 42AP2 or equiv.) 
LED1-Jumbo red LED, 70 -mA (Radio Shack 

276-041 or equiv.) 
41, Q2-General-purpose NPN germanium 

transistor (2N1304 or equiv.) 
Q3-PNP silicon power transistor in TO -220 

package (TIP30 or equiv.) 

R1 -680 -ohm, 1/4 -watt resistor 
R2 -22,000 -ohm, 1/4 -watt resistor 
R3-1-megohm, linear -taper potentiometer 
R4, R6, R7, R8, R10, R27, R29 -10,0u0 - 

ohm, 1/4 -watt resistor 
R5 -22 -ohm, 1/4 -watt resistor 
R9 -100,000 -ohm PC -mount trimpot 
R11 -R22 -1,000 -ohm miniature linear -taper po 

tentiometer (Mallory MLC13L or equiv.) 

R23 -22 -ohm, 1/2 -watt resistor 
R24 -4,700 -ohm, 1/4 -watt resistor 
R25 -100 -ohm, 1/2 -watt resistor 
R26 -10,000 -ohm, linear -taper potentiometer 
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R28 -47,000 -ohm, 1/4 -watt resistor (see text) 
Sl, S4-SPST miniature toggle switch 
S2-SPDT, break before make, miniature push- 

button switch (Switchcraft 953 or 963 or 
3quiv.) or two NO SPST pushbutton switches 

S3-single pole, 12 -position, non -shorting ro- 

tary switch (Calectro E2-161, modified as 

explained in text, or equiv.) 
SPKR-8-ohm speaker, size to suit (author 

used 4 -in. diam.) 
T1 -12 -VAC, 150 -mA or greater power trans- 

former (Triad F -113X or equiv.) 

Z1-Full-wave bridge rectifier, 50-PIV, 200 -mA 
or greater (Radio Shack 276-1151 or equiv.) 

Misc:-Cabinet, knobs, line cord, IC sockets 
(3 16 -pin, 6 14 -pin), heat sinks, PC board, 
solder, wire, hardware, etc. 

Note-IC1, TH7 LM340T-10 IS AVAILABLE FOR 

$1.25 FROM DIGI-KEY, P.O. BOX 677, THIEF 
RIVER FALLS, MN 56801. 

IC8 Rigirrill IC9 1313111:41 7 
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Blues Box 
clock pulse, the high shifts to stage 2 
of the shift register, which turns on the 
second analog switch, while all others 
are off. The output line is now con- 
nected to the wiper of beat control #2 
(R12), and so on down the line. As the 
shift register goes through its sequence, 
a series of voltage levels that corre- 
spond- to the settings of the beat con- 
trols appears on the common line. 

This type of circuit, where a com- 
mon line is connected to a series of 
inputs (or outputs) one at a time in 
sequence is called a multiplexer. 

On To The Output. The last stop on 
our tour is the output section, where 
the voltage levels from the multiplexer 
are converted into loudness levels of 
audible clicks and into brightnss levels 
of LED flashes. The voltage levels are 
gated through two more analog switch- 
es (in IC11), one for the clicks, one 
for the flashes. We'll see how the clicks 
are produced first. 

The sequence of voltage levels is 
fed into a signal input of one of the 
switches (pin 8 of IC11). This switch 
is turned on briefly during each volt- 
age level by the clock pulses from pin 
4 of IC3D. Coming out of the switch 
(pin 9 of IC11) is a sequence of short 
pulses 'whose amplitudes are the same 
as the voltage levels from the multi- 
plexer, which in turn correspond to the 

C7 IC7 IC9 IC8 IO2 

R28 IC101 I06 IC5 R4 I04 R7 R6 

R23 03 Q2 R24 C6 R27 ICII C5 RIO R9 C4 IC3 RI R2 R5 C5 CI ICI 

The neat, clean, professional look of the R&B Box is not hard to come by if you follow 
our printed circuit template. If you fabricate your own PC board, be sure to make sure 
that all the leads from the IC pins are properly insulated from each other on the board. 

settings of the beat controls. An am- 
plifier consisting of Q2, Q3, and associ- 
ated components, gives the pulses suf- 
ficient current to drive the speaker, 
producing a click. The loudness of each 
click corresponds to its beat control 
setting, thereby creating emphasis. 

A similar arrangement is used to 
drive the LED, with another analog 
switch (pins 10, 11, and 12 of IC11) 
and Ql. In this case the analog switch 
is turned on by pulses directly from 
IC2 (pin 3), which afe longer than the 
clock pulses from IC3. If the shorter 
clock pulses were used, the LED flash- 

es would he too brief and dim, 
Pins from the two unused switches 

in IC11 (pins 1 to 5 and 13) are tied 
(as indicated in the schematic) 
to convenient points to keep them 
from picking up stray signals. 

Power for all the above is provided 
by a regulated power supply of con- 
ientional design, consisting of T1, 
RECTI, Cl, and ICI. R5 -C3, C5, and 
R23 -C8 isolate the power lines to IC2 
and to the output section from the rest 
of the circuit to prevent undesirable 
interactions. 

Getting It Together. Although it in - 

0 

0 

Here's the template for the printed circuit board, shown foil side up. Follow this exactly 
for a perfect finighed product. The dots in the IC pin sections denote pin number 1 

orientation to insure that the ICs don't become reversed during the installation process. 
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TO SECONDARY OF TI TO J3 TO J4 B SPEAKER 
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TO R3 
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OF R26 
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volves a fair amount of wiring, there is 
nothing particularly difficult about as- 
sembling the Rhythm & Blues Box. 
Follow the directions given here and 
the diagrams and photos and you 
shouldn't have any trouble. If this is 
one of your first projects, enlist the help 
of someone experienced in electronic 
construction. 

When assembling the rhythm syn- 

thesizer, keep in mind that CMOS IC's 
(IC3 through ICll) can be damaged 
by static electricity or other excessive 
voltages, so handle them appropriately. 
Leave them in their packages until the 
final steps of construction. 

Although the R&B Box could be 
hand wired, a printed circuit (PC) 
board will make the job easier and les- 
sen the chance of wiring errors. The 

o 

o o 
FRONT 

TO S4 TO ANODE OF 
LED I 

The upper diagram indicates the placement 
of wires for the components which are not 
mounted on the PC board, such as the front 
panel controls. The diagram below shows 
the placement of components on the PC 
board. This view of the board is from the 
top, or unetched surface as you would see it. 

21 o 
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11111es Box 
finished product neater. An actual -size 
PC etching guide is provided. Most of 
the components of the synthesizer 
mount on the PC board, as shown in 
the parts placement diagram. Note that 
ten jumper wires are required (identi- 
fied by J) . These are all inserted from 
the component side of the board and 
may be bare wire. Use sockets for the 
nine CMOS IC's; using a socket for 
IC2 is optional. Heat sinks are recom- 
mended for IC1 and 03, either com- 

merciai or homemade. 
The optimum value for R28 de- 

pends on the transistors used for Q2 
and Q3. Therefore, at this time, tem- 
porarily install a 100,000 -ohm poten- 
tiometer wired in series with a 10,000 - 
ohm fixed resistor, in its place. Set the 
potentiometer at midrange for starters. 
This will allow for tailoring the pulse 
to the speaker. 

After assembling the PC board, 
check carefully for solder bridges, bad 
connections, etc. The PC board may be 
mounted to the chassis or cabinet by 
means of six sets of screws and spacers 
at the location indicated near its edges. 

Arrangement of the components off 
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To use your R&B 
Box as a melody 
generator, con- 
struct one of these 
voltage controlled 
oscillator circuits, 
and connect it to 
jack 12 and to an 
audio amplifier. 

POT SETTINGS 

0000000 00000 
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SEQUENCE LENGTH =3 

000000000000 
I 12 

SEQUENCE LENGTH=4 

000000000000 
SEQUENCE LENGTH =9 

12 

000000000000 
I 12 

SEQUENCE LENGTH =6 

000000000000 
I 12 

SEQUENCE LENGTH =7 
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SEQUENCE LENGTH .12 

FULL ON O FULL OFF `O 

Here are some examples of time signatures and their corresponding setups on the 
control panel. Remember that not only is tempo controlled, but also emphasis. There 
aren't many musical notations that the Rhythm and Blues Box can't handle. 

the PC board is not critical. The au- 
thor's arrangement is shown in the 
photos. Some of the connections from 
the PC board to these components are 
indicated by circles on the schematic 
diagram. Letters within these circles 
also appear on the etching guide. 

If you use the switch specified in 
the parts list for S3, you will need to 
make a simple modification to it. The 
specified switch has a rotation stop 
which allows only eleven positions to 
be indexed. Bend the stop out of the 
way to allow all twelve positions to be 
indexed. Note that in the newly -created 
position the switch rotor does not con- 
tact any of the stationary treminals; this 
position is used as the off position. 
When wiring S3 and the beat controls, 
take care to connect the wires in the 
correct order. Please note that switch 
S3 is wired only to stages 2 through 12 
of the shift register. The chassis, panel, 
and cabinet were custom made for the 
author's unit, but standard commercial 
items could be used. The author's cab- 
inet measures 4 -in. high by 101ß -in. 
wide by 5 -in. deep. 

Tuning Up. After you have com- 
pleted the'wiring and assembly, but be- 
fore you insert the CMOS IC's, check 
out the power supply. Plug the unit in, 
switch it on, and measure the voltage 
between the point labeled P and either 
one of the points labeled G on the PC 
board. It should be 10 volts (plus or 
minus 0.1 volt) with P positive. If not, 
check the power supply (Si, T1, 
Z1, Cl, and IC1) for wiring errors or 
faulty parts. When the power supply 
checks out, unplug the R&B Box ana 
insert the IC's, observing their orienta- 
tions. 

To continue the checkout, set the 
beat controls (R11 -R22) fully clock- 
wise; Tempo (R3) about 3/4 of the 
way clockwise; Sequence Length (S3) 
to 12; Volume full on, and Light to on. 
Turn the power on, and push and re-. 
lease Reset/Start (S2). Immediately 
after it is released, a continuous series 
of clicks should be heard. The synthe- 
sizer may start without pushing S2. The 
clicks should all be equally loud, oc- 
curring at evenly -spaced intervals, and 
the LED should flash for each click 
that you hear. 

Sour Notes? If your R&B Box doesn't 
behave as it should, first recheck the 
PC board and all the wiring. Make 
sure that the ICs aie correctly in- 
stalled and oriented 'properly. Next, 
determine that the clock (IC2 and 
IC3) is working. Check for a series of 
10 -volt pulses at the External Amplifier 
jack, which indicates that the shift 
register (IC5, 6, and 7) and analog 
switches (IC8, 9, and 10) are work - 
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R22 
ing. If either the sound or light oper- 
ates, but not the other, check the ap- 
propriate output circuitry. If one of the 
clicks is weak or absent, look for a 
problem in the corresponding stage. 
The troublesome stage can be identi- 
fied by varying each numbered pot in 
turn. 

Assuming everything is OK, the next 
step is to determine the optimum value 
for R28. Verify that all controls are 
set as specified earlier; be sure that 
Volume is at maximum. If you can get 
an oscilloscope, connect it across the 
speaker terminals to observe the pulses; 
if not, make the adjustment by ear. 
First, set the potentiometer (temporary 
R28) to maximum resistance. Turn the 
synthesizer on, and start it pulsing. 
Now, slowly decrease the resistance, 
which should cause the amplitude of 
the pulses to increase up to a point of 
saturation, that is when the amplitude 
no longer increases with decreased re- 
sistance on the potentiometer. Back the 
potentiometer off a bit from this point, 
unplug the unit, remove IC11, and 
measure the resistance of the poten- 
tiometer and fixed resistor, and replace 
them with a fixed resistor of the same 
value, or the closest standard value 
which you can get. 

Reinsert IC11, start the R&B Box 
again, and continue the checkout 
by turning all the beat controls, 
except number one, down to about 
I/3. This should result in one loud 
click (corresponding to beat con- 
trol number one), followed by eleven 
softer ones (corresponding to num- 
bers 2 through 12). The inten- 
sity of the LED's corresponding 
flashes should follow the same pattern. 
Holding the Reset/Start button in 
should stop the clicks. Releasing it 
should immediately start the sequence 
of clicks again, beginning with #1, the 
loudest. Now set Sequence Length to 
11; a repeating sequence of one loud 
click followed by ten softer ones should 
be heard. Similarly check Sequence 
Length settings of 10, 9, 8, etc. When 
changing the Sequence Length setting 
the pulse may be "lost" from the shift 
register with the result that the clicks 
are no longer produced. This is normal, 
and if it happens, simply push and re- 
lease Reset/Start to restore operation. 
With Sequence Length at off, a se- 
quence of twelve clicks should be pro- 
duced (the first one should be loudest) 
each time Reset/Start is pushed and 
released. 

Check that the loudness of each of 
the twelve clicks in the sequence can be 
varied from zero to maximum 

Finally, adjust trimmer potentiometer 
R9 to give the desired sound quality to 

R26 S3 R3 S2 

With the cover removed, the placement of all components can be observed. When wiring 
the beat control potentiometers, it's a good idea to tag the wires from the PC board 
for easy identification. Install only every other control at first for working room. 

the clicks. 
Performance. After going through 

the circuit description and checkout, 
you should have a general idea of what 
the synthesizer does. To use it, decide 
how many beats you need for your 
rhythm. This will be the Sequence 
Length setting. Turn the appropriate 
number of beat controls up to empha- 
size a beat, down to de-emphasize it, or 
off to delete it. As you have have seen, 
the R&B Box can operate in two modes: 
Single -shot, or continuous. 

For single -shot operation, set Se- 
quence Length. (S3) to off. In this 
mode, a single sequence of 12 clicks is 
produced each time the Reset/Start 

switch (S2) is pushed and 'released. 
The sequence always begins from the 
left with beat control number one. If 
fewer than 12 beats are required, turn 
the unused beat controls completely 
off to silence unwanted clicks. 

For the continuous mode, set the 
Sequence Length to the number of 
beats required for your rhythm. The 
beat control with that number will be 
the last click in the sequence. The se- 
quence will repeat itself indefinitely in 
this mode. Since you have preselected 
the number of beats already, the set- 
tings of the unused beat controls are 
irrelevant. 

TEMPO PULSES 
PIN 3 OFIC2 

POSITIVE 
CLOCK PIN 4 OF IC3D 
PULSES 

E 

PIN 3 OF IC3C 

SHIFT 
REGISTER 
OUTPUTS 

STAGE I ¡ 

PIN 1 OF IC5 

STAGE 2 
PIN 15 OF IC5 

STAGE 3 
PIN 14 OF IC5 

OUTPUT OF D FLIP-FLOP 
PIN 13 OF 1C4, ALSO 

LOAD ENABLE INPUT OF SR 
PIN 7 OF IC5, 6,7 

COMMON LINE FROM ANLG SWSJ 
PIN 2,10,3,9 OFIC8,9,10 

PULSES TO SPEAKER J. 

PULSES TO LED J 
he--- ONE COMPLETE 

SEQUENCE 

- +10V 

o 

o 

Need an adjustable waveform generator? The Rhythm and Blues Box can handle -that too. 
Simply tap in at the appropriate point, hook up your scope, and you're ready to go. 
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Ask Hank, He Knows 
(Continued from page 7) 

power to the fan and at a hot point in the 
attic. Attic temperatures above 105°F turn 
the fan on until the temperature goes be- 
low 105°. Then the fan is turned off to 
save power. Nutone also makes a cutoff 
device in the event there is a fire. The 
device prevents forced air draft should the 
temperature exceed 190°F or thereabout: 
Both devices should be installed. Get all 
the details from your local Nutone dealer, 
electrical supplier, or write to Nutone at 
Madison and Red Bank Roads, Cincinnati, 
OH 45227 and ask for their attic fan 
catalog. 

Too Old 
What devices can be made of old TV 

sets? For example, can the amplifiers be 

used for a hi-fi set or a P.A. system? 
There's gotta be uses for those component 
circuits. 

-A. W., Danville, CA 

The trouble with old TV sets is the parts 
have been "baked" too long. I classify 
parts from old TV sets as junk. I'd throw 
the old TV out and find a different source 
for parts and circuits. 

Regens a Tickler 
I have a shortwave receiver that I built 

from a kit. It is a Radio Shack Globe 
Patrol. So far 1 have not been able to get 
any DX stations. I have a 70 -ft. antenna 
that is about 35 -ft. high. Any circuit that 
might help, would be appreciated. 

-C. G., Hannibal, MO 

That regenerative rig should pull in the 
SW biggies from around the world with 
the antenna you have. Either you are not 
using your regen set correctly, or you 
have a problem. Go back to the manual 
and read carefully. 

You'll Laugh Yourself to Death 
I get an electric "tickle" from the metal 

cabinet of my receiver? Is this safe? 
-l. F., Cleveland, TN 

I'd say "No," to that. But check it your- 
self to be absoultely sure. Use an AC volt - 

Junk Box Special 
(Continued from page 80) 

If you wired R2 correctly it should be 
full counterclockwise. Then set S1 to 
on. The meter should rise instantly to 
5 volts DC. As R2 is adjusted clockwise 
the output voltage should increase to 
15 VDC or slightly higher. If R2 can 
adjust the output voltage only over the 
range of approximately 12 to 15 VDC, 
or 12 to 15+ VDC, IC1 is defective, 
or has been damaged. 

meter having 5000-ohms/volt or more sen- 
sitivity in the following manner: Connect 
a 1500 -ohm, 10 -watt resistor paralleled by 
a .15 µF disc capacitor between a known 
good earth ground (water pipe, conduit, 
etc.) and the exposed metal parts on the 
receiver, one at a time. Do this with the 
receiver plugged into an AC outlet and the 
receiver turned on. Measure the AC volt- 
age across the combination 1500 -ohm re- 
sistor and .15-µF capacitor. Reverse the 
AC plug and repeat the voltage measure- 
ments for each exposed metalic part. For 
receivers manufactured after January 1, 
1973, the voltage must not exceed 0.75 
VRMS. This corresponds to 0.5 mA AC 
"tickle" charge and is not excessive or 
dangerous. If your receiver exceeds this 
value, look for the fault or short. Sets built 
prior to 1973 may test high as 7.5 VRMS. 
Legally, this is okay, but by "current" 
standards it is unsafe. 

Two Can Listen 
Hank, I own my own telephone and 1 

would like to add an additional earpiece to 
it like they have in Europe. This way two 
of us can listen and only one can talk. 
How do I do it? 

-l. N., Oklahoma City, OK 

Easy, just parallel a second earpiece 
across the line after the disconnect switch. 
One way to do this is to use a handset 
with the mic removed. Parallel the ear- 
piece to the other handset cable at the 
point of entry into the telephone base. The 
results are great, especially on long dis- 
tance calls and in noisy rooms. 

Not Too Much? 
What is the difference between a tele- 

vision antenna and a radio or a CB 
antenna? 

-D. B., Ft. Worth, TX 

Basically, antennas are all alike except 
for the frequency for which they are de- 
signed. For example, at 400 meters, the 
middle of the AM band, a quarterwave 
antenna would be about 390 feet long. A 
tower that tall is impractical, so AM is 
horizontally polarized, parallel to the 
ground. AM stations pump out lots of 
power, therefore the receiving antenna 
need not be efficient for good reception. 
Thus, shorter lengths of wire are okay, 
and ferrite core antennas can be used. 
CB antennas all are slightly longer than 
100 inches for quarterwave operation and 
it's easy to mount them vertically for 
safety. In CB reecption and transmission, 
the power levels are very low so that the 
antenna must be tuned exactly to the 
narrow band for maximum efficiency. A 
hank of wire will not get your signal out. 
TV antennas are horizontally polarized, 
but face a different problem. At TV's high 
frequencies. signals bounce off buildings. 
hills, etc. Therefore, a simple antenna will 
receive all signals, prime signal and re- 
flected ghosts. Thus, engineers added many 
elements to the TV antenna to make it 
highly directional for best reception. What 

I have said is only scratching the surface. 
As you study antennas, you'll find that 
each specialized receiver requires a spe- 
cially designed antenna. 

Solid Ground 
What is the .most important part of an 

SWL antenna system? 
-W.M., Billings, MT 

The ground system, and I'm talking 
about the ground stake for good ground- 
ing and lightning protection. Too many of 
us are eager to climb poles, roofs, trees, 
whatever, to string wire, never giving a 
thought to a good ground that makes it all 
work, and safely. 

Lend a Hand 
If you need some help that possibly one 

of our readers could supply, why not write 
to me, Hank Scott, and I'd happily let our 
readers know about it. Never can tell, 
someone out there may be of service. 

Here's this issue's list of "Help Wanted." 
A National Radio Receiver, Model NC -88 
(4 -band -.55 to 40 MHz); need owner's 
manual, schematic diagram or any infor- 
mation available; Keith Kessell, 530 Hayes 
Ave., Hamilton, OH 45015. 
A Hallicrafters Receiver, Model S-52; ur- 
gently needs schematic diagram and/or 
owner's manual; Neil Trudel, 35 Ontario 
Ave., Ontario, Canada P6B-1E2. 

A Globe Champion Transmitter, Model 
300; wants to purchase companion receiver 
and SSB units made by World Radio Labs; 
Joe Merkler, Rt. 5, Box 152, Sikeston, MO 
63801. 
A Wurlitzer Amplifier, Model 518, sche- 
matic diagram needed; Russell Campbell, 
P.O. Box 141, Thessalon, Ontario, Canada 
POR -ILO. 
A Truetone Model 13-705 radio needs help 
to get it working; Jan Powers, 1726 
Brookdale Ave., Cookeville, TN 38501. 
A Fairchild Channel "F" Video Game, 
urgently needs schematic diagram; Eric 
Enock, 220 Pelham Rd., Apt. 1M, New 
Rochelle, NY 10805. 
A Eico Oscilloscope, Model 425 and RCA 
Senior Voltohmyst; needs schematic dia- 
grams and/or operator's manuals; Ken 
Hillis, BTC K18, Eielson, AK 99702. 
A Johnson -Viking VFO, Model 122; need 
assistance in repairing unit-please write; 
Daniel Plett, 102 11th St., Winona Lake, 
IN 46590. 
A Phenomological Systems, Inc., Model 
360 Biofeedback Headset; headset in need 
of repair-can anyone help with informa- 
tion or assistance?; Ron Smyrl, M.D., 75 
Manhattan Drive, Suite 2, Boulder, CO 
80303. 
A Webcor Tape Recorder, Model 2110; 
needs 65P103 oscillator coil or substitute; 
Marly Jackson, 20 Calfax Ave., Midvale, 
NJ 07465. 
A Sharp Portable TV, Model TRP-801; 
schematic diagram and service manual; 
Murray Yonkofsky, 2364 Batchelder St., 
Brooklyn, NY 11229. 

110 ELECTRONICS HOBBYIST/Fall-Winter 1979 



Disco King 
(Continued from page 21) 

R2 varies the Tempo from extremely 
slow to very rapid and that LED 1 

lights each time the base drum is 

heard. Depress and hold S1 and note 
that the sounds stop. Release S1 and 
note that the sounds restart with the 
base drum. If you plan to use the man- 
ual base drum triggering facility, you 
may construct a simple footswitch. 
Connect the footswitch to J1 (Base 
Drum Trigger) and note that the base 
drum sound is heard each time the 
footswitch is pressed. 

Drum Up a Storm. Once adjustment 
and checkout have been completed as 
indicated above, operation of the unit 
should be clear. The most common 
Disco percussion pattern is obtained 
with the jumper connecting SO -1 pins 
that R16 can adjust the cymbal volume 
from full off to maximum. Note that 
4 and 5 (note that SO -1 pins 1 

through 4 are wired together). The 
other three pattern variations are ob- 
tained by connecting pins 1 & 8, 2 & 7 
or 3 & 6. Removing the jumper dis- 
ables the cymbal generator. To use the 
unit as an electronic base drum you 
can either set R16 to minimum or re- 
move the jumper from SO -1. Always 
turn the unit off when not in use to 
prolong battery life. 

You may wish to substitute a push 
on -push off switch for the momentary 
switch S 1. This will allow sustained off 

Many of our Disco King's parts 
mount off the PC board. Follow 
this connection diagram and you 
won't find yourself all confused. 

BI 

RED 

B2 

J 

] 

BL 

SI 

r 

v 
so -I 

R16 

S2 

LED I 

e 
v'JI 

V+ 

\./ J2 

MAX 

periods without having to keep Si de- 
pressed. You may also wish to sub- 
stitute a rotary switch for the socket 
and jumper method of pattern select- 
ing. A wiring diagram for this substi- 

tution is shown. 
You'll find that Disco King is quite 

a conversation piece. All your friends 
will ask how you fit Ringo Starr into ' 

such a small box! 

Solar Swinger 
(Continued from page 31) 

work cloth under the wooden base to 
protect the soft wood from scratches 
and dents. 

Cut a 11/2" hole about 1/4" deep for 
the tube base. The 1/4" indentation will 
take a large pasteboard washer to bolt 
the tube socket into position. Finish 
drilling out the 1 -inch hole for the tube 
prongs to fit comfortably inside. De- 
pending upon the size of the tuning 
capacitor, lay it upon the bottom area 
and drill a large hole to enclose the 
whole body. Do not drill clear through 
the board but leave about 1/4" at the 
top side for the mounting area of the 
tuning capacitor. 

The tuning capacitor and the head- 
phones are the only components mount- 
ed outside of the tube envelope. A 
small 1/4" hole is drilled in the center 
and at the rear of the base towards the 
tube socket. The headphone and an- 
tenna wire will feed through this area 

to the tube socket pins. Cut a groove 
into the wood area between the capac- 
itor and tube socket hole. The capac- 
itor's two small connecting wires will 
lay flat in this groove. 

If needed, sand down the top of 
the wooden base area with fine sand- 
paper. Stain, varnish or spray paint the 
top side. Choose a light color spray 
paint, such as white or yellow, to give 
the base and component parts a con- 
trasting appearance. Spray on at least 
three coats of paint and let it dry be- 
tween each coat to produce a slick, 
enamel appearance. Let the wood base 
dry overnight before mounting any 
parts. 

Final Touchup. After the base ap- 
pears dry mount the variable capacitor 
and connect two pieces of hookup wire 
from it to tie into the tube socket. 
Next, mount the small tube socket. 
Temporarily, place a piece of masking 
tape over the socket and wooden base 
plate. Lay the base upside down (over 
a shoebox) to wire up the remaining 
components. Feed the earphone cable 

through the rear hole and connect to 
terminals 4 and 6 of the tube socket. 
Feed a short piece of hookup wire 
through the same hole to serve as an 
external antenna connection. Solder 
this wire to terminal 2. Now solder the 
capacitor's two wires to terminals 2 
and 1. Once again, check over the en- 
tire wiring procedure. Solar Swinger 
should be ready to roll (and rock). 

Connect the antenna wire to the out- 
side antenna-or you can try to pick up 
local stations with a 12 -ft. piece of wire 
laying around the baseboard of a wall. 
You should be able to pick up local 
stations at each end of the broadcast 
band. If a ferrite, adjustable antenna 
coil is used, adjust the core until the 
stations are loudest at each end of the 
band. Turn Solar Swinger's solar cell 
toward the sunlight or operate under a 
table lamp. 

After all adjustments are made, 
spread silicone cement over the tuning 
capacitor wires. Cut out a large paste- 
board or plastic washer and place it 

(Continued on page 112) 
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New Shell Game 
(Continued from page 74) 

the output of IC4f goes high. IC3d, 
however, will not go low and turn off 
the clock until both it's inputs are high. 
When the output selected by S2 goes 
high, IC3d goes low and stops the 
clock. C4 discharges through R4 into 
the near ground potential of the IC3d 
output with a time constant set by the 
value of R4. When the voltage across 
C4 decays to 4.5V, IC4d goes low, 
which turns off Q1 and removes power 
from the LEDs. 

Switch SI reverses the stage 2 and 3 
connections to provide either a straight 
(1-2-3-2) or zig -zag (1-3-2-3) lighting 
sequence. Depressing S4 forward - 
biases Q1, allowing display of the static 
contents of the shift register. 

With values as specified, the interval 
time can be as long as 3 seconds, the 
last LED on -time of up to 0.3 seconds, 

Solar Swinger 
(Continued from page 111) 

over the tube pins. Use the 3/4 -inch ma- 
chine screw and bolt the tube socket 
into position. To keep the earphone 
wires from pulling out, apply silicone 
cement in the small hole. Place four 
rubber grommets or metal spacers on 
each corner for feet, and cement in 
place. Let the radio lay upside down 
until the silicone cement sets up. 

The glass envelope should be 
mounted last and glued to the tube 
base with black silicone cement. Place 
a thin layer of rubber cement around 
the top, just inside the tube base. Hold 
the envelope in a straight upright posi- 
tion and set it down in the fresh ce- 
ment. Now apply rubber silicone me - 
ment. Now apply rubber silicone ce- 
ment to the outside of the glass and 
base area. Wipe off all, surplus with a 
paper towel and make a neat joint with 
your fingers. Let the envelope and the 
base dry overnight. 

Many of our Solar Swinger's parts 
may be found in the junk box. In fact, 
low priced transistors are used in the 
directly coupled audio circuit. If you 
are starting out cold and purchasing all 
new parts, you may pick up a 2 transis- 
tor AM radio kit from Radio -Shack 
(#28-214) for $6.95. Most all the 
parts needed for the Solar Swinger can 
be robbed from this kit. 

Solar Swinger-a great conversation 
piece and a sunny savings over the 
high cost of batteries! 

and the clock speed can be varied from 
1 Hz to about 40 Hz. Power, which is 
applied through switch S5, is supplied 
by a single 9 volt battery. 

Construction. While any standard 
means of construction, such as perf- 
board or wire wrap, may be used, a 
PC board is recommended. Solder all 
components onto the PC board, using 
as little heat as is required to make a 
good solder joint. Observe the indicated 
polarity for all diodes, C3, and the 
ICs. Be careful when handling the 
CMOS ICs to prevent static damage. 
IC sockets may be used if desired. You 
can use the excess component leads to 
form the fourteen jumpers identified 
by "J" in the component layout dia- 
gram. After the PC board has been 
completed, interconnect the controls 
and switches to it as indicated. Any 
standard case may be used to house 
the project. The only restrictions are 
that the LEDs should be visible to both 
player and operator, display switch S4 
acessible to the player, and all re- 
maining controls visible only, to the 
operator. 

Use. A general description of the 
operation procedure is as follows: 

1. Set select switch S2 to position 1, 
2 or 3. 

2. Set S1 to zig -zag or straight. 
3. Adjust speed control R2, odds 

control R4, and interval control R5 as 
desired. 

4. Press start switch S3. As soon as 
S3 is depressed, the LEDs will se- 
quence, starting with LED1, in the 
pattern and at the speed selected. The 
sequence will continue for the interval 
chosen, whereupon the LED selected 
will remain on for the time chosen by 
the setting of the odds control. 

Initially, the operator should set a 
slow speed, medium interval and high 
odds. As the player becomes more con- 
fident, the control settings should be 
changed in an effort to fool the player. 
The controls can be set so that the last 
LED to illuminate does not appear to 
come on at all. With the odds control 
set to minimum, the speed and interval 
controls can be set so that on -time 
of the last LED will be so short that 
(in a normally lighted room) it will not 
be seen. The proper settings will cause 
the interval to end during the low por- 
tion of the clock signal. Since this can 
not be determined without monitoring 
the internal signals, the operator must 
develop a "feel" for the controls to 
obtain the desired effect. This effect 
should be used sparingly lest the player 
catch on. Although the game should 
not be used for gambling, non -monetary 
betting (with poker chips or the like) 
makes the game more entertaining. 

Cyclops 
(Continued from page 95) 

so that the cathode side is connected 
to the base of Q I. Do not proceed 
further until the voltage at pin 13 of 
ICI is within the range of +3.5 to 
4.5 volts. 

Measure the voltage at pins 2, 5, 6, 
7, 8, 9, 10, and 12 of IC1. This voltage 
should be zero. Measure the voltage at 
pin 8 of IC2 and IC3. This voltage 
should be about +12 volts. Measure 
the voltage at pin 1 of IC2 and IC3. 
This voltage should be zero. 

Disconnect the power from the cir- 
cuit. Very carefully insert the integrat- 
ed circuits in their sockets, paying 
strict attention to the proper orienta- 
tion for pin 1 as shown in the com- 
ponent layout. Pin 1 of the Optolinear 
IC is indicated by a red dot or "U" - 
shaped indentation molded into the top 
of the plastic case at one end. 

Be sure the speaker is properly con- 
nected to the circuit between the +12 
volt bus and the collector of Q5. Set 
Si to the ON or closed position. Ad- 
just the volume control about halfway 
and , apply 12 -volts of power to the 
circuit, observing correct polarity. You 
should hear the whooping sound gen- 
erated by the circuit, and the LED 
should light. The LED should remain 
lit for about 30 seconds, and when it 
goes out, the sound should continue for 
a few seconds more. Once the sound 
stops, you can wave your hand over 
IC1 and cause the sound to start again. 
This time the circuit will reset itself 
after a few seconds, since IC2 is being 
inhibited by the timed cycle of IC3. 
After another 30 seconds has passed, 
the cycle can be repeated. 

To generate the "Çlose Encounters" 
music sound, throw SI to the OFF or 
open position. When you apply power 
to the circuit, Cyclops will generate the 
whooping sound for 30 seconds, and 
then will switch to the "Close Encount- 
ers" music for another 30 seconds as 
IC2 and IC3 switch on and off. This 
sequence will repeat indefinitely. If you 
wish to generate only the "Close En- 
counters" sound, remove IC2. 

Applications. Cyclops can be used in 
many applications depending upon the 
connections between terminals A, B, 
C, and D of the circuit and whether 
or not the timing circuitry of IC2 and 
IC3 is included in the assembly. 

For a short timing interval, such as 
would be needed for an automatic 
doorbell or light operated rifle range, 
the circuit shown on the right of the 

(Continued on page 114) 
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LEDIT 
(Continued from page 82) 

better to be safe than sorry. 
In thousands of parts tested I've 

never had a false indication except in 
the case of a few rare dv/dt turn-ons. 

When "this happens, here's what to do: 
Just interrupt the power with S2 sev- 
eral times and see if the indicator D3 
lights every time, or just part of the 
time. Part-time turn -on indicates a def- 
inite dv/dt situation. Full-time turn -on 
usually indicates a short. That's all 
there is to it! 

TERMINAL POST 

Anode Cath. Gate 

a c g 

a c g 

a c g 

a c g 

a c g 

a c g 

g c a 

g c a 

c a g 

c a g 

a g c 

a g c 

c g a 

c g a 

g a c 

g a c 

a c 

a c 

c a 

c a 

BUTTON 

PRESSED 

None On Off 

x 

X 

X 

X 

x 

X 

X 

x 

X 

X 

X 

X 

X 

LED ON 

Red Clear None 

x 

X 

X 

X X 

MISCONNECTIONS 

X 

X 

X 

X 

X 

DIODES 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

INDICATES 

a -c not 
shorted 
g -c short or 
a -c open 
a -c short or 
possible 
dt/dv 
g -c open 

normal 
turn -on 
normal 
turn-off 

Clear LED 
may be on 
weak 
Clear LED 
goes out 

normal 
open 
shorted 
normal 

Lettering 
(Continued from page 55) 

r 

with a brush -on spray coating. It's best 
to use products made for this specific 
purpose, which should be available 
from the same sources as the rub -on 
lettering. Ordinary lacquers, clear fin- 
gernail polish, etc., are likely to dam- 
age the lettering. Always make a test 
beforehand or you may end up with 
an ugly mess. 

Here are some additional sugges- 
tions: 

1) Read the instructions (if any) 
that accompany the lettering set. 

2) If this is your first experience 
with rub -on lettering, practice on 
scrap material first to get the feel 
of it. 

3) When applying the lettering, 
keep a backing sheet beneath the 
part of the carrier sheet that you 
are, not using. This prevents un- 
wanted letters from transferring 
and keeps the lettering clean. 

Octavizer 
(Continued from page 44) 

force, you can play in different octaves. 
When viewed on an oscilloscope, the 

output signal changes shape as shown 
in the diagram when the blend control 
is rotated. As you can see, at midset- 
ting of the blend control, a step ap- 
proximation to a ramp wave is gener- 
ated. This signal can be fitted to pro- 
duce a realistic reed -type sound. 

A standard foot switch can be used 
for the cancel control. If not available, 
one can be made using a push on -push 
off SPST switch and a length of audio 
cord. 

As you familiarize yourself with this 
new tool, you will find it an interesting 
and useful special effects device. 

HELP US FIGHT FOR YOUR LIFE 

Don't Smoke 
The American Head Association ij 

WE'RE FIGHTING FOR YOUR LIFE 
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Cyclops 
(Continued from page 112) 

dotted line of the schematic can be de- 
leted. Si should be set to the ON or 
closed position and terminals. A and 

B of the printed circuit board should 
be connected together. For these ap- 
plications, as well as using Cyclops for 
a musical automobile horn, you may 
want to slow the whooping rate for a 
more pleasant sound. This can be easi- 
ly accomplished by changing the value 
of C4 to 10 microfarads or more. 

Pulstar 
(Continued from page 28) 

counter is used to monitor the output to 
determine operating frequency and 
pulsewidth, if accuracy is required. 

The output frequency and pulsewidth 
will vary with applied supply voltage, 
mostly on the high range. On that 
range, the maximum operating fre- 
quency at 5 -volts is about 600 kHz. At 
10 -volts and above, it is 1 MHz. This 
is due to inherent limitations of the 
4047 chip. 

The gating feature allows you to 
generate pulse bursts containing a spe- 
cific number of pulses. This may be 
accomplished by letting a preset counter 

count the output pulses and letting the 
"carry" output of the counter trigger 
a one-shot. The output of the one-shot 
would then be used to inhibit the pulse 
generator by pulling GATE IN low for 
a specific period of time, determined 
by the time constant of the one-shot. 
By changing the preset value of the 
counter, pulse bursts containing a vari- 
able number of pulses may be gener- 
ated. Such a set-up may be used to 
check out event counters, staircase gen- 
erators, and envelope detection de- 
modulators. 

The one-shot feature of the pulse 
generator may be used to manually 
single-step counters, toggle flip-flops, 
and trigger one -shots. All in all, it's 
a great piece of test equipment for 
checking out your digitital creations. 

As we men- 
tioned earlier, 
Pulstar's PC 
board is a two- 
sided affair. 
Here is the etch- 
ing guide for the 
foil which ap- 
pears on the 
component side 
of the board. If 
you use a com- 
mercially avail- 
able etching kit, 
make sure that 
you can expose 
the second side 
separately after 
you have etched 
the first side. 
Otherwise, you 
may have to 
etch both sides 
at once-no real 
headache if you 
have a clear 
etching tray and 
can observe the 
progress on both 
sides at once. 

O O 
O O 

pO 
0 0 

O 

O 

i 

The circuit can be used as an intru- 
sion alarm with a long timing interval 
by building the complete circuit as 
shown in the schematic. Set S1 to the 
ON or closed position and short ter- 
minals A and B. 

A combination whooping sound and 
"Close Encounters" music can be pro- 
duced by building the entire circuit and 
setting Si to the OFF or open position. 
Delete the timing circuit for continu- 
ous "Close Encounters" music. 

Spiderweb Receiver 
(Continued from page 98) 

volt battery to the receiver. Set the 
Bandspread Capacitor C2 to minimize 
capacity and the Tuning Capacitor C3 
to maximum capacity. Connect a signal 
generator to JI and then calibrate the 
dial with the generator. Adjust the AF 
Gain R5 and R1 as necessary for a 
good received signal. Make sure that 
the Signal generator output is kept low 
enough to prevent overloading of the 
receiver. Begin with a modulated signal 
generator frequency of 550 kHz and 
mark the receiver dial accordingly. Pro- 
ceed up the dial to 1600 kHz and mark 
the scale at convenient points. Then 
replace the "C" with the "B" plug-in 
coil and calibrate the scale from 1.7 to 
5 MHz with the signal generator. Also, 
calibrate the "A" plug-in coil with a 
generator from 7 to 14 MHz. If a sig- 
nal generator is not available, you can 
calibrate the bands with markings noted 
from received radio stations of known 
frequency. The Bandspread dial is not 
calibrated, but, a set of points can be 
marked over the range of C2 to aid in 
tuning the dial. 

Operation. For best results a good 
antenna and ground are required. Also 
high impedance earphones (2000 ohms 
or more) are needed. If a DC power 
supply is used in place of the 6 -volt 
battery, make sure that the supply does 
not have any hum in the output as this 
will affect the receiver sensitivity. Tune 
C3 for a received station, while at the 
same time adjusting the Regen control 
R1 for a whistle. If the station is AM, 
bàck off R1 until the station is received 
clearly. If the received station is CW, 
adjust R1 for a convenient "beat note." 
Many strong side -band stations can also 
be received by experimentally tuning 
RI and C2 for best reception. Adjust 
the AF Gain control for good earphone 
volume. Adjust Cl for best reception 
for each coil. The position of the "S" 
tap can be experimented with (moving 
up or down on L1) for best regenera- 
tion over the band. Also, try several 
FET's as Q1 for maximum sensitivity 
over the higher SW frequencies. 
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LITERATURE LIBRARY 
389. You can't buy a bargain unless you know 

about it! Fair Radio Sales' latest electronics sur- 
plus catalog is packed with government and com- 
mercial buys. 

388. SWLS need Giller's Shortwave Mail Order Cata- 
log for economy one -stop armchair shopping. From 
top-notch rigs to reporting pads, Gilfer supplies 
all your hobby needs. 

372. Olson continues to amaze hobbyists with their 
jammed packed 48 -page newspaper catalog. It's a 

bargain buyer's bonanza. 

327. Avanti's new brochure compares the quality 
difference between an Avanti Racer 27 base loaded 
mobile antenna and a typical imported base loaded 
antenna. 

362. A new catalog crunched full of military, com- 
mercial and industrial surplus electronics for every 
hobbyist is offered by B&F Industries. 44 pages of 
bargains you've got to see! 

366. Po/y Paks has a special section on solar pow- 
ered products in their latest catalogue. As a special 
bonus, they are offering free of charge either two 
$1.29 items or one $2.49 item with any $20 shipment. 

384. B5K-Precision's latest general line catalog lists 
instruments locally stocked at distributors through- 
out North America. Standard and new products are 
featured. 

310. NCE (Newman Computer Exchange) has just 
issued their Spring/Summer 1979 "Mini -Micro" 
catalog, and it's full of hard -to -find equipment. 
Money -saving offers are listed on such items as all 
Data General and LSI-11 equipment. 

322. A new 20 -page, full -color TRS-80 Microcom- 
puter Catalog has just been issued by Radio Shack. 
The catalog includes complete, current information 
on the TRS-80 Microcomputer, its peripherals and 
accessories with plain -language descriptions. 

386. If you're lookng for books on computers, calcu- 
lators, and games, then get BITS, Inc catalog. It 

includes novel items. 

335. The latest edition of the TAB BOOKS catalog 
describes over 450 books on CB, electronics, broad- 
casting, do-it-yourself, hobby, radio, TV, hi-fi, and 

CB and TV servicing. 

338. "Break Break," a booklet which came into 
existence at the request of hundreds of CBers, con- 
tains real life stories of incidents taking place on 

America's highways and byways. Compiled by the 
Shakespeare Company, it is available on a first 
come, first serve basis. 

345. For CBers from Hy -Gain Electronics Corp. there 
is a 50 -page, 4 -color catalog (base, mobile and 
marine transceivers, antennas, and accessories). 
Colorful literature illustrating two models of moni- 
tor -scanners is also available. 

393. A brand new 60 -page catalog listing Simpson 
Electric Company's complete line of stock analog 
and digital panel meters, meter relays, controllers 
and test instruments has just come out. Other new 
products are listed also. 

385. Amateur Radio buffs and beginners will want 
the latest Ham Radio Communications Bookstore 
catalog. It's packed with items for the Ham. 

373. 48 -page "Electronic Things and Ideas Book" 
from ETCO has the gadgets and goodies not found 
in stores and elsewhere. 

382. Buys by the dozens in Long's Electronics super 
"Ham Radio Buyer's Guide." Good reading if 
you're in the market for a complete station or spare 
fuses. 

383. If you're a radio communicator, either ham, 
SWL, scanner butt or CBer, you'll want a copy of 
Harrison Radio's "Communications Catalog 1979." 
Just what the shack book shelf needs. 

380. If your projects call for transistors and FETS, 
linear and digital ICs, or special solid-state parts, 
then look into Adva Electronics' mini -catalog for 
rock bottom prices. 

301. Get into the swing of microcomputer and 
microprocessor technology with CREI's new Pro- 
gram 680. New 56 page catalog describes all pro- 
grams of electronics advancement. 

302. Giant savings are what Burstein Applebee has 

in store in their latest mail order catalog. Every- 
thing from CB test equipment to name brand audio 
wares are advertised. Telephone accessories and 
pocket calculators too! 

305. A new 4 -page directional beam CB antenna 
brochure is available from Shakespeare. Gives 
complete specs and polarization radiation patterns 
for their new fiberglass directional antennas. 

371. Your computer system needn't cost a fortune. 
Southwest Technical Products offers their 6800 
computer complete at $395 with features that cost 
you extra with many other systems. Peripheral bar- 
gains are included here. 

374. Radatron's Catalog 1006 lists many projects 
from a self-contained portable lab station for an 
electricity -electronics course to many texts, lab 
manuals, and applied activities. 
306. Antenna Specialists has a new 32 -page CB and 
monitor antenna catalog, a new amateur antenna 
catalog, and a complete accessory catalog. 

307. Atlas calls their 210X and 215X the perfect am- 
ateur mobile rigs. Their 6 -page, full -color detailed 
spec sheet tells all. Yours for the asking. 

330. There are nearly 400 electronics kits in Heath's 
new catalog. Virtually every do-it-yourself interest 
is included -TV, radios, stereo and 4 -channel, hi-fi. 
hobby computers, etc. 
392. The opening of the new Software of the Month 
Club has been announced by Creative Discount Soft- 
ware, which is giving out membership enrollment 
applications now. The Club plans to have separate 
branches for users of the Apple II, TRS-80, Ohio 
Scientific, Exity, Pet and CP/M based systems. 

312. E.D.I. (Electronic Distributors, Inc.) carries 
everything from semi -conductors to transformer/ 
relays to video cameras. In prices ranging from 19d 

)o $500, products appear from over 125 electronic 
parts manufacturers. 
313. Get all the facts on Progressive Edu-Klts Home 
Radio Course. Build 20 radios and electronic cir- 
cuits; parts, tools, and in'tructions included. 
390. Whitehouse d Co., your "hard to find parts 
specialist," offers over a dozen parts and kits In 

their latest catalogue, featuring an entire section 
on gunnplexers for Amaeur Radio buffs. 

318. GC Electronics offers an "Electronic Chemical 
Handbook" for engineers and technicians. It is a 

"problem solver" with detailed descriptions, uses 
and applications of 160 chemicals compiled for 
electronic production and packaging. 
320. Edmund Scientific's new catalog contains over 
4500 products that embrace many sciences and 
fields. 
321. Cornell Electronics' "Imperial Thrift Tag Sale" 
Catalog features TV and radio tubes. You can also 
find almost anything in electronics. 

10 I 

328. If you are into audio, ham radio, project build- 
ing, telephones, CB or any electronics hobby you'll 
want McGee's latest catalog of parts and gadgets. 

329. Semiconductor Supermart is a new 1979 cata- 
log listing project builders' parts, popular CB gear, 
and test equipment. It features semiconductors - 
all from Circuit Specialists. 

333. Get the new free catalog from Howard W. 

Sams. It describes 100's of books for hobbyists 
and technicians -books on projects, basic elec- 
tronics and related subjects. 

354. A government FCC License can help you 
qualify for a career in electronics. Send for Infor- 
mation from Cleveland Institute of Electronics. 

355. New for CBers from Anixter-Mark is a colorful 
4 -page brochure detailing their line of base station 
and mobile antennas, including 6 models of the 
famous Mark Heliwhip. 

391. A new software products catalog for the Apple 
II Computer has just been issued by Charles Mann 
& Associates. The booklet contains business ac- 
counting, accounts receivable, inventory, BASIC 
teaching and other special purpose business appli- 
cations. 

359. Electronics Book Club has literature on how to 
get up to 3 electronics books (retailing at $58.70) 
for only 99 cents each ... plus a sample Club News 
package. 

364. If you're a component buyer or specifier, you'll 
want this catalog of surplus bargains: industrial. 
military, and commercial electronic parts, all from 
Allied Action. 

365. Electronic Supermarket has a new catalog of 
almost everything in the field -transformers, semi- 
conductors, TV parts, stereos, speakers, P.C. boards, 
phones, wire and cable, tools, motors. 

375. Compucolor Corp. has a personal computer 
system with an 8 -color integral display, a type- 
writer -like keyboard, and a mass storage device. 
Programs are ideal for checkbook and income tax 
figuring. 

377. We can't enumerate all the products in John 
Meshna, Jr.'s catalog of surplus electronic parts: 
power supplies, computer keyboards, kits for 
alarms, clocks, speakers, and more. 

378. Delta Electronics is a complete parts source 
for electronics experimenters. Discrete parts; mod- 
ules, boards, subassemblies and complete gadgets. 

311. Midland Communications' line of base, mobile 
and hand-held CB equipment, marine transceivers, 
scanning monitors, plus a sampling of accessories 
are covered in a colorful 18 -page brochure. 

316. Get the Hustler brochure illustrating their com- 
plete line of CB and monitor radio antennas. 
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SPOTLIGHTS ON: 
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er% Which magazine has the widest 
11F3 scope of equipment reports? 

ßUYitK+8p54C5 Iii -fi stereo BUY UIC) 
HOW TO COME UP WITHA WELL -MATCHED TWOSOME 
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CAR TAPE TIPS 
CUSIOMIIE VOUR RECORD It4G5 
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TEST REPORTS 
FROM OUR ei0FRENDSNI 
LASTING LABORATORY 

A. hi-fi stereo 
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Read it regularly for the most in consumer audio information and advice. 
It's the absolute tops in number of equipment test reports per issue. And 
if you're a "best -buy" buyer, you won't want to miss a single issue! 

HI-FI/STEREO BUYERS' GUIDE 
Box 1855 GPO 
New York, NY 10001 

I SAVE $2.00 off regular subscription rate 
I SAVE $2.15 off newsstand rate 

Enclosed is $5.95 for 6 issues (one year) of HFSBG (outside U.S.A. & possessions $7.001 

Name Address 

City State 

CREDIT CARD OWNERS: 
YOU MAY USE MASTER CHARGE OR VISA CARD. 

Expiration date 

12 issues for $11.50 (outside U.S.A./poss. $13.50) 

Credit card # ni 1 I I u un i 

Zip 

Signature 
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CLASSIFIED MARKET PLACE 
ELECTRONICS HOBBYIST -PUBLISHED SEMI ANNUALLY. The rate per word for Classified Ads is $1.00 each in- 

sertion, minimum ad $15.00 payable in advance. Capitalized words 40¢ per word additional. To be included 

in next issue, write to: R. S. Wayner, DAVIS PUBLICATIONS, INC., 380 Lexington Ave., New York, N.Y. 10017 

ADDITIONAL INCOME 

BE competitive on imprinted clothing. Sell jackets, 
caps t-shirts for the manufacturer. FISH, 330Y 

South Campbell, Springfield, Missouri 65806. 

BECOME COMMISSION MAILER. How? Write: 
Grahams, DPBX 99371, Tacoma, WA 98499. 

AUTHOR'S SERVICE 

j'UBLISH YOUR BOOK! Join our successful au- 
thors. Publicity, advertising, beautiful books. All 
subjects invited. Send for fact -filled booklet and free 
manuscript report. Carlton Press, Dept. SMW, 84 
Fifth Avenue, New York 10011. 

AUTOMOBILES & MIDGETS 

BUSINESS OPPORTUNITIES-Cont'd 

"YOU DESERVE TO BE RICH." Send case for 
details. E. L. Matteson, 521 Davisville Rd., W. King- 
ston, RI 02852. 

$600 weekly. Home mailing program. Al!time, Box 
25131, Tamarac, FL 33320. 

$370.00 /Thousand for envelopes you mail. Postage 
paid. Free. Patriot, 1108 Colonial, Inkster, MI 48141. 

$58.90 daily pay. $353.88 weekly. Homework. Im- 
mediate income. Earnings guarantee certificate. Free 
report/Application. AAHIP, Unit 29309-H, Medcensta, 
TX 78229. 

BUY IT WHOLESALE 

BUY WHOLESALE 2,500 items; Resale, Personal 
NEW Car Free Yearly! Details! Supercar, Box Catalog $5.00 Refundable. Manning Wholesale, 1531 

28101, St. Louis, Missouri 63119.. Bessie Ave., Fultondale, AL 35068. 

BLUEPRINTS, PATTERNS & PLANS 

LINEAR AMPLIFIERS, 100 or 200 watt, 2-30 MHz. 
Omnipolarized ANTENNA. 300 MHz COUNTER. Modu- 
lation BOOSTER -VOX. Plans $3.00 each. $10.00/all. 
Catalog of others! PANAXIS, Box 130-GA11, Para- 
dise, CA 95969. 

BOOKS & PERIODICALS 

BOOK BARGAINS. Informative large selection. 
Free catalog. Mark's Book Mart, P.O. Box 4162, 
Downey, CA 90241. 

CBer's! Personalized CB decal with a 1 -year sub- 
scription to Elementary Electronics only $3.97. E/E, 
the magazine that covers CB and all areas of radio 
communication. Send check: Elementary Electronics. 
Decal Dept., 380 Lexington Ave., New York, NY 10017. 

BUSINESS OPPORTUNITIES 

1000% PROFIT Bronzing Baby Shoes. Free Litera- 
ture. NBC, Box 1904 -DC, Sebring, FL 33870. 

STAY HOMEI EARN BIG MONEY addressing en- 
velopes. Genuine offer 10e. Lindco, 3636 -DA, Peter- 
son, Chicago 60659. 

MAILORDER opportunity! Start profitable home 
business without experience or capital. Write for 
free book and details. No obligation. Gil Turk, Dept. 
64, Montvale, NJ 07645. 

MAKE $1.00 Each Addressing Envelopes. We pay 
postage. No Limit. Beginner's Kit $2.00. Colossi, Box 
318-D, Brooklyn, NY 11204. 

$480 Weekly Possible. Amazing New Mailing Pro- 
gram. Details. Rasmussen DP119, 1747N, 450E. Ogden, 
Utah 84404. 

$500.00 WEEKLY MAILING CIRCULARS! New 
guaranteed program! Free proof. McMAHON, Box 
909-D, Niagara Falls, NY 14303. 

FANTASTIC PROFITS Mailing Circulars. Write: 
McGuire, Box 91054-D, Tacoma, WA 98491. 

30e PER ENVELOPE stuffed with circular. Garry 
Manz, Mt. Kemble Lake, Morristown, NJ 07960. 

$350 Weekly Mailing Letters. Free Details. Bronx - 
ville House, Box 311-D, Bronxville, NY 10708. 

$534.00 WEEKLY working three hours daily at 
home. $356.00 weekly working two hours daily. $178.00 
weekly working one hour. Start immediately. Paid 
daily (advance) -$106.80, $71.20 or $35.60. WRITTEN 
EARNINGS GUARANTEE. FREE Bulletin/Applica- 
tion. FAS, Postal Unit 13703-G, San Antonio, Texas 
78213. 

$2000 Monthly mailing circulars. Free details. Amer- 
ican, 1108 Colonial, Inkster, Michigan 48141. 

CANADIANS -Jewelry Available Wholesale. Free 
Catalog and More. Northway Distributors, RR 3, St. 
Charles, Ontario POM 2W0. 

$3,000.00 PER WEEK floods my mailbox! FREE 
report tells all. Reason 30-08, Box 1060, Orangepark, 
FL 32073. 

$480.00 WEEKLY! "Guaranteed Home Mailing 
Program." Freedom, Box 30224 -DP, Denver, Colorado 
80230. 

$300.00 week part time! We start your business! 
Work home! FREE information! World, 7247-20 
Eccles, Dallas, TX 75227. 

DO IT YOURSELF 

BUILD Your Own Reverberator from Spare Parts. 
Send $5.00. Nevin Henninger, RD#2, EH. Millersburg, 
PA 17061. 

EDUCATON & INSTRUCTION 

BECOME ENGINEER, DJ. Start your own radio 
station. receive FCC license, equipment, records. Free 
details. "Broadcasting," Box 130 GA -11, Paradise, 
CA 95969. 

UNIVERSITY DEGREES BY MAIL! Bachelors, 
Masters, Ph.D.s . Free revealing details. Coun- 
selling, Box 389 -EH -11, Tustin, CA 92680. 

COLLEGE degree by mail, via resume. Education, 
256D South Robertson, Beverly Hills, CA 90211. 

DO YOU NOW "How to Write a Classified Ad 
That Pulls?" Instructive booklet tells how. Also in- 
cludes a certificate worth $2.00 toward a classified ad 
in any of our publications. For your copy send $1.50 
(plus 25e postage) to R. S. Wayner, Davis Publica- 
tions, Inc., Dept. CL, 380 Lexington Ave., New York, 
NY 10017. 

COLLEGE DEGREES for Life & Work Experiences. 
Bachelors, Masters, Doctorial Programs. Free infor- 
mation, write American International University, 150 
South Los Robles Dept. AU -11, Pasadena, CA 91101. 
Call toll -free 1-800-423-4166. 

ORGANIZER. $500 worth money and time savers 
organize office. Save time on reports. Save company 
$$$. Send $20.00 to Organizer, P.O. Box 20071, 
Orlando, Florida 32803. 

INFORMATIVE HANDBOOK -For people with an 
interest in electronics and desire to know more. 
Covers basic electricity, resistors, capacitors, micro- 
wave, facts on frequency, about fuses, circuit 
breakers, crystals and much more. Send $1.50 for 
your copy (includes postage) to: Electronics Theory 
Handbook, 380 Lexington Ave., New York, NY 10017. 

COLLEGE Degrees By Mail!!! Bachelor's, Master's, 
Doctorates. Free Information. Careers, Department 
EHA, Box 10068, Washington, DC 20018. 

ELECTRICAL EQUIPMENT & SUPPLIES 

STRANGE sound effects generators; robots; remote 
controls; counters. Free catalogue. Project Electronics, 
1511 Nuuanu Ave. j#33(A), Honolulu, Hawaii 96817. 

REPAIR Electric Motors! Alternators! Illustrated 
instructions! Modelectric, Box 7266, Kansas City, 
Mo. 64113. 

GIFTS THAT PLEASE 

FREE GIFT catalog! UNIQUE gifts from around 
the world. Gifts, Box 11588 -EH, Spokane, WA 99211. 

INVENTIONS WANTED-Cont'd 

IDEAS, inventions wanted! Presentation to indus- 
try. Write for Kit-ELH, IMI, 701 Smithfield, 
Pittsburgh, PA 15222. 

LOANS BY MAIL 

GET cash grants -from Government. (Never re- 
pay.) Also, cash loans available. All ages eligible. 
Complete information. $2 (refundable). Surplus 
Funds -DG, 1629 K. St. NW, #502, Washington, DC 
20009. 

BORROW $25,000 "OVERNIGHT." Any purpose. 
Keep indefinitely! Free Report! Success Research, 
Box 29263-SY, Indianapolis, IN 46229. 

BORROW $1,000-$50,000 secretly - "overnight." 
Anyone! Credit unimportant. Repay anytime. In- 
credibly low interest. No interviews, collateral, co- 
signers. Unique "Financier's Plan." Full information, 
$2 (refundable). Spectrum, 79 Wall St. -16, New York 
10005. 

MAIL-ORDER OPPORTUNITIES 

NEW little-known Mai!order Program. Orders 
mailed free to customers. Guaranteed Big Money 
Maker Details Free. Wright. 11531 Loomis, CB149, 
Chicago, IL 60643. 

MEMORY IMPROVEMENT 

INSTANT MEMORY . NEW WAY TO RE- 
MEMBER. No memorization. Release your PHOTO- 
GRAPHIC memory. Stop forgetting! FREE informa- 
tion. Institute of Advanced Thinking, 845DP Via- 
Lapaz, Pacific Palisades, CA 90272. 

MISCELLANEOUS 

LOTTERY OF LOTTERIES! Tax Free. Application 
$2.00: Capitol Enterprises, P.O. Box 774, "D," Apple- 
ton, WI 54912. 

SAVE TO 90% WEEKLY on groceries!! Guaran- 
teed!! Information: Rush self addressed stamped en- 
velope plus 25e! Martens Ent., 1046 Greenwood Ct., 
Rm7DPGN, Oshkosh, WI 54901. 

BECOME AN INSTANT MILLIONAIRE! Free De- 
tails. Joe Davis, BI -2590 Granville, Vancouver, Can- 
ada V6H 3H1. 

MONEYMAKING OPPORTUNITIES 

$300 WEEKLY SPARE TIME -Mailing Salealetters. 
Details. Thomas, Dept. -D, Box 11773, Charlotte, NC 
28220. 

EASY HOMEWORK PLAN. Stuff circulars. Big $$$. 
Write: A&I, 5343-A Diamond Hts., San Francisco, 
CA 94131. 

MAKE YOUR CLASSIFIED AD PAY. Get "How 
to Write A Classified Ad That Pulls" Includes cer- 
tificate worth $2.00 toward a classified ad In this 
publication. Send $1.50 (plus 25# for postage) to 
R. S. Wayner, Davis Publications Inc., Dept. CL, 
380 Lexington Ave., New York, NY 10017. 

STUFF -MAIL ENVELOPES!! $250.00 Profit per 
thousand possible! Offer -details. Rush stamped ad- 
dressed envelope: Worldwide -A 460. X15940, Fort 
Lauderdale, FL 33318. 

EARN $1,700 Weekly! Start Immediately! Write: 
Day, Box 89 -CM, Licking, Missouri 65542. 

MAKE EXTRA MONEY in your spare time. Report 
tells how. Rush $2. Spectron Company, Dept. N, 
420 East 111th St., Suite 2908, New York, NY 10029. 

MONEY Opportunities. World Wide. Box 6956 
HYPNOTISM Birmingham, AL 35210. 

FREE Fascinating Hypnosis Information! Startling! CASH ADVANCE $500/Thousand envelopes stuffed 
DLMH, Box 487, Anaheim, CA 92805. available. No Limit! Information: Reason 30-07, Box 

1060, Orangepark, FL 32073. 

INVENTIONS WANTED 

INVENTIONS, Patents, wanted cash, royalty. Auto, 
electro -mechanical, mechanical devices, Housewares, 
etc. We develop, finance, manufacture and market 
from an idea to perfected product. Free evaluation 
and brochure. Request Kit DP, Pixonic Corporation, 
250 West 57th Street, New York, New York 10019. 

$800.00 WEEKLY POSSIBLE! Earn immediately 
mailing our 1,500 circulars free. Rush stamped en- 
velope: GOLDEN, P.O. Box 2684A, Wichita, Kansas 
67201. 

MORE tle 

For Greater Classified 
Savings... Results ... and Profits... 

Place your ad in one of our SPECIAL COMBINATIONS: Combo #1, Combo #2, or Combo #3. 

Each cmbination is designed to give your ad the largest audience available. For further information write 

to R. S. Wayner, Classified Ad Manager, Davis Publications, Inc., 380 Lexington Ave., N.Y., N.Y. 10017. 
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Classified 
Continued 

MONEYMAKING OPPORTUNITIES-Cont'd 

WIN fabulous prizes entering the greatest million 
dollar sweepstakes ever! Free details: Contests, Box 
7469 -DVA, Philadelphia, PA 19101. 

AMAZING! Money Back Guarantee! $500 Plus 
Weekly Possible. Free Brochures. Dept. CUB, P.O. 
Box 1175EH, Pinellas Park, FL 33565. 

$500 WEEKLY CASH ADVANCE possible! Exciting, 
easy, mailing service. Free details: Dept. C, box 
79789, Houston, TX 77024. 

500% profit possible selling information by mall. 
"Bonus" Box 404, McMinnville, Oregon 97128. 

$2000.00 Monthly Possible stuffing envelopes! De- 
tails, send stamped self-addressed envelope. Craft, 
Box 3419DA, Mission Viejo, CA 92690. 

$45,000 in Three Weeks! Guaranteed! Gene Sanders, 
1316-D Lyric, Fort Worth, Texas 76134. 

PENPALS 

FREE service ages 16 and above. For information: 
Friends Worldwide, CP-95/F Anjou, Montreal, Can- 
ada H1K 4G2. 

PERSONAL 

SINGLE? Widowed? Divorced? Nationwide intro- 
ductions! Identity, Box 315 -DC, Royal Oak. MI 48068. 

JAPANESE Girls Make Wonderful Wives. Let us 
introduce you to an unspoiled Oriental Beauty. $2 
application brings photos, descriptions. Japan Inter- 
national, Box 156 DC, Carnelian Bay, CA 95711. 

JAPANESE introductions! Girls' photographs, de- 
scriptions, brochure, details. $1.00 INTER -PACIFIC, 
Box 304 -SC, Birmingham. MI 48012. 

THERE IS NO CHARGE FOR THE ZIP CODE. 
USE IT IN YOUR CLASSIFIED AD. 

UNIVERSITY DEGREES BY MAIL! Bachelors, 
Masters, Ph.D.s . . Free revealing details. Coun- 
seling, Box 389-DP11, Tustin, CA 92680. 

FREE: 1,000 LADIES PHOTOS. World's largest 
Matrimonial Catalog. Postage/Handling $1.00. Inter - 
contact. Box 12, Toronto. Canada 964Á 2M8. 

BEAUTIFUL MEXICAN GIRISI Correspondence, 
Photos, details free! "Latins." Box 1716 -DE, Chula 
Vista, CA 92010. 

SINGLE? Meet sincere beautiful people -like YOU. 
Very low fees. Call DATELINE toll -free: 800-451- 
3245. 

BEAUTIFUL Mexican -Oriental girls Needing Amer- 
ican Boy -Friends. Free Details, "Actual" photos. 
worId. Box 3876 -DC, San Diego, CA 92103. 

TRADITIONAL home -loving ladies seeking mar- 
riage. Rainbow, Box 6211, Stehekin, WA 98852. 

PHOTOGRAPHY -PHOTO FINISHING 
& SUPPLIES 

SAVE HUNDREDS OF DOLLARS!!! Make your 
own S&M Densitometer. Send $3.00 for details, 
drawings and instructions. A must for successful 
photography in your darkroom. Order direct: SAM 
Instruments, Dept. E H-11, 380 Lexington Avenue, 
N.Y., NY 10017. 

RADIO & TELEVISION 

"DISTANCE One Tuber" Handbook -50e. 15 Dis- 
tance one tube plana -250. Kit catalog -50.0 Labora- 
tories, 1477 -EH, Garden Grove, California 92642. 

FREE CB CATALOG. Amplifiers, plans, kits, modi- 
fications. CB City, Box 1030EH, Woodland Hills, 
CA 91365. 

TV TUBES 360 each. Send for Free 48 page color 
catalog. Cornell. 4217-W University, San Diego, CA 
92105. 

TERRIFIC SWAP OFFERS NATIONWIDE! Next 5 
issues $2. "Electronics Trader," Box 73 -EH, Folly 
Beach, SC 29439. 

RECORDS & SOUND EQUIPMENT 

FREE Promotional albums, concert tickets, stereos, 
etc. Information: Barry Publications, 477 82nd Street, 
Brooklyn, NY 11209. 

SCIENCE & CHEMISTRY 

FIREWORKS! Spectacular Novelties. Simplified 
Manufacturer's Textbook. $5.00. Tropic House, Box 
95M2, Palm Bay, FL 32905. 

START YOUR OWN BUSINESS 

117 services anyone can sell by mail. Details 250. 
Emjay Sales, 224 N. Fig, Escondido, CA 92025. 

Alternator Tester 
(Continued from page 87) 

tive lead of the Alternator Tester is 
connected directly to the battery ter- 
minal of the alternator. The reason for 
this is that the ripple measurement de- 
pends upon the small, but finite, resist- 
ance between the alternator and bat- 
tery. In order for the ripple test to be 
accurate, the alternator must be de- 
livering a sizeable current. This is ac- 
complished by slightly discharging the 
battery. Before starting the test, shut 
the engine off and turn on the car 

headlights for about ten minutes. Dur- 
ing this time you can connect the Al- 
ternator Tester to the car. Leave the 
headlights on while making the test. 
Start the engine and bring the RPM 
up to about 2000. Note the reading 
of the meter. An alternator in proper 
operating condition will have a ripple 
voltage somewhere between 0.2 and 
0.5 volts peak -to -peak. Should one or 
more of the diodes be defective the rip- 
ple voltage will increase to 1 volt peak - 
to -peak, or more. If this is the case you 
will have to remove the alternator from 
the car to disassemble it and locate the 
defective diode. 

Checkerboard 
(Continued from page 66) 

less breadboard, or placed in contact 
with the bare wire groups. You can test 
as you go by using a slide, toggle or 
rocker switch at Si, or push -to-test with 
a momentary switch. 

Checking Diodes. A properly oper- 
ating diode will conduct in one direc- 
tion only, and will not conduct when 
the leads are reversed. So you can check 
a diode with just two passes on Check- 
er Board. If it lights the LED no mat- 
ter which way it's connected, your 
diode has an internal sort. If it won't 
light the LED no matter which way it's 
connected, it's opened up. If it lights 
the LED only when connected, then 
you can identify the anode end (the 
triangular arrowhead on schematic 
representations) as being connected to 
the red alligator clip (at the junction of 
R1, Cl and the base of Q1). The cath- 
ode (bar) end is then connected to the 
black alligator clip (ground). 

Checking LEDs. You can follow the 
instructions for checking diodes to 
check LEDs, but that's the hard way. 
The LED you test will light up, too, 
assuming it's good, when you test it on 
Checker Board. Make sure you get the 
polarity right. You can also trace 7 - 
segment and multiple -digit LED dis- 
plays to see which pin does what. 

Checking Electrolytics. The thing 
that most often goes wrong with elec- 
trolytic capacitors is that they short out. 
And that's the easiest thing to spot with 
Checker Board. Connect the + lead to 
the red alligator clip and the - lead to 
the black, or plug the electrolytic right 
into the solderless breadboard. This test 
will be more fun with the momentary 
switch. Push it and watch the LED. 
You should see a bright flash that de- 
cays into darkness. The bigger the elec- 

trolytic, the longer the flash lasts. A 
shorted electrolytic won't go out -an 
open one won't flash. 

Checking Crystals. Connect the two 
crystal leads to the alligator clips. If 
the LED lights brightly, the crystal is 
good. If it lights dimly, the crystal is 
good but will not work in all kinds of 
oscillator circuits. If the LED does not 
tal is bad. But it may means that the 
light at all, it probably means the crys- 
crystal is one of the few, obscure types 
that cannot make Q1 oscillate in the 
Checker Board circuit. Most crystals, if 
good, will light the LED brightly. 

Checking Switches. With Checker 
Board connected to any pair of switch 
contacts, the LED will light whenever 
there is continuity between the con- 
tacts. When there is no continuity, it 
will not light. With this information, a 
sheet of paper and a pencil, you can 
methodically analyze when continuity 
occurs with each change of setting of 
an unknown switch. This can tell you 
what kind of a switch it is. And, of 
course, when you know what kind of a 
switch you have, Checker Board can 
tell you whether or not it's working 
properly. 

Checking Continuity. A closed cir- 
cuit will' light the LED, an open circuit 
won't. (We're speaking of DC con- 
tinuity here). With this in mind, you 
can check cables, connectors, printed 
circuit paths, relays, light bulbs and 
many other devices. As long as the test- 
ing -path resistance doesn't get too high 
(just how high is too high depends on 
your particular LED and what shape 
your battery is in), anything that needs 
to maintain continuity in order to work 
(or discontinuity, in case you're look- 
ing for shorts) can be checked on the 
Checker Board. 

Checking Out Checker Board. Yes, 
Checker Board even checks itself out. 
Just clip the two alligator clips together. 
If everything is working, the LED will 
light up! 
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EWLU 2 e FIRENU 
FOB ELECT -HUMS CIFiClITS 

PROGRESSIVE HOME 
RADIO-T.V. COURSE 

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

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

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

The "Edu-Kit" offers you an outstanding PRACTICAL HOME RADIO COURSE at a rock -bottom price. Our Kit is designed to train Radio & Electronics Technicians. making use of the most modern methods Of home training. You will learn radio theory, construc- tion practice and servicing. THIS IS A COMPLErE RADIO COURSE IN EVERY DETAIL. You will learn how to build radios, using regular schematics; how to wire and solder, 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 trouble -shooting, using the Progressive Signal Tracer, Progressive Signal Injector. Pro- gressive Dynamic Radio & Electronics Tester, Square Wave Generator and the accompany ing instructional material. 
You will receive training for the Novice, Technician and General Classes of F.C.C. Radio Amateur Licenses. You will build Receiver, Transmitter, Square Wave Generator, Code Oscillator, Signal Tracer and Signal Injector circuits, anc learn how to operate them. You will receive an excellent background for television, Hi-Fi and Electronics. 
Absolutely no previous knowledge of radio or science is required. The "Edu-Kit" is 

the product of many years of teaching and engineering experience. The "Edu-Kit" will 
provide you with a basic education in Electronics and Zadio, worth many times the low 
price you pay. The Signal Tracer alone is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

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

Many thousands of individuals of all 

ages ani 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 'Edu-Kit" 
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 universally accepted as the standard in the field of electronics training. The "Edu Kit" uses the modern educational principle of "Learn by Doing." Therefore you construct. 
learn schematics. Study theory, practice trouble shooting-all in a closely integrated pro. 
gram designed to provide an eaSilY-iearned. thorough and interesting background in radio. 

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

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

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

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

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

PRINTED CIRCUITRY 
At no increase in price. the "Edu-1(it" 

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. 

Progressive "Edu-Kits" Inc., 

Reg. U.S. 
Pat. Off. 

Training Electronics Technicians Since 1946 

FREE EXTRAS 
SET OF TOOLS 

SOLDERING IRON 
ELECTRONICS TESTER 

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

SERVICING LESSONS 
You will learn trouble -shooting and 

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

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

Utah: "The Edu-Kits are wonderful. Here 
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- 
joyed every minute I worked with the 
different kits: the Signal Tracer works 
fine. Also like to let you know that 
feel proud of becoming a member of your 
Radio-TV Club." 

Robert L. Shut,. 1554 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. I have already started re- 
pairing radios and phonographs. My 
friends were really surprised to see me 
get into the swing of it so quickly. The 
Trouble -shooting Tester that comes with 
the Kit is really swell, and finds the 
trouble, if there is any to be found." 

SOLID STATE 
Today an electronics technician or hobbyist re- 

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

1189 Broadway. Dept525-EN Hewlett, N.Y. 11557 

I 

I Radio-TV Course 

I ADDRESS 

Please rush me free literature describing the Progressive 
with Edu-Kits. No Salesman will call. 

NAME 

CITY & STATE ZIP 

PROGRESSIVE 
1189 Broadway, Dept. 

"EDU-KITS" INC. 
525 -EN Hewlett, N.Y. 11557 I 
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Don't take our word for it. 
"We can heartily recommend the Superboard Il computer system for the beginner who 

wants to get into microcomputers with a minimum of cost. Moreover, this is a `real' com- 
puter with full expandability." 

Popular Electronics March, 1979 

"(Their) new Challenger 1P weighs in at $349 and provides a remarkable amount of com- 
puting for this incredible price." 

Kilobaud Microcomputing February, 1979 

"Over the past four years we have taken delivery on over 25 computer systems. Only two 
have worked totally glitch free and without adjustment as they came out of the carton: 
The Tektronic 4051 (at $7,000 the most expensive computer we tested) and the Ohio 
Scientific Superboard Il (at $279 the least expensive) ... The Superboard Il and com- 
panion C1P deserve your serious consideration." 

Creative Computing January, 1979 

"The Superboard Il and its fully dressed companion the Challenger 1P series incorporate 
all the fundamental necessities of a personal computer at a very attractive price. With 
the expansion capabilities provided, this series becomes a very formidable competitor 
in the home computer area." 

Interface Age April, 1979 

"The graphics available permit some really dramatic effects and are relatively simple to 
program ... The fact that the system can be easily expanded to include a floppy means 
that while you are starting out with a low-cost minimal system, you don't have to throw it 
away when you are ready to go on to more complex computer functions. Everything is 
there that you need; you simply build on to what you already have. You don't have to 
worry about trading off existing equipment to get the system that will really do what you 
want it to do. At $279, Superboard Il is a tough act to follow." 

Radio Electronics June, 1979 

"The Superboard Il is an excellent choice for the personal computer enthusiast on a 

budget." 

SUPERBOARD II 
$279.00 

The world's first 
complete computer 
system on a board 

including full 
keyboard, video 

display, audio 
cassette interface, 8K 

BASIC -in -ROM and 
4K RAM. Expandable. 

Requires + 5V at 3 
amp power supply. 

C1P MF $995.00 
The first floppy disk based computer 

system the world has ever seen for under $1,000. 
8K BASIC -in -ROM, 12K RAM. Expandable to 32K RAM. 

OHIO SCIENTIFIC 
1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 

ALLE 

C1P $349.00 
Complete with enclosure and power 

supply. All features of Superboard II. Easy to expand 
to more memory and floppy disk. 

Byte May, 1979 

See your Ohio Scientific dealer for full details. 
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