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7 very good reasons to try 
Electronics Book Club • • • 
• Reduced Member Prices. Save up to 75% on books sure to 
increase your know-how 
• Satisfaction Guaranteed. All books returnable within 10 
days without Wig:at:on 
• Club News Bulletins. All about current selections—mains. 
alternates, extras—plus bonus offers. Comes 14 times a year 
with dozens of up-to-the-minute titles you can pick from 
• "Automatic Order". Do nothing, and the Main selection 
will be shipped tc you automatically! But... if you want an 
Alternate selection—or no books at all—we'll follow the 
instructions you gibe on the reply form provided with 3very 
News Bulletin 
• Continuing Benefits. Get a Dividend Certificate with every 
book purchased after fulfilling Membership obligation, and 
qualify for discoLnts on many other volumes 
• Bonus Specials. Take advantage of sales, events, and 
added-value promotions 
• Exceptional Quality. All books are first-rate publisher's 
editions, filled w ith useful, up-to-the-minute info 

ELECTRONICS BOOK CLUB 
Blue Ridge Summit, PA 17214 

Please accept my Membership in Electronics Book Club and 
send the 6 volumes circled below. I understand the cast of 
the books selected is $2.95 (plus shipping/handling). If not 
satisfied. I may return the books within ten days without 
obligation and have my Membership cancelled. I agree to 
purchase 4 or more books at reduced Club prices during the 
next 12 months, and may resign any time thereafter. 
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NEW PRODUCTS PARADE  
Saturn Photo 

A full-color lithograph of Sat-
urn, as photog -aphed by Voyager 
1, is now available in large, 34 x 
22-in. size. This magnificent full-
view of the .inged planet was 
beamed to Earth by Voyager 1 
spacecraft from almost one bil-

CIRCLE 33 ON READER SERVICE COUPON 

lion miles. Reproduced, on high 
quality stock, vibrant tones of 
yellow, blue and orange set on a 
backgrounc of night black illus-
trate the intriguing qualities of 
one of the most beautiful and 
unique objects in the solar sys-
tem. The Full Saturn Lithograph 
is available by mail from Edmund 
Scientific, 7082 Edscorp Build-
ing, No. 31,234 at $19.95 plus 
$1.75 packing and guaranteed 
delivery. For complete informa-
tion on a full line of astronomy 
products  and  over  4,000  in-
triguing, science-related  items, 
send  for  the  free  Edmund 
catalog at the address above. 

Cordless Digital Wall Clock 
A new Cordless Digital Wall 

Clock, with the timing of accur-
acy  of  an  expensive  quartz 
watch, is now being introduced 
by  Heath.  The  new  GC-1720 
clock features a quartz crystal 

CIRCLEL ON READER SERVICE COUPON 

and a single, complex integrated 
circuit to keep track of time with 
-±-1 minute per year accuracy. 

Time is displayed in 12- or 24-
hour formats (at builder's option) 
on an extra large LCD with 1-
inch  high  digits.  Priced  at 
$49.95. Besides being accurate 
and cordless, the GC-1720 is said 
to feature a revolutionary hous-
ing that enables it to be hung al-
most anywhere and go with al-
most any decor. It will operate 
up to two years on one AA alka-
line cell. For a free catalog with 
complete  product  descriptions 
for this new digital clock and 
all the other Heath electronic 
kits, write to Heath Company, 
1480 Dundas Street East, Missis-
sauga, Ontario, Canada L4X 2R7. 

Wire Wrapping Strip 
The OK Machine and Tool 

ST-100 Wire Cut and Strip Tool 
uses a new concept for easy and 
clean stripping of wires for wire-
wrapping, electronic and appli-
ance applications. ST-100 strips 

CIRCLE 35 ON READER SERVICE COUPON 

without nicking and generates 
the proper strip length for wire-
wrapping. Slim design makes it 
ideal for storing in pocket, belt 
holder or tool kit. Easy to oper-
ate—place wires (up to 4) in 
stripping slot with ends extended 
beyond cutter blades, press tool 
and pull. Wire is cut and stripped 
to proper wire-wrapping length. 
The stripping blade is easily re-
placeable.  Available  for  wire 
sizes from 20 to 30 AWG (0, 8-0-
25mm). Sells for $9.84. OK Ma-
chine and Tool Corp., 3455 Con-
ner Street,  Bronx, NY 10475. 

Dual 90 Degree 
Corner Clamps 

The new dual 90 degree cor-
ner clamps by Panavise is made 
of sturdy, lightweight, cast alumi-
num. Featuring a full 3/4 -in, capa-
city, the dual 90 degree assures 
an accurate 90 degree angle 
every time whether the pieces 

BUDGET ELECTRONICS 1982 3 



WRITE NOW FOR 

McGEE'S 
SPEAKER CATALOG 

EVERYTHING IN ELECTRONICS 

1001 BARGAINS IN SPEAKERS 

TV AND RADIO PARTS 
TUBES, HIGH RDELITY COMPONENTS. RECORD 

CHANGERS, TAPE RECORDERS. AND 

ELECTRONICS KITS 

TM.: 1 (616) 642 5092 

1901 MCGEE STREET KANSAS C M, MO. 64106 

CIRCLE 6 ON READER SERVICE COUPON 

THE BOOTLEGGERS BIBLE - Your ivies snow  s the 11 
* finest publication lor Modifying the Cl Radio above CO 

'FY 

4Y 

* 

40 or below CO 1. 77 PLL Chips included AM F. SSB 23 
and 40 CO sets 88 pages  $12.98 
TUE LINEAR AMPLIFIER PLANBOOR II - Plans for !meats 
from 2 to 400 Mhz 15 to 1000 watts. all transistor designs 
11 Meter Models, TES  1111.15 
CB RADIO REPAIR - Complete easy to understand circuit 
descriptions, troubleshooting charts, detailed component 
identification and testing Easy to follow ,professional 
techniques  $eas 
PRECISION FREQUENCY EXPANDERS- T ransm,1 / Receive 
25 to 29 Mhz  1134.116 -11411.16 
With Digital DiSPMyi5 Up/Down Scan  6111.115 

CABLE TV CONVERTERS. 30 g AO CHANNEL 
* FREE FLYENI  SCAlEd INVERTERS 
Bootlegger k  41(its.  Special XSTLS.  Scanner  XSILS. 
CamtaalsotreEttr9008/ rvelndAacbcieepted  A . Pr; si!yilfotnnEs3 BE  -47 

*  Telephone (4011 846-5627  Newport R I 02840 11( 
********************** 

CIRCLE 4 ON READER SERVICE COUPON 

YOU CAN MAKE 

BIG MONEY 
Make $45,000 in 3 months and pay us (Orgy if you want to) toe 
showing you how — AFTER you make Ow $45,000 Send $10 for 
only materials needed — or send starnped SAE be details to 
Universe', Dept 61  424 N. Austin, Oak Perk IL 60302 

(61) 

SEE COVER 3 FOR DETAILS 

ulsaac Asimov's 
IISF Magazine 
1Box 1933 
.Marion, Ohio 43305. 
• 
! LT Enclosed is 66.97 for a 6-issue 
•  introductory subscription (Outside USA•  I 

& poss. $7.99) 

:Name 

Address 

II City _ State Zip   

D1K113—X 
ai•I•mm=mm•••••=mmes 

NEW PRODUCTS PARADE 
(Continued front preui(1u.s page) 

are cut at 45 or 90 degrees. 
These handy little clamps have 
a myriad of uses and combined 
can be used in all manner of 
configurations. In fact, the more 
you use these new clamps, the 
more ways you will find to use 
them. They're just right for as-
sembling aluminum frames for 
mounting or securing large print-
ed circuit and other boards. A 
set of two sell for $19.95. For 
more information, contact your 
dealer or Panavise, 2850 29th 
Street, Long Beach, CA 90806. 

Energy Management 
Regency Electronics has intro-

duced a master control system 
that saves energy and makes life 
easier at home or in business. 
The unit simply plugs into a wall 
outlet and transmits command 
signals to remote control mod-
ules. A pressure sensitive touch 
pad plus a set of switches al-
lows the user to control any light 
or appliance in the house from 
the comfort of their desk, bed, 
favorite chair, or wherever. A 
Regulator system can fully pay 
for itself in less than two years. 
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More than half the energy used 
in a home is heating and cool-
ing. In a non-electrically heated 
house, an average 41 % of the 
electricity bill is traceable to 
electric water heating alone. The 
Regulator can save wasted ener-
gy by turning off the water heater 
during the night or when the 
house is unoccupied. The Regu-
lator adds convenience to every-
day life. Hot coffee can be ready 
in the morning. Lamps can be 
dimmed. TV's or lights left on 
accidentally  at night  can  be 

turned off without getting out of 
bed. Stereos can turn on in the 
morning. Security is another fea-
ture of the Regulator system. 
While  away  from  home,  the 
Regulator can stand guard by 
turning lights on and off, even 
playing the stereo and TV. Week-
end commands can be scheduled 
different from week day com-
mand to further confuse potential 
intruders. The Regulator master 
control is also available in two 
models,  the  5700  and  1600, 
$299.95 and $149.95, respective-
ly. While the 1600 lacks the 
weekend, weekday program cy-
cles and memory retaining bat-
tery system of the 5700, it can 
execute 16 timed preset com-
mands as compared to 57 timed 
commands for the 5700. For more 
details, write to Regency Elec-
tronics, Inc., 7707 Record St., 
Indianapolis, IN 46226. 

5 Portable Horses 
The Heathkit GU-1820 Portable 

Power System is a lightweight al-
ternator that can produce up to 
2200 watts of 120 VAC, 60 Hz 
power—enough to operate a ham 
station, an electronic chain saw 
or a refrigerator-freezer during a 
blackout. The GU-1820 is de-
signed for ham radio clubs, home 
owners, civil defense, police and 
fire departments. It can also pro-
vide on-location power for con-
struction  and  logging  crews, 
campers, hunters, wood cutters 
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and others. Mail order priced at 
$479.95  (FOB  Benton  Harbor, 
MI), the specs are: voltage is 
regulated to within -±-5%, and 
frequency variation is limited to 
-±-4 Hz, from no load to full load 
at 3600 revolutions per minute 
(rpm). Radio frequency interfer-
ence is eliminated by a resistive 
spark plug. The 5-horsepower 
Briggs and Stratton gas engine 
can run up to 13/4  hours, at half 
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load, on a tankful of gas, un-
leaded gas or gasohol. Noise is 
controlled by a low-tone muffler; 
to reduce sparking to a mini-
mum, the optional GUA-1820-1 
Spark-Arresting  Muffler  ($3.95 
mail  order;  required  in Cali-
fornia) is available. For more in-
formation on the GU-1820 Port-
able Power System and a full 
line of over 400 useful electronic 
kits for home, hobby and car, 
write for a free catalog to Heath 
Company, Dept. 350-035, Benton 
Harbor, MI 49022. In Canada, 
write to Heath Company, 1480 
Dudas Street East, Mississauga, 
Ontario L4X 2R7. 

Descrambler 
An advanced consumer voice 

descrambler by Grove Enterpris-
es, the Code Breaker, contains 
not only an internal speaker, but 
a tunable notch filter as well. By 
simply plugging the Code Break-
er into the external speaker jack 
of a scanner, the listener can 
restore normal speech to the 
vast  majority  of  scrambled 
speech encountered by scanner 
listeners.  Tone  masking,  fre-
quently used to thwart reception 
by conventional competitive de-
scramblers is easily eliminated 

Mt. 
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by the tunable notch filter. When 
conventional communications are 
being  monitored,  the  Code 
Breaker filter circuit may be used 
to  reject  interference  from 
squeals,  whines  and  iritating 
sound commonly plaguing the 
busy communications spectrum. 
The Code Breaker is optimized 
for voice frequencies, improving 
intelligibility when used with ex-
isting receivers. Only $59.95 plus 
$1.75  shipping  and  handling. 
From Grove Enterprises, Dept. P, 
Brasstown, NC 28902 or order 
toll-free calling 1-800/438-8155. 

5 dB Gain Mobile Antenna 
Avanti Communications has re-

cently modified its 5 dB gain on-
glass mobile antenna designed 

for use in two-way and amateur 
radio communications. The new 
3/4 -meter 410-312 MHz (AP450.-
5G) features 3 straight 30 inch 
whip with a small centered posi-
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tioned phasing coil. By popular 
request the former loop section 
has been eliminated and replac-
ed by a small, sleek coil mea-
suring only 11/2  inches in length 
and  a maximum  diameter of 
3/8-in, making it the smallest UHF 
5 dB gain whip and phasing coil 
combination on the market. As 
with each of Avanti's on-glass 
communications  antennas,  the 
new  antenna  offers  improved 
performance, requires no holes 
to be drilled, features shorter 
installation time, and requires no 
metal ground plane, thus allow-
ing it to tie used in many more 
applications  than  conventional 
mobile antennas. Sells for $38.95. 
For more information, contact 
Avanti  Communications,  340 
Stewart  Avenue,  Addison,  IL 
60101; o- phone 312/628-9350. 

Logic Designer 
E & L Instruments new LD-1 

Pencil Box Logic Designer in-
cludes  major  circuit  design 
needs ir a handy portable mold-
ed plastic case with  integral 
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hinged cover. Some of the fea-
tures are a variable clock, two 

AMAZING 
DEVICES 

PHASERS )))11. 
PPP-t PHASER PAIN FIELD — This device recently devel-
Med and patented in our labs is being evaluated by law enforce-
ment agencies for not and crowd control It is tiOw available but 
soon will come under the jurisdiction of weapons and infernal 
machine control makintit unavailable to the public The device 
is hand-held and looks filie a BUCK ROGERS ray gun It is hazar-
dous it not used with discretion 
PPF•1  PLANS  $15.00 
1PG I INVISIBLE PAIN FIELD GENERATOR — Tnis 
amazing, simple hano•held device is about the size of a pack ol 
cigarettes and generates a directional held of moderate to inten• 
sive pain in the lower part of me head up to a range of SO  On 
vice is simple and economical to make 
IP0.1 PLANS $7.00  IPOAK ALL PAP'  $39 SD 
11,03.10 ASSEMBLED& TES TED FOR ANIMAL CON' r. 049 50 

LASERS 
Riley LASER RAY PISTOL — Produces highly inierse red 
beam capable of burning A hazardous device PLANS PARTS 
SOURCES  $15.00 

HIGH POWERED CARBON DIOXIDE BURNING AND CUTTING 
Complete plans and all parts sources  $15.00 
SOLID STATE A t2 WATTS with built ir power suppl 
plans  $8.00  Complete kit with collimator  $74.00 

POCKET LASER pulsed visible red  plans  $7.00 
Complete kit  $39.50  Also complete plans and parts 
sources tor RUBY VAG, NEODYNIUM. Hehe ARGON DYE 
NITROGEN and many more lasers 

SECURITY 
SNP-2 SNOOPER PHONE — Dial home or Otte phone 
while on vacation activating sensitive mike withcut phone 
(wiping Excellent property protection and intrusion device 

$7.00 
549 50 
$99.50 

$7.00 

$10.00 
$8.00 

E8.00 

57.00 

St 00 

SNP2K  ALL PARTS 
SNP20  ASSEMBLED AND TESTED 

LONG RANGE xMIR PLANS 
SEE IN THE DARK PLANS 

DIRECTIONAL SHOTGUN MIKE PLANS 

SUPER SENSITIVE PARABOLIC MIKE PLAN:-

SOUND & TELEPHONE OPERATED TAPE RECLIHA - 

CATALOG ON PL ANS KITS & FINISHED UNITS 

Send neck or money order to 

SCIENTIFIC SYSTEMS. Dept A10 Boy 716 
AMHERST. N H 03031 
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1 out of4 
forest fires 
are started by 
trash fires, 

A Public Service of This Magazine 

& The Advertising Council 

BUDGET ELECTRONICS 1982 5 



NEW PRODUCTS PARADE 
(Continued from previous page) 

pulsers,  eight  LED  readouts, 
eight logic level switches and the 
E & L SK-10 solderless bread-
boarding socket. Power is sup-
plied through the use of bat-
teries or an optional AC supply. 
Available in kit or assembled 
form. LD-1 Kit, $75.00 (P/N 325-
4301). LD-1 /Assembled, $99.50 
(P/N 325-1301). For more infor-
mation, write to E & L Instru-
ments, Inc., 61 First St., Derby, 
CT 06418; phone 203/735-8774. 

Hobbyist's Idea Box 
The Idea Box from Global com-

bines 3 fully regulated, low-rip-
ple, power supplies, a choice of 
a solderless breadboard, a pre-
etched  pre-drilled  PCB, or a 
blank foil PCB; and the best of 
Global's cases with expanding 
capabilities. This combination of 
features allows quick construc-
tion of a prototype, or a one-shot 
device in a practical case which 
would be an attractive addition 
to any test or production environ-

SEE COVER 3 FOR DETAILS 

BOAT BUILDER 
380 Lexington Ave. 
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#355 $5.00 plus 506  (full-size pattern set) 
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BE-82 

national association 
tor retarded citizens 

Contact: 
National Association for Retarded Citizens 
2709 Ave E East, Arlington, Texas 76011 

Area Code: (817) 261-4961 

ment. The Idea Box is priced 
from just $149.95. The circuit 
cards are available separately, 
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and can be used singly or in 
any combination. Replacement 
front panels and printed circuit 
layout pads are also available. 
Prices  for  these  accessories 
range from $4.95 to $44.95. For 
more information, contact Global 
Specialties via phone toll-free 
1-800-243-6077, or write them at 
70 Fulton Terrace, P.O. Box 1942, 
New Haven, CT 06509. 

Catch-A-Pulse 
The Triplett Model 205 "Catch-

A-Pulse" hand-held logic probe 
(Model 205-K kit) provides an in-
expensive means of analyzing 
and troubleshooting logic gates 
and sequential circuits such as 
flip-flops, counters, registers and 
microprocessors. Similar in size 
to a felt-tip marker pen, the 205 
provides a visual (LED) display of 
Hi, Lo, pulsing or open circuit 
logic states, which are referred 
to on the probe's truth table. The 
"Catch-A-Pulse" logic probe au-
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tomatically adjusts to the proper 
DTL, TTL, MOS, CMOS or micro-
processor  circuit  thresholds 
when its leads are connected to 

the  IC  circuit  power supply. 
Power supply reverse polarity 
protection is also provided. The 
input impedance of the probe's 
tip becomes a slave to the circuit 
under test, causing it to react to 
whatever signal or logic condi-
tion is present. The probe's mem-
ory automatically resets every 50 
microseconds to observe and 
display another pulse. The Model 
205 "Catch-A-Pulse" comes com-
plete with one year warranty, de-
tachable 6-foot coiled cord with 
mini-alligator  clips,  instruction 
manual and handy clear plastic 
carrying case for only $49.50. 
The Model 205-K kit sells for 
$59.00 and also includes a high 
voltage adapter Model 79-465 
for 15- to 25-volt circuit applica-
tions, and Model 79-466 coiled 
cord with micro-hooks for direct 
IC pin attachment. Fol. further in-
formation on this useful inex-
pensive probe and kit, contact 
Triplett Corporation, One Triplett 
Drive, Bluffton, OH 45817. 

Reference Cards 
Micro Chart is a 100 percent 

plastic 3-color instant micropro-
cessor reference card for pro-
grammers, engineers, and stu-
dents who want to save time and 
effort. Important hard-to-remem-
ber information is extracted from 
the manuals and displayed in a 
concise and clear format. Its 
durable credit card type plastic 
is 81/2  by 11 inches in a one-
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sheet, two-sided, instant format. 
Much more: "6502 (65XX)" and 
also  "8080A '8085A"  are only 
$4.95 each plus $1.00 postage 
and handling per order. Write to 
Micro Logic Corp., Dept. POB 
174, Hackensack, NJ 07602.  • 
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INPUT/OUTPUT 
Hank Scott 

Input/Output Editor 

BUDGET ELECTRONICS 
380 Lexington Avenue 
New York, NY 10017 

Our Input/Output editor, Hank Scott, will an-
swer any reasonable question about elec-
tronic projects and products. Make your ques-
tions specific, and remember he is not run-
ning a circuit design service. Watch for your 
answers in print —Hank can't send personal 
replies. Writs to: 

Where to Buy 
1 purchased a Panasonic multiband re-

ceiver and overnight I became a SWLer. 
In my town there are no special outlets 
to assist me in my hobby. Do you know 
of any? 

—A .N.. Concord, NC 

Even in the big burgs you will have 
trouble finding an outlet. A local Radio 
Shack may have some things you need. 
Check them out. I suggest you write 
Gilfer Shortwave, Dept. E-1, Box 239, 
Park Ridge, NJ 07656 and ask for their 
catalog. They're specialists to the short-
wave hobby. 

Tubes Never Die 
Hank, no one advertises tubes for sale. 

I'm fixing some 20- and 30-year-old 
radios and TVs and can use a reliable 
supplier. Can you help? 

— W.A., Albuquerque, NM 

I checked around a bit and discovered 
three. They are: 

Cornell 
42I7-W University 
San Diego, CA 92105 

McGee 
1901 McGee Street 
Kansas City, MO 64108 

Steinmetz 
7519-EE Maplewood 
Hammond, IN 46324 

When you write for information and 
prices, send a business sized envelope 
with postage attached to speed the return 
mail. 

Ribbon Cables 
Hank, I'm having trouble with ribbon 

cables, and their press-on fittings. 1 tested 
two brand new cables only to discover 
that both had at least one open circuit. 
And. would you believe, I once tested a 
cable that had six open leads. My ques-
tion is, since cables must be checked, 
how can I do it quickly? 

—F.N., Melbourne, Australia 

If your cable terminates on a printed 
circuit board, take a double-sided copper-
'clad board, cut it to size, connect both 
foil surfaces together and to the common 

terminal of an ohmmeter. Use the other 
probe to check out each lead on the 
other connector (or connectors, if there 
are more). At each touch of the probe 
tip to the terminal connector point at 
each jack and/or plug on the cable, a 
short circuit, or zero ohm indication, 
should appear. Should the meter pointer 
not move indicating an open circuit either 
at that point or the corresponding point 
at the other end of the cable, you have 
an open circuit. Guess which end it is at, 
open the connector, replace if necessary. 
and resecure. Recheck your work to be 
sure you fixed the defective contact(s) 
and introduced none of your own. Be 
patient. Ribbon cable assembly testing 
should not be rushed. 

Generation Gap 
I purchased an old book that gives tip.s 

on constructing old time radios and re-
receivers. The book, published in 1921. 
gives details on a spark-gap transmitter. 
I'm going to build one for the CB hand. 
How can I be sure I don't exceed the 
power input requirement? 

— W.E., San Antonio, TX 

By not turning it on! Home brew CB 
band transmitters are taboo! Also, spark-
gap transmitters are not suitable for 
communication because they are broadly 
tuned and very rich in harmonics. Forget 
the idea. 

Collar Saver 
I find project building very expensive 

so I use IC sockets whenever I can, so I 
can strip projects with little loss by dam-
aged parts. I think you should pass this 
tip on to your readers. 

—R.E., Pinellas Park, FL 

Good idea, but go a bit farther. Avoid 
soldering whenever possible. Use solder-
less breadboard when possible. Also. 
think about wire-wrapping parts together. 
There are lots of little gimmicks you can 
come up with to keep parts like new as 
you go from project to project. However, 
should you want to keep a project, think 
in terms of soldering it together for good 
mechanical and electrical connection. 

Broke a Leg 
Hank, how do you solder on a broken 

contact onto an integrated chip? I blew 
it on an expensive chip and don't want to 

go through the expense of buying a new 
one. 

—A.N., Greenville. SC 

How? Very carefully. In fact, more 
carefully than the technique you used 
to break the leg of the bug. I've tried 
on several occasions to do just that by 
using a very low-wattage narrow-tip 
soldering iron. My results on the "fix-
ables" were 33 1/2 % successful. I saved 
one chip and heat destroyed two others. 
Several chips were beyond saving be-
cause not enough of the leg protruded 
• from the insulating body of the chip. If 
you are salvaging chips from surplus 
circuit board assemblies as I was, take a 
tip from one of my readers. His idea for 
"one of a kind" and very expensive chips, 
was to cut the board using a table jigsaw 
all around the chip about 1/2 -in, space 
between the chip and cut. Attach wire 
leads to the cutout with a low-wattage 
iron, then wirewrap these leads to a 
standoff insulator or header that is sized 
to insert into an IC socket. My big fin-
gers found the job very difficult, but it 
worked. There must be better ways to do 
it, so please write and advise me. Finally, 
no matter if the chip is new or old, cheap 
or costly, always use care when inserting 
an IC into a socket. I use a magnifying 
glass to check that all the legs on the 
chip are seated in the IC socket before 
I press down. Also, an IC insertion tool 
(and IC puller) are invaluable during 
the hand operations. 

Solar Dollars 
I truly want to use solar power elec-

tricity, but find the initial cost is so very 
high. I don't see how I can justify an 
installation of any type. 

—HO., Island Harbor Beach, FL 

I agree to a limited degree. Solar 
power electricity from solar cells requires 
a large investment to avoid paying all or 
part of your electric bill. However, there 
is no reason why you cannot solar power 
your transistor radio for beach use. Dry 
cell power is expensive, and solar cells 
can compete successfully. There must be 
other ideas you can think of. One reader 
told me he uses solar cells to trickle-
charge his car battery when he leaves 
his car behind for weeks during business 
trips. Think, there must be many good 
ideas we never touched on. 

CB Over There 
Great Britain has CB. Can 1 use my 

rig when I vacation there this fall? 
—D.A., Medcensta, TX 

I'm not sure, but a safe answer is, 
"No!" First, you will need a license to 
operate in the United Kingdom. Second, 
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your rig may not meet the frequency, 
power, etc., requirements. Play it safe 
and leave your rig home. Now, if you 
were a ham, something could be worked 
out. I suggest you write to the ARRL. 

Lamp Lighter 
!lank, I've gone into business repair-

ing household lamps. Don't laugh! It's a 
nice part time business and with the prof-
its I bought a new (small) car in two 
years. My full time occupation is student, 
and I'm only eighteen years old. Tell your 
readers what I'm doing so they can get 
involved also and pick up extra dollars. 

—I.B., Brooklyn, NY 

Good for you. In fact, many simple 
appliances can be repaired at home for 
profit. A small part time business helps 
support your hobby needs, and improves 
your lifestyle. 

TVX 
Don't you think some computer maga-

zine should come up with a conversion 
plan to modify an old TV set into a 
video monitor? Also, keyboards are avail-
able, why not make it a dumb terminal? 

—LA., Birmingham, MI 

Old TV sets are usually "baked" near 
to death after several years of average 
home use. Any and most parts are ready 
to give up the ghost, so give up the idea! 

Water, Water, Everywhere 
A word of advice to your readers, 

Hank, should they etch their own print-
ed circuit boards, do not pour the etc/lam' 
down the drain without flushing the drain 
with fresh water. It'll save a hundred 
dollar sink drain job. I know! 

— WE., Charlotte, NC 

Better still, since the etchant is usually 
only several ounces of fluid, soak it up in 
some sawdust, bag it, and throw it into 
the trash collection. It's easier on the 
drain pipes, your sewer system and con-
serves water. Water is a resource we 
must begin to conserve. Besides, it costs 
money! 

Current vs Voltage 
What is the difference between a tran-

sistor and a FET? 
— W.N., Mechanicsville, GA 

Actually both are transistors where 
current flows between the collector and 
emitter which is influenced, or controlled, 
by an input signal. The transistor, or 
more accurately the bipolar transistor, 
controls collector-emitter current flow by 
a much smaller current flowing between 
the base and emitter. The Unipolar, or 
field effect, transistor is controlled by a 
voltage input at the gate terminal, which 
is analogous to the base terminal. In the 

FET, the drain and source terminals are 
analogous to the collect r and emitter 
terminals. This is an ove4 simplification 
of the differences, but c nsidering you 
did not know the differen es. you know 
enough now to investigate transistors and 
FETs further. 

Panic Hood 
Thick. when I had my car's burglar 

alarm system installed, th installer re-
fused to put in a panic butt n that would 
turn on the alarm front i side the car. 
He said the local ordinance prevent him 
from doing it. Big deal, I could do it, 
but why such crazy laws, when a life 
may he at stake? 

—D.F., $eckley. WI' 

Simple, too many people would play 
police should they be able t control the 
alarm system from inside  he car. In 
my car, I turn off the alarm after enter-
ing the car. I then turn it on gain, when 
I'm parked in an area I feel uncomfort-
able in. Should anyone appro ch the car 
before I can drive away. I imply pull 
the hood release and the st n sounds. 
The car is still driveable, a d away I 
go. Should a cop stop me be re I have 
a chance to turn the system  • I'll pay 
the ticket. However, the chanc s are he'll 
let me go after an explanatio 

Drip, Drip, Drip ... 
Hank, my CB electric up-do n car an-

tenna drips water into my frock area. 
What should I do? 

—S.H., Water wn, NY 

Check the installation. Some snits have 
a drainage fitting which conn ts via a 
1/4 -in, rubber tubing through th4 bottom 
of the trunk area. Be careful w ere you 
drill the drain holt! for the rubb r tubing 
—the gasoline tank is near by! Do not 
grease the antenna section(s) that rise 
up above the rear deck of the car be-
cause you may ruin the antenna's con-
ductivity characteristics. I saw one in-
stallation where an owner added a soft 
rubber washer to the top button on the 
antenna causing a better seal. Also, check 
the mounting itself. Water may be seep-
ing in between the car surface and the 
antenna mounting. 

Great Idea 
Hank, I installed a back-up battery 

system to power my back-up burglar 
alarm in my car. I used a small charge-
able motorcycle  type  battery  which 
charges off the car's alternator. A 10-
ampere diode permits the back-up battery 
to charge, but it cannot be discharged 
into the car's normal wiring system. 
Sounds crazy? No way. Hank, because 
the crooks in my neighborhood have a 
new technique. They poke a sharp slen-
der rod or pike through the gaps in the 
grille work, through a sheetnietal parti-
tion into the car battery. The acid from 
the punctured cell(s) drains out killing 
the battery and the burglar alarm sys-
tem. To date, I lost two batteries, and 

gained the admiration of my neighbors. 
My dumb insurance company now wants 
to put a deductible on my car insurance 
policy so that I pay for the battery. Save 
car insurance companies thousands of 
dollars and they'll find a way to make 
you add more to their pot! 

—P.I., Syracuse, NY 

You're quite clever, and I like your 
idea. It can be used in the home also. 
All systems should have a back up for 
power, or even a second complete system. 

Pick the Best and Both 
Should I use an open wire circuit or 

closed wire circuit for my home alarm 
system? 

—T.L., Augusta, GA 

Mix it up! For example, window foils 
work on a closed wire circuit. Break the 
glass and the foil is broken causing the 
alarm to go off! I prefer window foil 
the best because it warns the intruder 
that he is in for trouble. Thieves always 
look for an easier mark elsewhere. Now, 
run three-wire cable to all windows and 
doors. The third wire should be an open 
wire circuit which, if shorted, will set 
the alarm off immediately! Thus, should 
a maintenance person, salesman, or any 
apparently  legitimate visitor to your 
house short the wires out during the 
moment you are distracted, he will set 
the alarm off, and his game is up. As 
a bonus, the fire or heat detectors can 
be connected to the open wire circuit 
giving the dwellers an early warning to 
an impeding disaster. What about all 
those fancy "radar" and sonic no-wire 
system. They're good, too! However. I'd 
prefer a mix of two systems or more for 
both inside the dwelling and the sur-
rounding grounds. Make it difficult for 
the intruder to get in, and have a back-
up system should one fail. 

Cony Locked 
I hear talk about SDS —Special De-

livery Software. It seems that SDS disks 
can't be copied. That's great for the soft-
ware people, but what about the com-
puter user who needs back-up disks? 

—A. F.. Oakland, CA 

It sounds like a good idea for protect-
ing copyrights and the like to me. How-
ever, the software supplier should have 
some very inexpensive, or free plan, to 
replace damaged disks. After all, most 
DOS users make back-up disks, and save 
the master disk. The idea of copy-locked 
disks is new. Wait awhile —I'm sure the 
industry will work it out. 

Dolby FM 
I haven't heard much talk about Dolby 

FM in the press lately. Is it dead? 
—N.G., Redondo Beach, .CA 

It's not dead, but not too well either. 
There are just over 100 Dolby FM sta-

(Contintre(l On page 104) 
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Only from NRI! Complete home 
entertainment electronics s tyke 
in one fast-track 

home-study course. 
Only NRI Oyes you so much 
training for your money. 
Look what you learn 
to service... 

Color TV 
Black & White TV 
Portable TV 
Videotape Recorders 
Video Disc Players 
Cable TV Equipment 
Public Address 
Systems 

Portable Radios 
Musical Instrument Am-
plifiers 

AM/FM Tuners 

Tape Recorders 
Speaker Systems 
Record Players 
Auto Radio 
Antennas 
Auto Stereo 
Microprocessor 
Controls 

Electronic Fire & 
Burglar Alarm 
Systems 

and more! 

Master the world of entertainment 
electronics with training from NRI. Only 
NRI gives you so much in a single, 
unified course. You're prepared to 
enter this lucrative field at any point, 
specialize or be a generalist. From 
computer-controlled TV to videotape re-
corders to laser beam video disc players, 
NRI training is complete. 

Learn at Home 
in Your Spare Time 
And you learn nght at home, at 

your convenience, without quitting your 

'fraining Equipment and instruments 
Included.. .yours to keep. 

job or wasting time and 
gasoline going to night 
school. NRI "fast-track" 
training makes learning 
easier... NRI " hands-on" 
projects give you practical 
bench experience as you 
progress. You not only get 
theory, you actually build 
and test electronic circuits, 
equipment, a complete 
audio system or color TV. 

Computer-
Programmed TV, 
Videotape Recorder, 

or Stereo 
As part of your training, you as-

semble and keep NRI's 25" (diagonal) 
color TV. It's complete with built-in digi-
tal tuning that lets you program an 
entire evening's entertainment. As you 
build it, you study circuit operation 
stage by stage, see how electronic faults 
can be detected and corrected, get prac-
tical bench experience that gives you 
extra confidence. 

Or, as your practical experience 
project, you can elect to construct NRI's 
solid-state tuner and amplifier, complete 
with speakers. Or train with a fine 
videotape recorder. Any way you choose, 
you keep all equipment, get all 67 
lessons covering electronics completely 

Professional 
Instruments Included 
Your training also includes the 

NRI Discovery Lab,® where you'll build 
and study electronic circuits, perform 
practical experiments that make theory 
come alive. You'll get professional in-
struments, too, like the 6-function, 26-
range Beckman LCD digital multimeter. 
And as you assemble your TV, you even 
build key instruments so you know them 
from the inside out...a digital CMOS 
frequency counter, 5" solid-state oscil-
loscope, and a 10-function integrated 
circuit TV pattern generator. 

NRI Training 
the Choice of the Pros 
More than 60 years and a million 

students later, NRI is still first choice in 
home-study schools. A national survey of 
successful TV repairmen shows that more 
than half had home-study training, 
and among them, it's NRI 3 to 1 over 
any other school. We'll be happy to send 
you the survey summary on request. 
Find out how NRI can work for you. 
Send for Free Catalog... 
No Salesman Will Call 
Send today for our free 100-page 

catalog which shows all the equipment 
and instruments, complete lesson plans, 
opportunities in this wide-open field, 
and convenient time payment plans to 
fit your budget. Or explore other NRI 
opportunity courses like Microcomput-
ers and Microprocessors, Communica-
tions Electronics, Electronic Design 
Technology, or Digital Electronics. Send 
the postage-paid card today and see 
what "complete" really means. If card 
has been removed, please write to us. 

NRI MU SCHOOLS 
McGraw-Hill Continuing 

'  Education Center 
. h., :W3 39 ashington, DC 

A27616  

Well give you tomorrow. 
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DIGITAL 
CAPACITANCE 
METER 
Bargain meter lets you 
measure those mystery Caps 
By Philip M. ValPraag 

This digital capacitance meter is a 
cinch to use; just clip the 
leads to the capacitor select the right 
range and push the TEST button. 

W
ith the proJiferation of increas-
ingly sophisticated test equip-
ment, it's quite easy to lose sight 

of one's real test needs. An excellent 
case-in-point is the digital capacitance 
meter. Many commercially available 
designs provide for auto-ranging, auto-
null, and have eliminated the "push-
to-test"  requirement.  Furthermore, 
they frequently boast of accuracies 
up to .1%! These features might be 
great for professional laboratory or 
manufacturing requirements. But, real-
ly now, when was the last time you 
needed to verify a capacitance value 
to .1%? 
Enter  our  Digital  Capacitance 

Meter (DCM). It does not have auto-
ranging, nor auto-null, nor auto-test, 
and does not approach .1% accuracy, 

but does provide a reliable, easy-to-
use, accurate DCM which can be con-
structed for only about $55 and a 
couple of evenings' work. It has been 
deliberately designed with an absolute 
minimum number of readily available 
parts, and requires no special calibra-
tion or construction skills. 
A quick glance at the parts list will 

reveal that, without exception, all parts 
are of the "common, garden variety," 
available from a multitude of sources. 
For convenience, a printed circuit 
board set or complete kit of parts is 
available (see the parts list). A com-
pletely wired and tested unit is also 
available, but construction is straight-
forward and should be considered for 
even the "neophyte" project builder. 
The only tools required for the 
kit version are a fine-tipped 25-watt 
soldering iron, small diameter solder 
(.031  inch),  wire  cutter/stripper, 
small  screwdriver  and  long-nosed 
pliers. 
DCM Design. For clarity, DCM cir-

cuit operation may be divided into a 
capacitance measurement task and a 
display task (see the block diagram). 
The capacitance measurement sys-

tem consists of U 1 a, U 1 b and U2a. 
U2, a 556 timer, contains two inije-
pendent 555-type timer functions: U 1 a 
functions as a monostable oscillator; 
U 1 b functions as a 10-kHz astable 
oscillator. Depressing the TEST switch 
triggers the monostable. The test capa-
citor (Cx) is part of the timing cir-
cuit, and thus, the duration of the 
monostable output is dependent upon 
the value of Cx. One pole of the 
RANGE switch selects the resistance 
portion of the monostable timing cir-
cuit to match the anticipated range of 
Cx. See the chart for a 556 mono-
stable time-delay nomograph. 
Capacitance measurement is based 

upon gating, via U2a, the 10 kHz 
astable output with the monostable 
output signal. That is, 10 kHz astable 
pulses will appear at the output of 
U2a only for the length of time that 
the monostable output is high (trig-
gered state). Thus the number of 
pulses at the output of U2a is a func-
tion of the capacitance being tested. 
The display system performs the re-

maining major task; that is, to con-
vert the gated number of pulses to a 
recognizable numeric display form. 
For simplicity, this task is accom-
plished by a series of TTL decade di-

• 
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This is a 556 timer nomograph to be used 
for determining the delay achieved when 
a certain capacitor is used with  the 
appropriate calibration resistance. 

viders, BCD to 7-segment decoders, 
and 7-segment LED displays. U3 
through U7 are wired as decade divid-
ers, additionally providing BCD out-
puts for the 7-segment decoders U8 
through U10. The DCM Functional 
Diagram illustrates an example of the 
timing countdown to the displays. We 
will use it to facilitate understanding 
of the counting system. 
Test Example. In the example, a 

10uF capacitor is measured on, the 
X.1uF range. With this test capaci-

tance, and assuming a calibration re-
sistance of 110k-ohms, a one-second 
monostable output duration will be 
produced at pin 3 of U 1 a. (See the 
556 nomograph assuming a 110k-ohm 
calibration resistance.) When the TEST 
switch is depressed, pin 3 of U2a pro-
duces 10,000 "pulses" since we gated 
the 10kHz astable output for one sec-
ond. U3 and L4 collectively divide 
by 100, thus presenting 100 pulses to 
the next three dividers. U5, U6, and 
U7 also each divide by 10, and in ad-
dition, provide BCD outputs to U8 
through U10. In the example, U5 
"counts" 100 pulses, U6 counts 10 
pulses, and U7 counts 1 pulse. When 
each divider counts 10 pulses it resets 
to a zero-count state and outputs a 
trigger pulse to the next divider stage. 
Since U5 counts a number of pulses 

evenly divisible by 10, its BCD output 
to U10 is a binary-coded zero (ie: 
0000). U6 also counts pulses evenly 
divisible by 10 and thus outputs a 
BCD zero to U9. U7 counts one 
pulse, and outputs a BCD 1 (ie: 
0001) to U8. Since U7 does not count 
up to 10, no output pulse is produced 
at pin 11. U7 controls the most sig-
nificant digit of the display, and thus 
must provide a "flag" to the operator 
if the maximum display count has 

PULSE DIVISION FOR EXAMPLES I An r-

TIMING GATE LETS 
10,000 PULSES THROUGH 
TO FIRST D,VIDER 

RANGE ONLY) 

CAPACITANCE MEASUREMENT 

MONOSTABLE 
U12 

-CATION 
RESISTANCE 
(PART OF RANGE 

SW) 

MONOSTABLE 
U lc 

ASTABLE 
U lb 

MOST 
SIGNIFICANT 
DIGIT 

Use this  agrarn to  elp you understand the sample ctpacitance 
reading described in the text above. A 10 uF capacitor and the .1 

range are used for this example. The display will read 100. 

DISPLAY 

II  OVERFLOW 

LEAST 
SIGNiFICANT 
DIGIT 

R/S f LIP 
FLOP 
U 2 b,c 

TO LAMP-TEST 
FUNCTION 
(ILLUMINATES 
ALL SEGMENTS), 
u8-U10 

been exceeded. This flag exists in the 
form of an output pulse at pin 11 if 
count 10 is reached, indicating an 
overflow condition. This pulse triggers 
a flip-flop, U2b and U2c, which turns 
on all segments of all displays via the 
"lamp test" function of U8, 9 and 10. 
This alerts the operator to advance 
the RANGE switch to the next higher 
position. 
U8 through U10 convert BCD in-

formation to the 7-segment format 
used by the displays. In the first exam-
ple, U10 processes its incoming data 
(0000) to produce a logic high level 
for segments a,b,c,d,e and f of the 
least significant digit. This allows 
those segments to illuminate, forming 
the number zero. U9 likewise causes a 
zero to appear on its associated dis-
play digit. U8 processes its incoming 
BCD 1 to illuminate segments b and 
c, forming the number I. The result, 
reading from the most-to-least signifi-
cant digits, is 100 which, times the 
X.1uF range position, yields a capaci-
tance reading of 10uF. 
The TEST switch actually performs 

three functions. The function previ-
ously discussed (triggering the mono-
stable oscillator) is accomplished by 
providing a brief logic low level at 
pin 2 of U I a. Before the monostable 
is actually triggered, however, two 
"housekeeping" chores must be taken 
care of. First, all dividers (U3-U7) 
must be reset to zero. This is accom-
plished by providing a brief logic 
high level, via U2d, to the "master 
reset" connections at all divider pins 
2 and 3. Second, a brief logic low 
must be provided as a reset to the 

U2b-c to reset the display 
digits in the event of an overflow 
during the previous measurement. 
Monostable triggering is delayed by 

the Cl, C2 circuitry to allow comple-
tion of these tasks. U 1 a requires a 
voltage level of one-third or less of 
the supply voltage in order to trigger. 
C2 is discharged from 5 volts through 
R37 via a low potential available for 
a brief time from CI and the TEST 
switch. A second monostable oscil-
lator. U12. is provided as a buffer for 

SAMPLE METER READINGS 

Display  Range Switch Position 

Reading  10 pF  .001  .1  10 

025  250 pF  .025 uF  2.5 uF  250 uF 

365  3650 pF  .365 uF  36.5 uF  3650 uF 

003  30 pF  .003 uF  .3 uF  30 uF 

The above chart shows sample values 
when various one, two or three digit 
numbers appear on LED display panel. 
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the TEST switch, providing a switch 
"debounce" function. 
Construction. Construction of the 

DCM is straightforward when using 
the PC board layout shown. While 
point-to-point "perf board" construc-
tion is feasible, you would probably 
wish you had opted for the PC meth-
od long before you completed the 
project. Study the parts layout and 
orientation before starting construc-
tion, and decide upon a "method of 
attack" for inserting the components. 
Although individual styles differ, the 
following sequence should work well. 
The idea here is that by sequencing 
the parts installation according to the 
height of the components, several like-
components can be inserted, on the 
board before the board is inverted and 
the parts soldered in place. This 
should speed things up a bit. As men-
tioned earlier, use only .031 diameter 
(or smaller) solder. 
First, install the wire jumpers on 

the main board as indicated in the 

An interior view of a 
completed DCM. Note the 
nut and bolt used to dis-
ipate heat from the voltage 
regulator, the use of IC 
sockets, and the way the LED 
current limiting resistors 
are soldered to the board 
behind the display panel. 

parts location diagram. (This is prob-
ably the most difficult portion of the 
construction, so take your time and 
doublecheck the jumper placement.) 
Next,  install  the  horizontal-mount 
fixed resistors, slightly bending the 
leads after insertion to avoid misposi-
tioning when the board is inverted for 
soldering. (It is helpful, for subse-
quent troubleshooting identification, to 
orient the resistors so that all the first 
bands point in the same direction. It 
looks neater, and makes identification 
a lot easier.) 
After soldering them in place, trim 

the leads flush with the solder "blobs." 
Next, install the IC sockets on the 

CONNECT TO  4 
MAIN PC 
BOARD 

00 

3 

2 

6 

5  5 

7  7 

6 

DRESS CABLE WIRES 
1-4 THIS WAY 

<  

The top diagram shows the relationships of the wires in each ribbon cable 
assembly. The lengths of each section are as follows: Section 1-4, Sec. 2-
4Va'', Sec. 3-5)/4", Sec. 4-53/4", Sec. 5--2s/s-, Sec. 6-41/2-, Sec 7-3'/C, Sec. ft-
5'f". For ea;ier installatior dress the wires from switch Si as indicated. Such 
efforts are not necessary to the DCM's operation, but they make it lo 
more professional in appearance. Make neat, clean solder joints. 

2o  ° 

0 P 06 

30  5 0-, 
40  0 

0 

2 

CONNECT 
TO RANGE 
SWITCH 

TERM( NALS 

BEND ALL TERMINALS  EXCEPT 
5 AND 8 OUTWARD 90°  BEND 
TERMINALS  5 AND  8 INWARD 
90° 

main board, making sure that the 
notch, or dot, on one end of the 
socket is positioned as shown. This 
will facilitate proper orientation of the 
IC's when they are installed after all 
soldering is completed. Do not install 
IC sockets on the display board when 
using the cabinet described in this arti-
cle, as there would be insufficient 
clearance to the front panel. 
Next, install the capacitors, perhaps 

beginning with the mylar types (Cl 
through C7), then C8, C9 and C10. 

1/8 
INCH 

DRESS CABLE WIRES 
5-8 THIS WAY 

SOLDER ALL 23 PADS ON 
DISPLAY BOARD TO MAIN 
Pc BOARD (SEE TEXT) 

CONNECTION POINT OF 
COMMON RESISTOR LEAD 
FROM TOPSIDE OF PC 
BOARD (SEE TEXT) 

The display board and main board ar 
soldered  together  in  the  orientati 

Ma llO M I 

Be careful to observe the polarity of 
capacitors C8 and C9 before solder-
ing. The trimmer pots should be 
mounted with the adjustment side fac-
ing the center of the board for ease 
of calibration. Observe the orientation 
of Ull before installation. Ul 1 does 
not really require heat-sinking for this 
circuit, but a 6-32 x 11/2 inch screw 
and nut may be added to more evenly 
distribute the heat when using a small 
cabinet. It might be useful to note 
that the heat-sink tab is at circuit 
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DIGITAL CAPACITANCE METER SCHEMATIC 

"T.  

82 
68K 

+5v  7. ".. RANGE 

510 

R3I J32 R33% R34 2M T2M I50K 2K 

75M 6..8M 47K R28 R29 R30 
•--
.5V 

  +5V 
o   • I 

2  14 
6 

1,10 

o    73  4 5  

C3-1 
T  *5V 

RI =  •5V 10K 

3 10 

(1-"82UID 9 

C4 -  C5 T.01  

836 100K 

pF 

+5+., 

838 
68K 

4 5 4 

LTC 10 

835  C7 iOOK 001 12 '5V 
)/-1 . 5)1pr  5V u2d  . R37 10K  13 

C2 001 

Cl, C3, C5-.01uF, mylar capacitor 
C2, C4. C7-.001uF, mylar capacitor 
C6-.005uF, mylar capacitor 
C8--luF, tantalum capacitor 
C9- luF, ceramic disc capacitor 
C10--10uF, electrolytic capacitor 
1E01 through 1E03-01704 7-segment LED 
display, common cathode 

R1, R3, R37-10,000-ohm, 1/4 watt, 5% re-
sistor 

R2, 338-68,000-ohm, 1/4 watt, 5% resistor 
R4, R35, R36-100.003-ohm, 1/4 watt, 5% re-
sistor 

R5 Through R26 -470-ohm, 1/4 watt, 5% re-
sistor 

R27-3,300-ohm, 1/4 watt, 5% resistor 
R28-7.5-megohm, V4 watt, 5% resistor 
R29-6.8-megohm, 1/4 watt, 5% resistor 
R30-47,000-ohm, 1/4 watt, 5% resistor 
R31, R32-2-megchn, 1-turn trimmer pot, 
vertical PC mount 

R33-50,000-ohm, 1-turn trimmer pot, verti-
cal PC mount 

ground potential, and thus makes a 
handy place to hang a test clip for 
troubleshooting purposes. 
The LED displays and U12 should 

.01 +5V 
I  T 
5 2 3 

U3 

12 1106 7 

o-I 

+5V  T 
L. 5 2 3 

10 

+5V 

LED3 
(LSD) 

PSC di fp 

 • 

. Er) 2 

a bc de f_g_i 

•5V  +5V 
L312" J09 L 

16 U9  54-0 
87  2  k 

• 

3.3K 827 1 J.  7 1 

 ( 14 U4 II 

12 11067 
L_J 

4 

+5V — 

II  9 r4 
t2 10 15 
U10 
26 

IT 
12 9 2 38 

14  05 " 
5, 

LED 
M S D) 

as cle1g 85 47011 

 . (21 
TOTAL)1 

i3 II  4  14 
1612  10  15 
4 ug  5 

87I  263 

-4 11  
12 9238 

 -14 U6 11 

T  519 6 7  

+5V *  

I!  
(12 9 2 38 

•  4 )4 U7 

n1 510 6 7. W84 OK 

R26 4 70,C1 

C6 
005 4 

83 
10K 

5 

IC 

T — IN4-001 
ITYP) 

TYPICAL -.5V 
"WALL TRANSFORMER'. 
POWER SUPPLY 
(300mA CAPACITY) 1 

1 7V. TO 7.5V 
(TYP) 

PARTS LIST FOR 
DIGITAL CAPACITANCE METER 

R34-2,000-ohm, 1-turn trimmer pot, verti-
cal PC moult 

S1--2-circuit, 4-position rotary switch (GC 
35-377 or s 

S2-SPST monentary contact switch 
U1-556 dual timer integrated circuit 
U2-741500 Cuad NAND gate 
U3 through U7-741590 decade counter 
U8 through U10 74LS48 BCD to 7-segment 
decoder 

U11--LM340T-5 5-volt regulator 
U12 -74121 nonostable multivibrator 
Misc.---Cabinet 4" x 41/2 " x 1h" minimum, 
with beze and red filter (Radio Shack 
270-285 or similar), IC sockets, knob, clip 
leads, PC board, 26 AW3 solid hookup 
wire. AC pawer supply--7.5 volt, 300 milli-
amp., wall-plug-in type (Herald BA-46A or 
equivalenti. 
Don't use just any "9V AC battery 

eliminator." It must have sufficient cur-
rent handling ability; and, to avoid need 
for an elab  e heat Si' 7.5 V j . 

now be installed on the display board, 
being careful that the orientation dots 
face the same direction. The display 
jumpers shown may be formed either 

1N4001 
(TYP) 

+5V 

C9 
0.1 

 0 
GNO 

be used (as available on many "multi-
voltage" models). 

Note- A set of PC hoards, complete kit of 
parts, or wired-and-tested DCM are avail-
able as follows: 

DCM-n-etched and drilled PC boards for 
display and main circuitry, $12.95 post-
paid in U.S.A. 

DCM-K--complete kit, including all com-
ponents, IC sockets, PC boards, wall sup-
ply, pre-drilled cabinet, etc.: $58.95 post-
paid in U.S.A 

DCM-W-completely wired, calibrated, and 
tested: $89.95 postpaid in U.S.A. 

Arizona residents add 4% 5ales tax. Foreign 
resideits add $5.00 for shipping and han-
dling. No COD's or foreign currency, please. 
Money orders shipped same day. Order from 
PVP Industries, Inc.. P.O. Box 35667, Tuc-

k' 

by bending the appropriate LED lead 
over to the pad, or by using hookup 
wire. Join the two PC boards by first 
studying their positioning and the pad 
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orientation. Scotch tape and a book or 
two may be helpful in obtaining tem-
porary positioning of the two boards, 
long enough to solder the first few 
pad-sets. There should be Vs inch 
overlap of the display board over the 
pattern side of the main board. Apply 
solder to the pads, allowing the solder 
to freely flow and form a 1/16" thick 
bead over the pad surfaces. 
Next, place one end of all 21 470-

ohm resistors (R5 through R26) into 
the proper holes. Apply a long strip 
of Scotch tape across the upward-fac-
ing leads to maintain proper position-
ing. Invert the board, and solder all 
21 leads. Cut off the excess lengths, 
then turn the board right-side-up. 
After final straightening of the resis-

tors, solder these 21 leads together 
(either by bending the lead on appro-
priately-spaced resistors or using a 
separate bare hookup-wire). Install a 
wire from one end of the resistor array 
through the board to the appropriate 
solder pad as shown. Stop at this time, 
take a break, then carefully inspect 
the work you have done thus far. Re-
check for properly oriented compo-
nents, and make sure that soldering is 
neat with no solder-bridges. 
At this point all PC board compo-

nents should have been soldered in 
place. (If you have any left over, in-
stall them at this time.) All that re-
mains is connecting the two switches, 
the test leads, the power supply wires 
and the wire jumper connected be-

tween the display board and the main 
board. Select a reasonably short path-
length for the switch wires, depending 
on your chosen cabinet design. Either 
individual leads or flat-ribbon cable 
may be used. Test leads were chosen 
for this project in lieu of binding posts 
since all diverse physical capacitor de-
signs can be accommodated with the 
test leads. You may, however, prefer 
binding posts. In either case, keep 
these lead lengths short to minimize 
residual capacitance in the Xl0pF 
range. 
Checkout and calibration. Double-

check all connections and component 
orientation. Do not install the IC's 
into the sockets yet. Instead, plug-in 
the wall transformer and observe the 
display. All segments of all displays 
should be illuminated, forming a dis-
play of all 8's. If they are not illumi-
nated, unplug the supply immediately 
and determine the cause. (If at least 
some of the display segments are on, 
the power supply and on-board regu-
lator are functioning. If. all segments 
are off, check to see that you installed 
a wire from the common connection 
of the 21 vertical resistors through 
the PC board to a +5 volt pad.) The 
wall supply case should remain luke-
warm after 10 minutes of operation 
in this mode. (If the supply case be-
comes hot, chances are you chose an 
insufficiently-rated AC supply.) If ev-
erything appears alright, disconnect 
the supply and install the IC's, being 
careful to observe proper orientation 
in the sockets. 
Reconnect the supply. Depress the 

TEST switch in each of the RANGE 
switch positions, observing the dis-
play each time. (Do not connect a 
test capacitor yet.) The XI OpF range 

Orient the LED displays as shown above 
and in the parts location diagram to 
the left. Note how do is bent over on 
its side and how U12 is mounted with-
out a socket to allow adequate clear-
ance around the case's red display bezel. 
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should produce a low single-digit read-
ing corresponding to the residual input 
circuit capacitance. The other range 
positions should produce a single-digit 
zero reading. (This design employs 
leading zero display suppression to en-
hance readability.) 
Calibration is quite simple, consist-

ing of adjusting the appropriate range 
trimmer pot for a display reading cor-
responding to a known test capaci-
tance. Only one capacitor need be 
used for each range, as the 556's re-
sponse is extremely linear; but, for 
accuracy, choose a value for each 
range that causes all three displays to 
be lit (eg.: on the X.001uF range, 
choose a capacitor between .1uF and 
.999uF). If you have access to an 
accurate capacitance meter you won't 
need to obtain premium tolerance 
caps. Simply measure your selected 
value "junkbox" capacitors on this 
other meter, then calibrate the DCM 
accordingly. If these means are not 
available, you will have to use several 
capacitors of known "nominal" value 
for each range, and average all of the 
readings. 
Operation. As stated above, accur-

racy is enhanced by selecting a scale 
that will produce a two or. preferably. 
a three digit display. It is best to per-
form several tests of each capacitor. 
as an occasional transient pulse (or in 
some cases, a marginal capacitor) can 
cause spurious readout counts. Accu-
racy is also improved by allowing a 
few seconds "settling time" between 
measurements;  otherwise,  the  next 
measurement may produce a slightly 
lower count. The practical lower limit 
of measurement on the X 10pF scale 
should be considered 100pF; although 
with a little experience, and remem-
bering to subtract the residual reading 
for this scale (ie: TEST  switch de-
pressed with no capacitor connected). 
low capacitance values can be meas-
ured with reasonable accuracy. The 
upper capacitance limit is 9,990uF, 
obtained on the X1OuF range. 

This close-up detail 
photo shows how the 
display panel is con-
nected to the main cir-
cuit board. This is a 
complex circuit board, 
so be careful soldering. 

I have found that connecting a wire 
from the ground lead to the AC out-
let cover retaining screw will improve 
the stability of low capacitance values 
when measured under high noise con-
ditions. 
An overflow condition (steady 888 

display) indicates either that the ca-
pacitance being measured exceeds the 
selected RANGE position or may indi-
cate a shorted or excessively leaky 
capacitor. Leaky capacitors will, cause 
a "suspiciously high" reading. For ex-
ample, if a 10uF electrolytic (+100. 
—0 tolerance) reads 100uF, odds are 
you've got a "leaky-lytic"! 
A power switch was deliberately left 

out of the design. The remaining lit 
segments when the DCM is not being 
used serve as a reminder that the wall 
supply is still plugged in. As with any 
electronic device employing a wall 
supply, turning off the power switch. 
if provided, would still not remove 
power from this supply. Thus. for 
maximum safety, unplug the supply. 
Your efforts in carefully construct-

ing the DCM will be rewarded by 
many years of dependable service. • 

Full-size photo-etching template. 
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W ITH DIGITAL DEVICES  becoming so 
IV pervasive on today's market, the 
average do-it-yourselfer may be having 
a hard time changing over that electron 
tube and p-n-p transistor troubleshoot-
ing ingenuity to integrated circuitry. 
However, it requires no mystical in-

cantations to fix a digital radio or clock 
that goes on the fritz. Debugging digital 
circuits is no more difficult than trou-
bleshooting analog circuits, just a bit 
different. Some claim it is even easier. 
Problem Proven Probes. Trouble-

shooting's secret is to use the proper 
tools. A multitester won't do much 
good for most digital applications. 
However, a logic probe will. 
A logic probe checks the logic state 

of your test point. The simplest type of 
logic probe has one LED for an indi-
cator. If the LED lights, the logic state 
of the tested point is high (or one). If 
the LED doesn't light, the logic state is 
low (or zero). 
More advanced logic probes have 

separate LEDs for high and low states, 
with some having an additional LED 
indicating that the tested point's logic 
state is pulsing. 
The logic probe sounds like and is a 

very simple testing device. Yet it's the 
most important tool you'll need when 
troubleshooting digital circuits. You 
can use it to determine the logic states 
of most MOS CMOS and TTL ICs. 
It's also handy for checking multivi-
brator circuit output. To use the probe, 
just touch the pin or point you're curi-
ous about with the probe's tip. Then 
read the LEDs. 
For digital troubleshooting,  most 

service technicians start at the digital 
circuit's output and work back. The ex-
ception is if the circuit is driven by a 

Digital 
Debugging 
Save a Bundle by Repairing 
Your Own Digital Circuits 

multivibrator. Then it pays to first 
check the multivibrator, then go to the 
output and work your way back into 
the circuit. A logic probe having a sep-
arate LED indicating pulsing states is 
a real help if you often work with mul-
tivibrator circuits. 
A bad chip is the first suspect in a 

malfunctioning digital circuit. But a bad 
chip is not always the problem. It's 
easy to misuse TTL and MOS/CMOS 
integrated circuits. 
Stay Grounded. Don't Float! If you're 

using MOS or CMOS ICs (4000-series 
devices), one important point often 
overlooked is that all unused inputs 
must be connected either to Voltage 
Common Collector (Vcc) or ground. 
If you have any floating inputs, you 
won't damage the IC but its operation 
will probably be erratic. 
Another problem with MOS/CMOS 

SQUARE  WAVE  SIGNALS 

IRREGULAR  SIGNAL. 

Fig. 1. Irregular signals might impair the 
operation of an IC. Digital circuits are 
designed to operate on regular waveforms. 

O tt itititittit 

ICs is output overloading. You might 
be trying to operate too many LEDs 
from one chip or you could be trying 
to use the output as the input for too 
many other ICs. A quick way to check 
is by touching the plastic case. If it's 
hot, then you are probably overloading 
that particular IC. 
TTL ICs (7400-series devices) also 

require special attention. If an input 
should always be high, connect it to 
Vcc. If the input should always be low, 
connect it to ground. Many electronics 
hobbyists believe that unused TTL IC 
inputs are always high. That's what 
usually happens, but they can (and un-
expectedly) go low and this can mean 
erratic circuit operation. 
You've got to be careful when work-

ing with TTL ICs containing OR, AND 
or NAND gates. If you have an unused 
input on such a chip, connect it to a 
used input on the same chip. Other-
wise, the chip will probably misbehave. 
A good rule when working with TTL 
integrated circuits is all inputs must be 
connected to something. 
Naughty ICs. If you've checked all 

the IC inputs and found them okay but 
the circuit still won't work, the problem 
is a bad IC. 
The simplest test for a defective IC 

(and often the most effective) is to 
look at and touch the plastic case. De-
fective ICs often develop a bubble or 
discoloration in the middle of their 
package. A bad IC often draws an ab-
normally high amount of current, so 
examine IC cases that are hot. (This 
is the same check used for overloading.) 
Another quick way to locate bad ICs 

is by piggybacking. Piggybacking means 
placing another IC of the same type on 

(Continued on page 98) 
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Learning Electronics with CIE 
is no picnic. 

It takes work. And O w sacrffices. But it worth it! 
The minute you start your CIE course you'll 
see why CIE is different from other home-study 
schools. 
Because as a CIE student you'll get the kind 

of electronics training that prepares you for a 
career, not just a job. We'll 
give you a meaningful, 
well-rounded foundation 
in electronics theory and 
practice. And with our 
special Auto-Programmed® 
Lessons, we'll make sure 
you grasp the key theories 
and methods of modern 
Electronics. No "fun and 
games" frills. No time-
wasting, superficial lesson 
material. No"snap"exams. 
We'll challenge your 

thinking. 
We have to. Because 

after you graduate, em-
ployers will expect you to 
really know how to analyze 
and troubleshoot virtually 
all kinds of electronic 
equipment. Some employers of electronics per-
sonnel have told us that our graduates have 
what it t4kes. 
That's why we're so thorough. We've got a 

40-year reputation to uphold and we're going 
to keep it by giving our students the best 
training we can. 
Sure, some of our weaker students drop out. 

(Learning Electronics with CIE is no free ride.) 
But you can bet on this . . . the ones who do 

rclE 

make it are ready! Ready to go out and 
make it in the rewarding world of Electronics. 
And that's the reason you want to learn, 
isn't it? 
So if you are serious about getting ahead in 

Electronics... if you are 
willing to put in the extra 
work ... get in touch with 
us. Our school catalog 
which includes informa-
tion on FCC Licenses 
will be on its way to you 
immediately... FREE. 
We have many career 

courses for you to select 
from and these books give 
you the details. If you al-
ready have some electron-
ics training, you may want 
to skip our beginner-level 
courses and enroll in an 
intermediate program. Or, 
if you're really hot, there's 
a tough college-level course 
called "Electronics Engi-
neering" that can make 

you even better. Most of our courses prepare 
you for the Government FCC License exam. 
And all career courses are approved for educa-
tional benefits under the G.I. Bill. 
Find out more. Send for CIE's FREE 

school catalog and complete career informa-
tion package today. For your convenience, a 
school rep may call to assist you. Just mail 
card or coupon to CIE ... or write Cleveland 
Institute of Electronics, Inc. 1776 East 17th 
Street, Cleveland, Ohio 44114. 

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

Yes, I want your FREE school catalog and career information package. 

eci-16 
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THERE'S A SAYING about computers 
that we all recognize: garbage in, 

garbage out. This saying is as true to 
audio as it is to the world of bits and 
bytes. Yet, for some reason, most 
transceivers and transmitters (even ex-
pensive high quality models intended 
for fixed station use) are sold with 
cheap hand or desk mikes better suited 
for an inexpensive CB rig. 
A considerable investment in a top 

quality rig can easily be undone by an 
inferior  microphone.  One  should 
closely look at the various factors re-
garding microphone selection. 
All Purpose Mikes. There are mikes 

designed for every imaginable pur-
pose, with prices ranging from $5 to 
several thousand dollars. The chal-
lenge is to get what's best for your 
needs at a reasonable price. The most 
basic of mikes are carbon mikes. 
Carbon mikes are among the oldest 

and simplest of microphones. Carbon 
mikes change the varying pressures of 
sound waves into electrical pulses by 
using a diaphragm. It is connected so 
that the pressure waves alternately 
compress and decompress loosely-
packed carbon particles in a capsule. 
Applying a voltage in series with 

this carbon-granule variable resistor 
produces a current that varies at an 
audio rate. About 50 to 100 ma of 
current is required for operation. 
Carbon mikes are rugged and are 

used where abuse is expected and high 
output is required. Due to frequency 
response and audio quality limitations 
(about 250-4500 HZ), only speech 
can be transmitted. 
There are still some World War II 

and later era carbon mikes available 
as surplus, but it makes little sense to 
use them in most amateur applications. 
Your audio will sound a bit raspy, 
somewhat akin to that of the radio 
operator's in a vintage John Wayne 
bomber movie. You may also have 
trouble getting used to the occasional 
requirement to gently tap the mike's 
case to break up the carbon granules 
that tend to pack. 
Realistically, crystal, dynamic and 

related types offer a better choice in 
microphones for general amateur com-
munications use. 
Crystal Clear. Crystal mikes have 

good communication qualities, with a 
generally bright sound that's good for 
piercing through QRM. They contain 
a piece of quartz used to generate an 
electrical voltage when subjected to a 
mechanical stress. 
The element is mounted behind a 

diaphragm and a fixed metal plate. 
Sound waves striking .the diaphragm 
place a mechanical strain on the ele-

ment; the voltage produced is taken 
off between the diaphragm and the 
fixed plate. 
Crystal mikes generally have high 

output impedances (as high as several 
megaohms), thereby requiring well-
shielded, short-run cables if excessive 
hum pickup and loss of high-frequency 
response is to be avoided. Crystal 
mike output is typically high, though 
not as high as that of carbon mikes. 
Quality is good, but the quartz crys-
tals used are sensitive to temperature 
and humidity variations so crystal 
mikes are usually unsuitable for mo-
bile applications. 
An answer to the limitations of the 

crystal microphone lies in the ceramic 
mike. This mike uses a special ceramic 
wafer to generate the audio signal 
The audio is of somewhat better 

quality, since the ceramic material 
produces a more uniform frequency 
response over its entire range. Ceramic 
mike output is also high impedance. 
but the output level is slightly lower 
than that of the crystal mike. The 
ceramic microphone is well-suited to 
mobile applications due to the rugged-
ness of its element. 
However, most solid-state transmit-

ting equipment is designed to work 

, ;op 
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best with low-impedance microphones. 
For this reason, characteristically low-
impedance dynamic microphones are 
gradually nosing-out crystal and ce-
ramic types for both fixed-station and 
mobile applications. 
Very Dynamic! The dynamic micro-

phone and its relatives, such as the 
controlled-reluctance  or  controlled-
magnetic mike, are taking over the 
communications field. Such mikes have 
a uniform frequency response and are 
very affected by reasonable extremes 
of temperature and humidity. Some 
specialized versions can even cancel 
background noise. 
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C O M MUNICATIONS 
MICROPHONES 
Get Top Value for Your Microphone Buying Dollar. 

In some respects, this mtke acts as 
a dynamic loudspeaker in reverse, op-
erating on the principle th it when a 
moving wire cuts a magnetic field, 
electrical energy is pr3duced. A light-
weight coil of wire is attached to the 
diaphragm and a magnet is placed so 
that the coil is within its energy field. 
Sound waves striking the diaphragm 
make the wire coil vibrate in the mag-
netic field, resulting in an electrical 
output that exactly corresponds with 
the sound waves. 
Dynamic mikes are the workhorses 

of the entire field. Their audio quality 
is good, though outputs are lower than 

any type previously described. Output 
impedance is low, running from about 
30-ohms up to several hundred ohms, 
though some types produce high-im-
pedance outputs, having a very small 
transformer installed within the micro-
phone case. 
The  controlled-reluctance  micro-

phone, originally developed for the 
military to combine the desirable char-
acteristics of ceramic and dynamic 
mikes, is a close cousin. 
In it, the coil is stationary and an 

armature in a magnetic field is moved 
within the coil by the action of the 
diaphragm. The wire coil can be 

wound to match almost any imped-
ance, from high to low. 
A Consideration. What are the con-

siderations involved in selecting a 
microphone? Range and uniformity of 
frequency response, design-for-appli-
cation (FM vs. SSB), output impe-
dance, output level (preamplified vs. 
non-preamplified), ruggedness of ele-
ment and case, type of stand, push-to-
talk (PTT) or grip-to-talk features, 
pattern, RF and audio shielding and 
wiring configuration are a few features 
to look at. 
Keep It Flat. Audio response should 

be uniform throughout the desired 
band, with no bumps anywhere in 
the range. Nevertheless, a slight rising 
characteristic, as in the crystal mike, 
is often preferred to produce crisp, 
interference-piercing quality. 
As for range, many manufacturers 

have taken an approach in which 
microphone response spans from 300 
to 5000 Hz. Mikes designed for FM 
tend slightly to the higher frequency 
response, SSB mikes toward the lower. 
The human voice ranges from 300 to 
3000 Hz. Very wide range, hi-fl studio 
mikes are undesirable and may intro-
duce extraneous high-frequency noise 
into the transmitter's audio circuitry. 
Microphone impedance matching is 

extremely important. For best results, 
the impedance of the mike should be 
the same or fairly close to that of the 
circuit it feeds, up to about 3:1 or 4:1 
is acceptable. Beyond these limits, fre-
quency response curves become dis-
torted and mike output suffers. 
Most dynamic microphones are low 

impedance devices in the range 150-
600 ohms, so you're usually safe in 
using them with solid state transceiv-
ers. Always look for minimum and 
recommended  load  impedances  in 
mike's advertising brochure or spec 
sheet. And look at the range of mini-
mum and maximum mike impedances 
your rig will accept, often listed in the 
set's specs. 
If you can't avoid a mismatch, feed-

ing a low-impedance mike into a high-
impedance circuit is better than going 
the other direction. Or buy a dual-
impedance mike that will match both 
high and low impedance mike. 
Low dB. Output levels vary and it's 

hard to get a fix on what minimum 
output level your rig will accept. Mike 
outputs are usually stated in dB below 
1 volt /microbar. Suffice it to say that 
the less-negative the figure, the higher 
the mike's output. Figures of —30 to 
—75-dB are typical of non-amplified 
mikes, and much-higher figures with 
amplified (power) types; as high as 
—10 to —25-dB. 
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Communications Mikes/Microphones can make a critical difference in CB communications 

What about so-called power mikes? 
The term is one with negative over-
tones to many hams, one that conjures 
up grotesquely overmodulated CB sig-
nals taking up most of a crowded 
band, with gain controls on mike and 
transceiver running full tilt. Obviously, 
it's wise to avoid cheap CB crowd 
power mikes for reasons of poor qual-
ity. However, a well designed, high-
quality (and usually expensive) pre-
amplified microphone can be a very 
worthwhile investment. 
Metal Stands. A heavy, rugged, pre-

ferably die-cast metal stand is a must 
for dependability, and the element 
should be hum-shielded and insulated 
against shock. A metal case is a defi-
nite plus in keeping hum out and 
minimizing suspectibility to RF inter-
ference, though the metal case can 
present problems with RF burns if 
you have station grounding problems. 
However, some of the more expen-

sive mikes are going to non-metallic 
construction using materials that are 
assertedly more durable than steel, 
and at the same time claim to be RF 
tight and hum free. 
Virtually all communications mikes 

are PTT-operated. Some have the PTT 
switch built into the stand for grip to 
talk action, while others have it as 
part of the mike's base plate. Either 
way, there should be a locking bar to 
tie down the PIT switch for long-
winded transmissions when you want 
to take your hands off of the mike. 
Check Special Connections. Micro-

phone wiring configuration is impor-

Noise cancelling mikes with a pre-amp 
can be useful if you are using them in 
a vehicle that has high noise levels. 

A desk mike such as this one is convenient 
for base station applications since you 
don't always have to handle the mike. 

tant. You should know what your rig's 
mike pin connections are and if there 
are any special connections the mike 
circuit must make. Fortunately, most 
amateur rigs use only two connections 
plus ground: hot audio and PTT. 
Mobile rigs may have DC voltage 

brought to the mike connector for 
powering a Touch-ToneTm pad. In 
some cases a speaker lead is routed 
to the connector for positive silencing 
during transmit or for use of a head-
set'mike combination. 
Depending on the mike's internal 

wiring, it may or may not work in 
voice controlled transmit (VOX) op-
eration. You may find that the PTT 
switch must be depressed to activate 
the mike's audio, which defeats the 
VOX operation. Some mikes have a 
normal 'VOX slide switch to facilitate 
change over. 
Mike patterns usually fall into two 

groups: cardioid or unidirectional and 
omnidirectional. The cardioid (heart-
shaped) types pick up sound mainly 
from in front, suppressing sounds and 
extraneous noises from the rear. The 
cardioid pattern will suppress rear 
sounds (70% or more) while almost 
completely eliminating those 120 to 
180 degrees off-axis. 
The cardioid pattern can be very 

useful when using VOX, to minimize 
the possibility of the station speaker 
or extraneous sounds tripping the 
VOX; it's especially easy to set up the 

controls with this kind of mike. Om-
nidirectional (non-directional) mikes 
are common and evenly respond to 
sounds coming from all directions. 
Rugged Mikes. Most mobile mikes 

are dynamic or controlled-reluctance 
and thus are rugged and relatively in-
sensitive to temperature and humid-
ity extremes. All are designed for high 
speech intelligibility, most are low im-
pedance, outputs are generally higher 
than comparable base station mikes 
and sound patterns are typically om-
nidirectional. 
Special purpose, noise cancelling 

mobile mikes are useful if you're us-
ing them in a vehicle having high 
noise levels, such as a power boat, 
airplane, motorcycle, or truck. Some 
of these mikes can shut out back-
ground noise and permit clear trans-
mission even when the noise level is 
so great that the operator cannot hear 
himself speaking. 
Amplified mikes are also popular in 

mobiling; the same cautions apply as 
with base mikes. There seems to be 
little practical need for a power am-
plification feature for FM work. Be 
careful in using an amplified mobile 
mike that doesn't have a noise-cancel-
ling feature in a noisy vehicle, since 
the mike will pick up and amplify 
road noise. This may create a garbled 
signal that is unpleasant and difficult 
to understand. 
In purchasing a quality mobile 

mike, one should also look for a high-
impact type case (many CB mikes are 

(Continued on page 97) 

MICROPHONE MANUFACTURERS 
AND IMPORTERS 

Astatic Corp., Conneaut, OH 44030 
Electro-Voice, Buchanan, MI 49107 
Midland Electronics Co., P.O. Box 
19032, Kansas City, MO 64141 

Mura Corp., 177 Cantiague Rock 
Road, Westbury, NY 11590 

Olson Electronics, Inc., 260 S. Forge 
St., Akron, OH 44308 

Radio Shack, 2617 W. Seventh St., 
Ft. Worth, TX 76107 

Shure Brothers, Inc., 222 Hartley 
Avenue, Evanston, IL 60204 

Superex Electronics Corp., 
151 Ludlow St., Yonkers, NY 10705 

Telex Communications, 8601 North-
east Highway 6, Lincoln, NE 68505 

These are a few different manufacturers. 
Check around before buying a mike to 
get the one that best suits your needs. 
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AUTOMOTIVE 
EXHAUST 
EMISSIONS 
ANALYZER 

Tune Your Car Properly With This Analyzer 

I
F THE CAR you drive was manufac-
tured after 1963, it has an emissions 

control system.As exhaust emission re-
quirements become more strict (some 
states have annual inspections that in-
clude an emissions test) with each 
passing year, it has become difficult 
to properly adjust the car engine. 
Gone are the days when the idle 

mixture screws of a carburetor were 
purposely set to less than optimum 
condition to assure meeting permitted 
emission levels. Some tune-up manu-
als provide a technique for adjusting 
the carburetor using a tachometer to 
measure engine RPM. 
This method is fine, if all engine 

systems are operating properly. But 
what happens if system malfunction 
causes excessive emissions? 
CO Measurement. This is where the 

Automobile Exhaust Emissions An-
alyzer comes in. This easy to build 
instrument provides a visual indica-
tion of an exhaust component—car-
bon monoxide (CO). The level of 
CO (Fig. 1) in automible exhaust is 
inversely proportional to the air-fuel 
ratio and _combustion efficiency. The 
air-fuel ratio is varied when the idle 
mixture screws of a carburetor are 
adjusted. (Some carburetors have just 
one idle mixture adjustment screw; 
others have two). 
The CO level is low when the air-

fuel ratio is 14.7. Modern automobile 
engines are designed to idle with air-
fuel mixtures near this theoretically 
perfect air-fuel ratio. 
The Automotive Exhaust Emissions 

Analyzer contains a sensing element 
(thermistor) that is exposed to auto-
mobile exhaust. A meter readout per-
mits measurement of the air-fuel ratio. 
Since one other exhaust pollutant, 

hydrocarbons, are also controlled by 
the idle mixture screws, the exhaust 
analyzer will help to minimize this 
component even though it is not re-
sponsive to it. This is because the opti-

mum setting for minimum CO is close 
to the optimum setting for hydro-
carbon emissions. 
Good Mileage. Thus, by adjusting 

your carburetor with this instrument, 
you will help reduce air pollution. A 
properly adjusted carburetor will also 
help provide better gasoline mileage. 
The heart of the instrument is a 

bridge circuit that contains two 100-
ohm resistors (R3 and R4), and two 
thermisters (T1 & T2). A thermister 
is a special resistor having a large 
negative temperature coefficient of re-
sistance. Its resistance value decreases 
as the resistors temperature increases. 
At room temperature the resistance 

of T1 & T2 is about 2000-ohms. When 
they are each heated to 150 degrees 
centigrade by a 10 mA current, the 
resistance value decreases to 100-
ohms. Thus, the four elements com-
prise a bridge circuit. 

A characteristic of CO is that it 
conducts heat away from a therrnistor 
at a different rate than air. One ther-
mistor, T1, is exposed to the automo-
bile exhaust while the other, T2, is 
isolated in a pure air environment. 
The difference in thermal conduction 
unbalances the bridge. 
A voltage difference is caused be-

tween points A and C. A differential 
amplifier, U 1 , amplifies this difference 
and drives the meter with sufficient 
current to read out the percentage of 
CO and the air-fuel ratio. 
A front panel balance control, R5, 

balances the bridge and calibrates the 
instrument. Calibration is performed 
when both thermistors are exposed to 
the outside air. 
Accruate Calibration. To assure ac-

curacy, U 1 is used as a current regu-
lator that is adjusted to deliver 20 mA 
into the bridge. U 1 is a voltage regu-
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Exhaust Analyzer/Burn it all to save on gasoline costs 

lator designed to maintain 5-VDC 
between terminals two and three. 
Since most of the current fed into 

the circuit must pass through RI and 
R2, the value of this series resistor 
string will control the output current 
of the regulator. The current is set by 
adjusting R2 and will hold its ad-
justed value over a very wide range of 
input voltages. 
The circuit is powered by the car's 

battery and generating system. A sili-
con diode, DI, has been placed in 
series with the positive power lead to 
prevent circuit damage in case the 
power leads are improperly connected 
to the car battery. 
The entire circuit of the exhaust 

system analyzer, with the exception of 
the sensing and reference elements, is 
on a PC board, mounted directly to 
the rear of the meter. The two large 
circular pads are designed for the 
meter studs and are properly spaced 
for the 0-1 mA meter that is specified 
in the parts list. 
Check the center to center distance 

of the meter studs and modify the 
foil layout if you use a different meter. 
Extra large pads have been provided 
to accommodate the external wires 
that connect to the PC board. 
Use a socket for all integrated cir-

cuits. Once a multipin integrated cir-
cuit has been soldered directly into a 
printed circuit board, it is difficult to 
remove an IC without destroying it or 
the printed ciruit. 
Follow correct orientation for the 

integrated circuits, electrolytic capa-
citor, and diode as illustrated. These 
parts will not work if they are in-
correctly placed. Pin 1 of U2 is iden-
tified in the layouts by a small dot. On 
the IC itself, pin 1 is identified also 
by a small dot or a semicircle that is 
molded into the plastic. 
Fig. 2 can be used as a meter scale 

that will fit the meter specified in the 
parts list. Be sure not to damage the 
delicate meter needle when you install 
the new scale. 
Construction of the sensing as-

sembly is illustrated in Fig. 3. Use any 
material for the tubing. Aluminum is 
ideal because of its light weight and 
non-rusting quality. 
One end of the tubing must be 

plugged. Epoxy can be used to secure 
the plug if aluminum is used. Other 
materials such as steel, brass or cop-
per can be soldered. As shown in 
Fig. 3, drill and tap the two mount-
ing holes for the sensing unit for 4-40 

When you install the 
various  components 
onto the PC board, 
make sure that you in-
stall the ICs properls 
Use IC sockets for the 
two integrated circuits. 
If you have a bad IC, 
removal  is  easier. 
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When you construct 
this PC board, be very 
careful when you etch 
the various circuits. 
Make sure that there 
are no solder bridges 
and that all of the con-
nections are good. Use 
an ohm meter to check 
out the whole board. 

machine screws. Use 4-40 by 3/4 -inch 
screws for mounting. Be sure to orient 
the sensing element as shown so that 
the exhaust thermistor will be ex-
posed to the gases in the tube. 
Use a 20 gauge flexible wire for the 

connections between the sensing as-
sembly and the printed circuit board 
Use different colored wire to avoid 
the possibility of misconnections. Use 
red and black wires for the batter 
power connections. 
Check The Length. Before making 

the PC board connections, be sure that 
the wire between the sensing as-
sembly and unit is long enough. Re-
member, the unit will be placed some-
where near the engine compartment 
so that the meter can be monitored 
during carburetor adjustments. 
The bridge current must be ad-

justed to 20 mA by means of R2. To 
make this adjustment you need a 
12-VDC source and an accurate DC 
voltmeter. Use a car battery for the 
power source if you do not have a 
line operated DC supply. 
Connect the positive and negative 

power leads of the analyzer to the 
power source observing correct polar-

The meter assembly for this project is 
quick and easy to build. It should be 
useful for those critical car inspections. 
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Exhaust  Emissions 
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this  drawing. 
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The idealized air to fuel ratio 

is 14.7. Keeping it as close to that ratio 
will maximize your car's performance. 
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PARTS LIST FOR AU7OMOBILE EXHAUST 
EMISSIONS ANALYZER 

Cl -1C-uF, 25 volt electrolytic capacitor 
DI-Si icon diode, general purpose. 1N2059 
or equivalent 
M1-0 1 ma ammeter 
RI, R3, R4, R6-100-ohm 10% 1/4 watt res s-
tar (All resistors are 10%, 114 watt) 

R2-500-ohm potentiometer, PC mount 
R5-10-ohm potentiometer, front panel mount 
R7, R8-22,000-ohm resistor 
R9 -570.000-ohm resistor 

RI 0-5.900-ohm resistor 
SR1-thermister sensor assembly, pa 
ber 100-1648 from HeJthkit model CI-1080, 
Heath Company Benton Harbor, MI, 49022, 

U1-1M309H 5-volt regLlator integrated 
cuit 

U2-1M741TC op amp int rgrated circuit 

Misc.--PC Board, screws, cabinet, solder, ha 
ware, 10-foot plastic tube, etc. 

ity. Set the front panel balance control 
to midposition. Measure the voltage 
across R6 and adjust R2 for 2-volts. 
Make sure that the control will 

adjust the meter reading to both sides 
of center scale. If the unit performs 
this test, the adjustment procedure is 
completed. If you are unable to get 
the proper meter readings, recheck the 
wiring and the printed circuit board. 
The analyzer is designed only for 

gasoline engines. Do not use it on 
diesel engines or automobiles with 
heavy smoke exhaust. To do so may 
coat the sensing element 
For cars that have catalytic con-

verters. the sensing assembly should 
be exposed to the exhaust gases be-
fore they pass through the converter. 
Some cars have a plug in the exhaust 
system for this purpose. On other 
cars, remove the exhaust gas recir-
culating (EGR) valve and examine 
the gases through it. 
Balance Meter. Before inserting the 

sensing assembly into the tail pipe. 
connect the power leads to the car 
battery and slowly adjust the balance 
control for a center scale reading of 
the meter at the point marked Bal. 
There will be a time lag between ad-
justment of the control and response 
of the meter. Be sure the engine is 
up to normal operating temperature 
and the choke is fully open. 
Place a long flexible tube into the 

tail pipe and the sensing assembly into 
the other tube end with the thermistor 
assembly facing upward. The tube 
should be long enough to eliminate 
any temperature difference between 
the air and CO. Note the reading of 
the meter. 
Readings to the left of center indi-

cate an exhaust containing an exces-
sive amount of carbon monoxide by 
today's standards. Cars with emission 
control systems should have meter 
readings to the right of center, indi-
cating a lean mixture and a low con-
centration of carbon monoxide. 
If your car is a recent model and 

indicates excessiv  exhaust emissions, 
you may reduce these emissions by 
turning the idle mixture screws coun-
terclockwise to lean out the mixture. 
When this is done, the idle speed of 
the engine may be reduced. It is best 
to follow the manufacturer's instruc-
tions (usually located on a decal in 
the engine compartment) as to the 
proper setting for idle speed. 
When you are finished with the 

test, allow the sensing assembly to 
purge itself of moisture and exhaust 
gas before putting it away or using 
it again. Do not use compressed air 
to dry out the assembly.  • 
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W ITH A LITTLE BIT OF time and effort, 
anyone with a well equipped dark-

room can turn out good prints. How-
ever, problems come up when someone 
gives you a 36-exposure roll, all with 
different densities and asks for a full 
set of wallet-size prints. 
Even if you don't mind the cost of 

test strips and wasted prints, it will take 
at least an evening to bang out 36 
prints to your .1 atisfaction. 
But if you use a Photometer to de-

termine exposure and paper grade, 
you'll cut wasted paper to an absolute 
minimum and :otal processing time to 
an hour for 36-exposures. 
If a stabilization machine is used, 

you'll be able :o develop a black and 
white prints in less than a minute. The 
Photometer allows a good print to be 
made with every attempt. 
Unless you're making artistic prints 

suitable for exhibition, good tonal bal-
ance is any print with white highlights 
and jet black coloration. It doesn't mat-
ter how black the print is, it can be a 
spot, but the eye expects to see black. 
If there is no olack, the print appears 
flat (lacking in contrast). 

Dense Negatives. Pure white high-
lights and jet black detail are deter-
mined by various paper grades (#1-
#5). The density range of the nega-
tive determines which grade to use. 
The Photometer, by analyzing a neg-

ative that is projected by the enlarger 
(it is not fooled by condensed or dif-
fused enlarger illumination) indicates 
the paper grade required by a negative. 
It can be used to determine lens aper-
ture for an exposure time. 
The Photometer has a row of five 

red light emitting diodes (LEDs), a 
yellow LED and a green LED. The 
green LED is used for determining ex-
posure. Centered in a white target area, 
there is a 1/2 -inch diameter photoresis-
tor that is small enough to represent a 
spot on a final print. 
Projecting the negative, adjust the 

enlarger for the desired print size, fo-
cusing on the easel with the lens dia-
phragm wide open and place  the 
Photometer on the easel with the pho-
to resistor under an area of maximum 
light transmission (minimum density). 
Adjust the Photometer's CAL (cali-
brate) control until just the five red 

PHOTOMETER 
You will make the grade and get good 
exposure with the photometer 

LEDs are clearly lit and glowing. 
Move the Photometer so the photo-

resistor is under the minimum trans-
mitted light (maximum density). Count 
the number of red LEDs that remain 
lit; that's the standard paper grade for 
the negative. If two red LEDs are lit, 
the negative calls for a #2 paper. 
The yellow LED checks the contrast 

reading. After • you make the initial 
reading, which should take no more 
than a few seconds, return the photo-
resistor to the point of maximum light 
and adjust the CAL control so the yel-
low LED just lights. 
Rock Control. Rock the CAL con-

trol a few times to be certain its at the 
setting that just lights the LED. Move 
the photoresistor back to the point of 
minimum light and count the number 
of lit red LEDs. If the number remains 
the same the contrast is in the approxi-
mate center of standard contrast range. 
If the next higher red LED lights 

during the yellow test, the contrast 
range is closer to the top of the initial 
lower range. For example, if the first 
test lit two red LEDs and the yellow 
test lights three, #3 paper should be 
used or #2 with slightly extended de-
velopment. Almost a #3 is the same 
as using Polycontrast #2 1/2  or #3 
photographic filters. 
(Note. Variable contrast filters are 

not the equivalent of standard paper 
grades. It all depends on the filter and 
the particular type of variable contrast 
paper being used. Crossindex the meas-
ured contrast range with the specifieJ 
range for variable contrast filters from 
the manufacturer's data sheet.) 
Constant Exposure. The green LED 

allows setting the aperture for a con-
stant exposure time. Make a good print 
using your favorite exposure time: 10, 
15 or 20 seconds. Without touching the 
enlarger adjustments, place the photo-
resistor under maximum light and ad-
just the EXP (Exposure) control until 
the green LED just snaps on. 
Set the EXP controls so the green 

LED goes from off to on. The Pho-
tometer is now set for what you 
consider proper exposure. 
Assume you have used a 10-second 

exposure. You rack up the next nega-
tive, compose, focus, and make the 
contrast measurement. (Remember, the 
lens is wide open.) Place the photo-
resistor under maximum light transmis-
sion, the same spot used for the con-
trast calibration, and slowly step down 
the lens until the green LED lights. 
That's the right amount of light for 

a 10-second exposure. Because of mem-
ory in the photoresistor, you cannot 
rock the lens's diaphragm for the green 
LED adjustment. The diaphragm must 
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Al-In-One 
Computer 

•Dual Wattmeter 

Hand-he d 
Digital Multirneter 

DigItal Electronic 
Scale 

Car Thermometer 

Heathkit product3 are displayed sold and serviced at Heathkit Electronic 
Centers nationwide Consult your telephone directory white pages for location 
Units of Ventechnology Electron cs Corporation Some retail prices may 
be slightly higher 

Tuner  Oscilloscopes 

HEATH KIT® CATALOG 

400 electronic kits: test instru-
ments, computers, amateur radio 
gear, electronic educational pro-
grams, color televisions, stereo 
components, R/C gear, home prod-
ucts, energy conservation de-
vices, marine and aviation gear, 
and more - things you've always 
wanted and needed, now at low 
kit prices from Heath. 

Discover the fun of kit building - 
it's a great way to relax in your 
spare time and share a rewarding 

pastime with your whole family. 
The useful items you build will re-
flect the pride of your craftsman-
ship, too. The famous Heathkit 
illustrated manuals make it easy 
for anyone to build reliable, 
professional-quality kits. 

SEND FOR YOURS NOW! 
The 104-page catalog is Free! If coupon is missing write: 
Heath Company, Dept. 312 - 812 Benton Harbor, MI 49022 

Giant 
projection TV 

Rechargeable 
Camp Light 

Corrputenzed 
Weatner Stabon 

rH e a th kif sHeenattohncoHmarpbaortrym, e4p9t0.93212-1112 

Send my free Heathkit Catalog now 
I am not currently receiving your catalog 

Name 

Address 

City 

CL-727 

State 

Zip   

CIRCLE 5 ON READER SERVICE COUPON 



Photometer/Perfect exposures are a snap with this darkroom helper 

co 
This project is for the complete do-it-yourselfer. The 
printed circuit board given here is not available through 
any outfit, so you must etch it yourself. An alternative to 
etching the board is wire-wrapping your project. By fol-
lowing the PC diagram, you can easily see how to connect 
the wires to each other in a simple and orderly manner. 

R5 

41-11 V__ 

1 RI2 „ • 
LED 6 

RI3 

RI6 

RI7 
—f=r--

RI8 

--___---
I 

R3 

LED 7 

it :ED 

.3r ya 
LED 4 
Ar  R8  J I-

JU5 

LED  OR,  I 

LED 1 

U 2  1 

R II 
• 

[i RIO 

f s  

0 

When installing the components in your Photometer, ob-
serve polarity; otherwise you could fry part of the circuit. 

be started from the wide open setting 
(the same one that is used for the con-
trast measurement). 
If the lens is adjusted beyond the 

setting where the green LED snaps on 
go back to maximum light for 3-5 sec-
onds for a precise adjustment. 
The entire project, except for the 

power supply, is built on a printed cir-
cuit board that also serves as a cabinet 
cover. The power supply can be any 9 
volt AC adapter. Any current rating 
greater than 100 mA will work well. 
Critical Parts. There are three critical 

parts in assembling the Photometer: the 
cabinet, whose height establishes the 
operating parameters for photoresistor 
RI9; the photoresistor itself, which is a 

version specifically designed for line-
arity and EXP control RI, which must 
be as close as possible to 50,000-ohms. 
All other components are common 

tolerance and substitutions can be made 
as long as the tolerance, where specified 
in the parts list, is not reduced. 
The cabinet must be 23/4  -3 inches 

high. No substitute can be used for 
R19; any other photoresistor will give 
the user completely erroneous contrast 
measurements. 
Socket To Ul. Sockets are suggested 

for Ul and U2. They prevent butcher-
ing of the PC board if you must re-
move an IC. The ICs are installed with 
pin #1 facing the LEDs. 
Before installing R19, cement a white 

target approximately 13/s by 2-inches to 
the PC board and punch-through the 
holes for R19. Then install R19 so its 
top is Vs" above the PC board. If you 
must bend R14's leads, brace them with 
long-nose pliers directly behind the 
photo-resistor—the pliers should actually 
touch PRI. (Careful, R19 tends to be 
fragile when bending its leads.) 
Finally, install J1 and connect it to 

the PC board. Double-check the polar-
ity of the 9 volt adapter. Some have the 
plug tip negative; if so, be certain you 
connect J1's tip to .the negative foil 
on the PC board. 
Check It Out. Under normal room 

lighting, set CAL control RI fully coun-
ter clockwise. Set EXP control R2 
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RI9 

112 
339 

RU 

12   
L 

.3.1 
9V 

PARTS LIST FOR 

C1-100-uF, 35-VDC electrolytic capacitor 
—lack to match power adaptor 
LED1-LED5—Red light emitting diode (LED) 
fresnel lens 

LED6—Yellow LED 
LED7—Green LED 
R1-50,000-ohm potentiometer, linear taper 
see text) all resistors are 1/4 -watt, 5%, 
except potentiometers) 

R2-10,000-ohm potentiometer, linear taper 
R3-10,000-ohm resistor 
R4-3,000-ohm resistor 
R5-3,300-ohm resistor 
R6-390-ohm resistor 
R7-1,100-ohm resistor 
R8-1,000-ohm resistor 
R9-510-ohm resistor 

Sl o  

PHOTOMETER 

LED 7 
GREEN 

LED 6 

YELLOW  R 1 3 
IKfl 

LED 5 

RED 

ID 4 

RED  R15 
1KO 

R16 
LED 3  1 KO 

LED 1 

RED R18 
K 

•. ci 
100µF 

R10-300-ohm resistor 
R11 —360-ohm resistor 
R12-R18-1,000-ohm resistor 
R19—Photoresistor, Cu ;tom Components 
PRLL9 

S1—SPST mini-switch 
U2—Quad Comparator LM339 Integrated 

Circuit 

Misc.—Cabinet, 9-volt power adaptor, IC sock-
ets, PC material, sclder, wire, hardware, 
etc. (Photoresistor PRLL9 is available for 
$5 plus $2 postage and handling per order 
from Custom Compooents, Box 153, Mal-
verne, NY 11565. N.Y State residents must 
add sales tax. No foreign orders except 
Canada. Canadian orcers must be in SUS.) 

Two  potentiometers 
aid an On/Off switch 
a -e connected to the 
back of the PC board. 
Tie battery is con-
nected to the case. 

This photoresistor is the heart of the 
Photometer. Be sure you get the right one., 

The Photometer is compact and easy to 
use. Photometer's circuit is totally exposed 
and allows easy removal of circuit parts. 

fully clockwise. Turn the Photometer 
on. Cover R19 with your thumb: all 
LEDs should be out. 
Advancing CAL control RI should 

cause the red and yellow LEDs to light 
one at a time. Adjusting EXP control 
R2 anti-clockwise should cause the 
green LED to turn on. 
If you don't get this response, there 

is a wiring error or a defective compo-
nent. (Note: Under full room illumina-
tion, with no covering of R19, the 
green LED can remain lit through R2's 
range of adjustment: this is normal.) 
With your Photometer operating, you 

can spend less time and money in the 
dark and more time in the light doing 
what you want to do: taking pictures. • 
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Take your electronic 
instrument anywhere 
with this low cost 
portable amplifier 

USICIANS WHO PLAY acoustic instill-
ments, such as trumpet, saxophone, 

or violin, for that matter, have never 
experienced the problem of the elec-
tronic musician on an outing where he 
or she is separated from an electrical 
source for an amplifier (assuming that 
one had even managed the task of 
bringing one along). It's admittedly 
pretty hard to entertain your friends 
with an electric piano which lacks elec-
tricity. What then, is the answer to 
this dilemna? 
It's quite simple, actually—build a 

Backpack Amp. Designed to operate 
from "C" or "D" cells, or two or three 
small lantern batteries, the all-in-one-IC 
Backpack Amp will directly drive a 
speaker from the output of virtually any 
electronic instrument without need for 
additional  amplification.  Install  the 
Backpack Amp in a small cabinet along 
with a 6 or 8-inch speaker and you can 
take your electric guitar, or whatever, 
with you on holidays. 
The Circuit. The Backpack Amp is 

assembled on a printed circuit board 
measuring 244 by 3%-inches. All ac-
tive components which make up the 
preamplifier and power amplifier are 
contained in a single LM383T inte-

grated circuit, which is available from 
Radio Shack. The resistor and capacitor 
values are considerably different than 
those given in the IC's data sheet 
(which is usually supplied with the IC). 
If you want the lowest distortion level 
from your electronic instruments use 
our values. 
With a 12 to 18-volt power supply, 

the Backpack Amp will deliver from 
I to 3-watts into a 4-ohm load. Most 
replacement-type speakers are 4-ohms, 
and a 6 or 8-inch speaker is suggested. 
If all you have around, or can get, are 
8-ohm speakers, we suggest you use two, 
parallel-wired 6-inch, 8-ohm speakers. 

(The amp will work with one 8-ohm 
speaker, but 1-watt is about the maxi-
mum low-distortion output even with 
an 18-volt power supply.) 
The value used for capacitor Cl is 

0.001-AF only if the amp will be used 
with an electric guitar. It compensates 
for the relatively higher low frequency 
output of an electric guitar pickup and 
prevents low frequency overload of the 
loudspeaker. If the Backpack Amp will 
be used with a synthesizer, you will 
probably be happier with the sound 
quality if Cl is 0.01-0F. If you use a 
0.01-AF unit and find the low frequen-
cies are overloading the speaker. sim-

PARTS LIST FOR BACKPACK AMP 

B1, B2, (optional 133)-6-volt lantern battery (see text) 
Note: Capacitor voltage rating must be equal to power supply 
voltage rating. 

C1 —0.001-uF mylar capacitor (see text) 
C2-470-uF electrolytic capacitor 
C3, C4-0.22-uF mylar capacitor 
C5-220-uF or 470-uF electrolytic capacitor 
R1-100,000-ohm audio taper potentiometer with SPST switch 
attached (Si) 

R2-10-ohm, 1/2 -watt 5% resistor 
R3-2200-ohm, 1/2 -watt 5% resistor 
S1—SPST switch (part of RI) 
SPKR —see text 
Ul —LM383T audio amplifier integrated circuit 
Mlso.—Cabinet, screws, grille cloth, wire, solder, printed cir-
cuit etching materials, suitable input jack and matching 
plug, etc. 

R2 a (SEE TEXT) 

I  R2 
1011 

R3 
22000 

INPUT 

C I 
0 00IpF 

10K  i 

1 

I 
C3 I  Si  B2  B3 0.22pF 

1-. 4 1111 -1 111 :1 11*.  

C5 
220 OR 
470pF 

* 

TOP VIEW 

4  2 

5  3  I 

OUTPUT TO 
40 SPEAKER 

C4 
—  a 2 2pF 

SI  OPTIONAL 

HEAT 
SINK 
TAB 
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ply replace Cl with a C.001-#F unit. 
The correct value fo- R2 is usually 

10-ohms. If you find your instrument's 
output is on the low side, and you have 
all gain controls wide open and still 
can't overdrive the amp, then tack-
solder another 10-chm -esistor (shown 
as R2a in the schematic) across R2. If 
you need even more gain. R2 can be 
lowered to 2.2-ohms, but keep in mind 

that a 2.2-ohm resistor isn't the easiest 
of things to locate in this day and age. 
Construction. Using any method you 

prefer, make the PC board using the 
supplied template. Note carefully the 
large copper foil area; it is part of Ul's 
heat-sink and must not be eliminated. 
Don't substitute a thin foil strip as a 
ground connection. The foil rectangle 
in the middle of the PC board pro-
vides the anti-hum grounding for po-
tentiometer (volume control) RI's shaft 
and frame. Again, don't substitute a 
thin foil strip because it might not con-
tact RI's case when the potentiometer 
is installed. Depending on the particular 
style of potentiometer used, drill the 
proper size mounting hole where indi-
cated by the dot in the foil rectangle. 
Double-check the polarity of C2 and 

C5 before soldering. In particular, make 
certain C2's positive terminal goes to IC 
pin # 2. (It might not look correct but 
it really is.) 
The IC must be mounted with a 

heat sink. From scrap aluminum, cut 
a section about 7/8 by 11/4 -inch. Using 
the long dimension, bend a 1/4 -inch tab. 
Drill a hole in the tab for a #4 bolt 
as close as possible to the "L" section 
(so as much metal as possible will be 
under the IC when the IC is positioned 
over the hole; but double-check that the 
tab does not touch any of the IC leads.) 
Using long-nose pliers, bend Ul's 

leads to correspond with the holes in 
the PC board. To avoid shorts, the 
leads are offset: Nos. 1, 3 and 5 are 
close to the IC body; Nos. 2 and 4 are 
bent about 1/2 -inch away from the body. 
Place a drop of silicon heat sink 

grease on the underside of IC's mount-

ing tab, position the IC on the sink, and 
then secure the IC and sink to the PC 
board with a #4 bolt, lockwasher, 
and nut. Place the lockwasher between 
the nut and the heat-sink foil on the PC 
board, and tighten securely. 
Installation. The Backpack Amp can 

be installed in any cabinet you prefer. 
(Note that it has a three-hole mount-
ing.) If you can possibly locate a po-
tentiometer bushing extender, which 
appears and then disappears in the 
marketplace from time to time, you 
can mount the amp with a single nut 
around the volume control's shaft. 
While the power supply can be made 

up out of flashlight batteries, two or 
three series-connected small 6-volt lan-
tern batteries make the most conven-
ient and reliable portable power source. 
When it's all done, you and your 

ARP can head for the hills and com-
mune with Mother Nature to your 
heart's content.  • 

The completed PC board, showing U1 
mounted with it's homebrew heatsinks. 

TO 6-18 VOC OUTPUT 

The component placement guide above shows the SPST 
switch mounted on the back of volume control R1 (dotted 
line box). External switch can be substituted for R1/S1. 

Mk 

The full-scale printed circuit template has two areas of solid foil 
which must be duplicated on your board. The large area at top 
helps heatsink U1, the other grounds R1 to minimize humming. 
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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! 

.0•040.tra 

04.11 

• 

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. 

W
HEN 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 
with an adhesive on their back side so 
that they can be affixed to a panel or 
other surface. 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 

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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1 
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 

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 1/4 -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. 

A 

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 o- oven with solvents. 
To clean bare aluminum, solvents can 
be used, or chem.cal 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 probab1> want to protect it 
with a brush-on spray coating. 

9. Positioning index marks is done by 
temporarily mountirg both a switch and its 
knob. Turn the kno3 to each position and 
align the mark witi 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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CIRCUIT 
BOARD 
ETCHING 
A step-by-step guide to 
making project boards 

000WHILE PERFORATED PROJECT BOARDS, 
or perf boards, are relatively cheap 

atar easily obtained, a circuit board 

fi 

ched for its particular usage will pro-(  
'de neater, more professional results. 
z•ojects with the circuitry foundation 
f an etched board will be less prone 
to vibration damages as wall as have 
greater impact resistance—in all, an 
etched board provides sturdier coristi tic 
on and greater safeguards. 
In addition to the quality of con-

struction, in contrast to perf boards 
etching lessens the chances of undesir-
able oscillations caused by crossed or 
jumpered output signal wires producing 
feedback in sensitive component ele-
ments. Also, electrical noise interference 
caused by spurious radiations in the cir-
cuit's environment are more easily sup-
pressed as a result of the close prox-
imity of ground and voltage supply 
leads. Decoupling capacitors can easily 
span supply and ground distribution 
lines with correct board layout. 
Only the etching process will be dis-

cussed in this article. The actual circuit 
board layout should be considered care-
fully and fully in advance. 
Materials. The materials required for 

board etching can be found in nearby 
electronic retail stores, and the sup-
plies,  once  purchased,  should  last 
through a number of etchings. A list 
of the materials needed includes: 

1. Copper Clad Board. 
2. Etchant Solution. 
3. Resist Pen. 
4. Shallow Pan. 
5. Heat Source. 
6. Template. 
7. Drill Bits. 

1. Copper-Clad Board. For good 
results on initial etchings, use boards 
with copper coating on one side only. 
A little experience is best before at-
tempting double-sided boards. As for 
board dimensions, any convenient thick-
• ness or size will do depending upon the 
individual project. Copper-clad boards 
can easily be cut to fit exact measure-

ments with a fine-toothed av such as 
a hacksaw. 
2. Etchant Solution. There is a variety 

of etchant solutions currently on the 
market, both in crystal form and al-
ready mixed. An inexpensive, pre-mixed 
solution of ferric chloride is good for 
a starter: it conveniently provides a 
uniform end product. Although the 
solution used during an etching (sev-
eral boards may be etched at once) 
cannot be reused, the bottles of solu-
tion commercially  available contain 
enough fluid for a number of board 
projects.  - 
3. Resist Pen. Most electronic retail 

outlets have on stock pens specially de-
signed for circuit board etching. How-
ever, most discount or five-and-dime 
stores sell the Sanfords Sharpie pen, or 
one like it, guaranteed to write on 
-metal, plastic, etc. for one-quarter to 
one-half the price of the special resist 
pens. Both types give good service. 
4. Shallow Pan. Do not use metal 

pans to etch in, because the etchant v., ill 
act on the pan metal. Instead, use a 
glass or plastic pan close to board size 
to conserve the etchant solution. An 
inexpensive set of plastic photographic 
developing trays would be a good in-
vestment for etching projects. Photo-
graphic trays are available in a variety 
of sizes. 
5. Heat Source. A thermostatically 

controlled heat lamp would be the 
ideal heat source to be used during the 
etching process. However, an ordinary 
60-watt light bulb suspended near the 
solution pan will accomplish the same 
thing for less expense. A droplight with 
a 60-watt bulb works well. Use a plas-
tic photographic darkroom thermometer 
for temperature checking. In fact, with 
warm (60°F or above) air temperature, 
simply placing the plastic tray in warm 
water wilt provide the needed heat dur-
ing the etching process. 
6. Template. A template, or exact 

board layout, can be hand drawn. Often 
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This photo shows all of the %dal items 
needed to etch custom-made circuit boards. 

it is provided in electronic project plans. 
7. Drill Bits. For board projects, get 

drill bits size 1/16-inch and 1/32-inch. 
Bits in these sizes can be found in most 
hardware or hobby stores. 
Marking The Board. A board layout, 

or template, provided with an electronic 
project may already be drawn in re-
verse. This is necessary, since circuit 
designs are drawn from the compo-
nent side of the board, leaving the cop-
per clad rear of the board an exact re-
verse. 
If the design to be etched onto the 

circuit hoard is an original hand drawn 
layout, though, a reversed drawing can 
be easily accomplished by placing a 
carbon ink side up beneath the draw-
ing and retracing the lines of the lay-
out topside. When the carbon is re-
moved, an exact reverse remains on the 
back of the original drawing. This car-
bon reverse is the template for etching. 
Before transferring the template draw-
ing to the copper clad board, lightly 
rub the copper with a steel wool pad. 
then rinse and dry. Cleaning the board 
in this way permits the resist ink to 
adhere better. 
Taking the template, punch small 

holes in the paper *each connection 
point. Place the temptate over the cop-
per and use the resist pen to mark each 
connection point through the holes. 
Remove the template. If the circuit is 
simple, draw the rest of the template 
drawing onto the board. If lines are 
complicated, use a ruler as straightedge. 
To get the most accurate results using 

Some practice is need-
ed to etch involved 
circuit  boards  like 
this one, but even a 
board of this complex-
ity is within reach of 
hobbyist who is will-
ing to learn etching. 

the resist pen. store the pen with its tip 
down for several hours prior to use. 
When drawing on the copper. use long 
smooth lines and stop marking only at 
connecting points, otherwise there will 
be fine lines in the resist ink that will 
cause hairline cracks in the finished 
product. Do not back-up while mark-
ing or retrace lines for best results. 
Wide lines can be drawn by using the 
side of the pen point. Two lines drawn 
side by side can produce a wide area, 
hut generally the end product is better 
using one mark. When mistakes occur. 
erase with a pencil eraser. Store the 
resist pen point down to prevent the 
point from drying between usages. 
Etching. The etchant itself is an acid 

and therefore handle the solution with 
care. Take the same precautions neces-
sary when handling any acid. Do not 
store the fluid where it is accessible to 
children. If during the etching process 
the solution splashes into the eyes, flush 
the affected area with water immedi-
ately and see a physician: Avoid body 
contact with the fluid and wash well if 
the etchant touches skin. 
Pour only enough etchant needed to 

cover the resist marked hoard to a 
depth of 1/2 -inch or slightly greater into 
the shallow tray. Use the etchant solu-
tion in a well ventilated room, and 
avoid breathing the fumes. Place the 
heatlamp or light bulb near the solution 
to raise the fluid temperature to ap-
proximately 100°F—the exact degree of 
temperature is not critical. Carefully 
slide the board into the etchant, copper 
side up. Gently agitate the solution 
every few minutes. By using the proper 
temperature of near 100T, the etching 
should be completed within 15 minutes 
or so. Keep a close eye on the board 
and remove immediately upon comple-
tion of the etching. Tilt the pan care-
fully to one side to determine if all 
unwanted copper is gone. 
The etching process can be under-

taken with success using no heat source 
if the etchant solution temperature is 
above 60°F. The process takes approxi-
mately one hour with no applied heat, 

hut the results are not as certain. 
Finishing The Board. After the etch-

ing process has been completed, pow 
off the solution and rinse the board 
well under running water. Do not pour 
the used solution back into the solution 
bottle with unused etchant—this con-
taminates the entire contents of the 
bottle. To remove the resist ink, gently 
rub with a steel wool pad. Rinse, then 
dry the etched hoard. 
Drill holes for connection wires with 

a 1/16-inch drill bit. For transistor or 
other component leads, use a bit size 
of 1 /32-inch. To use these tiny hits in 
an ordinary hand drill, wrap the bit 
shank with masking tape before insert-
ing it into the drill. 
During etching, hairline cracks may 

form in critical paths on the hoard. 
Repair these cracks with solder before 
attaching components to the board. 
The etched circuit board is now 

ready for whatever project you have 
in mind. 

The final step is drilling holes to mount 
components. Use a 1/16- or 1/32-inch bit. 
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HOUNDOG 
This electronic metal detector is a thoroughbred 

ONE OF THE PROBLE MS with the hobby 
of treasure-hunting is that much 

more money has been spent on looking 
for it than the value of what might and 
has been found gives. One of the best 
ways to balance the books is to start out 
as inexpensively as possible, and that 
opportunity is provided by Houndog, 
a -elatively simple and inexpensive 

metal detection device. Houndog can 
sniff out metal objects as small as a 
penny buried as deep as 3 to 5-inches, 
and will operate reliably for up to a 
year on one 9-volt transistor battery. 
Operational Principle. Houndog's 

"nose" consists of three large induc-
tance coils which, when placed in 
proximity with a conductive metal will 

This photo shows the 
!IC.A circuit board mounted 

in the cabinet, and 
the method used for 
attaching the cabinet 
cover to the handle. 

Closeup of the search 
head shows the posi-
tion of coils L1/L2 
and L3, and their re-
spective overlaps as 
described in the text. 

exhibit a change in their total induc-
tance value, the change being read by 
the circuitry and translated into an 
audible signal. In short, when Houndog 

"barks," it's time to start digging. 
The Circuit. The heart of the circuit 

is U 1, an audio amplifier, whose dif-
ferential inputs are fed by a bridge 
circuit consisting of Li, L2, and R7, 
fed through R6A and R6B. Ul's out-
put is coupled to L3 by either Cl or 
Cl and C2, depending upon the setting 
of sensitivity switch Si. The placement 
of LI, L2 and L3 is such that the total 
field set up in Li and L2 by current 
flowing in L3 is effectively zero. There-
fore, the inputs to the amplifier are 
equal and opposite (zero), and it's 
output will be zero. 
When a conductive metal enters the 

field, it changes the distribution to the 
effect that the field across LI and L2 
is no longer zero, and a voltage ap-
pears across the amplifier's inputs. The 
coil connections are such that when 
this condition exists, the positive input 
voltage is in phase with that of the 
output, and the circuit oscillates. The 
signal is fed to Q1, causing it to turn 
on, allowing current to flow to buzzer 
BZ1, creating Houndog's "bark." 
Because the coils used in Houndog 

are designed to be hand-wound, and 
also due to the effects of stray capaci-
tance and noise generated internally in 
the circuit itself, a feedback loop has 
been included (through R7) which will 
allow the user to keep Houndog from 
sounding off due to false signals caused 
by variations from the theoretically per-
fect zero field. 
Construction. There are actually two 

steps involved in the assembly of the 
Houndog; wiring the PC board for the 
control circuitry, and the construction 
of the coils for the search head (which 
we'll discuss later). With the exception 
of C7, the potentiometers, the switches 
and BZ1, all components mount di-
rectly on the PC board, as indicated in 
the PC component layout guide. Cl is 
soldered directly to the terminals of Si, 
and the potentiometers and switches 
and the buzzer are mounted to the 

,temosso 
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aluminum or plastic chassis. As always. 

pay careful attention to the polarities 
of the electrolytic capacitors during 
installation. Although not completely 
necessary, use of an IC socket for U 1 
is recommended. 
The circled numbers appearing on 

the schematic and parts layout guide 
are for keying up the connections to 
the off-board components. It is not 
necessary for you to etch the numbers 
onto the PC board, so long as you refer 
to them during the final wiring stages. 
To assist you in construction of the 

coils (LI, L2 and L3). we have pro-
vided a diagram of a coil form which 
may be cut from plywood. This, at the 
carefully mark the position of the two 
coils, and prepare to attach them per-
very least, will allow you to wind 
LI /L2 and L3 to the same basic di-

mension, which is about the only criti-
cal factor (outside of getting the num-
ber of turns of wire correct) in the 
construction of the search head. 
When winding LI 1L2. rather than 

winding two sets of 30 turns each, we 
suggest that at turn 30 of LI, you 
scrape away a bit of the insulation and 
solder the ground tap in. wrap the 
solder junction with a small bit of tape, 
and then begin the next 30 turns for 
L2. This provides a stronger final as-
sembly, and less of an alignment prob-
lem (you now need deal only with 
aligning two coils instead of three). 
When  the  coils  are  completely 

wound, bind them with tape before 
removing them from the form. This will 
help to hold their shape until they are 
installed on the search head. 
Final Assembly/Calibration. Before 

LI 

L2 

R6A 
100K 

RI 
I2n. 

C T 

R2 
12 ft 

R7  R3 
50K  10K 

0 

,00,F ,pF 
IC 2 

6 —  ' 001 F 
7 

CI 
15pF 

5 

C 
100pF 

(E) 
C6 

0068pF 

0 

PARTS LIST FOR HOUNDOG 

B1 —9-VDC transistor battery 
BZ1 —piezoelectric buzzer (Radio Shack #273-060) 
CI —15-uF, 15-VDC electrolytic capacitor 
C2 —0.01-uF, 50-VDC ceramic capacitor 
C3, C5 —100-uF, 35-VDC electrolytic capacitor 
C4 —1-uF, 35-VDC electrolytic capacitor 
C6 —0.068-uF, 25-VDC mylar capacitor 
C7-2.2-uF, 35-VDC non-polarized electrolytic ca-
• pacitor 
LI, L2-30 turns of #20 enameled copper wire 

see text 
L3-60 turns of #20 enameled copper wire 
111 —2N5210 NPN low-level transistor 
R2-12-ohm, 1/2 -watt resistor, 10% 

R3 —10.000-ohm, 1/2 -watt resistor, 10% 
R4 —18-ohm. 1/2 -watt reistor. 10% 

BZI 

oi 

E4 
C7 
2 2pF 

BI T 9VDC 

R5-1,500-ohm, 1/2 -watt resistor, 10% 
R6A/R6B —dual-section 100,000-ohm linear-taper 
potentiometer 

R1-50,000-ohm linear- taper potentiometer with 
SPST switch (S2) 

SI —SPDT slide switch 
S2 —SPST rotary switch (part of R7) 
U1—LM386 audio amp integrated circuit 

Misc.—battery clip, aluminum chassis, hookup 
wire, solder, spacers, knobs, 200-foot roll of 
#20 enameled copper wire, weatherproofing 
finisher (varnish, shellac, polyurethane, etc.), 
non-metallic support rod, 10-feet of 2-conductor 
shielded wire, 10-feet of 1-conductor shielded 
wire, 1/4 -inch plywood stock, etc. 

permanently attaching the coils to the 
plywood head, it is best to tack them 
down temporarily with either tape or 
nibber cement (for obvious reasons. 
no metal fasteners can be used now or 
during the final attachment). 
Connect LI'L2 to the PC board with 

2-conductor shielded wire, attaching the 
inner conductors to the outside ends 
of LI and L2 (points 8 and 9), and 
using the braided shield for the center 
tap  ground  connection.  The  shield 
should be grounded to circuit ground on 
the PC board. Single conductor shielded 
wire is used for the connection of L3 
to the circuit, with the braided shield 
used for the grounded side of the coil. 
Solder the braid to circuit ground on 
the PC board as you did for LI /L2. 
Set R6A 'MB to a two-thirds clock-

wise position, and set R7 to its mid-
point. When you throw power switch 
S2 on, the buzzer should not sound. If 
it does, reverse the L3 connections at 
the coil end and try again. Slowly re-
duce the amount of overlap between the 
two coils until the buzzer sounds. At 
this point, backing off counter-clock-
wise on R6A 'R6B should cause the 
buzzer to silence. If this is the case. 
manently to the search head. 
As a final test. return R6A /R513 to 

the two-thirds position, set R7 just be-
low the point where the buzzer sounds, 

Houndog's control head is laid out simply; 
there's an SPDT switch and two adjustments. 
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HOUNDOG 
and SI to the "discriminate" position. 
Bring a penny directly above the coils' 
overlap, and lower it to a height of 
about 3-inches above the coils. If the 
buzzer does not sound, try re-peaking 
R6A/R6B and R7 for a lower threshold 
(increase R6A/R6B more clockwise, 
while backing off more on R7 to stop 
oscillation) and repeat the procedure. 
Three inches should be the minimum 
distance at which Houndog detects the 
presence of the penny. 
Remember that when conducting 

these tests, you should be in an area 
free from the presence of large metallic 
objects, such as radiators, pipes and 
ducts, etc. Their presence may cause 
you to set the sensitivity of R6A/R6B 
too low, making actual measurements 
against coins ineffective to the point of 

believing that the unit is not working. 
You may now attach the coils to the 

head in a permanent manner with epoxy 
or several coats of polyurethane or shel-
lac, in order to affix the coils firmly. 

Conclusion. Once you get out of 
doors with Houndog, it might be wise to 
bury some treasure of your own, and 
adjust the controls for maximum sensi-
tivity depending upon the type of soil 
found in your locality. These adjust-
ments will vary from area to area, de-
pending upon soil composition, which 
is why we haven't used a calibrated dial 
for the potentiometers. Don't be dis-
couraged if your first few hours of 
searching with Si set to the "discrimi-
nate" (coins) position don't unearth 
Captain Kidd's treasure chest. With SI 
set in the "all" position, you'll get a lot 
more "barks." but you might find a 
lot of tin cans and beer can pull-tops 
for your efforts. Patience is a virtue in 
this hobby. 

Here is the lull s(ale etching guide for Houndog's  boar(l. 

TO R6A  TO RT  TO R6B 

t®  

TO  TC 
R6A  R6B 

t_  t 

R3 

RI 
R2 

\ 
o  l t  i o / 

(GND) 

TO  TO  TO 
' LI  CIS  L2 

LI/L2 
SAIELD 

CI 

TO 
CHASSIS 
GROUND 

$0 
TO L3 
L3 

SHIELD 

C6 

The component layout guide gives you the connections for the off-board components. 
It you use another method of assembly, rest assured that parts layout isn't critical. 

rc  HANDLE 

L, L2 

HANDLE 
I or,-I 

L3 

  8"DiA  .1] 

The dimensioning guide for the search head 
shows you how to bend round coils into 
the elliptical shape necessary for instal-
lation on the search head plywood base. 

ALL SECTIONS 
1/4" PLYWOOD 

6"DIA 

5"DIA 

6"DIA 

COIL 
BINDING 
TAPES 

WRAP COIL 
IN THIS SPACE 

Use this template for winding the coils. 
The finished coils will be circular, and 
you will have to bend them into an oval, 
as seen in the diagram above, to fit them. 
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PEAK PERFORMANCE IN a receiver an-tenna is achieved when it is cut to 
the proper length for a particular radio 
band. Since most receivers are used for 
multiband operation, every antenna is 
a compromise. However, this compro-
mise is not necessary. 
Antenna tuners used with transmit-

ting antennas provide a proper match 
between the antenna and transmitter 
for maximum transfer of RF power. A 
tuner can also be used to match the re-
ceiver input to an antenna for efficient 
operation over the radio bands. 
A SWL Tuner. A receiver antenna 

tuner that may improve your reception 
is our BCL-SWL Antenna Tuner. The 
tuner is designed to cover the broad-
cast band as well as the short waves 
and it is laid out in breadboard style 
for easy construction. 
The random length single wire an-

tenna, fed to the receiver at one end, 
has a great range of impedance changes 
over the radio spectrum. At the low 
frequency end the impedance is low. 
At the opposite end it can be several 
thousand ohms. 
Receiver input impedances vary from 

50 to 300-ohms. The antenna tuner's 
basic circuit is a pi-network that can be 
adjusted to match the antenna's imped-
ance to the receiver's input impedance. 
This insures maximum reception. 
The tuner's antenna input (.11) im-

pedance and output impedance is ad-
justed by tuning Cl and C6. (Refer to 
Schematic 1.) Additional capacity (C2-
C3-C4-05) is paralleled across C6 by 
switch S2 to better match the receiver 
input impedance (J3). The taps on coil 
LI are selected by SI enabling the cir-
cuit to be resonant at the desired fre-
quency band. 
The antenna tuner is built on a 8-

ANTENNA 
TUNER 
A perfect match for your antenna 

inch by 41/2 -inch by 1/4 -inch section of 
plastic. (Refer to the base-plate draw-
ing for lay-out dimensions of the tuner 
components). The tuning capacitors 
and switches are installed on metal 
brackets approximately 1/2 -inch wide by 
11/2 -inch high, with a 1/2 -inch foot. 
Cut the base-plate to size 'and mark 

the component locations. Coil LI is 
wound on a 33/4 -inch (long) by 2-inch 
(outside diameter) plastic tube. The 
thickness of the tube is not critical, but 
it must be rigid enough for winding 
the coil. The plastic tube we used has 
a 1,46-inch wall. 
A Big Lug. A solder lug terminal is 

mounted 1/2 -inch from the tube's ends. 
Make a 100 turn coil with number 28 
enameled magnetic wire, tapped every 

10 turns. Twist the wire together 1/4 -
inch out from the tube, as it is wound. 
to make the taps. 
Put a drop of solder on the wire to 

keep the tap stiff and pointing outward 
from the tube. Connect the coil ends 
to the lug terminals. Make side the 
enamel on the wire is carefully re-
moved (with sandpaper) before mak-
ing connections. 
Mount LI on the baseplate with 1/2 -

inch spacers. (The taps should face 
toward the front of the tuner.) Install 
the remaining components on the baae-
plate and wire up the tuner as shows 
in Schematic. 
Temporarily connect a clip-lied be-

tWeen the external antenna (.11) amid 
the receiver antenna terminal (33). 

The self wound induction coil, 1:1, is tapped at nine different points. Sy dela' 
this, the operator is able to change the inductance of the coil and properly 
match an antenna to the frequency that a set is receiving. Can be used for SW. 
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BCL-SWL Tuner/Tune in hard-to-aet stations with pinpoint accuracy 
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Schematic  1. The  upper 
schematic describes the lay-
out of the antenna tuner. It 
is comprised entirely of ca-
pacitors and inductors. Sche-
matic  2A-C.  These  three 
schematics show the hobby-
ist various things that can 
be done with the BCL-SWI. 
Antenna Tuner. Try some of 
the  applications  yourself. 

C2 
_ _ 

2 4  4 

-f  -  - 

S2 
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The base plate drawing that has been given is hall scale. When drilling out holes, 
be sure to carefully observe drtlling locations. Any sort of material can be used for 
the base providing that it is a nonconducting material such as wood or plastic. 

J4 

PARTS LIST FOR BCL-SWL ANTENNA TUNER 

Cl, C6 —365-pF subminiature variable capaci-
tor 

C2-330-pF capacitor 
C3-620-pF capacitor 
C4-910-pF capacitor 
C5-1200-pF capacitor 
11—See Text 
St.-Single pole, 10 position rotary switch 
S2—Single pole, six position rotary switch 
Misc.-8-inch by 41/2 -inch by 1/4 -inch section 
of black plastic, 31i-inch long by 2-inch 
diameter plastic tube, 4:28 enameled mag-
netic wire, 6-32 machine screws, washers, 
dial plates, hookup wire and solder lugs, 
metal brackets for mounting switches, 
hardware, etc. 

Tune the receiver to a radio station and 
remove the clip-lead. If no stations are 
heard, tune up on the received back-
ground noise. Connect the tuner jumper 
to either BC or SW position. 
Set Cl and C6 to mid-range position. 

SI to position 1 (minimum inductance 
tap) and S2 to position 1 (minimum 
capacity). Set SI to each position while 
listening to the receiver. At each SI 
position, switch S2 through the five ca-
pacity ranges and tune Cl and C6 as 
ilcees ary for maximum received signal. 
Effective Experiments. You can also 

use the tuner components for various 
experiments (refer to Schematics 2A-C 
and reconnect components): 
1) L Network—Set SI through iiis 

positions and tune C6. 
2)  Series Tuning—Tune C6 and 

switch SI through its positions for max-
imum signal strength. 
3) Wave Trap—Tune C6 and switch 

SI as necessary to tune out an inter-
fering station. 
With this sort of versatility, you can 

really go far with the BCL-SWL An-
tenna Tuner.  • 
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SITRAT IS AN ELCTRONIC thermometer that requires six components and a 
•  battery. The parts are readily available. 

You may already have them in your 
junk box. All you need to build the 

•  SITRAT is one NPN silicon transistor 
a potentiometer, 2 resistors, a zenei 
diode, a battery and a 0-1 milliampere 
panel meter. There's a good chance you 
can salvage the meter from some previ-
ous project. Maybe that neutrino moni-
tor you designed that was to estimate 
the rate of energy conversion of a 
Quasar! If you purchase a brand nes\ 
panel meter it should set you back be-
tween five and nine dollars. Other parts 
combined, if purchased new, should 
cost less than three bucks. 
The author's prototype model of 

SITRAT is just as accurate with a 
weak battery as with a brand new one. 
The Circuit. In the circuit diagram, 

the current flowing through the meter 
is the transistor's collector current. Col-
lector current increases when the tran-
sistor's temperature does. This means 
that the meter's needle goes up when 
the temperature does. That's basically 
all the theory you need, to understand 
how SITRAT works! 
For those who desire a little more 

insight into this thermometer, notice 
that the base current flows through RI. 
Since RI is a potentiometer we can set 
the transistor's base current to some 
specific value by just turning RI's knob. 
By definition, a transistor's collector 
current is just its base current times its 
DC current gain, usually abbreviated 
PDC. Collector current is equal to the 
DC current gain times the base current 
plus lcEo, which is the collector cut 
off current with the base open. How-
ever, ICED is negligible in silicon tran-
sistors so we don't even mention it 
here. This means, if we squirt a tiny 
current into the transistor's base, out of 
the collector comes PDC times the cur-
rent we squirted into the base. 

Inside view of SITRAT. 
Note component sim-
plicity. There is no 
need for printed circuit 
board here! The ball-
bearing potentiometer 
is very classy—but you 
can use a regular one 
meg pot in this circuit. 

S ITRA T IaDni 1Bnàlo.ur This J u nkTh  Box 
ometer  

stor 

Let's suppose we have a transistor 
with a DC currert gain, at room tem-
perature of 100. We apply 10 micro-
amperes to its base. We get 10 micro-
amperes X 100 = 1000 microamperes 
= 1 milliamperes at the collector. Let's 
warm the transistor to 100°F. At this 
temperature, the current gain has risen 
to 110. Collector current is now 10 
microamps X 113 = 1100 microamps 
= 1.1 milliamps. These calculations as-
sume base current always remains the 
same. In real life, base current will in-
crease due to a temperature increase, 
causing an even greater increase in col-
lector current. The base current in-
creases with temperature because the 
base-to-emitter voltage, VBE, decreases 
with increasing temperature. The reason 
that a decrease in VBE causes an in-
crease in the base current is easy to 
visualize. RI see 9 VBE. As VBE de-
creases, the voltage across RI increases. 

As the RI voltage increases, its current 
also increases. The current that flows 
through 121 is the same current that 
flows through the base. In fact, it is 
the base current. 
A simple voltage regulator circuit 

consists of R3 and zener diode DI. This 
voltage regulator provides a constant 
voltage source for Q1's base bias cir-
cuit. Voltage regulation insures that the 
battery's voltage won't affect Is and 
thus the meter's current. 
Picking The Transistor. You can use 

any NPN slicon transistor you find 
laying around in SITRAT—even that 
free one that came with that surplus 
company's "bonus pack." The author 
has determined the DC current gain at 
room temperature for 10 different tran-
sistors picked at random. The list below 
includes two unmarked surplus tran-
sistors. 
You may have noticed that the au-

thor chose the transistor with the least 
DC current gain to use in his prototype. 

TABLE ONE 

DC 
Transistor  Current Gain 

2N5088  710 
HEPS002  110 
2N5089  625 
2N3860  200 
2N2222A  153 
RS2031  167 
2N5129  47 
2N2897  55 
Surplus "A"  100 
Surplus "B"  140 
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SITRAT 
The reason he did this is that he found 
that when the transistors are placed in 
the circuit (see schematic), it appeared 
that the lower the current gain, the 
more sensitive the thermometer. Since 
the author was seeking a relatively 
sensitive thermometer he chose the low-
est gain transistor he tested. However. 
you can use any transistor you have, 
although the author does not recom-
mend those extremely high gain tran-
sistors, say with gains over 500. If the 
thermometer doesn't seem as sensitive 
as you would like, just plug a different 
transistor into the circuit. If you have 
a data sheet available, choose one with 
a relatively small floc, which is the 
DC current gain. 
Construction. Because of its extreme 

simplicity, the actual construction is a 
no-sweat job. Use a 2 lug terminal 
strip to mount R2, R3 and D1 and use 
point-to-point wiring between them and 
RI. SI and MI. which are all mounted 

on the front panel. See line drawing 
and the photo. In the parts list, R2 is 
listed as a 100K resistor. If you use a 
high gain transistor, R2 may have to 
be increased to 470K or even 680K. 
For details on making the transistor 

probe, see line drawings on this and 
the next page. First cut a 3-conductor 
cable, shown in drawing. Strip away 
the outer cable and push spaghetti 
sleeving up the three inner leads as 
shown. Next, using a heat sink such as 
an alligator clip, solder the cable's wires 
to the transistor leads, as in detail. 
Make sure you record on a sheet of 
paper which wire (usually color coded) 
is connected to each lead of the tran-
sistor (emitter. base. collector)—this is 
.done to avoid any possibility of error 
when connecting the probe's cable to 
the rest of the circuit. Next, spray the 
bare leads, connections and transistor 
with acrylic plastic. After the acrylic 
dries. pull tip the sleeving over the 

SITRAT line drawing 
shows simple place-
ment of the few com-
ponents. Cable to the 
probe can be almost 
any length; 110 elec-
trical problems to wor-
ry about. A quick kit! 

01 

R3 

RED 
YELLOW 

PARTS LIST FOR SITRAT 

131-9-VDC transistor radio battery 
D1-6.8-volt zener diode, 1/2 watt 
M-0 1-mA pane meter 
Ql—any type NPN silicon transistor (see text) 
R1-1,000,000-olm potentiometer 
R2-100,000-bhm, 1/4 watt resistor, 10% 
R3-150 ohm, 1/4 watt resistor, 10% 
S1—SPST switch 
Misc.-2 lug trminal strip, an appropriate 
length of a 2 conductor cable, spaghetti 
sleeving, acrylic plastic spray, E-PDX-E 
Ribbon or Epoxy Putty, Dry Transfer Let-
tering, graph paper, suitable case, small 

SI 

plastic pail, good quality thermometer, 
wire, solder, hardware, etc. 

YELLOW 

RED  ) 

BLACK 

NOTE BE SURE TO MARK DOWN WHICH 
WIRE IS CONNECTED TO EACH LEAD 
OF THE TRANSISTOR. FOR EXAMPLE, 
RED TO COLLECTOR,YELLOW TO BASE, 
BLACK TO EMITTER 

TRANSISTOR 

This is the only tricky 
part of SITRAT. Follow 
the directions in the 

SOLDER  text carefully, and you 
will  not  have  a 
single bit of trouble. 

connections and leads as shown in the 
drawing. To completely waterproof the 
probe. take Epoxy Putty or E;PDX-E 
RIBBON and encase the transistor 
assembly in it. Try to fashion a reason-
able looking, pointed probe. by using 
your fingers. See Figure 8. For that 
final, semi-professional touch, wet your 
hands and roll the rough-looking probe 
between them like dough. You should 
be able to fashion a smooth. cylindrical 
probe out of the putty, as in drawing. 
This completes the actual construction 

Data For Meter Dial. The first step 
here is to 'make like a scientist' and 
take a number of meter readings when 
the transistor probe is placed in differ-
ent temperature water baths. 
Obtain a small plastic container. You 

also will need a fairly accurate ther-
mometer. This thermometer will he kept 
submerged in the pail. The pail itself 
will he about half filled with water. For 
good accuracy, you will have to take 
at least 10 different readings. each read-
ing at a different temperature. 
Start out with exactly 120°F water. 

This can be easily done by first filling 
the pail with hot water—say 125-135°F 
—and then waiting until it cools to ex-
actly 120°. Be sure you have the probe 
in the water for at least a few minutes 
before you make any adjustments or 
take any readings. Once you have ex-
actly 120° water, set RI so that the 
meter reads exactly .9 milliamperes. If 
you wish, place a drop of Plastic Rub-
ber or similar glue at the pot's shaft so 
it can't be turned by mistake or acci-
dent. Mark this point down as .9 ma 
at 120°F. Next, replace the 120° water 
with some slightly cooler water. Be sure 
you stir the water. After a minute or 
two, again take both SITRAT's and 
the thermometer's readings. Also mark 
the information down. Similarly, you 
should take at least six more readings at 
different temperatures. Make sure each 
of the six separate temperatures differ by 
at least 5°F. Another reading should 
be taken at the freezing point of water. 
To take this reading, empty the bucket 
and then half fill it with small ice cubes 
or compacted snow. Then, pour cold 
water into the bucket until it is about 
2/3 full. Finally, place the probe in the 
middle of the bucket and stir the icy 
mixture frequently. Wait several min-
utes or until the meter's needle stops 
moving. Then mark down 32°F and 
next to it place the meter's reading— 
for example 32°F @ .3 ma. (Notice 
that in Table 2, which is the reading 
the author recorded, 32° corresponds to 
exactly .32 ma. This is entirely a coin-
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cidence!) You should also take at least 
one reading below freezing. To do this, 
make a mixture of salt and ice cubes 
and place both the probe and thermom-

.  eter in it. Record .both the thermom-
eter's and SITRAT's reading and jot 
it down in the table. 
Table 2 lists the readings from the 

author's prototype. While the general 
appearance of your table should be 
similar, your actual readings will differ, 
except for the .9 ma at 120°F reading 
which shoula be identical. (Quickie 
Quiz: Do you know why this reading 
is identical to the author's and will al-
ways to be the same for all transistors 
regardless of DC current gain? HINT: 
Read this section over.) 

TABLE 2 
MEASUREMENTS TAKEN WITH 
AUTHOR'S PROTOTYPE OF SITRAT 

Temperature of 
Water Bath 
(°F) 

120 -

108 
98 
91 
85 
77 
68 
61 
54 
40 
32 
9 

Current 
(milliamperes) 

.9 

.8 

.735 

.67 

.63 

.58 

.52 

.48 

.445 

.36 

.32 

.22 
NOTE: This Table is to be used as a 

guide ONLY. Your readings will differ, 
perhaps substantially. 

We have the data. Now what? If we 
tried to label a meter's dial directly 
from our data we would have a funny 
looking thermometer indeed. Only the 
various temperatures measured would 
appear on the dial. 
A far better way is to obtain a sheet 

of graph paper. Then mark the vertical 
axis with milliamperes (0, .1, .2   
9, 1.0) and the horizontal axis with 
temperature measured in degrees Fah-
renheit. See chart below. Now plot the 
data points you obtained (as in Table 
2) on the graph paper, as in the chart. 
Then draw a SMOOTH curve through 
the points. To draw this smooth curve 
use a 'french curve' or if you are care-
ful, you can draw it free hand. Refer 
to chart. Notice that this curve has 
been extended quite a bit above and 
below the known data points. This pro-
cedure enables you to use SITRAT 
over a greater range of temperatures 
than you actually measuretl. This pro-
cedure is known as extrapolation. 
So now you have a beautiful curve. 

What now? If you are acquainted with 
curves on graph paper, simply read off 
the current readings that correspond to 
every temperature that is divisible by 
10 (e.g. 120, 110, 100, 90 etc.) and 
mark the information down in a table. 

Photo of probe just 
before encapsulating 
in putty. Don't forget 
to use the insulator 
sleeves,  and  spray 
with acrylic, as the 
text directs you to. 

We assume, that you aren't acquainted 
with this technique. For this reason, 
we will describe it. 
First you should determine the maxi-

num temperature your SITRAT will 
measure. To find this 'maximum' tem-
perature draw a horizontal line (this 
line is marked (a) in the chart) paral-
lel to the temperature axis starting at 
the 1.0 ma marking on the current axis. 
Determine the point where this line in-
tersects the curve, then draw a straight 
line directly down (parallel to the cur-
rent axis). This line is labeled (b) in 
the chart. Mark down where this ver-
tical line intersects the temperature axis 
—this will be the maximum tempera-
ture your SITRAT will measure. Note 
that the author's prototype can measure 
a maximum temperature of 130°F. 
Now to find how low a temperature 

your SITRAT can measure. Finding 
the minimum temperature is a bit sim-
pler. First, make sure you have con-
tinued extrapolating the smooth curve 
until it hits the horizontal axis (0 ma 
point). Mark down the temperature 
where this extrapolated curve hits the 
horizontal axis. In the chart, this point 
is —50°F. This is the lowest tempera-
ture your SITRAT can measure and 

(Continued on page 100) 

-50 o 

Drawing of the probe after is has been 
coated with the epoxy putty. The idea is 
to mold the putty until it is fairly smooth 
all around he transistor and leads. Make 
sure that there are no holes or openings. 

50 60  70 
3040 

5 4  6  100 

3  a HO 

120 
20 

10 

32 

TEMPERATURE 
CF 

90 

NOTE SMALL NUMBERS 
ARE MILLIAMPERES 

The dial plate of milliammeter, converted 
to degrees Fahrenheit. Of all the aspects of 
assembling SITRAT, this is the most time 
consuming, since you will have to cali-
brate dial according to your own specific 
components. Follow text with real care! 

Ma 

I.0- (a ) 

7:.; 

X 
••  ••  (.82 ma 

ME
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E
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S
 
CU
R
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CORRESPONDS TO 110°F) (d) 

.8(74 ma CORRESPONDS TO I00°F) 

(.67ma CORRESPONDS TO 90°F) 

.6 

.5-

.4 

.3 

.2 

.1-

0   
-60 -50 -40 -30 -20 -10  0  10  20 30 

TEMPERATURE 

MINIMUM 
TEMPERATURE 
THAT AUTHOR'S PROTOTYPE 
OF 'SITRAT' CAN MEASURE 

1 1 1 1 1 
40 50 60 70 80 

OF TRANSISTOR (°F) 

90 100 

(b) 

(c) 

° F 
I  4 , 

110 120 130 
MAX 
TEMP 

• DATA POINTS 

This is the graph that you will need to calibrate the temperature reading meter scale. 
Make a couple of trial runs on graph paper until you get the knack of drawing smoothly. 
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DIAL CORD REPAIRS 

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

GUIDE PULLEYS 

TUNING SHAFT 

DIAL DRUM GUIDE PULLEY 

VARIABLE 
CAPACITOR 

GUIDE PULLEY 

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

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

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

dial pointer should end up exactly at 
the right spot on the dial. To do this 
the dial pointer is linked to the variable 
tuning capacitor by a dial cord. When 
one moves 500 kHz so does the other. 
It's a simple, straightforward system 
but once in a while things go wrong. 
Slip-Slide, Slipping Dial. Most dial 

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

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

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

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

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

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

snag, but the dial pointer remains in 
one place. It's best to remove the radio 
from the cabinet and inspect it. 
The dial cord can break almost any-

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

TUNING SHAFT  APPLY LIQUID ROSIN 

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

clips on the dial pointer will cut the 
cord when excessive pressure is ap-
plied. But, no matter where the dial 
cord breaks—replace it; don't waste 
your time trying to tie a knot. 
If a dial stringing guide is not handy, 

try to draw a schematic around and 
over the pulleys—just the way the dial 
cord is laying. Take a peek, you may 
have a dial stringing guide in your ser-
vice literature. On large, deluxe dials, 
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TUNING KNOB SHAFT 

DIAL DRUM ON 
VARIABLE CAPACITOR 

STEP-UP 
PULLEYS 

DIAL POINTER MAY SLIP OFF HERE 

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

it's best to obtain a stringing guide be-
fore attempting the job. 
Remember, when the tuning shaft is 

rotated the dial pointer must move in 
the same direction. If you start out 
wrong you may have to rewind the dial 
drum or reverse the dial procedure at 
the tuning shaft. Here (Fig. 4) is 
typical a dial stringing guide. Notice 
how the arrows and numbers indicate 
the method of restringing in the correct 
direction. Dial cord stringing is easy 
with these simple directions. 
From Start to Finish. After a string-

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

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

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

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

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

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

Fig. 4. This is a 
typical stringing 
guide. Of course, 
since almost every 
maker has its own 
layouts, this can 
only serve as a 
general guide. 

TIE OTHER END 
TO METAL TAB 

TIE CORD TO TENSION SPRING 

DIAL CORD TENSION SPRING 

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

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

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

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

CLIPS OR 
STOPS  DIAL 

CORD 

THIS AREA USUALLY 
SLIDES ON THE 
EDGE OF THE DIAL 

Fig. 6. A drop of plastic cement placed on 
the stops of the dial pointer will usually 
prevent the pointer from slipping around. 
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DIAL CO M 
come in all sizes and .shapes. Some 
plastic jobs just slip over the end of 
the dial shaft, while others connect to 
the dial cord and slide up and down the 
dial scale area. You may find the latter 
are either metal, or plastic pointers. 
Generally, the dial cord is fastened at 
the back of the dial pointer with clips. 
Clean the old grease and dirt from 

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

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

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

Fig. 7. If the dial drum must be moved dur-
ing service, lock the cord onto the drum 
with tape to avoid unwinding the cord. 

Fig. 8. You can repair 
a cracked drum with-
out removing the cord 
by applying epoxy to 
the drum side facing 
you, and holding it as 
it becomes firmly set. 

file and touch up the pointer with red 
enamel spray paint. You may also use 
a piece of red spaghetti over the new 
dial pointer. 
In case the one or more clips or plas-

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

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

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

Here 3 large flat and curved spring 
keeps the dial cord taut in the dial as-
sembly_ Generally, you will find round-
coiled springs in most dial cord drum:, 

(Continued on page 104) 

DRILL ANOTHER 
HOLE ABOVE 

SOMETIMES DIAL CORD 
BREAKS OUT THE PLASTIC 

DIAL DRUM 

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

Fig. 10. If the dial 
pointer seems to 

hang up at random 
spots on the dial, 
suspect a loose set 
screw on the tuning 
drum. If the screw 
continues to work 
loose, apply a drop 
of Loctitem to hold 

it securely on. 
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YOUR CAR JUST doesn't seem to have it. Passing or accelerating to some-
thing of the past. Perhaps one of your 
spark plugs is missing. But how to 
check it without getting near high volt-
age contacts? 
With the Spark-Miss Detector, there 

is no need to get near the ignition 
cables. A probe will reach into the dan-
ger zone while you stand safely behind. 
The detector will indicate if the plug 

is shorted or if the ignition cable is 
damaged. The meter will indicate if 
your plugs are dirty and need cleaning. 
Let There Be Neon. The circuit is 

built around a neon bulb used as the 
sensing element. When a neon bulb is 
held in the area of a high voltage field, 
the gas inside the bulb ionizes and 
glows. The higher the voltage, the 
brighter the bulb. 
The bulb is optically coupled to a 

photoresistor (R2) whose resistance de-
creases as the light it receives increases. 
This neon bulb-photoresistor assembly 
forms the probe. 
The voltage between RI and R2 (see 

schematic) depends on the risistance of 
R2. When the neon bulb is brightly lit, 
the value of R2 is low and the voltage 
between RI and R2 decreases. The 
change in voltage is amplified by a 
transistor in the detector. 
When the photoresistor senses a 

spark through the neon bulb, the tran-
sistor turns on for an instant and the 
meter deflects upward. For a six cylin-
der engine running at 600 rpm, each 
plug fires 300 times a minute. There-
fore, the meter needle deflects five 
times a second resulting in a bouncing 

needle that is hard to read. 
A capacitor connected across the 

meter smoothes out these bounces and 
gives an average reading. If you use a 
small meter that has little inertia, you 
might want to increase the value of this 
capacitor until you are satisfied with 
the steadiness of the needle. Too large 
a capacitor will give a slow response. 
To use, hold the probe over the 

spark plug cable. When the plug fires. 
a voltage is present in the cable. If the 
plug is fouled or shorted, the voltage 
in the cable is lower than normal, so 
the bulb glows dimly and the meter 
deflection is smaller than normal. 
If there is an internal break in the 

cable, the voltage in the cable (up-
stream of the break) is high resulting in 
a larger meter deflection. The location 
of the break can be determined by mov-
ing the probe along the cable. 
Pin The Cable. Usually it is best to 

replace an open cable, but in an emer-
gency it can be repaired. Cut the cable 
at the break and splice it together using 
a metal pin. 
Component values are not critical so 

substitutions are possible. Almost any 
small neon bulb will do, even one with-
out leads. The photoresistor was ob-
tained from a surplus store. These two 
components are the probe. 
To construct the probe, get a hollow 

11/2 -inch plastic or cardboard tube (see 
Fig. 1) that is closed at one end. The 
tube must be opaque to block all ex-
ternal light and the inside diameter 
must be large enough to accommodate 
the photoresistor. (I used the empty 

(Continued on page 98) 

PARTS LIST FOR SPARK MISS DETECTOR 

81 —9-VDC battery 
C1-10-uF, 10-V capacitor 
M1-0-50 mA meter 
NE—NE-51 neon bulb or similar 
(11-2N3905 PNP transistor or equivalent 
R1-1,000,000-ohm potentiometer 
R2—Photoresistor, Etco cat. no. 418DR or 

BI 
9V 

similar 
R3-33,000-ohm, 1/2-watt resistor, 10% 
R4-180,000-ohm, 1/2-watt resistor, 10% 

Misc.—Battery clip, perfboard, hook-up wire, 
1/4 -in, dowel rod 1-ft. length, plastic tube, 
suitable enclosure, hardware, etc. 

Spark 
Miss 
Detector 
Check Those Plugs 
Safely And Easily 

Fig. 1. This is the tip for the Spark Miss 
Detector. The photocell contained in the 
end of the stick is the project's key. 

BUDGET ELECTRONICS 1982 51 



A Bask Guide to Using 
Tune-Up Instruments 

Do Your Own Electronic Tune-ups, and Save On Gas and Repairs 

HEN ONE HEARS THE WORDS "engine 
tune-up," they usually bring to mind 

an automotive service which can result 
in a bill approaching $100.00 or more. 
As a result, many of us are content to 
forget about this facet of automobile 
maintenance until we are forced to do 
something because the engine runs very 
poorly or not at all. The irony of this 
situation is that while the engine is in 
such bad condition, it's costing you 
money in excessive gasoline consump-
tion. Automobile tune-ups are not com-
plicated, and the investment in parts is 
so small that there really is no reason 
why anyone, especially anyone who has 
a serious interest in electronics, should 
drive a car that is badly in need of a 
tune-up. The purpose of this article is 
to discuss the elements which comprise 
an engine tune-up, and to discuss some 
of the various electronic instruments 

which are being used by both profes-
sional and amateur car mechanics alike. 
If possible, you should refer to the 

automobile  manufacturer's  specifica-
tions and tune-up procedures as a sup-
plement to the information provided by 
this article. At the very least, refer to 
the tune-up information which is con-
tained on a decal and prominently dis-
played in the engine compartment of 
your car. This will give the proper 
specifications for ignition timing, spark 
plug gap, and idle speed adjustments. 
Tachometer. The basic automobile 

tune-up instrument is a combination 
tachometer and dwell meter, which is 
commonly referred to as a "dwell/ 
tach." This instrument is capable of 
measuring engine RPM, and in those 
cars which are not equipped with fac-
tory installed electronic ignition, point 
dwell. (More about dwell later). The 

more elaborate instruments also include 
additional functions, such as voltage 
measurements,  resistance  measure-
ments, and current measurements. For 
a small additional cost, some instrument 
manufacturers have included an alter-
nator test function which determines the 
condition of the alternator diodes by 
measuring the level of AC ripple volt-
age appearing on the alternator output 
terminal. 
The tachometer section of the dwell 

tach measures engine RPM by respond-
ing to the pulses which appear at the 
distributor side of the ignition coil (neg-
ative terminal). This is the point where 
the sensing lead of the instrument is 
connected. Referring to Fig. 1, a typi-
cal schematic diagram of a conventional 
(non-electronic)  automotive  ignition 
system, note that each time the points 
open, the collapsing magnetic field of 

HIGH 
VOLTAGE 

BALLAST  IGNITION 
RESISTOR  COIL 

I 2V 
BAR  =-

BATTERY 1 

POINTS = 

DWELL -TACH IS 
CONNECTED HERE 

CONDENSER  0 

DISTRIBUTOR 
CAM 

Fig. 1. A simplified schematic o an automotive ignition system 
using mechanical points (not electronic or "breakerless.") 

Fig. 3. This is a schematic of a simplifed tachometer. It oper-
ates by counting pulses which appear a distributor side of coil. 

POINTS 
OPEN 

DWELL 
ANGLE ANGLE 

POINTS 
CLOSE 

P01 NTS 
OPEN 

Fig. 2. This is a waveform representation of what occurs as 
points open and close. Dwell measurement is by averaging. 

Fig. 4. This simplified dwell meter operates by reading voltage 
which is inversely proportional to that seen across the points. 
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the coil produces 20,000-volts or more 
at the secondary of the coil, and 100-
volts or more at the primary. Fig. 2 
illustrates the waveform appearing at 
the primary of the ignition coil, which 
is the voltage across the points. Since 
engine RPM is directly related to the 
number of pulses-per-second at the igni-
tion coil, it can be seen that a simple 
frequency-to-voltage converter circuit 
can be used to measure engine RPM. 
Fig. 3 is a typical schematic diagram 

of a tachometer circuit. Each time a 
pulse appears at the input to the circuit, 
Q1 conducts current and feeds a nega-
tive pulse to the trigger input of a one 
shot multivibrator, U 1. The pulse dura-
tion of U I, about 4000 microseconds, 
is fixed. A resistor capacitor network, 
R5/C5, acts as a low pass filter to 
smooth the voltage pulses fed to the 
meter. The meter responds to the aver-
age of the voltage generated by Ul, 
and is calibrated in RPM. Since the 
number of pulses-per-minute generated 
by 4, 6, and 8 cylinder engines is not 
the same, the meter circuit must incor-
porate a scale factor which automati-
cally provides the correct RPM reading. 
This is the cylinder select switch which 
appears on tach's front panel. 
Electronic ignition systems provide a 

special test point which produces pulses 
for use with standard automotive tach-
ometers. Refer to the service manual 
for your car, of ask your dealer for the 
location of the tachometer connection. 
Dwell  Meter.  Point  dwell  is a 

60 and 90 degrees respectively. Proper 
point dwell angle for these engines is 
usually slightly more than half the 
maximum. Typical dwell angles for 8, 
6 and 4 cylinder engines would be 28, 
36 and 56 degrees respectively. 
The dwell meter measures dwell 

angle by producing a meter reading 
which is inversely proportional to the 
average voltage across the points. One 
such circuit that does this is shown in 
Fig. 4. The voltage appearing at the 
points is fed to the base of Ql, so that 
it is cut off when the points are closed, 
and saturated when the points are open. 
The collector of Q1 controls the base 
of Q2 which is connected as a constant 
current generator. Meter current is ad-
justed to full scale value (45, 60 or 90 
degrees) by R4 when the sensing lead 
at the base of Q 1 is shorted to ground, 
simulating closed points. As the points 

measurement of the number of degrees 
that the ignition points in non-electronic 
systems remain closed during the rota-
tion of the rotor in the distributor. This 
measurement is directly related to the 
point gap, and is a more accurate meth-
or of properly tuning an engine. This 
measurement is made at the same test 
point in the system as used for the 
tachometer  connection.  Factory  in-
stalled electronic ignition systems have 
no points, and therefore no need for 
dwell measurement. 
The number of degrees of point dwell 

depends on the number of cylinders in 
the engine. One full rotation of the 
distributor rotor is 360 degrees, and 
this is divided up in equal amounts for 
each cylinder. Thus, an eight cylinder 
engine can have a maximum point dwell 
of 45 degrees. 6 and 4 cylinder engines 
have maximum point dwell angles of 

Fig. 5. A timing light 
uses  a DC-to-DC 
converter to obtain 
the necessary high 
voltage used to trig-
ger the flash tube. 
Stroboscopic action 
freezes flywheel mo-
tion to observe cam-
shaft/valve  timing. 
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Tune-Up 
open and close at a rapid rate when the 
engine is in operation, the meter read-
ing becomes the average of the two con-
ditions and is the actual dwell angle 
of the points. 
Timing Light. One final electronic in-

strument which is required for engine 
tune-up is the timing light. Quality tim-
ing lights are referred to as "power" 
timing lights, which means that the en-
ergy which fires the xenon flash tube 
is derived from a built-in power supply. 
Most units in use today use the car's 
12-volt battery as the source of power. 
Refer to Fig. 5 which is a typical tim-
ing light schematic diagram. A DC to 
DC converter circuit charges two ca-
pacitors in a voltage doubler circuit to 
the high voltage (250 to 450-volts) 
necessary to fire the flash tube. The 
spark voltage generated by the car's 
ignition system provides the triggeir 
which causes the flash tube to conduct. 
producing a burst of light perhaps 
1/1000 second in duration. The car 
manufacturer has provided a timing 
mark on the flywheel of the engine, and 
a timing scale next to the flywheel. 
When spark plug number one fires, the 
stroboscopic action of the timing light 
enables the mechanic to visually deter-
mine if the flywheel is in the proper 
position. This shows engine timing. 
The best timing lights on the market 

provide inductive coupling to the spark 
plug wire so that it is not necessary to 
insert an adapter in series with the dis-
tributor wire and number one spark 
plug. Spark plug wires must never be 
pierced to make a timing check. To 
do so will render the wire defective. 
The Engine Tune-Up. In addition to 

making the electrical measurements de-
scribed above when tuning up an en-
gine, there are certain mechanical pro-
cedures which must be performed to do 
a complete job. These procedures should 
be performed before making any elec-
trical measurements or adjustments on 
the engine. It is not the purpose of this 
article to deal in depth with the 
mechanical procedures. and they will 
simply be mentioned briefly. 
A complete and proper engine tune-

up will include replacing spark plugs, 
ignition points, and. condenser (if so 
equipped). In addition to these items, 
the distributor cap, rotor, fuel filter, 
and PCV valve should be either re-
placed or examined to make certain. 
that they are still in serviceable condi-
tion. The air filter and crankcase venti-
lation filter should also be cleaned or 

Almost all pre-1975 Delco (GM) distribu, 
tors have a window through which point 
gap (dwell) can be adjusted while engine 
is running. This saves the time needed to 
remove cap and rotor to reset gap. 

replaced as necessary. The last item on 
this list are the carburetor and choke 
linkages, which should be cleaned with 
a carburetor spray product made for 
the purpose. Once these procedures 
have been completed, you are ready to 
perform the instrument checkout. 
The electrical checkout of the engine 

is made with the engine running and 
warm. On those cars which use ignition 
points, it will be necessary to set the 
point gap to the proper spacing so that 
the engine can be started. The only 
exception to this is on General Motors 
cars which use external adjustment 
Delco Remy distributors. Replacement 
points in these distributors usually are 
preset to such a gap that will permit 
the engine to be started without any 
prior adjustment. 
A word of caution before making 

the instrument checkout of the engine: 
At no time should you permit your 
hands to come in contact with the 
metal portion of the test instrument's 
clip lead as you are connecting or re-
moving it from the engine, if the engine 
is running. The test point may have 
sufficient high voltage to cause electrical 
shock. This may result in personal in-
jury as you jerk your hand away. If in 
doubt, make your connections with the 
engine shut off. 
Dwell Angle. The first measurement 

and adjustment to be made is dwell 
angle, which is necessary on all cars 
that have conventional (non-electronic) 
ignition systems. Attach the meter leads 

This is a typical igni-
tion tune-up kit for a 
4-cylinder car. From 
left to right: distribu-
tor cap, rotor, spark 
plugs,  points,  and 
condenser. 

The input lead to the Dwell/Tachometer is 
connected to the distributor side of the 
coil. You can find this terminal by tracing 
back the wire from the condenser to the 
coil. Clip on the lead at the coil terminal. 

to the distributor side of the ignition 
coil and chassis, observing correct po-
larity. On negative ground automobile 
electrical systems (as in all American 
made cars), the positive lead of the 
meter is connected to the ignition coil. 
Follow the meter manufacturer's in-
structions for dwell measurement, and 
refer to the decal in the car engine 
compartment for the permissible range 
of dwell. If your measurement falls 
out of this range, the point gap will 
have to be decreased (for readings too 
low) or increased (for readings too 
high). On most General Motors cars, 
this is a simple adjustment which can 
be made with an Allen wrench while 
the engine is running. On other cars 
you will have to stop the engine, re-
move the distributor cap, and reset the 
point gap making it greater or smaller 
as necessary. Recheck dwell angle with 
the instrument after readjustment of the 
point gap. 
Timing. After the proper dwell angle 

has been attained, the ignition timing 
can be checked and set if necessary. 
Ignition  timing  should  always  be 
checked after changing ignition points 
or point gap since any change in dwell 
angle will cause a corresponding change' 
in timing. Improper timing will affect 
gas mileage, engine power, and exhaust 
emissions levels. 
Before starting the engine, you can 

facilitate the timing measurement by 
cleaning the engine flywheel and locat-
ing the timing mark, which is usually a 
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narrow groove impressed in the fly-
wheel. If possible, apply a small quan-
tity of white paint or chalk to this 
groove to make it more visible. You 
must also locate the vacuum advance 
mechanism which is located at the bot-
tom of the distributor housing, and re-
move the vacuum advance hose which 
is connected to the mechanism. Plug the 
open end of the hose with a pencil. This 
procedure is necessary if the timing of 
an engine is to be made with the auto-
matic vacuum advance disabled. Check 
to see whether or not your car requires 
this procedure. 

Connect the timing light to the num-
ber one spark plug according to the 
directions provided by the timing light 
manufacturer. Connect the timing light 
power leads to the car battery, observ-
ing correct polarity. Check to make 
sure that no wires will be caught by the 
fan or other moving parts. Start the en-
gine and measure the timing. Refer to 
the tune-up decal in the engine com-
partment, which should have an illus-
tration of the timing scale for your par-
ticular engine. If the timing is out of 
spec, adjustment is made by loosening a 
clamp at the bottom of the distributor 
housing and rotating the unit to the 
correct spot. Tighten the clamp, and re-
check the timing to make sure it did not 
change. Stop the engine and replace the 
vacuum hose if it was removed earlier. 
Carburetor Adjustments. All carbu-

retors have some form of adjustment 
which controls engine idle speed. Single 
barrel carburetors have one adjustment 
for idle fuel mixture, and two and four 
barrel carburetors have two fuel mix-
ture adjustment screws. These adjust-
ments are performed with the aid of the 
tachometer, since engine RPM will vary 
as these adjustments are made. Since 
the order in which these adjustments 
are performed is important, the best 
practice would be to follow the vehicle 
manufacturer's sequence. Some tune-up 
decals in late model cars contain the 
proper adjustment sequence. The fol-
lowing procedure should prove satis-
factory for most cars. Note: Some cars 
equipped with extensive emission con-
trol equipment have plastic caps cov-
ering the idle mixture screws, which 
limit the adjustment range of these 
screws. Under no circumstances should 
these caps be removed to set the mix-
ture screws beyond the normal adjust-
ment range. To do so may upset the 
engine exhaust emissions and/or affect 
driveability of the car. 
Allow the engine to reach normal op-

erating temperature before adjusting the 
carburetor. Connect the tachometer to 
the ignition system according to the 

manufacturer's instructions so that the 
meter reads engine RPM. Follow the , 
information provided on the tune-up 
decal as to whether the transmission 
should be in neutral or drive, and if 
the air conditioning or lights should be 
turned on. (Be sure to set the parking 
brake securely before placing the trans-
mission in Drive!) 
Adjust the idle mixture screw or 

screws for maximum engine RPM. Do 
this very carefully since only a small 
adjustment is usually necessary. Now 
adjust the engine idle speed adjustment 
to the engine RPM as specified on the 
tune-up decal. Very carefully turn the 
idle mixture screws clockwise to attain 
a 20 RPM drop in engine idle speed. 
Reset the idle speed adjustment for the 
recommended engine RPM. 
The method just described is known 

as the "lean roll" method of setting the 
idle mixture. With this method, the ve-
hicle exhaust emissions should be with-
in specifications, and it avoids the 
necessity to use an exhaust gas analyzer 
for adjustment of the idle mixture. 
If you have performed the various 

engine adjustments as specified, you 

Release the distribu-
tor clamp bolt at the 
base of the distribu-
tor to adjust timing. 
Some engines need to 
have their timing ad-
justed with the vac-
uum advance (round 
object mounted on 
the side of the dis-
tributor)  connected, 
and some need it dis-
connected. Check in 
your owner's manual 
or with your dealer. 

should have an automobile that per-
forms as well as it was designed Keep 
a record of the date and speedometer 
mileage, so that you will be ready to 
perform the next tune-up when due. • 

With cap and rotor removed on this Delco 
distributor, the point gap adjustin screw 
can be seep. Lift the window in the dis-
tributor cap and you can turn this screw 
to perform point gap (dwell) adjustment. 

Use of the timing 
light allows you to 
freeze the action of 
the flywheel and read 
the timing adjustment. 
A decal under the 
hood will list number 
of degrees (either in 
BTDC or ATDC) to 
which pointer on the 
flywheel must point to 
on scale next to the 
flywheel. Timing  is 
adjusted ay rotating 
the distributor body. 
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BARGAIN 
LOGIC 
PROBE 
Inexpensive logic probe duplicates 
its more costly counterparts 

WHEN WE ARE DEALING with varying 
voltages, that is called analog data. 

In the digital world we do not find a 
variable signal. It is either on or off, 
just as a switch would be either on or 
off. Another way of saying this is high 
or low, or 1 or 0. Each high or low bit 

• 
Here's the extra-small printed circuit 
board template for Bargain Logic Probe. 

INVERTER A 
1/6 74L04 

INVERTER B 
1/6 74LO4 

PARTS LIST 
Ll —light emitting diode. red 
L2—light emitting diode, yellow 
R-1,000 ohm, 1/4 -watt resistor, 5% 
U1-74104 hex inverter 
Misc.—probe tip, syringe cover, pc board, all-
gator clips, wire. 

INPUT PROBE 
TIP  " 

vcc 

GND 

This will give you a good idea of parts 
layout on PC board. There are few parts. 

is put together to make up a basic char-
acter or Byte. Sometimes these Bytes 
are called words. 
If we have 1001, then we can call 

that a 4 bit Byte. That is the smallest 
Byte ever to be encountered in the 
computer world. It can be used where 
the data accuracy is not critical and the 
amount of data is small. To illustrate 
this, if 1001 were sent and interference 
generated a pulse at the moment of the 
third bit, then we have been left with 
false data of 1011. Its meaning would 
be completely different. To increase ac-
curacy and handle more data, we could 
go to 8 bit Bytes. Such as 10101010. A 
logic probe allows us to look at a par-
ticular point in the circuit to determine 
if a low (0) or high (1) is present. 
For most of our electronic experi-

ments,  we  don't  need  expensive 
logic probes costing upwards of $40. 
Here is a cheap unit which can signal 
high level (1), low level (0), and oscil-
lation. No pulse detection feature was 
included thus keeping the size small 
and the price low, around $2. The 
probe is designed for TTL signal levels 
and can be used for 5 volt CMOS cir-
cuits although loading may occur. 
Theory of operation: Bargain Logic 

Probe uses only one IC, a 74L04 hex 
inverter shown in the schematic. The 
input to inverter A normally floats high, 

ir•••rrit 

making its output low so as to light Ll. 
The output of inverter B is high so L2 
is off. If you now make the input of 
inverter A zero volts, L 1 will turn off 
and L2 will illuminate. When oscilla-
tion is present at the input, both Ll 
and L2 will light at some intermediate 
brightness depending on the duty cycle 
of the signal being observed. 
Using a 74L04 is important, the "L" 

series only requires the driving signal to 
sink 180 pA max, much below the 7400 
series 1.6 mA max or even the 74LSOO 
series 400 /IA requirement. 
Construction: A full scale PC board 

layout is shown in addition to the parts 
layout on the component side. I slid the 
entire PC board inside a used syringe 
cover (available at hospitals for free), 
and attached a readily available test 
probe tip. Using different color L.E.D.s 
to signal high or low will help to 
quickly distinguish the signal level. 
Power is supplied by the circuit under 
test, and runs around 10 mA. Note, 
voltage requirements for the "L" series 
are 5 -±.25 V nominal. 
So far, Bargain Logic Probe works 

great. It fits in my pocket and gives me 
a quick handle on circuit performance. 
It can also be used to show oscillator 
output in low power transmitter stages. 
SW converters & receiver local oscilla-
tors. 

..4 . 
______,....-.:- .,  , • v ot  

This photo of the Bargain Logic Probe will give you some idea of the simplicity of the 
unit. It's small, but there aren't very many components. When done, just cap it up. 
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HERE IS A SPEAKER SYSTE M  that is small in size, light in weight, and 
delivers true high fidelity sound when 
connected to your audio power source, 
car radio or tape player. 
This unique speaker system consists 

essentially of two speaker units, a light 
weight enclosure, a prepunched perf-
board, that is modified to become a 
speaker mounting baffle and, grille, 
hook-up wire and glue. Sounds simple? 
This do it yourself project consists of 
an assembly of parts, more than a 
complex construction job. 
The speaker enclpsure looks like a 

small cold chest made of styrofoam 
Breadboard. Styrofoam is responsible 
for the minimal weight. This material 
is acoustically dead. Hence, it can be 
used to house speaker components, if 
the enclosure is small enough to mini-
mize acoustic resonance. 
Styrofoam will pass low frequency 

sound like a sieve. This problem is 
solved by coating all styrofoam sur-
faces with white glue. Elmer's "Glue-
All" or other white glue that is made 
for bonding styrofoam to itself or to 
other materials, must be used. 
The cold chest box enclosure, listed 

in the parts list, can be found in stores, 
labeled as a Bait Box.  It is white, 
speckled with spots of green. A rope 
handle is provided for ease of handling. 
The rope is driven through the cover 
and secured to the box. The outside 
dimensions are 6% by 93/4  -inches. The 
same width and length of the perf-
board speaker baffle. The overall depth 
is 61/2 -inches including the cover. 
The Assembly. Using a small paint 

brush, spread a light coating of glue 

PERFBOARD HOLES 

A 

.................   
  
......................... ...................... .... 
...... ............. : :  . . .............. . 
  
.....  ..... 

  
...........  ......... • • 

ICE-BOX 
HI-Fl 

This lightweight speaker, system 
is as close as your local 
hardware s-ore 

9/64" 

9 3/4" 

4 1/16  N.,  

2 3/4"  4 3/8" 

0 

0 
TWEETER  • • 
OPENING 

ENLARGE HOLE OF 
CIRCLE TO 11/64" DIAMETER 
FOR SPEAKER GRILL 

lg. 1. Periboard drilling for Ice-Box Hi-fi. There are a lot of 
holes to drill, so be careful, because the perfboard can splinter. 

3 7/16" 

37,6-

7/64" 

6 7/8" 

0 

0 

over the inside of the box to seal the 
panel surfaces. White glue dries clear 
and fast, and adds strength to the styro-
foam. Give it a second coat of glue to 
insure sound tightness. Do not coat the 
cover, until an opening is cut to clear 
the speaker components. 
Figure  1 shows  the  perf-board 

modifications to convert it to a speaker 
baffle and grille. Check the length and 
width of the perf-board when you buy 
it, they vary somewhat in size. Cut the 
244 -inch diameter tweeter opening with 
a circle cutter and redrill the holes in-
side a 3%-inch diameter pencil scribed 
circle, forming a grille for the 4-inch 
speaker mounting. 
The cut-out in the styrofoam cover 

which clears the speaker units is shown 
in Fig. 2. Do not glue the cover to the 
perf-board and mask assembly. 
Figure 3 is a section view at the 

front of the box opening. Note that 
two wood cleats are glued inside the 
box for securing the baffle and cover to 
the box with six, 2-inch long machine 
screws that are screwed into the cleats. 
These screws clamp the baffle/mask as-
sembly to the enclosure and provide 
access should it ever be required. The 
speaker components are bolted to the 
perf-board/mask  assembly  and  are 
tightened with nuts and lockwashers. 
The Speaker Components. It is un-

usual to see two speaker units installed 
in such a small enclosure as this. True 
"Hi-Fi" sound cannot be attained with-
out the use of a good tweeter. Radio 
Shack has added a one-inch dome 
tweeter to their speaker line, that pro-
vides wide dispersion of high frequen-
cies. This unit is almost as good as the 

745iVN.   

7/64" DIAMETER TO MATCH 
WITH CARDBOARD AND 
PERFBOARD HOLES 

- 9 3/4" 

7.-  KNIFE CUT LINE "  

CUT-OUT TO CLEAR 
4" SPEAKER AND I" DAME 
TWEETER 

8" 

5" MAX 

STYROFOAM 
TOP LIP 

ROPE 
OPENINGS 

Fig. 2. Cutting and drilling outline for the styrofoam top panel. 
When coating the styrofoam with glue to make it accoustically 
opaque, let the glue dry before installing it on the main frame. 
You do not want to glue the two styrofoam parts together at all. 
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Ice Box Hi-H /Build this simple, go-anywhere speaker 

Inside look at the drivers mounted in our 
little speaker system. If you use care, 
everything will fit nicely, and snugly. 

Philips Dome Tweeter from Holland 
that is used in some of the most ex-
pensive speaker systems. 
A 3.3-uF capacitor is furnished with 

the tweeter for cross over at 4000 
Hz and above. High frequency attenua-
tion is provided by use of an "L" pad. 
This "L" pad is hooked-up to the out-
side winding of the pad. 
Smooth performance is assured by 

employing a filter network shown in 
the wiring diagram. The 20-ohm resis-
tor in the network cancels the effect 
of the tuned circuit set up by the 2.5 
MH inductance and the 4-MF capaci-
tor in the filter. 
For wire connection into the en-

closure cut a slot in the back for a 
terminal strip and secure the terminal 
with 6-32 by 3/4  -inch long machine 
screws or use 1-inch long brass screws 
with nuts and washers. 
Upon final assembly, cut a section of 

4-inch thick building grade fiberglass 
to fit inside the enclosure. Try not to 
compress the fiberglass around the 
edges. Cut a recess to clear the induc-
tance coil, mounted in the back. 
When you have completed the as-

sembly, hook if up to one channel of 
your home stereo system. You will be 
amazed by the sound quality from such 
a small box. You may be tempted to 
assemble two of this design for stereo 
use, or perhaps use it as an extension 
speaker for high quality sound.  • 

PERFBOARD SPEAKER 
BAFFLE 

CARDBOARD MASK   

CENTER LINE LOCATIONS 
FOR 6-32, 2 " LONG 
ROUND HEAD 
MACHINE SCREWS 

I/ 

3/4" x 3/4" x 8 1/4" WOOD CLEAT 

COVER 

KNIFE CUT OPENING 
IN COVER 

INSIDE FACE OF STYROFORM BOX 

1/2" 

Fig. 3. Cross section of the styrofoam cover of Ice-Box Hi-fi. The two 8V4-inch 
long wooden cleats are very important, since they serve to seal up the speaker. 

3.3 NF 
FURNISHED 
WITH TWEETEF 

CI 

4 INF 

INPUT 

1 

SHAFT, 3/8" DIA HOLE KFOR MOUNTING 

1 L PAD 

FILTER 

L 
L _ _ 

2.5 NH 

' 

20n 

PARTS LIST FOR SPEAKER 

C1--3.3-uF capacitor (see Driver No. 2) 
Driver No. 1--4-inch coie type speaker 
(Radio Shack 40-1197 or equiv.) 
Driver No. 2 -1-inch dcme type tweeter (in-
cludes Cl) (Radio Snack 49-1276 or equiv.) 

Filter—audio type filter network (Radio Shack 
40-808 or equiv.) 

Pad—audio type "L" pad (Radio Shack 40-980, 
or equiv.) 

Misc.—Ice-less cold chest, without inside com-
partment. Mtg. by Standard Cellulose & 
Novelty Cc., Inc., 90-02 Atlantic Ave., Ozone 
Park. New York 11416. 

SPKR 2 

• -(1 

SPKR  • 

8-6 32 round head macl-ine screws, 1/2 -inch 
long 

6- as above, 2-inch long 
1--as above, 21/2 -inch long 
2 wood cleats, 34 x  x 81/4 -inch long 

Nuts for above cardboarc mask Ca x 934-
inch, see Fig. 2. Pre-punched pert-board 
67/8 x 93/4 -inch, see Fig. 1. Building grade, 
4-inch fiberglass 53i x 8314-inch. Elmers 
Glue-All or equal, term nal strip or brass 
machine screws (see tout), hook-up wire, 
solder, etc. 
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ONE OF THE PROBLEMS you're likely to encounter as you expand your 
personal computer system is finding 

•  sufficient RS-232 serial outputs. Most 
small computers provide either no 
serial outputs, or just one; although 

•  there might be relatively expensive 
add-on serial interfaces available. 
For example, the Heathkit H-8 

computer is normally supplied with 
one serial output for a CRT control 
terminal. If you want to use a serial 
printing terminal, you must discon-
nect the CRT and substitute the print-
ing terminal. Either that, or you have 
to purchase a relatively expensive 
multi-port serial card which permits 
simultaneous connection of up to four 
serial devices. 
The Radio Shack TRS-80 computer 

doesn't even have a serial output; it 
was designed for a parallel printer. 
With an expansion interface and op-
tional serial I/O, the user winds up 
with only one serial port left. If both 
a serial printer and communications 
modem will be used, it becomes a 
matter of juggling connections to ac-
comodate each device. 
Apple computers accept easy to 

plug in serial I/O cards, but these 
aren't cheap. If you want to use two 
or more serial devices, either you pur-
chase an extra card or it's back to 
rearranging connections. 
The least expensive way to equip 

your computer with two serial con-
nections—assuming they both won't be 
needed at the same time—is to pro-
vide some form of passive electrical 
switching. While commercial RS-232 
switchers can cost almost as much as 
a serial interface, you can build a 
serial switcher for personal computers 
at a rock-bottom cost using switches 
and parts easily available at most 
electronic shops. 
You can build the Switcher cheaply 

because, for most applications, only 
four (or fewer) connections are used. 
You don't need a device that can 
switch all 25 terMinals of a D-25 
microperipheral connector. 
The Standard. RS-232 connections 

are standardized, and were originally 
intended to accommodate communica-
tions via terminal and/or computers 
through modems and telephone lines. 
For example, one of the RS-232 con-
nections is called a ring detector. If 
the modem detected a ring, it would 
signal the associated computer to an-
swer the "call" through the modem. 

Another RS-232 connection was in-
tended to be controlled by the in-
coming signal. If the incoming line 
signal was too noisy, the modem sig-

naled the computer that "garbage" 
was coming down the line. Yet an-
other connection signaled the asso-
ciated computer that the modem was 
still in a dial-out mode, or had not 
yet established a communications link 
with the other end of the circuit. 
With only a few exceptions, the RS-

232 control signals aren't needed or 
used by personal computers. In fact, 
if you're using RS-232 for a printer 
all you might need are the signal in, 
signal  out,  and  signal  common 
(ground) connections. 
Common Connections. In Fig. I we 

show all the RS-232 connections com-
monly used. The terminal connections 
are those of a D-25 connector, which 
is standard for all RS-232 equipment. 

You should be able to plug any RS-
232 connecting cable into any RS-232 
socket. The arrows indicate the direc-
tion of signal flow; for example, Ter-
minal  2 labeled  TRANSMITTED 
DATA means the signal from a com-
puter or terminal keyboard. Terminal 
3 labeled RECEIVED DATA is sig-
nal into the computer or printer. 
Think about this for a moment: if 

you were to connect two terminals to-
gether, they could not "talk" to each 
other because both would be trans-
mitting on Terminal 2 and receiving 
on Terminal 3. The 2 and 3 connec-
tions on one terminal would have to 
be reversed; i.e., they must be con-
nected to receive from Terminal 2 
and transmit on 3. 

RS-232 
Switcher 
Increase available serial ports with 
this inexpensive, easy-to-build switcher 

The RS-232 switcher 
is an easy project to 
build  and  use.  It 
has no printed circuit 
board and very few 
connections. All you 
have to do is to con-
ned up a couple of 
switches to a plug 
and you are in busi-
ness.  Your  TRS-80 
will be more useful. 
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RS-232 Switcher/This handy device is a life saver when you run out of ports 

REVERSE 

I 2 3 4 5 6 7 

PARTS LIST FOR RS-232 SWITCHER 

PL1—Connector, D-25P (plug) 
S1 —DPDT rotary switch (Radio Shack 275-
1384) 

SO2 

ALTERNATE 
SIGNAL 
GROUND  -= 

S2—DPDT switch 
S01, S02—Connector, D-25S (socket) 
Misc.—Cabinet, wire, solder, fastenings, etc. 

We bring this up now because it is 
part of the RS-232 Switcher project. 
So far we have two connections that 
must be switched between 1(S-232 

serial devices. 
The Data Carrier Detector signal 

from Terminal 8 is one of those sig-
nals we mentioned previously used for 
"communications;" it is almost never 
needed for personal computing and 
can be dispensed with. 
The Clear To Send, or CTS as it is 

more often called, flows from Termi-
nal 5 to the computer. This signal is 
often used by printers and modems to 
tell the computer that the device is 
ready to accept data. It is one of the 
required signals, so it is the third RS-
232 signal that we will use. 
Terminal To Computer. The Data 

Set Ready. or DSR, flows from Termi-
nal 6 to the computer. This signal is 
used to indicate that the communica-
tions unit, such as a modem, is not in 
the test, talk, or dial mode and has 
completed any special timing functions 
necessary to establish a call on the 

phone line. 
This signal is not used at all for 

personal computers that don't have 
auto-dial modems. 
Some equipment rebuilders, how-

ever, use this line to signal the com-
puter that the printer is ready to ac-
cept data. It works in the same way 
as the CTS signal as far as signaling 
the computer is concerned. It is an 

unusual use and you might never run 
across the necessity for a DSR signal. 
We have included it because some-
where someone has some peripheral 
that sends a DSR. So, the DSR is the 
fourth signal we must accommodate 
in the RS-232 Switcher. 
In personal computing, the Signal 

Ground is often connected to the 
protective ground. It's not the best of 
ways to do things, particularly on lone 
cable runs in areas of relatively high 
electrical noise. Don't be too surprised 

No  more  fumbling 
around with the RS-
232 Switcher. It al-
lows you to keep your 
hands off the serial 
ports and on keyboard 
where  they belong. 

MODEM 

I   

2 •  

3 •  

PROTECTIVE GROUND 

COMPUTER 
OR 

TERMINAL 

TRANSMITTED DATA 
=-
• 2 

• 3 

•! et..  

• 6. 

RECEIVED DATA 

5 • 

6 •  

CLEAR TO SEND 

DATA SET READY 

•••• 

7 •  
SIGNAL GROUND 

SPARE 

• 7 

 • 

Fig. 1. Connection diagram illustrating 
how modem is connected to computer 
or terminal. It's fairly straightforward. 

to find that some equipment has only 
one ground wire. 
Two signals we don't show (for 

clarity) are the Data Terminal Ready. 
or DTR, and the Ring Indicator, or 
RI. The DTR (Terminal 20 if used) 
is a signal to the communications de-
vice (modem) to connect to the com-
munications channel  (phone line). 
The RI is a signal from the communi-
cations device (modem) that the de-
vice is receiving a carrier from a re-
mote data set. 
A signal sometimes referred to in 

articles, but rarely used, is the Re-
quest To Send (Terminal 4). It is a 
signal to the data communication 
equipment that controls the direction 
of data transmission. It is not used in 
personal computing gear at all. If you 

(Continued on page 96) 

Two serial ports are 
available for use with 
this switcher.  Many 
home computers only 
offer one or some-
times no serial output. 
Instead of having to 
plug and unplug a 
port, all that needs 
to be done  is to 
flip a single switch. 

60 BUDGET ELECTRONICS 1982 



MANY EXPERIMENTERS NEW to elec-
tronics have never worked with 

tubes. This is unfortunate because while 
transistors don't require large amounts 
of power, and ICs can, cram huge cir-
cuits into dust grains, the vacuum tube 
has an aestheic advantage over solid state 
components. In addition, the tube's ele-
ments are physically large and the prin-
ciples involved are simpler and easier 
to understand. So, here is a one-tube 
broadcast band regenerative receiver 
project. The finished radio is much su-
perior to the beginner's crystal set, yet 
is not much more difficult to build. It 
only requires a modest antenna (20 feet 
or so) and a good ground to perform 
well. Incidentally, the circuit is a real 
oldtimer. Lee De Forest and E. H. 
Armstrong simultaneously discovered it 
around 1912, and were involved in a 
long patent dispute over it. 
Theory. For those of you who don't 

remember those two gentlemen, I'm 
going to give a bit of theory about vac-
uum tubes and this particular radio. I 
apologize to those of you who are well 
versed on these subjects, and beg your 
indulgence. 
The simplest tube is a diode (di- two, 

ode- element), which is a hairpin of 
tungsten wire surrounded by a cylin-
drical metal tube. Both are sealed in a 
glass bulb from which all the air has 
been pumped. Connecting a battery 
across the filament wire causes it to 
glow red hot (much like an ordinary 
incandescent lamp) and the electrons in 
the wire are given enough energy to 
boil off into the vacuum. 
If a battery's plus terminal is con-

nected to the metal cylinder (the 
plate) and its minus terminal is con-
nected to the filament, a current of 
these electrons (electrons have a nega-
tive charge) will flow through this plate 
circuit. No current, however, will flow 
if the plate battery is connected back-
wards, because electrons cannot leave 
the plate's surface (see Fig.1). Although 
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One-Tube 
Regenerative 
Receiver 

this diode will function as a rectifier 
(one-way valve) or as a rudimentary 
radio detector, it is good for little else. 
Around 1906, Lee De Forest changed 

this by adding a small twist of wire in 
between the filament and the plate. This 
grid can be used to control a large 
power (in the plate circuit) with a 
small power (in the grid circuit). Here's 
how: putting a negative voltage on the 
grid diminishes the plate current, be-
cause electrons traveling from filament 
to plate are repelled by the electrons 
sitting on the grid. Remember, like 
charges repel; see Fig. 2. There's a 
smooth relationship; many electrons on 
the grid cause a very weak plate cur-
rent, or Ip, and only a few sitting there 
allow a stronger plate current. Figure 
3 is a graph of just such a relationship. 
In this case, no plate current flows when 
the grid voltage is negative seven volts. 
Of course, the tube (a triode) is still a 
rectifier, but now it amplifies, too! 
Okay, first diode, then triode, now 

radio: our simple receiver consists of a 
tuner, a radio frequency (or RF) amp-
lifier, a detector, and an -audio amp. 

All of the receiver's components are mount-
ed in full view on the spacious rear board. 

Build this broadcast receiver 
from the early days of radio 

Our versatile tube is both detector and 
amplifier. The tuner is the parallel 
combination of L2 and CI. Here's the 
scheme: many different RF signals exist 
at the antenna input (see Fig. 4), and 
are coupled to L2 through the antenna 
coil, Li. The LC tuner (L2 and Cl) 
looks like a short circuit for all fre-
quencies but one, and this one is sent 
through C2 and RI to the grid of VI. 
They make VI act like a detector by 
fixing it so two signals appear: the 
rapidly varying RF signal (1 MHz or 
so) and a slowly changing audio signal 
(200 to 5000 cycles or so). Pretending 
for a moment that R2 is fully shorting 
L3, we see electrons flowing from 
ground, through VI, where they pick 
up the two signals in an amplified form, 
and then flow either through C3 to 
ground or through L4, the earphones. 
the 90 volt plate battery (which sup-
plies all the electrons' energy) and 
thence to ground. Note, however, that 
the RF signal goes through C3 because 
that capacitor is too small to pass the 
low audio frequencies, and conversely 
the audio travels through L4 (an RF 
choke), which presents an open cir-
cuit tc the high radio frequencies. Thus 
an amplified version of the audio that 
was once impressed on the RF carrier 
wave appears in the earphones. 
So, what's L3 for? Well, I wasn't 

telling the whole truth when I said our 
LC tuner selected only one frequency. 
It tuned in on mostly one frequency, 
but some others sneaked in, too. The 
width of this tuning curve (see Fig. 5) 
determines the selectivity, or station 
selection ability of our radio. This 
bandwidth, depends on the Q, or quality 
factor, of the LC combination. A high-
Q circuit has thick wires, no energy 
losses, and consequently a sharp tuning 
curve. Unfortunately, the Q of our L2, 
CI combination is low, and that's why 
a small amount of RF energy in the 
plate circuit has to be fed (via L3) 
back into the grid circuit to account for 
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One-Tube Receiver 

l itipt, 

While a Type 30 tube was used in the au-
thor's set, any tube in the table is good. 

energy losses there. 
Feeding more and more energy back 

(turn R2 clockwise) forces the Q sky 
high, along with the selectivity. The RF 
amplification increases, too. When we 
feed more energy into the tuner than 
is lost, the tube starts oscillating, or 
producing its own RF signal, at the 
frequency the tuner is set for. This is 
undesirable, because it distorts the sig-
nals and reduces the set's gain. Obvi-
ously, the best setting for R2 is where 
the tube almost oscillates (see Fig. 6). 
Now that some of the fundamentals are 
clear, we discuss next building a real 
live regenerative receiver. 

Coil forms such as this one are becoming 
rare items, so you may have to substitute. 

Finding the Parts. Unfortunately, few 
electronics shops stock battery tubes 
(some don't stock any tubes at all!) so 
here are some hints: a' type 30 tube 
(called for in the parts list) is not nec-
essary. Any of the tubes in the tubetable 
could be used, but just be sure to use 
the right filament voltage and the right 
pin diagrams when you wire. Obvi-
ously you will need an appropriate 
socket, and you may have to up the 
plate voltage on some tubes to obtain 

PLATE 

PLATE BATTERY CONNECTED 
PROPERLY 

Fig. 2. The triode, a re-
finement of the diode, 
has a grid between the 
plate and filament. This 
made  a rectifying 
tube into a tube with 
amplifying capabilities. 

THE DIODE  

NO ELECTRON 
FLOW 

PLATE BATTERY REVERSED 

THE GRID'S NEGATIVE 
CHARGE TURNS BACK 
ELECTRONS THAT  o 
ARE TRYING TO 
LEAVE THE 
FILAMENT No° 

FILAMENT 

0 
0 

o O o 

THE TRIODE 

Fig. 1. The diode is the 
simplest  form  of 
vacuum tube. It is 
made up of a filament 
wire surrounded by a 
cylindrical metal tube. 
Its origins date to be-
fore World War I. 

ONLY A FEW ELECTRONS 
CAN NOW REACH THE PLATE 

PLATE 

Triode Type Tubes 
Filament 

Remarks  Tube type  Voltage 
4 pin  199,299  3 V 
4 pin  201-A, 301-A  5 V 
4 pin  30  3 V 
5 pin  227, 327  2.5 V AC 
8 pin octal  1LH4  1.5 V 
8 pin octal  1G4GT  1.5 V 
8 pin octal  1H4GT  1.5 V 
8 pin octal  6C5  6.3 VAC 
8 pin octal  1/2 6SN7  6.3 VAC 
8 pin octal  6J5  6.3 V AC 

This table gives a list of the tubes that 
may be used in the regenerative receiver. 

sufficient  regeneration.  Those  tubes 
marked AC can use alternating current 
for their filaments because the actual 
electron emitter is a metal sleeve (called 
a cathode) insulated from the filament. 
Without it, hum would be too loud. 
These types will, of course, use DC as 
well, but to save the batteries, you 
would use a transformer to run the 
filament, and connect the cathode to 
top of L3 and to R2. 
Enough about tubes. Plug in coil 

forms are hard to find (I don't know if 
they're still made) but they can be had 
if you scrounge enough. More on that 
later. You can salvage the coil wire 
from an old power transformer by pull-
ing the laminations apart and unwind-
ing the core—number 30 wire is about 
sewing thread size. The wire, along 
with the tuning capacitor, earphones, 
dials and tube sockets, came from my 
junk box, but any of these items could 
be purchased commercially (note: don't 
try to use low impedence hi-fi ear-
phones or the crystal type, either. These 
won't work). Any wood will do for the 
base (pine is easy to work with) and 
the front panel doesn't have to be 
fancy black plastic: plywood, fiber-

Ip-VS-Vg 
FOR A TYPICAL 

TRIODE  

40 

30 

p(mA) 

20 

10 

-7 -6 -5 -4 -3 -2 -I 0 

GRID VOLTAGE ( VOLTS) 

Fig. 3. This graph shows the relationship 
between the grid voltage and plate current. 
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L2 

A 
ILI  
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GND.  t  
-90V. 

L _ _ _J 

RI 

3 

C2 

VI 

PARTS LIST FOR REGENERATIVE RECEIVER 
C1-350 pF, variable capacitor 
C2-250 pF, mica capacitor 
C3-470 pF, disc ceramic capacitor 
11-11 turns, No. 30 enameled wire, close 
wound on 11/2 -inch coil form 

L2-55 turns, same construction parameters 
as Li 

L3-12 turns, same construction parameters 
as 11 

L4-2.5 mH RF choke 
R1-2,000,000-ohm resistor, 1/2 watt, 10% 

A COMPARIS1ON OF THE TUNING 
CURVES FROM HI -0 AND LOw-0 
CIRCUITS 

HI-0 z't 

0 
(7.) 

FREQUENCY 

LOW-0 

F• 
FREQUENCY 

Fig. 5. The width of the tuning curve is 
the determining factor in set's selectivity. 

1 C3 

(f) 

PHONES 

C.) 
• 90V. 

3v 
Fig. 4. The schematic dia-
gram shows how the coil 
feeds the selected frequency 
from antenna to amplifier. 

R2-1,000-ohm variable resistor, 1/2 watt or 
more 

Vi —type 30 vacuum tube or similar, see Tube 
Table 

Misc.—Wood base 7-in. x 8-in. x 3/4 -in., black 
acrylic front panel 8-in. x 6-in. x 3/4 -in., 
1 large knob, 1 small knob, 7 binding posts, 
14 prong plug-in coil form, No. 30 enam-
eled wire, hook-up wire, 2 sockets (4 pin), 
4 spacers (3/4 inch long), wood screws, ma-
chine screws, solder lugs, batteries, ear-
phones (hi-Z type), antenna, ground. 

5 

— 
-J 
uJ 
Ul 

OSCILLATION 
'  REGION 

BEST POINT 

R2 SETTING 
(CLOCKWISE -0-

Fig. 6. Too much oscillation is undesira-
ble; R2 must be set to give the minimum. 

TO PIN I 

TO PIN 4 

COIL LAYOUT  

TO PIN 2 TO PIN 3 

TO PIN 2 

5/8"  V8' ¶ 1/8" 

1/4'  1/32" 

LI-II TURNS *30 ENAMELED WIRE 
L2 -55 TURNS *30 ENAMELED WIRE 
L3 -I2 TURNS * 30 ENAMELED WIRE 

BOTTOM VIEW 

NOTE: ALL COILS ARE CLOSE WOUND IN THE 
SAME DIRECTION 

Fig. 7. The coil winding guide shows the 
wiring configuration of the important coil. 

board or metal would all work. My 
panel, however, was free, courtesy of 
the local plastic distributor (they even 
cut it to size!) and it only took a bit 
of abrasive paper to clean up the edges. 
The filament, or A battery, can be any-
thing from number six dry cells to 
storage  batteries  to flashlight  cells 
soldered together. The B, or plate bat-
tery, is a rather esoteric item, and 
while some stores still stock them, a 
substitute might be 9 volt transistor 
(yuch!)  radio batteries soldered in 
series, or a myriad of worn out flash-
light cells. Plate current (Ip) is only 
about 6 mA. 
Construction. Now that all the parts 

are at hand, begin by cutting and finish-
ing the wood base. A quick sanding 
and a coat of linseed oil or shellac will 
give it a glossy surface, but avoid paint, 
as paint often has metallic pigments that 
could short out connections. Then, 
mark and drill the front panel to fit 
your particluar way of mounting R2, 

Cl, and the binding posts for the ear-
phones. Some capacitors have threaded 
holes on their bottoms, so you may 
have to fashion an L bracket to hold it 
to the front panel, or mount it from the 
base using spacers. Drill three holes 
3/4 -inch up from the bottom of the panel 
to fasten it to the base. In all cases, be 
sure to drill slowly and carefully to 
avoid splitting the plastic as the bit 
pops through. Drill pilot holes on the 
front of the base, and screw the front 
panel on. After mounting Cl, R2, and 
the earphone connectors, mount the 
knobs and tube sockets. I mounted my 
sockets by passing a 11/4 -inch long wood 
screw through each of the socket's 
holes, and slipping a 34 -inch long spacer 
over each. Then I screwed the whole 
thing to the base about halfway between 
the front and the back, to allow room 
for wiring. At the back edge of the 
base, mount the binding posts or clips 
for the batteries, ground, and antenna. 
Once again, I mounted al f the posts on 

a strip of plastic, and used the wood 
screw—spacer technique. Then wire ac-
cording to the schematic. You probably 
won't need any tie points, because you 
can always solder an extra length of 
wire to a too-short lead, and slip spa-
ghetti over the connection. 
Do try to keep the wire between VI's 

grid and the C2, RI combination very 
short. It tends to pick up noise. Finally, 
mark each binding post with its proper 
function. 
Winding the Coil. As I said before, 

plug-in coil forms are becoming scarce, 
so if you can't get one (try to, because 
it makes the coil winding easier), you 
can substitute many things in its place. 
Tissue rollers, wood dowels, plastic 
tubing, or anything non-metallic will 
work, and it doesn't have to be exactly 
11/2 -inch in diameter if you're willing to 
experiment so me. If the form is too 
narrow, you'll have to wind more turns 
than I've indicated, and if it's wider, 
less wire will be needed. If you're not 
sure how much to wind onto L2 (Li 
and L3 aren't too critical), wind on 
extra, because it's easier to remove 
turns than to add them. 
Start by marking and drilling the 

form as I've indicated (see Fig.7), and 
proceed by winding the required num-
ber of turns. Scrape (using fine sand-
paper) the insulation off the end of 
your wire, run it through the bottom-
most hole you drilled on the form, and 
insert and solder it into pin. 4 Hint: 
if your form is plastic, hold the pin in 
the middle with a pair of pliers to pre-
vent the heat from softening the plastic. 
Wind 11 turns, clip the wire (leaving 
enough to make the other connection) 
and insert it into pin 2, via the hole in 
the form's side. Don't solder it, btit 
just cut off the wire, leaving about 1/4  

(Continued on page 99) 

BUDGET ELECTRONICS 1982 63 



 ....... 
SLOW SCAN TV 
Set Up a Bargain Basement TV Broadcast Station 

fl About two dozen years ago, a strange new warble was 
added to the dah-dih-dahs, buzzes and whistles on the 
Amateur bands. It was no convolution of a ham's voice, 
no alphabetic code, no teletypewriter signal; instead, hams 
were sending and receiving pictures of each other! 
In the early days of this new mode, called Slow Scan 

Television, the picture shows resembled your Aunt Harriet's 
favorite vacation slides, or call letters pasted on Playboy 
pictorials. For many, a chalkboard or signs hastily cray-
oned on cardboard were the stars of the show. 
But Slow Scan TV (or SSTV) has come a long way since 

those early days. There have been experiments with color, 
with 3-D, and with home computer-generated graphics. 
Slow Scan Basics. It takes just a tad longer than 81/2  

seconds for a complete SSTV picture to appear. That's be-
cause SSTV is the result of a challenge met and conquered 
by its ham pioneers: to fit a video signal into the narrow 
bandwidth of a voice transmission. The bandwidth of an 
SSTV signal is only about 2500 Hz, which means it can be 
transmitted over voice channels like telephone lines and 
the amateur voice bands; compare that to the 4 to 6 
million Hz of bandwidth required by a standard (fast scan) 
TV signal, which builds a complete picture thirty times a 
second-256 times as often. 
This difference in frame rate was the first major conces-

sion these hams had to make in order to meet the narrow-
band challenge; the second was resolution. 
You know that television pictures are made up of lines. 

A standard television picture (in the U.S.A.) includes a 
total of 525 lines from top to bottom. By comparison, an 
SSTV picture has only 128 lines from top to bottom. Also, 
while a standard TV picture has an aspect ratio of 4:3 
(meaning it's 3/4  as tall as it is wide), an SSTV picture has 

an aspect ratio of 1:1 (meaning it's square). 
Audio to Video. In order to send and receive their pic-

tures with standard ham transmitters and receivers, the 
SSTV pioneers were faced with the problem of how to 
modulate and demodulate the voltages that SSTV pictures 
are made of. For once, the easy and obvious answer worked! 
They decided to translate these voltages into tones (audio 
tones) for transmission, and to translate their received tones 
back into voltages. 
In making this decision, they were also providing them-

selves with an easy way to record SSTV pictures—standard 
audio tape. Even the cheapest cassette recorders with rea-
sonable speed stability proved capable performers. 
In order to be sure that their signals would be compatible 

with each other's equipment, a set of standards was de-
veloped. The highest frequency, 2300 Hz, was set to repre-
sent white. Black was to be at 1500 Hz; and 1200 Hz, a 
blacker-than-black frequency, used for synchronization. 
Sync Or Swim. Synchronization standards for SSTV were 

also crucial to its development. If a receiver didn't go to 
the next line exactly when the camera and transmitter did, 
the result would be a picture that swims—one with undu-
lating edges and bits of one line appearing on the next. At 
best, the picture looked like it was printed on a balloon 
being stretched out of shape; at worst, it was indecipherable. 
So sync standards were devolped using 60 Hz AC power 

line frequency as its standard, and provisions were made 
on SSTV monitors to de-skew slightly off-standard signals. 
First, the 60 Hz signal was divided by 4 to come up with 

a 15 Hz line rate. Once every 1/15th second, a 5 milli-
second burst of 1200 Hz sync signal (a total of only 6 
cycles) is inserted onto the transmitted signal as a prompt 
to the receiving monitor to go to the next scan line. 

64 BUDGET ELECTRONICS 1982 



This proud exhibitor at an SSTV hamfest shows off the sophisti-
cated gear used in the pursuit of his hobby. On the right side 
of the table is the transmitter, to the left an audio amplifier 
with a cassette deck, and above the amplifier is the monitoring 
CRT screen. Below is a view of a ham shack with all of the 
equipment fired up and an SSTV QSL broadcast on the CRT dis-
play. As equipment becomes available, Amateur SSTV will grow. 

This 15 Hz signal is again divided by 128, and once 
every 8.5333 seconds a 66 millisecond burst (80 cycles) of 
1200 Hz sync tone is transmitted as a signal to start scan-
ning a new picture (raster). In this way, exactly 128 lines 
are counted out for each picture. 
SSTV provides a' resolution of 128 dots (or pixels, short 

for picture elements) on each scan line. Theoretically, this 
means that each dot is transmitted during 1/128th of the 
period between sync pulses, which is 80/86th of 1/15th 
second. This, according to my pocket calculator, is 1/2064th 
of a second, meaning that pixels should appear at a 2064 
Hz rate. In practice, this is difficult to achieve over a com-
munications channel, but modern equipment has made it 
possible over closed circuits, and come close to it over 
the air as well. 

Freezing The Image. Compared to the homebuilt receiv-
ers with long-persistence phosphor cathode ray tubes (their 
dim green glow had to be viewed in near darkness) that 
were the only way to watch SSTV in its early days, the state 
of the art has advanced by leaps and bounds. Today scan 
converters let you watch SSTV pictures on a standard TV 
monitor. 
It works the other way, too. Camera tubes that could be 

scanned at SSTV rates are rare and expensive, so standard 
TV cameras are used and their signals sampled at SSTV 
scan rates. This offers the advantage of being able to see 
what the camera sees on a standard TV, even while trans-

Tht Robot keyboard is used to enter A501 coded charac-
ter, to the SSTV transmit-zr for broadra it over the z.ir. This 
arri_ngement is used inslead of more expensive camera. 

Video  surveillance 
cameras, such as this 
one Irom RCA, are at 
the top of SSTVers' 
wan .e.d lists. Picture 
quality  is excellent. 

A less  expensive 
video casr?ra is the 

i i kk g000000.000.0  RCA 1030 series. 
A Available  vrith  a 
variety o. ens con-
figuratioss.  they 
serve the Amateur 
SSTVer as well as 
higher priced units. 

.s.1/41.111111Pl alli pflo WP" V "Rilaxali f 

41C) 

it •it 
to tt 

The Robot SSTV transmitter has provision for dl the 
virielies of TV tranirrission passiLle: plain rharacters, 
sound tracks, scan variaiions. Manor', circuit preserves all. 

mitting slow scan. 
As pictures change, a horizontal line proceeds from the 

top of the screen to the bottom. As it "wipes" down the 
screen, it discloses the new picture behind it. The new pic-
ture appears above the line, replacing the old picture which 
still can be seen below the line. 
State-of-the-art equipment usually incorporates a good 

size chunk of data memory, and uses memory to store and 
(Continued on page 96) 

Amateur Television Magazine, Box 1347. Bloomingtan. IN 47402. 
Domestic subscriptions $7.00 per year, sample copies $2.00 each. 
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Simple 
Calculator 
Repairs 
NECKING  OUT  A  MALFUNCTIONING 

pocket calculator is much easier than 
tackling a portable radio. There are 
fewer parts and they are not all 
squeezed together. Most problems found 
with the small calculator are quite 
simple and can be done quickly. 
Most calculators are warranteed for 

90 days. If the calculator breaks down 
in the warranty period, check the small 
warranty slip found in the original box, 
provided you didn't_ throw it away. A 
defective calculator may be returned 
prepaid to the manufacturer's service 
department. But, when the calculator 
breaks down after the warranty runs 
out, you may be able to put it back into 
operation with a few simple checks. 
Also, if you picked the pocket calcu-
lator up second-hand at a bargain table. 
you may find the minimum factory re-
pair charge is more than you paid for it. 

Save time and money by 
troubleshooting calculators yourself 

Checking the Batteries. Check for 
detective batteries since most pocket 
calculators are operated from only two 
power sources. You will find very tiny 
batteries in those thin type calculators. 
Be very careful when removing them, 
and always observe the correct polarity. 
Most battery polarity terminals are 
marked right on the plastic case. The 
calculator will not function if the bat-
teries are put in backwards. In fact, 
you may damage some internal compo-

A simple battery tester like the one shown 
is a useful basic tool for checking and re-
pairing small battery-operated calculators. 

nets by reversing battery cells. The sus-
pected battery may be tested in a bat-
tery tester or with a VOM. If their 
quality is suspicious, replace them. 
Since the small calculator pulls very 

little current, the batteries may last to 
the end of their shelf life. In other 
words, these small batteries should be 
replaced every year or so to prevent 
connection  or  component  damage. 
When used constantly, they may need 
replacement three or four times a year. 
It's best to choose a battery that won't 
leak after a long period of time. You 
may find two or more small batteries 
in the pocket calculator. 

Cracked PC Board. You may find a 
cracked PC board after careless han-
dling or after an accident. When the 
calculator is accidently dropped or 
knocked around, check for broken 
wiring connections or a cracked PC 
board. In one particular instance, a 
pocket  calculator  was  accidently 
dropped upon the cement floor of a 
garage and the cover accidently run 
over by a car. The only damage in-
curred was a broken corner of the cal-

Great care must be used when working on a 
delicate PC board. Note the fine-tipped 
soldering iron, perfect for these spots. 

culator case and PC board. 
Simply use small, solid hookup wire 

and join the broken foil ends. In very 
small pocket calculators, the PC foil is 
very thin and closely spaced. Scrape 
the PC foil with a pocket knife to bare 
any insulated areas (some PC boards 
are sprayed with a clear plastic liquid) 
then join the broken area with a piece 
of bare hookup wire. Be very careful 
not to overlap the soldered connection 
onto any adjacent PC foils. If the PC 
foil is really thin, select one strand of 
copper wire from stranded hookup 
cable and use it to join the broken 
areas back together. 
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Detective Switch. If the calculator 
will not light up after nm batteries are 
installed, suspect a defective On/Off 
switch. Wiggle the switch back and 
forth while checking for the numbers 
to come on. A dirty On/ Off switch may 
produce erratic operation. Try spraying 
tuner or contact cleaner down into the 
slide switch area. You may be sur-
prised to find that the lights come on 
and you can now add or subtract once 
again after this. 
When the switch appears broken or 

doesn't make contact, check for poor 
switch continuity. Remove the back 
cover to get at the switch. Notice if all 
wires connecting to the switch are sol-

dered in place. Now measure the re-
sistance across the switch terminals. 
Make sure the batteries are discon-
nected. You should have a dead short 
across the switch contacts with the 
switch in the "On" position. If not, pull 
the switch out and disconnect all wires. 
Now, repeat the continuity test. Try to 
clean the switch contacts before order-
ing a replacement. In some small units, 
you may have to replace the whole 
keyboard, since the On/Off switch is 
sealed inside of it. 

Spraying with one of the silicone cleaning 
and lubricating aerosols in very often a 
cure for problems with cwitch contacts. 

Bad AC Adapter Jack. When the cal-
culator will function on batteries and 
not with the AC power supply, suspect 
a defective power supnly or adapter 

jack. If you had been using the calcu-
lator from the power line when it went 
dead, substitute batteries to determine 
if the calculator is at fault. You can 

The most common 
fault with AC adapter 
jacks is defective con-
tacts. If spraying with 
tuner cleaner doesn't 
help, you may have to 
replace either the jack 
or the plug that goes 
into it. Both of these 
repairs are easy to do. 

measure the DC voltage at the output 
of the AC adapter jack with a VOM. 
If the DC operating voltage is pres-

ent from the AC adapter, check for a 
defective female jack. A lot of these 
female jacks are very tiny and may be 
easily damaged. Generally, they are the 
self-shorting type, so when the AC 
adapter plug is out of the calculator, 
the batteries are switched into the cir-
cuit. First try to clean the jack contacts 
with tuner or contact spray. Move the 
male plug in and out to help clean the 
contacts. The broken or defective jack 
may often be replaced with a small ear-
phone type jack found at Radio Shack 
or other Radio-TV outlet stores. 

Corroded Battery Terminals. When 
batteries are left unused for a long 
period of time, they begin to leak and 
corrode around the battery terminals. 
Try to keep fresh batteries in the cal-
culator to prevent corroded terminals. 
Replacement with leak-proof and long 
life batteries helps, but after a long 

It takes only a very small amount of cor-
rosion to prevent juice from getting to the 
calculator's circuitry. A light going over 
with alcohol very often does the trick. 

time they too may leak all over the 
battery case, corroding it. 
Clean the battery terminals with alco-

hol or cleaning fluid. If the contacts 
are very corroded, scrape them with a 
pocket knife. Try using a small strip of 
sandpaper on the battery terminals. If 
the contacts are partially eaten away, 
you may have to make new metal con-
tact strips. Select a piece of springy 
brass or copper material for this pur-
pose and solder it on. 

Sticky Buttons. After a few years of 
operation, several of the most used 
buttons may not want to press down-
ward, or they may want to just stay 
down. In fact, you would swear some-
one is pulling down on these small but-
tons. When plastic buttons work against 
plastic or metal areas, they have a tend-

A shot of tuner cleaner or contact lube is 
usually all it takes to free sticking but-
tons, unless they are broken or have been 
heated to the point where they have fused. 

ency to stick and become sluggish. 
You can cure this problem quickly 

by spraying contact lube or tuner 
cleaner down around the buton area. 
A drop or two of light oil will work as 
well. Work the button up and down 
until it is free. You might as well clean 
up all the buttons while you're at it. 
Wipe off all excess oil or cleaner with 
a soft cloth. Sticky buttons are a nui-
sance when trying to figure your in-
come tax, adding today's enormous 
grocery bills or balancing checkbooks. 
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Cakulator Repairs 

Broken Terminal Wires. After carry-
ing the calculator to school through the 
rush hour, and dropping the unit sev-
eral times, you may find a broken ter-
minal wire or two. If the calculator will 
not functipn after battery clean-up and 
replacement, suspect a broken connect-
ing wire. Check the wires going to the 
battery terminals. Also, check to see if 
the On/Off switch wires are still con-
nected to the terminals. 

Sometimes you may find a broken 
conncting wire from the pushbutton 
assembly to the main PC board. You 
may find a broken terminal connection 
from the LED display unit to the PC 
board. Generally, the display unit is 
tilted at an angle to shield the display 
from overhead light. Use a very low-
power soldering iron when making sol-
dering connections on these delicate cal-
culator boards. 

A voltmeter is vital for checking out the 
electrical continuity, finding shorts and 
tracing through the circuitry. Pocket cal-
culators very often show signs of abuse. 

Defective Power Adapter. The battery 
eliminator or power converter plugs di-
rectly into the AC power outlet with 
the male plug inserted into the calcu-
lator socket. These small AC adapters 
or gadgets can save you money in the 
long run. Since leak-proof batteries are 
quite expensive, you may want to use 
the AC adapter instead. Check the en-
closed literature, and you may find the 
operating voltage of your calculator. 
For instance, if the calculator uses three 
1.5-volt batteries, the 4.5-VDC voltage 
adapter plug is used. If the calculator 
uses four 1.5-volt batteries, use the 6-
VDC adapter plug. You may want to 
select a universal AC adapter with four 
different voltage sources. 
If your battery eliminator or AC 

adapter is suspected of failure, measure 
the DC voltage at the male plug. No 
voltage at this point may be caused by 
a broken male plug, a broken cable or 
a dead power pack. Determine if the 
cord may be broken right at the male 
plug, or where it enters the AC adapter's 
case or housing. 

It is possible to avoid 
replacing a defective 
AC power adapter by 
making a few simple 
repairs to the unit. 
Always measure the 
DC voltage at the male 
plug end to determine 
if the fault lies with 
the power adapter. 

If one wire is broken at the male 
plug, cut off the cable about one inch 
up from the plug end. Always unplug 
the AC adapter while repairing it. Now 
scrape back the insulation and measure 
the DC voltage. If voltage is present, 
locate another male plug. Generally, 

these male plugs are of the molded 
type and cannot be used again. You 
may select a headphone-type plug the 
same size and install it. Be very careful 
to obtain the correct DC polariy at the 
male end to operate the small calcu-
lator without damaging it. 

A Cracked Case. Rough handling or 
dropping the calculator may damage 
or break the plastic case. If the calcu-
lator ends up in a dozen little pieces, 
the plastic case may not be repairable. 
Some of the cases are made of tough 
plastic or impact material, and these 
may wind up with only a crack or two. 
You can put the small calculator 

back into operation by repairing the 
cabinet with epoxy cement. Simply mix 
up the epoxy evenly upon a piece of 
cardboard. Then stick the broken pieces 
together, and apply a thin coat inside 
the container and on the outside. A 
broken corner may be repaired with a 
layer of thin cardboard held with mask-
ing tape on the inside. Then, apply a 

coat of epoxy over the broken area. 
Several layers of masking tape will hold 
the liquid epoxy in line until it sets up 
overnight. Sand down the rough cor-
ners with sandpaper or a coarse file. If 
the repair is too unsightly, spray paint 
the area, or the entire cover. 
This list of troubleshooting hints 

should help you cure most of the com-
mon pocket calculator problems. And, 
especially these days, we can all use 
the savings in repair or replacement 
costs on these handy devices.  • 

Simple cracks or breaks in the plastic of 
the calculator's housing can be repaired 
with epoxy cement. After applying epoxy, 
spray paint the case in its original color. 
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LED 
WEATHER VANE 
Lets You Know Wh ch Way 10 
BY T. J. BYERS 

The LED weath-
er vane should 
be movnted 
high above a 
roof and clear of 
any obstructions 
hat might dis-
tart the flow of 
the wind. 

Bend With the Breeze 

W
HETHER YOU ARE A PILOT, far m-

er, sailor, kite flyer or just plain 
curious about tomorrow's weath-

er so you can go to the beach, this 
low-cost electronic weather vane will 
tell you which way the wind blows. 
All you need are two readily available 
IC chips, some variable resistors, 
LEDs, and a handful of junk-box 
parts to put it together. 
By  learning  how  the  weather 

changes with the shifting winds you 
can learn to predict what is going to 
happen over your head over the next 
few hours, rather than trusting that 
last night's six-o'clock forecast was 
accurate. We don't have the space to 
teach you meteorolgy here, but there 

are plenty of books available on that 
fascinating subject. Or, you can ask 
an old-time sailor or farmer to tell 
you some of the tricks of weather 
watching. 
Wind Direction. Essentially, meas-

uring the direction of the wind is a 
simple and ancient process. Although 
there are a couple of methods (the 
airsock, so familiar at small airports, 
and the vane), only the vane is suited 
for our needs. 
A vane is fabricated from a flat 

sheet of material. A pivot point is 
selected. The material is cut (or fash-
ioned, as in the case of the weather-
cock rooster) so that one surface 
about the pivot has considerably more 
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LED Weather Vane/Tells you which way the wind blows 

area than the other. 
The vane is placed into the wind. 

Now as the air strikes the surfaces, a 
force is developed. A greater force is 
exerted on the larger area. This im-
balance of forces causes the vane to 
twist, seeking an equilibrium; this oc-
curs when the vane is pointing into 
the oncoming wind. When people talk 
about wind direction they always refer 
to the direction the wind is coming 
from. In other words a northwest wind 
is blowing out of the northwest to-
wards the southeast. The weather vane 
would be pointing northwest. To 
translate this into usable information 
a transducer is used. 
A transducer converts the outside 

world into a more appropriate form 
For us, a potentiometer is the logical 
choice. By connecting the vane to the 
control shaft, it will rotate in accord-
ance to wind direction. 
When a voltage is applied across it. 

the wiper becomes a voltage divider 
with the resultant voltage relative to 
the shaft position. 
The Circuit. But voltage is a very 

abstract value and in its raw form 
doesn't lend easily to interpretation of 
wind direction. So, we incorporate a 
decoder of sorts. (The two circuts 
will analyze the voltage as it comes 
from the sensor; the conversion i, 
merely for our sake.) 
The input voltage is converted to a 

%display representative of a compass 
(the standard used to indicate wind 
direction). The decoder and display 
consists of two ladder-type LED driver 
ICs—the ones so popular with graphic 
power and tuning displays. U I and 
U2 are LM 3914s connected in cas-
cade. They are programmed with 
jumper from pins 9 to 11 for dot dis 
play. 
When a voltage is presented at thc 

input (pin 5), a LED corresponding 
to that voltage will light. By matching 
the potentiometer range to that of the 
display, we represent 16 positions of 
the shaft, which is the number of com-
pass points associated with wind direc-
tion. 
Arranging the LEDs in a circle 

completes the concept, giving us the 
visual effect of a compass. There are. 
however, a few not so obvious points 
about the circuit. 
Each IC carries a complement of 

eight LEDs instead of its capacity of 
10. In the case of U I, it was neces-
sary to eliminate the topmost indica-
tor, pin 10. A curious thing occur, 

with this device when the input volt-
age exceeds full scale. The last LED 
will remain constantly lit. We are cas-
cading the two units to increase the 
number of indicators and unless ad-
ditional circuitry is incorporated, this 
situation  would  prove  intolerable. 
Two indicators at the same time would 
be confusing. Eliminating this pin cir-
cumvents the problem. 
In the case of U2, we want the last 

LED to light. To understand the rea-
soning behind this we must look at the 
potentiometer. The resistance element 
isn't continuous; it has a break in it. 
When the wiper reaches this position, 
the output voltage (input as seen by 

the decoder) goes high. 
In this situation, the only lamp to 

light is the last one LED16. What was 
a problem for the first series of indi-
cators becomes a solution for the 
upper set. The remaining LEDs are 
accordingly distributed. 
The circuit also has two adjustments 

to it. R6 controls the input voltage of 
U2 so LED9 can take over after LED 
8 has extinguished. R5 is necessary to 
overcome the initial voltage required 
to begin the ladder process. 
Constructing The Sensor. Since the 

wind vane will undoubtedly be less 
familiar than the electronics, let's start 
there. Begin by obtaining a steel bev-

PARTS LIST FOR WIND DIRECTION INDICATOR 

LED1111:116 Jumbo,  red  light emitting 
diodes 

R1-22,000-ohm, 1/2 -watt, 10% resistor 
R2-3,300-ohm, V2-watt, 10% resistor 
R3, R4-1,000-ohm, 1/2 -watt, 10% resistors 
R5-200-ohm, trimmer potentiometer 
R6-1,000-ohm, trimmer potentiometer 
R7-2,000-ohm precision linear potentiome-
ter, 360-degree-free rotation (Bourns 
model 6538 or 6638 preferred—next 
choice Bourns 6537 or 6637). 
Ul, U2—LM 3914 dot/bar display driver in-

tegrated circuit 
Misc.—cabinet, prescription vial (11/2" x 
21/2 "), coat hanger, bezel, beverage can 
(vane), P.C. board, counterweight, epoxy, 
hardware, wire, etc. 

Note: An etched and drilled printed circuit 
board is available from Danocinths, Inc., 
P.O. Box 261, Westland, MI 48185, for 
$7.93 plus $1.50 snipping and handling. 
Michigan residents add 4% sales tax. 
Specify RW-102 when ordering. 
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Use tin snips to cut the sheet metal to 
the appropriate shape (see next page). 

Use a blowtorch to solder the vane 
to the rod. Beware of dangerous fumes 
released from the tin plating by heat. 

LEDs mount on the foil side of the print-
ed circuit board (see text instructions). 

erage can. But be wary, most contain-
ers nowadays are aluminum and won't 
work for our application. However, 
almost all canned teas come in steel, 
as do some colas. With an opener, re-
move the top and bottom; next cut 
down the seam with a pair of tin snips. 
Don't attempt to flatten the metal. 
Remove the outside edge with the 

snips, then smooth the metal. Shape 
the vane according to the template. 
This isn't a necessary step—merely 
aesthetic. A rectangle will work equal-
ly well. 
Rigidity is given to the finished 

piece by bending three grooves int( 

tt. 
LED II 

LED 10 

LED 9 

LED 8 0 

L ED I2 

LED 7 

GND 

C El A 

LED 6 

LED 13 

0 

y:R4 
R2 

LED 5 

V2 

LED 14 

LED 4 

EN  LED 15 

LED 16 

0  LED 

0  LÈ  ? 

LED 3 

The above 'diagram shows where the parts are installed on the printed Lin tot 
board. Be sure to mount the LEDs on the foil side with cathodes on the out-
side ring. The flat edges of the LEDs should face the middle of the board. 

the metal. Lay the vane over a thin 
metal rod along the designated lines 
and run a piece of wood over it. A 
notch in the end of the wood will im-
part a deeper groove. 
Cut out a 10-inch section of coat 

hanger. Remove the paint and solder 
it to the center groove of the vane. 
This must be done in a well ventilated 
area. The stannous fumes are poison-
ous!! Avoid inhaling any fumes com-
ing from the tin plating, which will 
vaporize as soon as you apply heat. 
A counterweight is necessary to re-

move lateral pressure from the poten-
tiometer bearing. It can be fabricated 
in a number of ways; ours is the 
decorative end from a curtain rod, 
along with a short piece of coat han-
ger filled with solder. 
Here's where it all comes together. 

Obtain a plastic prescription vial, one 
about 11/2 inches in diameter by 21/2 
inches deep. The plastic bottle will 
serve to keep rain and dirt out of the 
sensor pot as well as provide a con-
venient method of assembly. 
Drill two 7/64-inch holes near the 

bottom. Locate them so a single piece 
of wire will pass through the center, 
barely clearing the bottom. Drill a 
hole in the center (1/2 inch of the bot-
tom just large enough to accept the 
potentiometer shaft. It should be a 
snug fit. Push the support wires from 
the vane and counterweight into the 
side holes and adjust the length of the'i 
counterweight until the system is in 
balance. 
Epoxy It. Epoxy will hold every-

thing together, but first you must pro-
vide the rheostat shaft. Take the drill 
hit used to make the hole and cover 
it with a light vegetable oil coating. 
Place it shank end down into the 
hole. Line up everything and fill the 
bottom of the vial with a layer of fast-
setting epoxy just thick enough to 
cover the support wires. Make abso-
lutely sure the drill bit is straight up 
and down, lest you develop a wobble 
when the casting is dry. 
After the epoxy has set remove the 

drill. Now, set aside to harden over-
night. 

The transducer pot is mounted in-
side a 34 inch plastic coupling. Let's 
pause for a moment and examine the 
sensor pot. It's a special precision pot, 
in that the resistance element has 340-
degrees of electrical contact. An ordi-
nary control has only about 260, may: 
he 290, degrees of resistance path. 

Attach three wires to the potenti-
ometer and seat it into the coupling 
with silicone adhesive. Avoid getting 
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LED Weather Vane Tells you which way the wind blows 

The above pattern is just a sample 
vane design. This one worked well 
quite. durable. Be sure it points 

1-1/2" 

1-1/2" 

of a possible weather 
and has proven itself 
straight at the axis. 

The drawing at the right shows the spacing relation-
ships of the LEDs. Be very careful locating the holes 
and mounting the LEDs on the printed circuit board. 

LED 11 

LED 12 

LED 13 

LED 14 

LED 15 

LED 9 

LED 10 LED 8 / 

/ LED 7 

LED 6 

LED 5 

LED 16 

DIAMETER • 4 INCHES 

SPACING • 22.5 (DEGREES) 

LED 1 
LED 2 

LED 4 

LED 3 

any on the shaft or bearing. The 
coupling is glued to a section of 3/4 
inch water pipe, which becomes the 
support. 
Slip the vane assembly over the pot 

shaft and glue with Crazy Glue or 
equivalent. (Here's a hint: Slide the 

vane assembly on the shaft and push 
down all the way. Apply a drop of 
glue to the exposed shaft and im-
mediately move the assembly upward 
about 1/4 to h-inch. This eliminates 
the possibility and frustration of the 
adhesive running down the shaft and 

into the bearing,) 
Assembling The Display. As previ-

ously discussed, we arrange the LEDs 
in a circle, thus mimicking a compass. 
We'll start by drilling the required 
sixteen holes in the cabinet; the reason 
will become very apparent later when 
you arrange the indicators. 
A full-sized layout of the LED posi-

tions is on these pages. Remove (or 
trace) the template and fasten it to 
the front panel of the cabinet with 
tape. With a center punch locate each 
hole to be drilled. Drill the holes with 
13/64-inch bit to accommodate the 
jumbo LED called for. 
Obviously the best way to locate and 

properly space the LEDs is with a 
printed circuit board. The LEDs solder 
to the clad side of the PC board, while 
the components assume the conven-
tional position. But before soldering 
in place, read the following. 
Since it's highly unlikely you'll be 

able to eyeball the LEDs into place 
sufficiently close to match the drilled 
holes, use this procedure. Begin ar-
ranging the LEDs on the board two at 
a time, LED 1 and LED 9 first (ob-
serve polarity). Place the board in the 
cabinet, adjustments up. and the LEDs 
into their respective holes. The lamps 
lead length is adjusted so the base is 
1/4 -inch from the board. 
Gently remove the assembly and 

without disturbing the relative posi-
tions of the indicators, solder them in 
place. Repeat this procedure, two at 
a time, until all are secured. You'll 

(Continued on page 104) 

74 BUDGET ELECTRONICS 1982 



Budget steers 
you through 
the h-fi stereo 
buyi n maze 

BUDGET 
Electronics 

AHD uy one speaker and get the other 
D one free!" "Buy this stereo re-

ceiver for one penny!" "Buy this com-
plete stereo system and we'll pay you 
to take it away!" You've undoubtedly 
heard ildndreds of cfaims like these, 
but have you ever wondered how the 
audio dealer can honor these offers and 
still stay in business? Have you ever 
marvelled at those marketing miracles 
or did you just write a check, load up 
your car with the advertised goods, 
and hustle home as quickly as you re-
linquished your money? 
The high fidelty industry is unique. 

With the exception of a neighborhood 
tag sale, or a Barcelona open-air pro-
duce market, no other business offers 
the consumer such apparent bargains. 
Was your purchase the result of an 

intelligent decision, or was it merely an 
impulse brought on by a "last chance" 
deal that would be offered weeks later 
at the same store? Although you may 
be equipped with a thorough knowl-
edge of technical information, specifica-
tion details, and product familiarity, 
you may wind up dumping your car-
load of bargains into the nearest refuse 
receptacle. 
By being aware of a few facts con-

cerning the battle strategies employed 
by those involved in stereo price war-
fare, you, the consumer, can avoid the 
pitfalls that are camouflaged by that 
lucrative "deal." 
History. Prior to 1975, it is unlikely 

that you would have seen such out-
rageous advertising claims as you do 
today. A fossil called "Fair Trade" 
hovered over the heads of dealers, pre-
venting them from discounting the 
manufacturer's list price of an item. 
Thirty-six of the fifty states were bound 
by the Fair Trade Law. Some dealers 
were even taken to court for violating 
it. The law had been instituted some 
thirty-five years earlier in order to en-
courage the growth and well-being of 
post W W II business. Since a turntable 
at store "A" was the same price as the 
identical machine in store "B," the con-
sumer's choice was based upon per-
sonality,  service,  and  salesmanship. 
Price competition did not exist. 
In 1975, the government decided 

that repeal of the Fair Trade Law 
would benefit the consumer. The orig-
inal intent of the law had long since 
been realized by the dealer and now 
should be revised or dissolved to en-
sure better prices for the buyer. By 
the beginning of 1976, all participating 
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FOR YOU 
I'VE GOT 

THIS DEAL._._.] 
states had repealed the law. Prices 
dropped. The consumer bought, and 
bought, and bought. As a result, the 
audio industry blossomed from a 1.7 
billion dollar business in 1975 to an 
awesome 4 billion dollar enterprise in 
1978. 
With the former protected profit mar-

gins now gone, how does the dealer 
survive? Was the repeal of the law 
an actual benefit to the consumer? The 
staggering growth figures of the audio 
industry indicate that the consumer has 
aided the growth. How could you be 
getting such a great deal and still en-
able the industry to flourish? Be aware. 
"Black Box!" The most notorious 

method of maintaining a respectable 
profit margin in the hi-fl industry is 
the sale of "black box" or "house 
brand" speakers. These inflated list, low 
dealer cost items are designed to offset 
the declining profits realized in re-
ceivers, amplifiers, and other electronic 
components. A "black box" may bear 
a list price that quadruples the dealer's 
cost. Thus, a dealer may offer a "sale" 
that allows him to sell one speaker at 
regular retail price and give the match-
ing counterpart away free of charge. 
He can still maintain a healthy 100% 
profit. 
Some of these speakers can be recog-

nized by a series of letters that indicate 
their "brand." These letters are often 
the initials of the selling firm. Joe's 
Bargain Stereo sells JBS speakers. But 
be aware that many highly reputable 
hi-fl companies, such as JBL, JVC, 
KLH and BIC, use their initials on 
their products. It is this confusion 
factor that enable dealers to claim high 
prices for house brands. It seems so 
obvious when put into print, but many 
consumers are confounded, or just don't 
make the association at the point of 
purchase. The best way to unmask 
these great pretenders is to familiarize 
yourself with the names mentioned. in 
Hi-Fi/Stereo Buyers' Guide and other 
quality hi-fl magazines, since the only 
units mentioned are from recognized 
manufacturers. If it isn't mentioned, 
it ought to arouse your curiosity or en-
courage further research. 
Black box" speakers are not funda-

mentally poor sound reproducers. In 
fact, some are rather good. They are 
conceived with a marketing idea in 

mind rather than the pursuit of sonic 
excellence. They are often the brain-
children of company executives who 
supervise the construction of boxes, 
shipping cartons, and wooden crates. 
The executives of these companies, ob-
serving the potential in the expanding 
audio industry, direct the construction 
of boxes, arrange for the provision of 
raw components from various driver 
manufacturers, and merchandise the 
finished product as their own "high 
fidelity" loudspeaker. Have you ever 
wondered how you could have pur-
chased that impressive looking six-way 
tower for the same price as your friend's 
modest two-way bookshelf speaker? 
You paid only for the raw materials. 
The extensive cost of researCh and de-
velopment required to manufacture a 
first-rate piece of audio equipment did 
not have to be figured into the price. If 
you think that you got a great deal on 
the monoliths that dwarf your friend's 
cufflink containers, try to sell those 
hulks in five years. Their resale is dif-
ficult, and the lifetime warranty that 
was offered with them at the time of 
the sale is now void because the manu-
facturer has changed its name and 
now only markets funeral caskets. 
Try buying one of those high quality 

receivers for one cent without the pull 
chase of the advertised set of speakers. 
Can you still take advantage of the one 
penny receiver ad? No. you can't. 
Cartridge Deals. Massive profits for 

the dealer are also concealed within the 
tiniest stereo component, the phono 
cartridge. A cartridge listing for as 
much as sixty dollars may cost the deal-
er as little as eight bucks. There are 
many reasons for this seemingly unfair 
profit enjoyed by the dealer. 
Many consumers don't realize that the 

cost of a cartirdge is not included in 
the cost of a turntable. Therefore, the 
cartridge manufacturer accommodates 
the dealer by providing him with a 
virtual give-away item. If the consumer 
is aware of this separate component, it 
enables the dealer to offer an apparent 
substantial discount on the turntable/ 
cartridge combination. 
Unfortunately, recognition of these 

inflated list phono cartridges does not 
come as easily as the identification of 
"black box" speakers. Most or all of 
these items bear familiar brand names. 
The intricate technology required to 
manufacture these micro-reproducers 
eliminates the mass-merchandising fur-
niture or food chains from participating. 
The cartridge manufacturers recognize 
the necessity of maintaining the dealer's 
profit in order to assure their own ex-
istence. 
Beware of that fifty dollar cartridge 

that is "thrown in" with the deal on 
your stereo system. You can benefit by 
paying a mere ten to twenty dollars 
additional investment and get a true 
hi-fl, rather than promotional, phono 
cartridge. 
There are three types of phono car-

tridges. The first is the promotional free-
bee that is included with the purchase 
of any turntable. The second, though 
it may bear the same "list" price as the 
former, offers exceptional performance 
for a small additional cost. The third 
type are about the same mark-up as 
other audiophile equipment and should 
be considered separtely when purchas-
ing a hi-fl system. These are for the 
avid hi-fl hobbyist. If you are a neo-
phyte in the stereo jungle, avoid the 
first category. If you are a sound fa-
natic, go for the third. Phono cartridges 
in the middle category represent excel-
lent overall consumer value. 
Consult reviews in consumer maga-
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zines to see if your cartridge has been 
reviewed. If it hasn't, you may be look-
ing for that proverbial "needle in a 
haystack." Unless you are familiar with 
the product, confront the dealer. If you 
let him know that you are aware of the 
cartridge marketing facts, he will most 
likely lead you in the right direction. 
Component Hoopla. Electronic com-

ponents, amps, receivers and tuners, 
pose a different problem for the con-
sumer. These can be selected on a more 
objective basis than speakers or phono 
cartridges. Power, distortion, sensitivity, 
and selectivity claims are carefully mon-
itored by the Federal Trade Commis-
sion. The printed specifications of these 
components are solid, proven facts. 
Speakers and phono cartridges, on the 
other hand, possess those qualities which 
cannot be written down in black and 
white. "Uncolored," "open," "sweet," 
"smooth," and "silky" are intangible, 
subjective descriptions used to identify 
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a speaker or cartridge. This sonic varia-
tion barely exists among receivers. The 
difference in performance is clearly 
spelled out in black and white. 
What product line should you pur-

sue? Which is the best? The fact is that 
they are just about all good. You may 
have to base your decision on features, 
cosmetics (Although this is an unpopu-
lar reason for choosing a component, 
remember, you have to look at it day 
after day. The salesperson doesn't.), 
circuit protection, or the feel of the con-
trols. Suddenly an objective decision 
becomes subjective. 
Subjectivity is not an undesirable at-

titude to maintain when evaluating a 
stereo system. In fact, an equal balance 
between subjectivity and objectivity will 
yield the most satisfaction for your 
money. Here are a few hints that may 
help you to realize this satisfaction: 
Avoid amp/receiver lines, that are 

consistently "blown out" by dealers. Al-
though the product may be good, its 
value and your investment are constant-
ly declining. The low prices are not 
necessarily an indication of inferior 
quality, but rather, an indication of 
the manufacturer's marketing philos-
ophy. 
Know Your Dealer. Be cautious of 

the dealer who says that he does not 
carry a certain product line because 
"they all blew up," "they're quality has 
gone downhill since 1972 B.C.," or "the 
specs are overrated." The first reason is 
a lie, (today's electronic components are 
extremely reliable), (FTC precondi-
tioning tests are rigidly observed since 
the 1974 court ruling). An audio dealer 
can't carry every line that is available 
just as a Ford dealer can't sell a Chevy 
product. Be wary of the salesperson 
who tries to sell by berating the prod-
uct that does not grace his shelves. 
Listen to the dealer who sells his prod-
uct on its own merits. 
True Value. The best values in the 

hi-fl market can be found in end-of-
year close-outs, demonstration units, 
and trade-ins. 
A manufacturer does not discontinue 

a particular item due to problems. 
Models change at the rate of one a 
year and are no different than the 
changes in the auto industry. Don't 
worry about obsolescence. If you buy a 
1980 Chrysler in 1980, it will inevi-
tably be superceded by a 1981 model 
later in the year. The changes are pri-
marily cosmetic, even though the manu-
facturer may introduce the new version 
as the embodiment of some major tech-
nical breakthrough. Actually, the manu-
facturer is anxious to get rid of his 
overstock of "old" models and offers a 
tremendous savings to the dealer. The 

dealer is anxious to clear his inventory 
for the advent of the new, "break-
through" models and passes an actual 
value onto you. 
Many consumers avoid the purchase 

of demonstration units. You shouldn't. 
Because of rapid model changes, a 
component rarely remains on the shelf 
for more than six months. In that six 
month period, the component receives 
as much use as an individual would 
give it in a two week period. Keep in 
mind that the demo unit you are look-
ing at is only one of many on the 
dealer's shelves. It is not used exclu-
sively as it would be in your home. 
Another positive benefit is that you 
know it works. 
Trade-in components represent the 

"tied-up" profit of the audio dealer. 
The dealer generally wants to cover his 
cost when a new component is sold, 
and wants to turn the trade-in unit as 
quickly as possible. You pay only for 
the mark-up that the dealer is trying to 
retrieve, rather than a price that includes 
warranty service, advertising costs, and 
operating overhead. If you choose to 
buy a trade-in component, make sure 
that you ask for a warranty of at least 
thirty days. Most likely, the dealer will 
agree to this since trade-in gear is gen-
erally checked out before his original 
deal was made. If he refuses, stay clear. 
Finally, observe the treatment that 

you get at various dealerships. The deal-
er who spends time with you before 
you have made your final decision is 
likely to spend the same time if you 
should have a problem after the pur-
chase. The dealer who points to the 
price of an item and then shovels it out 
the door is likely to do the same thing 
with you if you should encounter any 
difficulty with the product. 
The audio salesperson is, like your-

self, a hobbyist and a consumer. He 
has had the advantage of massive ex-
posure to products that you might not 
be aware of. He knows... or should 
know all the technical details. Ap-
proach him with friendly skepticism, 
but not outright cynicism. He can be-
come either your ally on the battlefield 
of stereo warfare or else a ruthless foe. 
Don't be an antagonist. That can only 
serve to thwart your potential "good 
deal." The arrogant question. "What's 
my price?," may not elicit an immediate 
response, but may manifest itself later 
in the form of slower service, or reluc-
tant advice. Cooperate. 
Rising costs and inflation have created 

a consumer who is more vigilant than 
ever. This is a time when you should be 
thinking about "what you are getting 
for your money" rather than "how 
much money you are saving." 
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HIGH AMP METERS 
Keep up with current events by expanding your meter's amp-ability 

ITH 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 

To determine the internal resistance of a meter construct a circuit like the one illustrated 
above. If you don't have the parts in your junk box then check an electronics surplus outlet. 

A shunt resistor bypasses the bulk of the current around the meter while allowing a 
regulated amount to pass through the meter's coil and give an accurate reading. A shunt 
can be a resistor or a measured length of wire. Make sure it will handle the current. 

Shunt Hookup 

METER COIL 
RESISTANCE 

10 AMPS 

0 

SOURCE 

0 

R meter =100 OHMS 
.01 AMPS 

R shunt =0.10 OHMS 
9.99 AMPS 

EXTERNAL SHUNT 

LOAD 

solving Ohm's Law for resistance the 
proper shunt can be found. This deri-
vation is shown below: 

Resistance — Voltage 
Current 
1 Volt   

9.990 Amps 
= .1001 Ohms 

In this case the milliammeter would 
be capable of giving a readout directly 
in amperes. 
By following these few simple steps 

you will greatly expand the versatility 
of your test equipment. It will increase 
your ability to handle a greater variety 
of test and trouble shooting situations. • 
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THE MONEY spent on heating and cool-
 ing your home represents your larg-
est energy expenditure. As you are well 
aware, this cost can easily amount to 
over $1000 a year at today's prices for 
energy. With the dramatic increase in 
energy costs, it behooves everyone to 
do everything possible to reduce his 
energy consumption. This will help re-
duce oil imports, while keeping your 
personal expenses as low as possible. 
Many of our utility companies are 

instituting a program of energy surveys 
for homeowners to pinpoint the various 
sources of energy loss in our homes. 
One way this is done is to pressurize 
the home under test with an air blower 
and use smoke generators to detect the 
passage of air from within the home to 
the outside. These passageways repre-
sent points of heat loss (or gain) in 
winter and summer. 
With the help of Heat Loss Sentry 

you can perform the same tests for 
heat loss, using not smoke as the de-
tecting mechanism but temperature 
change. These tests can be made in 
winter or summer. All that is required 
is a temperature difference between the 
inside and outside of your home. 
Heat Loss Sentry is a low cost quality• 

instrument, sensitive enough to detect 
changes in temperature as low as one 
degree Fahrenheit. It is self contained 
in a small cabinet and powered by a 
readily available 9 volt transistor radio 
battery which provides many hours of 
operation. An easy to construct, probe 
contains a temperature sensing device 
used to locate sources of air leaks 
throughout the home. A built-in bat-
tery monitor circuit in the instrument 
alerts the user when the battery is near 
the end of its useful life. Although 
Heat Loss Sentry has been designed as 
a heat loss detector, it is accurate 
enough for use as a thermometer over 
its range of 20 degrees Fahrenheit. 
Circuit Theory. Heat Loss Sentry has 

been made possible by the development 

Looking inside a Heat 
Loss Sentry. There's 
plenty of room for the 
nine volt transistor 
battery, as well as for 
the components. Note 
series of wires coming 
from pads "A" to "I." 
The wiring is discussed 
in detail in the text. 

VIP 

Heat Loss 
Sentry 
Locate home heating 
losses and 
reduce your energy costs 

of an accurate low cost temperature 
sensor integrated circuit, LM335. Tbis 
is a three terminal IC, designed to look 
like a 3 volt zener diode with an ac-

Oft, 

curate temperature coefficient of 10 mil-
livolts per degree Kelvin. (The Kelvin 
temperature scale is identical to the 
more familiar centigrade or Celsius 
scale with zero degrees Kelvin equal to 
—273° C, or absolute zero.) The IC 
can be accurately calibrated to any de-
sired  temperature.  Typically,  the 
LM335 will provide one degree C ac-
curacy over its entire operating range 
when it's calibrated at any temperature. 
Refer to the scematic diagram. U 1 

and U2 are each an LM 335 IC, con-
nected in a differential amplifier cir-
cuit to detect a temperature difference 
between these two devices. U 1 is 
mounted in a probe assembly, used to 
detect temperature changes, and U2 is 
contained in the instrument cabinet and 
acts as the reference. The adjustment 
lead of U2 is connected to a potenti-
ometer (not panel mounted) so the 
meter reading can be set to center scale. 
In energy leak detection, center scale 

become.; the nominal or average tem-
perature being measured. 
When Heat Loss Sentry is calibrated 

to center scale, the voltage across U2 is 
adjusted to be sufficiently below the 
voltage of Ul so that the output voltage 
of operational amplifier U3A drives 
the meter to center scale. Since U3A 
has an accurate gain of 18 determined 
by the ratio of resistors R6 and R5, the 
10 millivolt per degree Kelvin sensi-
tivity of U 1 is amplified to 180 milli-
volts per degree Kelvin. This is equiva-
lent to 100 millivolts per degree Fahren-
heit. Resistors R7 and R8 are multiplier 
resistors which convert the one milli-
ampere meter movement to a voltmeter 
of 2 volts full scale. This provides a 
total meter range of 20 degrees Fahren-
heit, or a relative scale of ±-10 degrees 
with zero at center scale. Once cali-
brated to center scale, placing the sensor 
probe in any environment with a dif-
ferent temperature, will produce an in-
dication. A meter deflection downward 
occurs for colder temperatures, and an 
upward deflection occurs for warmer 
temperatures. If the total temperature 
change is 10 degrees or less, the actual 
differential can be read directly from 
the meter scale. 
IC U311 is operated as a voltage com-

parator to constantly monitor battery 
voltage when the instrument is oper-
ating. This is accomplished by feeding 
a reference voltage across zener diode 
DI - to the positive input of U3B. A 
portion of the battery voltage is fed to 
the negative input of U3B. Voltage 
from a new battery is sufficient to de-
velop a higher voltage at pin 9 of U3B 
than the DI reference voltage. As a 
result, the U3B output is at zero poten-
tial and LED 1 is extinguished. As bat-
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Heat Loss Sentry 
tery voltage decreases a point is reached 
when voltage at pin 10 of U3B exceeds 
pin 9 voltage. This results in U3B out-
put rising to battery potential, and il-
luminating LED 1. The user is thus 
alerted that the battery is near the end 
of its useful life and should be replaced. 
Construction. The entire circuit, with 

the exception of the sensing probe ane 
front panel components, is contained 
on a printed circuit board. On other 
page is a full size illustration of the foil 
layout as seen from the copper side of 
the board. On page also is the compon-
ent side, showing the parts layout. The 
printed circuit board has been designed 
to mount directly on the back of the 
meter, using the meter screws for both 
mechanical and electrical assembly. Be-
fore constructing your printed circuit 
board, take ihto account the center to 
center distance of the studs of the 
meter, if you decide to use a different 
one milliampere movement than that 
specified in the parts-list. 

It is recommended that you use a 
socket for U3, rather than soldering it 
directly into the printed circuit board. 
This will permit ease of service should 
it ever be required. Be sure that the 
orientation of U3 is correct. Pin 1 of 
U3 is claarly marked on the parts lay-
out and foil layout by a small dot. The 
same precautions hold for U2, the 
diodes, and electrolytic capacitor. These 
parts are polarized and must be placed 
into the circuit in the proper direction. 
A bottom view of U 1 and U2 is seen 
on the schematic diagram. 
Connections between the printed cir-

cuit board and external components 
are made through a series of pads 
marked with letters A through I. These 
connections are clearly shown on the 
schematic diagram. It is best to use 
wires of different colors to help pre-
vent wrong connections. The sensing 
probe is connected to terminals A and 
B of the printed circuit board. Make 
this connection with a convenient length 
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LM 335 
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ASSY 

- 0 

R4 
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LM335 

D 
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2K 
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CALIBRATE 

R6 
270K 

U 3A 
LM 324 

R7 
2K 

R8 
39K MI 

IMA 

PARTS LIST FOR HEAT LOSS SENTRY 

81-9-VDC transistor alkaline battery 
C1-10-AF, 15-VDC electrolytic capacitor 
01-4.7-volt zener diode, 1N5230 or similar 
LED1 —red LED 
M1-0-1-mA, DC meter 
R1-8,200-ohm, 1/4 -watt resistor (all resistors 
10% unless otherwise noted) 

R2-8,200-ohm, 114-watt resistor 
R3-50,000-ohm potentiometer, panel mounted 
R4-15,000-ohm, 1/4-watt resistor 
R5-15,000-ohm, 1/4 -watt resistor 
R6-270,000-ohm, V4-watt resistor 
R7-2,000-ohm, 1/4-wat resistor, 5% 

RIO 
27K 

RI I 
39K 

U3B 
LM 324  F 

RI2 
470K 

/I/ 

LED I 

LOW 
BATTERY 

R8-39,000-ohm, 1/4-watt resistor 
R9-2,200-ohm, 1/4 -watt resistor 
R10-27,000-ohm, 1/4-watt resistor 
RI 1-39,000-ohm, 1/4 -watt resistor 
R12-470-ohm, 1/4 -watt resistor 
S1—SPST toggle switch 
Ul, 2-1M335 temperature sensor, National 
Semiconductor or equivalent 
U3-1M324 operational amplifier, National 
Semiconductor or equivalent 

Misc.—Cabinet, GC Electronics H4-726 or 
similar, wire, solder, battery clip, etc. 

of flexible shielded wire. Maintain the 
correct polarity when connecting U 1. 
The shield connection of the cable 
should be tied to the negative lead of 
U 1 , and to terminal• B of the printed 
circuit board. Feed the probe cable 
through a front panel grommet. 
Power to operate the circuit is ob-

tained from a 9 volt transistor radio 
battery, mounted directly to the printed 
circuit board. Connect the battery to 
the circuit with a battery clip made for 
this purpose. The layout easily pro-
vides room on the board for this. The 
battery can be secured to the board with 
a homemade clamp constructed from a 
piece of sheet copper, or by any other 
means you care to use. The parts list 
specifies a normally open, spring return, 
power switch. This was chosen to pre-
vent the unit from being left on when 
not in use, and depleting the battery. 
LED 1 is mounted on the front panel 

of the instrument using a small amount 
of epoxy. Use a pair of different colored 
wires to make the connections between 
the LED and printed circuit, and be 
careful not to bend the stiff leads of the 
LED where they enter the plastic body. 
This might render the LED defective. 
Refer to the illustration of a typical 

probe assembly. If available, you may 
use a short piece of plastic or synthane 
tubing for the probe. You can even 
construct a probe from a piece of wood 
doweling. It is not recommended to use 
metal tubing for the probe, since the 
heat conduction from your hand may 
affect the temperature sensing perform-
ance of the sensor, Ul. 
Connect the shielded wire to Ul, 

using the  and — terminals of the IC 
as shown on the schematic diagram. 
The adjustment terminal of U 1 is not 
used. Insulate the connections carefully, 
and insert the IC and wire into the 
probe. Secure the IC and wire inside 
the probe with epoxy or silicon rubber 
compound. Allow part of the case of 
U 1 to protrude outside the probe so 
that it is more sensitive to temperature 
change. Allow the assembly to harden 
before placing it in use. 
For a professional looking instru-

ment, you can use the meter scale 
shown which fits the meter specified in 
the parts list, as well as others. The 
existing meter scale can easily be re-
moved by prying the plastic cover off 
the meter and removing two small 
screws. Be careful not to disturb the 
delicate needle. Paste the new scale on 
the back side of the meter scale, and 
reassemble it into the meter. 
Checkout and Use. When the unit is 
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fully wired, check for wiring errors. 
Then, connect a 9 volt transistor battery 
to the power input terminals. Activate 
the power switch and rotate the zero 
adjust control over its full range. You 
should be able to adjust the meter read-
ing from zero to full scale, with some 
extra range left in the potentiometer. 
Set the control so that the meter reads 
half scale. While holding the power 
control on, place your fingers over the 
sensing tip of the probe. The meter 
reading should increase to beyond full 
scale. If the unit performs as specified, 
it is operating properly. 
You may wish to check the Low Bat-

tery indicator circuit to determine if it 
is operating properly. To do this, you 
must substitute a variable voltage DC 
supply for the battery. Set the supply to 
9 volts and connect it to the power 
input terminals observing correct po-

This is the foil side down view of Heat Loss Sentry's 
PC board. Care must be exercised in etching board. 

FLEXIBLE 
SHIELDED 
WIRE  \ 

5" 

larity. Turn the power switch of Heat 
Loss Sentry on, and observe the Low 
Battery indicator as the power supply 
voltage is reduced. The Low Battery in-
dicator should become illuminated as 
the power supply voltage approaches 
approximately 61/2  volts. Due to varia-
tions in zener diodes, you may wish to 
change the value of Rh, if necessary, 
so that the LED lights at approxi-
mately 6.5 volts battery voltage. Once 
this is done, the checkout of the in-
strument is complete. Reconnect the 
battery to the instrument. 
When Heat Loss Sentry is operated, 

you may notice that the Low Battery 
indicator blinks as the power is turned 
on and off. This is a normal reaction, 
which •occurs as the circuit voltage 
passes from zero to battery voltage 
then back to zero. 
To operate, hold the power switch 

on and adjust the meter to center scale. 
Holding the probe, search out any area 
where you suspect an air leak between 
inside and outside of your home. The 
meter will give an immediate indication 
if there is a change in temperature. In 
the case of very small leaks, allow 
sufficient time for the unit to react. This 
may take several seconds. Once a 
change of temperature has been de-
tected, it is best to remove the probe 
from the leak and allow its tempera-
ture to stabilize to room temperature 
before searching out another leak. It 
takes a few minutes to familiarize your-
self with this instrument. 
Another interesting use for this de-

vice is in troubleshooting defective elec-
tronic circuits. When the probe is held 
close to defective ICs, resistors, etc. a 
higher than normal temperature will be 
indicated.  • 
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The foil side up diagram illustrates parts placement on the top of 
the PC board. Heat Loss Sentry requires relatively few components. 

To the left is a drawing 
of the heat sensing 
probe. Follow the set-
up closely, and use the 
glue! At right is an ex-
act size drawing of the 
meter face. Cut it out 
and paste it right on. 
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Electronic 
Equipment 
and your Auto 
Insurance —A 
Closer Look 
Are you sure that your gear is really insured? 

ARE YOU CERTAIN that the electronic 
equipment that you have in your 

automobile is insured? Have you called 
your insurance agent lately and asked? 
If you haven't, you could be in for a 
surprise! Far too many CB, ham, eight-
track or cassette stereo users, and now 
owners of "on-board computers," have 
no idea if their units are insured or not. 
Too many of us assume that the 

"comprehensive" coverage of our insur-
ance policy will automatically cover 
these items. Chances are, that NONE 
of the equipment is covered! 
Some "old timers" scoff at this state-

ment, but things have changed, fellas, 
and CB radios might be the cause for 
these changes. Let's look at this new 
problem piece by piece. 
The Special Policy. As the two meter 

and CB boom swept our country, so 
did thefts of this type of equipment. 
This high theft rate forced the insur-

ance companies to make a move on 
their own. So, along came the special 
radio policies. This "special" policy is 
really an extra policy that is attached 
to your present automobile comprehen-
sive coverage. Therein lies the nub of 
a lot of misunderstandings. A point to 
remember is that if your automobile's 
comprehensive coverage calls for a fifty 
or one hundred dollar deductible, then 
the same deductible applies to the spe-
cial radio attachment policy, too. 
The cost of this "special" radio policy 

will vary from company to company 
and is based on the retail value of the 
insured equipment. This rate seems to 
vary from eight to eighteen dollars and 
up per year. Another factor that usu-
ally comes to the surface only after 
you have filed a claim, is the deprecia-
tion factor. Again, this will vary among 
different insurance companies, but a rule 
of thumb seems to have been standard-

ized: The figures the companies use for 
depreciation, usually run at one percent 
per month after the initial year. This 
means that if your CB or ham rig was 
stolen after two years of use, it would 
have depreciated twenty-four percent. 

What's it Worth? With this material 
in mind, let's look at a couple of ex-
amples of just how this would work. 
John Doe purchased a new single side-
band CB radio for $250.00. A year and 
a half later, his unit is stolen. His com-
prehensive coverage on his automobile 
contains a $100.00 deductible. He has 
also purchased the requisite "special" 
CB radio policy as an attachment 
(rider). This rider costs him $10.00 
per year. This is how his claim might 
possibly be computed: 

Original purchase price $250.00 
His deductible is  $100.00 
11/2  years depreciation $ 45.00 
Premiums paid  $ 15.00 
Total Reimbursed  $ 90.00 

Once again, this will vary with dif-
ferent companies. Also, in this example, 
we have deducted $15 for premiums 
paid in. John D. would actually receive 
a check for $105.00, but try replacing 
your rig for that! By the same token, 
how about the CB'er that owns a $39.95 
discount special? We're sure you've al-
ready seen the light. He gets zilch! 
In interviewing insurance agents, we 

found that about fifty per cent of the 
insuring companies will replace your 
stolen unit rather than mailing you a 
check. This appears the better of the 
two deals. But it carries what may be 
an unfair advantage for the insurance 
companies that follow this practice. 
In our previous example of the 

$250.00 SSB unit, if the company re-
places this unit with something com-
parable, you feel ahead of the game, 
right? Well, maybe! The insurance 
company often purchases the replace-
ment from a distributor at, or some-
where near the distributor's cost. In our 
example, let's say the cost is $150.00. 
The point here is, why should your 
"special" CB radio policy have a pre-
mium figured from the retail price of 
$250.00? In reality, the premium should 
have been figured at the distributor's 
(or replacement) cost! 
Now, with so many of us increasing 

our deductibles to keep our ever-in-
creasing premiums down, these "spe-
cial" policies are even more useless. In 
conversations with practicing insurance 
agents, it was found that they too feel 
that these special attachment policies 
are just not worth the money one must 
pay for them. The only exception 
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would be the radio enthusiast that has 
several hundred to thousands of dol-
lars worth of equipment in his mobile. 
In defense of the insurance agents, 

it should be pointed out that they, by 
selling you this "special attachment 
policy," do so only to protect them-
selves from you. If you were to have 
your radio stolen and called your agent 
for reimbursement, only to find that 
your rig isn't covered at all, you would 
certainly be upset and the agent could 
lose you as a valued customer. Also, 
the agent makes only one or two bucks 
by writing this "special" policy rider, 
but no more than that. It's easy to see 
that the agent isn't pushing the policy 
to make money, but rather to insure his 
or her integrity as a competent agent. 
Cassette and Eight-Track Players. 

These tape players are generally cov-
ered under much the same conditions 
as the aforementioned radios. We can 
add in vehicle telephone systems here, 
too. Of course, while the costs of stereo 
players and telephone systems are as 
far apart as one can get, they still pro-
vide us with the insight as to what is 
worth paying an extra premium for, 
and what is not. 
A very elaborate stereo system could 

have cost you many hundreds of dollars 
and, of course, merit special insurance. 
However, what about the $49.95 eight-
track and two inexpensive speakers? 
Don't waste your time and money. Mo-
bile telephones, on the other hand, are 
very expensive items and should be in-
sured against theft. They can run into 
the thousands of dollars and most cer-
tainly will require your agent's advice 
on insuring them. A good rule to fol-
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Don't wait until af-.er you've been ripped off to check your policy's coverage. The best 
source of information (unless you can decipher your policy's legalese) is your agent. 

low is that almost all sound reproducing 
equipment will require the special at-
tachment policy or it is not insured! 
The exceptions to this rule are the 

CBs, stereo players, etc. that are fac-
tory-installed in your car. Your compre-
hensive auto insurance will cover these 
units as they are "an integral part of 
the assembled vehicle." 
This brings us to the "onboard corn-

Question: Which  of 
the car-fi and commu-
nications gear seen 
here would normally 
be covered by a stand-
ard  automobile  in-
surance  policy? See 
the text for what may 
be a surprise answer. 

puter." This calculator-styled unit is 
appearing in more and more cars as its 
use becomes known. The onboard com-
puter can tell you everything from the 
time of day to how many miles you'll 
be able to travel on the gas remaining 
in your car's gas tank. Until recently, 
these units were found only in the 
luxury cars and were considered "an 
integral part of the automobile." But 
now, many companies offer them as 
"add-on" devices for almost any car. 
As of this writing, the majority of 

companies do not list these computers 
on their "extra insurance needed" lists. 
The agents interviewed warned that be-
cause they were slowly becoming a 
popular "add-on," the companies would 
surely soon insist on special insurance 
for them, too. 

Conclusion. The only safe answer to 
this insurance dilemma is to contact 
your agent. Have him explain the de-
ductibles and depreciation variables that 
are contained in your particular auto-
mobile insurance policy. With what is 
(and what isn't) covered changing al-
most daily, your agent is the only one 
that can give you the true figures. Don't 
wait until you have a claim to file, 
check it out and add it all up! You may 
be surprised at what you may learn. 
And what you learn may just save you 
some trouble and, more importantly, 
a lot of money. 
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WIRE-WRAPPING 
TECHNIQUES 
Streamline electronic circuit construction with 
this new method. 

W  HAT'S THE BEST METHOD for con-
struction of an electronic circuit? 

There is no easy answer to this ques-
tion, since the most suitable method 
varies from project to project (as well 
as from builder to builder). In this 
article we are going to take a look at 
wire-wrap construction; in particular, 
we'll focus on the OK Machine & Tool's 
new WK-4B wire-wrap kit. 
The OK WK-4B Kit. Each WK-4B 

comes with one circuit board, a dis-
penser loaded with AWG No. 30 Kynar 
wrapping wire, four wrappable IC sock-
ets, a tool for wrapping and unwrap-
ping, an IC insertion tool, an IC extrac-
tion tool, and a 22-pin double row edge 
connector that mates with the kit's 
circuit board. The clear plastic wire 
dispenser is an ingenious little device 
with a built-in wire cutter and wire 
stripper. It produces cleanly stripped 
and cut wire in a matter of seconds 
with a minimum of fuss. Equally in-
genious is OK's IC insertion tool. Not 
only does it do a perfect job of getting 
an IC into its socket, but it straightens 
bent IC pins as well. 
The circuit board is made of heavy 

duty epoxy composition, which doesn't 
bend the way paper laminates some-
times do. Each board has etched upon 
it a pattern of solder-plated copper 
pads and buses. During construction, 

which we'll cover later, the builder uses 
these pads and conductors to satisfy as 
many of his circuit's connection re-
quirements as possible. Whatever con-
nections that remain are made by wire 
wrapping. The board's edge has a dou-
ble-sided pattern of 22 plated fingers 
that mate with the kit's edgeboard con-
nector. This is handy if the circuit 

OK's IC insertion tool aids in assembling 
projects that use ICs in the circuit design. 

All eelleemmeennttss  of the OK wire-wrapping 
kit c3me conveniently packaged in plastic. 

you're building is to be one module of 
a larger system. Simple projects, how-
ever, will not require edgeboard con-
nections, and you can ignore them. 
Also included is a double-ended, rod-

shaped tool, one end of which does the 
wrapping. The other end can be used 
to unwrap an incorrect connection, if 
necessary. Wrapping is a quick and 
simple operation that involves threading 
one end of a stripped wire into the 
wrapping tool, placing the tool over a 
wrapping post, and wrapping about ten 
turns of wire into place. Since the 
wrapping wire is of light gauge, very 
little force is required to make an elec-
trically secure connection. 
At least part of the credit for a 

secure wrap must go to the wrapping 
post. These posts have a square cross 
section, the corners of which bite into 
the soft wire as it is wrapped into place. 
The resulting connection is mechani-
cally tight and of low electrical resis-
tance. Four IC sockets are supplied 
with the kit, and all of them have 
wire-wrappable square posts. When you 
run out, you can buy extra sockets from 
any electronics dealer. The last kit com-
ponent, an IC extraction tool, is a U-
shaped pincer that lets you pluck an IC 
from its socket in much the same way 
as a dentist yanks a tooth. 
A Typical Application. Now let's re-

view the construction of a typical pro-
ject—in this case, the simple pulse burst 
generator illustrated here. Begin by 
putting the required IC sockets into 
convenient positions on the board, and 
tack-soldering two diagonally opposed 
pins of each socket to the circuit pads. 
This serves to anchor the sockets in 

(Continued on page 99) 

The wire-wrapping tool fits over the posts 
m the circuit board for fastening on wires. 
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OSCAR, 
The Audio Freak 
A handy audio oscillator for the electronics hobbyist 

There's nothing quite as useful as an audio oscillator for testing defective 
audio or amplifier circuits. An audible 
signal, or the lack thereof, is proof posi-
tive as to whether or not a circuit is 
behaving as it should. Unfortunately, a 
good, stable variable oscillator can run 
into hundreds of dollars—far more than 
all but the wealthiest hobbyist can af-
ford to spend. 
Oscar is an inexpensive, easy-to-build 

oscillator with a frequency range from 
30-Hz all the way up to 25-kHz and 
an almost flat response over the whole 
range. It uses a unique circuit: a Wien 
network with a photocell and 1.5-volt 
bulb coupled to maintain frequency sta-
bility. A compact unit (ours fits easily 
into a 53/4 -inch by 4-inch by 2-inch 
box) Oscar will drive into a low im-
pedance load, and is powered by a 9-
volt transistor radio battery. Those parts 
that you don't have in your junk box 
can be found at the local Radio Shack 
or other well-stocked electronics sup-
ply house convenient to you. 
Easy Assembly. Assembling Oscar 

is quite simple. All of the components 
—except for the variable potentiom-
eters R2a, R2b and R3, the switch, 
LED and 9-volt battery—are mounted 

on an etched PC board. Our Oscar 
is rather fancy, mounted in a two-
toned enameled aluminum box with 
vents and rubber feet, but any Bud 
or other box of approximately 6-inch 
by 4-inch: by 2-inch dimensions will 
serve as a housing. 
Oscar's heart is a Radio Shack 

LM386 low-voltage audio amplifier, an 
IC "bug" giving 20dB of gain without 
external components. Amplifier output 
feeds directly into a Wien network 
which determines the output frequency. 
From there the signal is fed back into 
the positive input of the amplifier. 
The 150-kohm resistor (R6) is series 
with the input se-ves two purposes: it 
reduces the signa from the Wien net-
work to the amplifier input to a satis-
factory level. And, together with the 
input impedance to the amplifier, it 
provides an impedance which doesn't 
affect the audio frequency determined 
by the Wien network components. The 
oscillator's  frequency  is varied  by 
changing the sett-ng of the ganged po-
tentiometers R2a,. R2b. 
The 5,000-ohm switched variable po-

tentiometer serves  as an  ON-OFF 
switch  in the  circuit and volume 
adjustment control. 

Thus far we have listed the com-
ponents for a pretty straightforward 
amplifier circuit. The following com-
ponents—a photocell  (R4),  1.5-volt 
bulb (L1) and a 100,000-ohm preset 
linear potentiometer are what make for 
Oscar's uniqueness. 
Circuit Theory. The photocill (R4) 

is a Radio Shack RS 276-116 or equiv-
alent, with a 5-megohm to 100-ohm re-
sistance range. It will be coupled to a 
Radio Shack 1.5-volt at 15ma. minia-
ture bulb. The theory behind this cir-
cuit is that the light output of a bulb 
filament varies proportionately to ap-
plied voltage. The light output from 
this bulb is closely coupled to the 
photocell, the resistance of which var-
ies in proportion to the light shining on 
it. This circuit ensures that, with proper 
setting of R1, the output of the oscilla-
tor is held constant over its entire fre-
quency range, despite frequency gain 
variations in either the amplifier or 
Wien network. 
The capacitor C5 blocks DC from 

getting to the photocell, and C6 blocks 
DC from the output. The LED lets you 
know that the oscillator is running. 
The thermal time constant of the 

bulb filament is sufficient to prevent 
the light output. from "following" the 
waveform output, except at the lowest 
frequencies. And, if R1 is carefully set, 
the circuit will be stable even at the 
lowest frequencies. 
Make it Light-Tight. The only tricky 

spot in assembing Oscar is making 
the bulb photocell unit. While the 
sketch should make this procedure 
clear, there are several points worth 
stressing. One—the most important—is 
that the unit must be absolutely light-
tight when assembled. The fit between 
the bulb base and sealing grommet, 
and of the heat-shrinkable tubing over 
the entire assembly, is critical. Also, the 
lip of the bulb should just clear the 
surface of the photocell. The whole as-
sembly then mounts on the PC board, 
supported on the photocell leads. 

This photo shows the soldering connections 
at the rear of OSCAR's front cabinet panel. 
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OSCAR 
While there are very few compo-

nents on the PC board, it is necessary 
to pay close attention to the mounting 
and placement of these. Make sure that 
the polarities of the electrolytic capaci-
tors are correct and that the amplifier 
IC "bug" is the right way around. 
The PC board itself should be raised 

1/2 -inch or so above the bottom of the 
housing to prevent the soldered joints 
from shorting. This can be done by 
drilling two pieces of squared-off plastic 
to pass the shafts of the bolts attaching 
the PC board to the housing. 
The frequency adjusting potentiom-

eters R2a, R2b should be wired so 
that rotating the shafts clockwise RE-
DUCES the resistance in the circuit. 
Reducing the resistance causes the os-
cillator frequency to rise in accordance 
with the formula: 

where R = R2+R3 and C = C 1 or C2, 
as selected by the range switch SI. 
Turning it on. At this point Oscar 

is just about ready to be buttoned up 
and turned on. The final step is turning 
the center rotor of RI all the way to 
ground. Now connect the battery, put 
the top cover on, attach a pair of 1000-
ohm or greater headphones and turn 
Oscar on. 
With SI on the upper frequency 

range, turn the ganged pots R2a, R2b 
all the way counterclockwise for maxi-
mum resistance in the circuit. A sound 
—a distorted 600-Hz—should be heard 
in the headphones. 
Let Oscar run for a minute or so to 

condition the photocell to the light. 
Now adjust RI until the distortion just 
disappears. Ah oscilloscope makes this 
easier: adjust RI for an output wave-
form that is just short of clipping. 
To make life mier for yourself, re-

member to drill a 1/4 -inch hole in the 
oscillator housing opposite the center 
rotor of RI to allow a screwdriver 
blade access for adjustments. 
Vary the output frequency by turn-

ing the ganged potentiometers R2a, 
R2b. Turn to the upper end of the fre-
quency range-25-kHz, well  beyond 
your hearing range—and allow a few 
seconds for the oscillator to stabilize 
there. Turn back to the audible signal 
range to make sure that the circuit is 
still oscillating. If it's not, turn RI care-
fully towards ground until the oscilla-
tion starts up again. 
Now that the upper frequency range 

is adjusted, switch to the lower range. 

   Fs7 

L° 8 

This is the circuit board template, appearing here in its exact size. For those who 
feel that their skills are not up to board etching, there is a complete kit listed below. 

0 

MOUNTING 
HOLE 

CS 

R5 

OFF 
\) 81   

ON  +9VDC 

S2 

0 
MOUNTING 
HOLE 

LED I 

The parts placement is such that nearly any available cabinet which can easily hold the 
PC board is suitable for OSCAR. This cabinet leaves plenty of room for all components. 

RUBBER 
GROMMET 

°HOTO 
RESISTOR 
LEADS 

Trace this exact size oscillator range dia-
gram or cut it out and use on the face of 
the oscillator. It is calibrated exactly  It is very important that the photocell and 
for the dual frequency ranges available,  bulb tandem arrangement be light free. 

LAMP 
LEADS 

HEAT 
SHRINKABLE 
TUBING 

PHOTO 
RESISTOR 

NOTE GROMMET AND HEAT 
SHRINKABLE TUBING 
MUST BE BLACK 
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This foil side down parts overlay shows the exact placement of 'all the components on 
the circuit board. Care is required in soldering and placing components with precision. 

RI 
100K 

R6 
ISOK 

LI 
R5 

—I— C7 
0 1pF 

CS C6 

200oF 100pF 

Oig22pF  

CI  C3  010.01112 0 47p [cis.:) _T  0 470F 
I  2   2 pF 

Sib 

R7 
220n 

R2a..   
10K 

R2b 
10K 

PARTS 

61-9-volt transistor radio battery 
Cl, C3-0.47-uF, 50-VDC capacitor 
C2, C4-0.022-uF, 50-VDC capacitor 
C5-200-uF, 16-VDC electrolytic capacitor 
C6-100-uF, 4-VDC electrolytic capacitor 
C7-0.1-uF ceramic capacitor 
1I—Shielded phono jack (Radio Shack 274-346 
or equivalent) 

LI —Miniature bulb, 1.5-volt 15-mA 
LED1—Small red Light Emitting Diode 
RI —100,000-ohm linear preset potentiometer 
for PC board mounting 

R2a, R2b-10,000-ohm linear ganged potenti-
ometers 

R3/S2-5,000-ohm linear potentiometer with 
ON-OFF switch 

SI 

LED I 
BI 
9VDC 

RIO 
470n 

2  

I ON 

OFF 

R9 
68DA 
,-OUT 
s-'2  Ji 

R3*  I Ti 
SK 

VOLUME 

LIST FOR OSCAR 

R4—Photoresistor, 5-megohm to 100-ohm 
range (Radio Shack 276-116 or equiv.) 

R5-120-ohm, 1/4 -watt resistor 
R6-150,000-ohm 1/4 -watt resistor 
R7, R8-220-ohm, 1/4 -watt resistor 
R9-680-ohm, 1/4 -watt resistor 
R10-470-ohm, 1/4 -watt resistor 
SI —DPDT slide switch 
U1—LM 386 Op amp Integrated Circuit (Radio 
Shack 276-1731 or equiv.) 

MISC.—Box, PC board, 2 1-inch roundhead 
machine screws with nuts and washers, IC 
socket (8-pin), 9-volt battery clips, wire, 
knobs, sheet metal screws and assorted 
hardware as needed. 

At the bottom end, about 30-Hz, the 
frequency amplitude may vary at a very 
slow rate. If that is the case, give the 
circuit a little more negative amplitude 
by turning RI up slightly from ground. 
Some experimentation with RI settings 
should yield a compromise position giv-
ing the best overall performance for 
both frequency ranges. When this is 
attained, the oscillator output should 
be constant within ±1dB over the 
whole frequency range. 
Troubleshooting Oscar. If this out-

put stability cannot be achieved, the 
ganged potentiometer R2a, R2b is prob-
ably at fault. The cheaper varieties 
track poorly; some may have worse 
than a 50% difference between the 
tracks in places. Before throwing out 
the old one and replacing it, try swap-
ping the R2a and R2b leads around to 
see if this improves performance. 
If the output frequency response is 

still unsatisfactory, change the 120,000-
ohm resistor (R5) in series with the 
bulb one value up or down. Readjust 
RI as before. 
While you were making all those ad-

justments in the lower frequency range 
the LED should have been winking 
away at you. This indicates that the 
oscillator is running and that it has 
stabilized after a frequency change. 
You will notice that, in the upper range, 
the LED stays on steadily. This is be-
cause the human eye can't assimilate 
light oscillations above a certain fre-
quency, so the high-speed (lashings ap-
pear as a steady light. 
Oscar is somewhat sensitive to varia-

tions in voltage, especially to low volt-
age. Serious clipping will result if the 
voltage drops below eight volts, but the 
oscillator will operate at up to 14 volts 
with only an adjustment of RI. If left 
with the power off for long periods of 
time, the RI setting will probably have 
to be adjusted. 
Oscar is a handy piece of test equip-

ment well within the budget and build-
ing capabilities of any electronics hob-
byist. It's a natural for shooting a signal 
into misbehaving audio or amplifier cir-
cuits: just attach a probe or even two 
leads to the output jack and you're 
ready to delve into the innards of re-
calcitrant circuits. 
Other possible—and somewhat more 

farfetched—uses for Oscar are: as an 
audiometer, offering the bored hobbyist 
a hearing test at the bench; or, hooked 
to a high-powered amplifier and speak-
er, as a device to scare crows off the 
backyard garden patch. 
Usefulness, low cost and ease of as-

sembly makes Oscar both an interesting 
project and a welcome addition to any 
hobbyist's workbench.  • 
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CAT'S 
WHISKER 
RECEIVER 
Build this update 
of the classic crystal set 

BY JAMES A. FRED 

BUILDING A CATSWHISKER crystal set can be lots of fun. The only prob-
lem with this type of construction pro-
ject is the radio's poor selectivity. The 
weaker- stations are usually drowned 
out by the stronger ones. If you live 
close to a broadcast station, that sta-
tion might come in over a good portion 
of the tuning range. We are faced with 
this difficulty because a single tuned 
circuit is limited in its ability to dis-
criminate against unwanted signals. By 
increasing the Q (qualty factor) of the 
inductor in the tuned circuit, and add-
ing another, we can improve selectivity 
sharply. This article will tell you how 
to build a crystal set that will do a 
much more efficient job of separating 
radio stations. This set will have the 
clarity and tone that is associated with 
crystal radios. 
This selective set will only detect 

the signals that your antenna picks up. 
This means that you will need a good 
antenna of 100 feet in length. at least 
25 feet high. plus a good ground sys-
tem. You will then be able to pick up 
signals with greater strength from long-
er distances. You will also need a good 
set ,of headphones of at least 2,000-
ohms impedance. 
Exploring The Circuit. Two tuned 

circuits are used, each being a combi-
nation of inductance and capacitance. 
The two tuned circuits form a band-pass 
filter, passing the signal to which it is 
tuned. This signal reaches the crystal 
detector. All signals outside the range 
of the tuned circuit are rejected. This 
results in the desired selectivity. 
Mechanics of Building. To get start-

ed building the receiver, look over the 
parts list, and gather up the parts you 
will need. To help you find the parts 
you may not have in your junk box. 
we have included sources for the parts 
listed in the Parts List. Start construc-
tion with the base board, which is 
approximately 8-inches x 10-inches by 
3/4 -inch thick. You can stain and varn-
ish the board, and glue small felt or 

rubber cushions under each corner 
of the bottom. The panel should be 
6-inches x 6-inches, and can be made 
of 1 '16-inch sheet aluminum. 1/2 -inch 
tempered masonite, or formica lami-
nated to tempered masonitc. Drill two 
holes in the lower part of the panel for 
two screws to hold it upright on the 
baseboard. In the exact center of the 
panel, drill a 1/2 -inch hole for the shaft 
of the tuning capacitor. and also drill 
the holes to mount the capacitor to the 
panel. Fasten the panel to the base-
board with two screws. Mount the dual 
variable tuning capacitor on the panel. 
and install the tuning pointer or, knob. 
Winding The Coils. You are now 

ready to wind the two coils. Both coils 
are exactly alike and wound in the 
same way. The coil forms are made 
from plastic pill bottles from your 
local drugstore. They are 2-inches in 
diameter and 31/2 -inches high: Use care 
in drilling the coil forms as the plastic 

is very brittle, and may crack if drilled 
carelessly. If you like, you may heat 
a large needle and push it through the 
plastic to make the holes. To tie the 
wire ends to the forms, and hold the 
coils in place, you will need two 1/16-
inch holes for each wire end. Make 
these about 1/2 -inch apart and lace the 
wire ends thru each hole several times 
to hold them firmly in place. Drill two 
holes along the open edge of the form, 
then move up -3/4 -inch and drill two' 
more holes, this set of holes is for the 
ends of L-2. Now move up 1/2 -inch and 
drill two more holes, and then two 
additional holes at the closed end of 
the form. This set of holes is for the 
ends of L-1. Drill both forms alike. 
An old trick to make the winding 
easier is to dip both coil forms into 
melted candle- wax. This creates an 
adhesive surface for the wire. Now 
carefully wind the coils. keeping the 
spool of wire under controlled tension 

Easy to build, this 
cat's whisker receiver 
has two large inductors 
that must be hand 
wound. Be very careful 
when you do this to 
insure a quality induc-
tor. A wood or other 
non-conducting base is 
best for the receiver, 
so that its compo-
nents can be isolated. 
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for a smoothly wound coil. Count your 
turns carefully. You will need 25 turns 
on L2 and 90 turns on LI. If you 
put a 3/4  -inch wood dowel thru the 
spool of wire and place a foot on each 
end of the dowel, you can control the 
pressure or tension on the wire with 
your feet (you might even take off your 
shoes for this exercise). Using your 
hands to wind the wire by turning the 
form and laying each turn alongside 
the last one, you can, with a little prac-
tice, make a professional looking coil. 
Mount the finished coils on the base-

board, at right angles (90 degrees) 
from each other. You can drill 1/2 -inch 
diameter holes in the solid bottom of 
the coil forms. The first coil can be 
fastened to the baseboard by a small 
wood screw through this hole. The 
other coil can be mounted on a small 
angle and then mounted on the base-
board. You will have one coil with its 
axis vertical, and the other with ts 
axis horizontal. This orientation pre-
vents inductive coupling between the 
coils. The secret behind the sharp se-
lectivity of this radio, is the high Q 
factor of 2 separate coils. Any coupling 
between them diminishes Q, and de-
grades the radio's ability to pick out 
weak stations. 
Setting Up The Rest. Next mount 

the four binding posts, terminals, or 
Fahnstock clips in place. Two for the 
antenna and ground, and two for the 

411 

Make sure that all solder connections are se-
cure otherwise your receiver may not work. 

headphones. Place your crystal detector 
stand close to the front of the base-
board, at the end not covered by the 
panel. This will allow you to adjust 
the cat's whisker to its most sensitive 
point. This explains why the panel is 
shorter than the baseboard. Now, start 
wiring the parts according to the sche-
matic diagram. Note that the connec-
tions to the coil should be made as 
shown. For example, the top of L2 
goes to the antenna terminal, and the 
bottom of L2 goes to the ground ter-
minal. The top of LI goes to the single 
section of the variable capacitor stator. 

From the schematic, it 
can be seen that this 
project  is a snap. 
There are only a few 
parts that are needed 
to put this nitty lit-
tle receiver together. 

LI 

ANT 

GND 

2 GANG VARIABLE CAPACITOR 

r  L 

7'-C2 

-I-C3 

I Lt 

L2 

PARTS LIST FOR SELECTIVE CRYSTAL SET 

Cl, 2-365-pF, dual sect.on, variable tuning 
capacitor 
G3- -.02-uF ceramic capacitor 
C4—.002-uF ceramic capacitor 
Dl Galena crystal detector, mounted on stand 
02—LN34 or IN48 germanium diode for Gim-
mick 
LI -90 turns of No. 22 or No. 24 magnet wire 
on 2-inch diameter x 31/2-inch long coil 
form 
L2-25 turns, same construction parameters 

104  
GIMMICK , 02 

GALENA 
' __CRYSTAL 

DI   

 C4  —"L  • 

HEAD 
PHONES 

as LI, separated from L1 by 1/2 -inch, wound 
in same direction as LI. 
Misc.—Headphones (over 2000-ohm imped-
ance), baseboard -8 x 10 x 
pane)-6 x 6-inches (1/2-inch thick temp-
ered masonite, or 1;6-inch thick aluminum), 
knob or pointer for tuning capacitor, two 
plastic pill bottle coil forms (2-inch diam-
eter x 31/2-inch high), 2 spools of No. 22 
or No. 24 magnet wire. 4 binding posts or 
Fahnstock clips, 2 alligator clips. 

and the bottom of LI goes to C3. 
Follow the same game plan on the other 
coil, as shown in the schematic, and 
you should thave no problems. 
If you purchase a crystal detector 

stand, it will have two terminals and a 
cup for the mounted Galena crystal. 
Put the mounted crystal in the holder 
or cup and carefully adjust the cat's-
whisker to lightly touch the surface of 
the crystal, not the metal of the mount. 
Cheating For Fun. Because it is 

sometimes difficult to find the most 
sensitive point on a Galena crystal we 
can make a Gimmick, as is shown in 
the drawing. The clips and diode are 
called out in the parts list. The Gim-
mick is a sort of cheater, as it merely 
consists of a Germanium Diode con-
nected to two alligator clips. 
Testing. After the set is completely 

wired, double check to be sure all the 
suggestions have been followed, and 
that the wiring is correct. Connect the 
headphones, the antenna, and ground 
to the proper points. Clip the Gimmick 
across the detector stand, and tune 
the capacitor until you hear one sta-
tion loud and clear. Now, remove the 
Gimmick and adjust the cat's whisker un-
til you hear that station again. You are 
all set to listen to distortion free, pure 
radio programs. 
Many radio experimenters are build-

mg crystal radio receivers. There is 
a desire to go back to the simpler 
times, before life became so fast paced 
and hectic. A crystal radio requires no 
outside power, and is the most energy 
efficient device you can build. It oper-
ates only on the power provided by 
the broadcasting station. We believe 
you will derive a great deal of satis-
faction from building your radio  • 

COIL FORM 

DRILL 8 HOLES 
I/16"IN DIA 

— wi I/ 2-IN. it.—  i 

13/8-IN 

1   --- f-3/4-IN 
9   171 _8.  IN_ 

0  0 

I  I  T 

—0 

0  0 

WHERE NEEDED FOR END OF COIL WINDING 

Difficult to find parts can be obtained frorn Modem Radio Labs, P.O. Box 1477, Garden Grove, CA 92642  Drill the holes in the base as is shown 
or Antique Radio Pails, P.O. Box 42. Rossville, IN 46065. Modern Labs req iires 50C and a large SASE;  in this diagram for best performance. 
Antique Radio requires 25c plus a large SASE 
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RUNNING THE 
SUBLOGIC A2FS1 
FLIGHT SIMULATOR 

PROGRAM 
Turn Your Home Computer Into a Budget Flight Simulator 

CIRCLE 66 ON READER SERVICE COUPON 

WITHOUT A DOUBT, this is one of the 
most exciting programs available 

to the home computerist. It is a rela-
tively full scale, scientifically accurate 
flight simulator which actually makes 
your microcomputer into a flight 
trainer, enabling you to learn the fun-
damentals, you can go on and learn 
more. This is a very complete and 
subtle program, simulating no less 
than twenty-seven of the basic para-
meters of flight. 
With the FS1 Flight Simulator pro-

gram you will come as close as pos-
sible to the process of learning to fly; 
something that is normally taught on 
those multimillion dollar machines 
owned by the armed forces and major 
airlines. And all you need is an Apple 
II or a Radio Shack TRS-80! 
You start out with a very complete 

instruction manual, learning the con-
trol configuration set up on the key-
board. Rudder and elevator control 
are either by a diamond pattern of 
four keys, or by using the paddles if 
you have an Apple II. 
Since we tested the program on an 

Apple II, and felt that the paddles 
were more realistic, we used the pad-
dle option. Throttle up and down are 
controlled by the left and right arrow 
keys. There is a brake key (.) for 
taxiing, and a set of keys to access the 

This program allows a 
stay-at-home compu-
terist the thrills and 
excitement of flying a 
light plane into com-
bat, without any of the 
attendant risks that the 
real thing might entail. 
Not recommended for 
faint-hearted  buffs. 

data base that contains the "World." 
But there's also a key which is used 
to declare "War"; but more about 
both of these later. 
In The Cockpit. Once loaded, the 

the CRT monitor displays a simpli-
fied, but fully operational cockpit, 
with all the instruments necessary for 
real flight. There are two altimeters— 
one for low altitude flight (below 
1,000 feet) and a regular altimeter 
dial to read altitude in hundreds and 
thousands of feet up to about 19,000 
feet. There's an air speed indicator 
dial (in tens of MPH), relative indi-
cators for throttle position, elevators, 
and rudder. And there are number 
readouts for oil pressure, oil tempera-
ture, fuel (in gallons), engine RPMs, 
and a few more things here and there. 

All the vital informa-
tion needed is in front 
of the "pilot." This dis-
play shows a view of 
mountains and head-
ing, airspeed, available 
fuel and altitude. All 
aspects of flight are in-
cluded in the program. 

There's also a radar screen, which 
shows the positions of enemy fighters, 
if the War option is used. 
Above the dashboard is the really 

intriguing part. There, the pilot sees 
the "World." This SubLogic program 
has a data base which encapsulates a 
real, if simple, world. The "world" 
the plane flies over is a 36 square-
mile square, with three airfields, a fuel 
dump and mountain ranges. 

When parked on the ground, the 
pilot looks out of the windscreen, and 
sees the horizon, pretty much com-
pressed and indecipherable. But once 
in the air, the data base is switched to 
a mode reflecting the plane's altitude, 
and then several features of the world 
can be distinguished. Of course, more 
of the world comes into view as the 
plane climbs. 
There's another way to view the 

world: On command, the data base 
can be viewed as if looking out of the 
side window, straight down. In the air, 
this lets the pilot see the ground as it 
passes beneath him, with airfields pass-
ing below, and with his speed gauged 
by how fast he passes the one square-
mile squares into which the world is 
divided. Of course, the squares make 
an excellent pattern to gauge the 
plane's direction. 
On the ground, the pilot sees an 

interesting representation of his plane 
on the airfield, much as seen from 
slightly above. Thus, the plane taxis 
from the tarmac to the runway, and 
in the process the tarmac and the 
runway actually seem to turn; while 
the representation of the plane re-
mains stationary. This takes a bit of 
getting used to, but after a while it 
becomes entirely natural that the plane 
you are taxiing for takeoff is actually 
being seen beneath you. Once in the 
air, that problem takes care of itself. 
Clear For Takeoff. Once you have 

taxied into position for takeoff, the 
fun really begins. Takeoff is really ex-
citing. You throttle up and watch the 
airspeed indicator begin to climb. 

(Continued on page 97) 
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ENERGY 
SENTRY 
Monitor your power 
consumption to save energy 
and reduce your electric bill 

I F YOU PAY the electric bill, you know 
only too well what has happened to 

that bill over the past few years. In ad-
dition, you have  been  bombarded 
through radio, television, newspapers, 
and magazines on how important it is 
to conserve energy, wherever possible. 
Part of energy conservation includes 
the electricity used in your home. With 
the help of Energy Sentry you can de-
termine just how much it is costing you 
to operate that appliance or T.V. set. 
This will help you to minimize your 
electric bill, while saving precious fuel. 
Energy Sentry is an easy to con-

struct circuit; built in a small enclosure, 
with a built-in receptacle into which the 
appliance is plugged. Ten separate 
LED's provides an indication of the 
power consumption of the appliance. 
Energy Sentry is calibrated in "cents 
per hour" over a range of 1 to 10 cents. 
Depending upon your electric rate, this 
will provide a useable power range of 
up to 1500 watts. This is near the maxi-
mum power which can be delivered by 
an ordinary 115 volt power receptacle. 

IISV 
INPUT 

( 6 TURNS 
.14 ENAMEL 

WIRE 

C2 

A simple calibration procedure is pro-
vided at the end of this article allowing 
you to compute the average cost of a 
kilowatt hour of electrical power in 
your home or office. 
About The Circuit. The heart of En-

ergy Sentry is current transformer, T2, 
which produces an output voltage across 
its seconaary winding corresponding to 
the magnitude of current flowing in the 
AC line. A current transformer follows 
the same turns ratio relationship as does 
the more common voltage transformer, 

9 10 

11   9 

1   8 Ul  2 
LM  13  7 
3914 

14   

67 15 - 0  •5 

16  0  •4 

8  17 - 0  4 3 

5  18 

220 0 

except that secondary current, not volt-
age is determined by the number of 
turns of both primary and secondary. 
In the case of Energy Sentry, the pri-
mary of the current transformer consists 
of just 6 turns of wire wound by your-
self around the core. The secondary is 
the existing 115 volt winding of the 
transformer, resulting in a turns ratio of 
perhaps 100. The existing 12 volt wind-
ing of the transformer is not used. 
The primary of the transformer is 

connected in series with the power line 
and the appliance under test. The cur-
rent drawn by the appliance induces a 
proportional current in the secondary. 
Since a current transformer must oper-
ate into a load to provide a path for 
secondary current, a voltage across R1 
is produced which is proportional to 
the magnitude of the current (and 
power) drawn by the appliance. This 
voltage varies linearly with primary cur-
rent and therefore linearly with power. 
This is true since the voltage fed to the 
appliance under test is a fixed power 
line voltage that is well regulated by the 
power company. 
A bridge rectifier circuit converts the 

secondary voltage of T2 to pulsating 
DC which is filtered by Cl. The re-
sulting DC voltage is fed to input ter-
minal 5 of U 1 through calibrating po-
tentiometer R3. It can be seen that the 
drive voltage to Ul will be determined 
by the current drawn by the appliance 
you are checking out. 
Ul is a LED driver chip which has 

been designed to drive a series of 10 
LED's in response to the voltage ap-
plied to its input terminal, pin 5. When 
the voltage applied to the input is zero, 

PARTS LIST FOR  
ENERGY SENTRY 

C1-2.2 ufd 10 volt electrolytic capac tor 
C2-220 ufd 10 volt electrolytic capacitor 
CR1, CR2, CR3, CR4—Germainium diode 1N90 
or similar 

CR5—Silicon diode 1N2069 or similar 
11--Power receptacle Radio Shack 20-642 or 
similar 

LED 1 through LED 10—Radio Shack 276-026 
or similar 
RI -100-ohm, 1/4 -watt composition resistor 
10% 

R2 - 220,000 ohm, 1/4 -watt composit on resis-
tor 10% 

R3 -200,000 ohm miniature potentiometer, PC 
mount 
R4 -1,000 ohm, 1/4-watt composition resistor 
10% 

R5 4,700 ohm, 1/4-watt composition resistor 
10% 

Ti -6-volt transformer (Radio Shack 273-1384) 
12-6 or 12-volt transformer (Radio Slack 273-
1505 or similar) 

Ul —National LM39I4N Radio Shack 276-1707 
Misc.—Cabinet, line cord, plug, win, solder, 
etc. 
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Energy Sentry 
no LED will be illuminated. As the 
voltage is raised each succeeding LED 
will light, one at a time, until the 10th 
LED is illuminated. Thus, it can be 
seen that the circuit will provide a vis-
ual indication of the current drawn by 
the appliance under test. 
A fascinating display can be seen 

when a light bulb load is being ob-
served. As soon as the light bulb is 
flicked off, LEDs representing full cur-
rent to no current, will light in rapid 
succession in an interesting display. 
Power to operate the circuit is pro-

vided by TI, which feeds a half wave 
rectifier and capacitive filter composed 
of CR 5 and C2. The resulting DC volt-
age, about 8 volts, is sufficient to op-
erate U 1 . Since U 1 has a built-in regu-
lator, the circuit will hold calibration 
regardless of changes or fluctuations in 
power line voltage. 
Construction. Most of the circuitry 

of Energy Sentry is contained on a 

printed circuit board. At lower left is a 
full scale layout of the foil layout as seen 
from the copper side of the board. 
At right is the parts layout as seen from 
the component side. 
Note that the set of 10 LED's is 

placed on the copper side of the board. 
This will permit the printed circuit 
board to be assembled into a cabinet 
with the LED's protruding through a 
set of 10 holes drilled in the cabinet. A 
drilling template for the cabinet front 
can easily be obtained by making a 
photocopy of the printed circuit lay-
out and placing it on the front of the 
cabinet. The printed circuit board can 
be mounted in the cabinet with a set 
of four 3/8" long spaces used for clear-
ance and #6 machine screws. 
Transformer T2 has been selected 

for ease of adding the additional wind-
ing. This transformer has ample room 
between the laminations and winding 
to easily fit 6 turns of #14 enamel 

wire. Do not use wire of smaller gauge. 
Place sufficient insulating tape around 
the laminations to prevent a short cir-
cuit between the enamel wire and core. 
If you substitute another transformer 
for T2 it may be necessary to remove 
the existing low voltage winding to pro-
vide sufficient room for the new pri-
mary. The additional winding placed 
on the transformer is connected to pads 
E and F of the printed circuit board. 
In a similar manner, use pads marked 
A, E, F, G and H for the 115 volt 
and transformer connections as shown 
in the schematic diagram. Except for 
pads G and H, use #14 gauge wire. 
It is recommended to use a socket 

for Ul. This will prevent damage to the 
IC or printed circuit board in the event 
U 1 has to be removed for service. 
Double check the polarity of the LED's, 
diodes, and electrolytic capacitors be-
fore soldering them in place. These 

(Continued on page 100) 

Seen above is the component side of the Energy Sentry PC board. 
T2 provides power coupling, and Ti provides power for circuit. 

To the left is the PC board, with the etched side up. The row 
of LED connection terminals can be seen on the right. 
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AM  • 

DELTA  FLIGHT  759 TO  KNOXVILLE 

TO WER . . . what  is your  local 
weather? We're experiencing a lot of 
turbulence." 
"Cessna 616 to Miami Center . . . 

we've spotted what looks like a boat in 
trouble. Would you notify the Coast 
Guard?" 

The VHF band is filled with in-
triguing listening. Private aircraft, com-
mercial airliners, military and govern-
ment flights fill the skies 24 hours a day, 
seven days a week. Many scanner listen-
ers are discovering the fun and excite-
ment of tuning in on aircraft in flight. 
But aircraft scanners are expensive; 

even pocket aircraft radios command 
premium prices. There is another way. 
Any inexpensive pocket AM/FM 

portable radio may be converted into 
an effective aircraft band monitor. The 
receiver's AM band will remain un-
touched, so that you will still be able 
to listen to your favorite local broad-
cast stations. While the changes to the 
FM band will allow aircraft band re-
ception, the procedure may be easily 
reversed to restore the set to FM band 
reception if desired. 
Absolutely any AM/FM portable, 

even the larger multiband radios, may 

Convert your AM/FM 
pocket radio into 
an aircraft scanner 
Monitor the skies with this simple receiver conversion 

be converted. Our illustrations happen 
to use the Radio Shack 12-609. You 
may wish to check local discount houses 
for advertised spe:ials on similar radios; 
flea markets and garage sales are also 
excellent sources of pocketable AM/ 
FM radios. These are frequently found 
for $5 to $10. 
The Conversion. Before beginning 

the changeover process, it is a good 
idea to check the radio completely to 
determine that it is in good working 
order. Use a fresh battery and tune it 
through its FM range to be sure that it 
is functional, sensitive, and that its 
audio is loud and clear. 
Next, remove the back carefully and 

locate the IF transformers, as shown in 
Fig. 1. Some of the IF transformers 
are used for AM and some for FM. It 
is virtually impossible to predict accu-
rately which are which without a dia-
gram. Fortunately, only one of them is 
of interest to us for this conversion 
project: the FM discriminator trans-
former; and it is easily located. 
If you examine the parts layout of 

your radio carefully, you will note that 
one of the IF transformers, probably 
the one farthest removed from the tun-
ing capacitor, will have two or three 

glass diodes alongside it (see Fig. 2). 
That is the discriminator transformer; 
the diodes are the detectors which ex-
tract audio from the IF circuitry. Switch 
the radio on and adjust it to receive the 
background hiss between FM stations. 
Using an appropriate non-metallic 

fiber, wood or plastic tool, adjust the 
slug slightly until the background hiss 
peaks to a maximum. You have now 
converted the radio to receive AM! 
This step was necessary because all 
VHF aircraft transmissions are AM. 
The next step is to increase the tun-

ing range to receive the 108-136 MHz 
aircraft band. Since the receiver already 
tunes 88-108 MHz, we are nearly there! 
Changing Frequency. Inspect the cir-

cuit board and locate two open-wound 
coils each consisting of four or so turns 
and positioned next to the tuning ca-
pacitor shown in Fig 3. Tune in an FM 
broadcast station  (it will probably 
sound distorted now) and touch each 
coil lightly with your finger. When you 
touch one of them, the station will be 
detuned off-frequency; this is the oscil-
lator coil. The remaining coil is in the 
RF amplifier circuit. Both coils will be 
altered to change the receiver's tuning 
range. To raise the frequency of the 
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AM/FM into aircraft scanner 
circuit we need to decrease the induct-
ance of the associated coils. 
There are several ways to decrease 

the inductance of a coil: spread the 
turns father apart; pinch each turn to 
flatten it slightly; twist the turns at 
right angles to each other; insert a brass 
slug inside the windings; remove one 
or more of the turns; short-circuit two 
adjacent turns with solder. 
The first step in changing the tuning 

range of your radio will be to spread 
the turns of the oscillator coil widely 
apart with a small screwdriver. Be sure 
to spread them evenly and do not allow 
the coil to touch any adjacent metal 
part or wiring. Spread the turns of the 
RF coil similarly. 
Now attempt to tune through the 

range of the dial, noting the locations 
of the FM broadcast signals. Chances 
are you'll find them cutting off below 

(Continued on page 98) 

Fig. 1. The IF trans-
formers are shown in 
this photo. Since it 
is virtually impossi-
ble to tell which are 
for AM and which are 
for FM, a process of 
trial and error will 
be employed in retun-
ing the frequency. 

The open radio gives 
an idea of the over-
all parts placement. 
It is important  to 
work  methodically, 
going from one area 
of the conversion to 
the next in the right 
order. You will find 
most 'ayouts similar. 

IF 
TRANSFORMERS 

DISCRIMINATOR 
TRANSFORMER 

DETECTOR 
DIODES 

Fig. 2. The discriminator transformer, shown here, has several 
glass diodes beside it. These take audio from the IF stage. 

FM RF TRIMMER 

FM OSCILLATOR 
TRIMMER 

FM OSCILLATOR 
COIL 

Fig. 3. The two open wound coils located next to the tuning ca-
pacitor must have their inductance raised to raise the frequency. 
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TELECHIRP 
Make your home an 
aviary with this new 
telephone ringer. 

AN EXTRA RINGER in the bedroom or living room is always a good idea 
but the thought of waking up to a 
klaxon or having guests jolted out of 
their seats by a clanging bell is a bit too 
much for anyone. 
However, if you would like a peace-

ful way to announce that your phone 
is ringing, use Telechirp. This device 
produces a low level chirp (or warble) 
instead of a clang or bong. 
Easy To Build. The Telechirp is a 

simple device requiring few compon-
ents and is easy to piece together. It is 
powered by the ringing signal of your 
telephone. 
Electronic buzzer BUl will produce a 

high frequency whistle (approximately 5 
kHz) when 2-12 volts DC is applied to 
its wires. Normally, the output of the 
buzzer is a continuous tone because 
the applied voltage is continuous (DC). 
As used in the Telechirp, however, the 
buzzer chirps in step with the 20 Hz 
ringing current. 
The 20 Hz ringing current passes 

through capacitor Cl  to the diode 
bridge consisting of DI-D4. Partial fil-
tering of the bridge's output is pro-
vided by C2. The resultant pulsating 
DC is applied to the buzzer, producing 
a high frequency chirp each time the 
phone rings. 
All components are critical. Any 

change in values produces improper 
operation. Make only those changes or 
substitutions we specify. A silicon recti-
fier or full-wave bridge rated 200 PIV 
or higher can be substituted for Dl-D4. 
While the PIV can be lower, 200 

PIV provides a good safety margin. 
For most applications Cl should be a 
.1 uF Mylar capacitor rated 500 VDC. 
(Again, a lower rated capacitor of 100 
VDC could be used but 500 VDC pro-
vides greater protection.) 
If Cl is made larger, say 0.47 uF, 

the output of the buzzer will be louder 
but you will also get kickback, meaning 
the buzzer will pulse in step with the 
telephone dial's pulses. If your phone 
has Touch-Tone® dialing, kickback is 
not a problem, but line static might 
cause the buzzer to tick. 
Capacitor C2 is also critical. If made 

larger than 10 AF, it will produce a 
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smooth, non-pulsating, DC and the 
output of the buzzer will be a con-
tinuous high frequency tone, which is 
not an attention-getter. If C2 is smaller 
than 10 mF there will be too much AC 
and the buzzer will tick instead of 
chirp; a nice sound but not loud enough 
for general use. 
The Telechirp :an be connected to 

your telephone circuit with ordinary 
zip-cord or speaker wire. 
Telephone circuits do vary. Keep in 

mind that Telechirp is intended for a 
quiet location, but if the chirp pro-

duced by your telephone's ringing sig-
nal is too low, connect capacitor Cx, 
0.05 uF disc, across Cl. 
The Telechirp can be used as a quiet 

warning that someone is dialing out on 
the phone circuit. If capacitor Cx is 
raised to 0.1 or 0.2 mF. the device will 
produce chirps in step with the dial 
pulsations each time someone dials out. 
(It works with rotary dial telephones.) 
The total value of capacitors Cl and 
Cx should never exceed 0.47 mF, nor 
should the value of R1 be changed by 
more than 10%.  • 

To make Telechirp, it 
doesn't take a lot of 
parts or a PC board. 
Just hook up the few 
parts with a terminal 
strip and Telechirp will 
sing away. Be very 
careful when you put 
together the diode 
bride. Make sure the 
diodes are properly 
polarized. 

TO TELEFHONE    
CIRCUIT 
NO POLARITY 

BU 

PARTS LIST FOR TELECHIRP 

BU1—solid state buzzer. Radio Shack 273-060  fier rated 200 PIV 
C1 —0.1-uF, 500 VDC my ar capacitor  R1-1500-ohm, 1/2 -watt, 10% resistor 
C2-10-uF, 25-VDC elect-olytic capacitor 
Cx—see text 
01-04—silicon diodes on small silicon recti-

Misc.—cabinet, terminal strip, wire, solder, 
hardware, etc. 
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RS-232 Switcher 
(Continued from page 60) 

run across it in some piece of surplus 
gear, forget about it. Unless you're 
experimenting with a rather esoteric 
data communicator, you will probably 
never run across an RTS signal. 
Building The Switcher. The RS-232 

switcher is assembled in an aluminum 
cabinet, 51/4  by 3 by 21/2  inches. As 
a general rule, the connecting sockets 
are "female" (D-25S) and the input 
cable connector is "male" (D-25P). 
Do NOT get this arrangement con-

fused if you have a Radio Shack TRS-
80. For some reason, Radio Shack 
decided the whole world would use 
their parallel printer, and the serial 
interface would only be used with a 
modem having its own "female" con-
nector. So the output plug provided 
by Radio Shack is "male," instead of 
the more common "female." 
If you want a universal switching 

unit, assemble it as shown and make 
up a "female-to-female" D-25 adaptor 
cable for your TRS-80 computer. 
(As a matter of interest, when Radio 
Shack decided to sell D-25 connectors, 
they sold only the male, which does 
not mate with their own computer 
connection.) 
Switch SI can be any type of DP-

DT, although to avoid the possibility 
of damage to some peripherals, it 
should be break-before-make. This 
means one set of terminals is com-
pletely disconnected before the second 
set is connected. For example, when 
switching from socket SOI to S02, all 

connections from SOI will he opened 
before SO2 is connected. 
Do NOT use a make-before-break 

switch, because it would connect SO2 
before SO1 was disconnected. This 
would result in the devices connected 
to SO1 and SO2 being connected to-
gether for a brief instant as the switch 
was operated. Normally this would not 
create a problem, but the well-known 
Murphy's Law clearly states that out 
there somewhere are two peripherals-
that will be totally wiped out if con-
nected together. 
Switch S2 is the signal reversing 

switch mentioned earlier. In the RE-
VERSE mode it takes the signal from 
Terminal 2 of SOI and S02. puts in 
on PL1's Terminal 3, and vice versa. 
It is used when the computer or ter-
minal can function in two different 
modes. 
For example, the TRS-80 serial in-

terface can be used to communicate 
with a modem (normal connection), 
or the TRS-80 itself can he used as a 
terminal. For the TRS-80 to receive 
at a terminal, it must "see" an arriving 
signal on Terminal 2, and send it on 
Terminal 3. This is not the "normal" 
arrangement. Radio Shack provides a 
reversing switch inside the expansion 
interface on the serial interface board. 
Unfortunately, in order to operate 

the switch, the user must disconnect 
the display, remove four screws and 
a trap door, move the switch. and 
reinstall everything. It's easier to have 
the reversing switch on the RS-232 
Switcher—at the very least you don't 
have to take anything apart. 
Connections to SOI and SO2 should 

be No. 20 or 22 solid wire. Try to 

avoid the use of stranded wire be-
cause a single loose strand too small 
to be easily seen can short-circuit ad-
jacent terminals. If you must use 
standard wire, make certain you first 
twist and tin the ends of the wires. 
To reduce the possibility of shorts re-
move no more than 1/2 -inch insulation 
Wiring Is Critical. Wiring is some-

what tight, and insulation can be dam-
aged by the soldering iron so the fol-
lowing assembly procedure 'is sug-
gested. First, connect to SO1 and S02, 
starting with the Terminal 7 and keep 
the soldering iron on the lower termi-
nal side. For example, when connect-
ing to 7 place the soldering iron be-
tween 7 and 6. In this way you won't 
be reheating a completed connection. 
Wire the bottom connector (S02) 

first, then the wires from S2, then 
those from SOI (top connector), then 
the PL1 cable. 
The protective grounds from Ter-

minal 1 go to a solder lug under the 
socket's mounting screw(s). In some 
installations the protective ground— 
the wire from the chassis of computer 
or peripheral—is also used as the sig-
nal ground. If so. also connect the 
Signal Ground. Terminal 7. to the 
solder lug. If you are using separate 
protective and signal grounds. twist 
the Terminal 7 wires from S01. S02. 
and PL1 together, solder, and insulate 
the connection with plastic tape. 
To use the RS-232 Switcher, just 

connect everything together and set S2 
for NORMAL. If your situation re-
quires reversed signal connections. 
simply set S2 to REVERSE, and that's 
all there is to • using the RS-232 
Switcher.  • 

Slow Scan TV 
(Continued from page 65) 

recreate the picture. 
Digital Pictures. We've already seen 

that the SSTV picture is composed of 
128 scan lines with 128 pixels per line, 
giving a total of 16,384 pixels per pic-
ture. This fits exactly into 16 Kbytes 
of microcomputer data memory. 
Each of these pixels is character-

ized by a gray level, a value of bright-
ness somewhere on a scale from black 
(no brightness) to white (full display 
screen brightness). 
Modern SSTV equipment provides 

for 16 different gray levels; these are 
represented as a four-bit binary words, 
or bytes. A binary value of 0000 rep-

resents full brightness (white), and 
the level proceeds through progres-
sively darker values as the byte in-
creases to its maximum binary value, 
1111, which is used to represent black. 
Cameraless SSTV. There's even a 

way to get on SSTV with no camera 
at all. It's the Model 800 Super Ter-
minal from Robot Research, Inc., a 
veteran manufacturer of Amateur and 
commercial SSTV equipment. It con-
nects to a transmitter, receiver, tele-
type loop, TV monitor, CW key or 
any combination, and communicates 
in ASCII (computer format code— 
now authorized on the Amateur radio 
bands),  Baudot  (teletype  code), 
Morse code or SSTV. When used on 
SSTV, it can generate both alphanu-
merics and graphics. Actually a small 
• 

computer based on an 8085 micro-
processor with 4K of ROM and 2.5K 
of RAM, this 13-pound marvel is well 
worth its $845 price. 
Robot also manufactures a versatile 

scan converter, the Model 40b, for 
SSTVers who want to be in pictures. 
It interfaces with standard TV cam-
eras and monitors to SSTV standards 
for communications over the air, over 
phone lines, or recording and play-
back via audio tape. All solid state 
and ready to hook up, it's priced at 
a dirt-cheap $795. 
It's not all that hard or expensive 

for anyone to get involved in SSTV, 
over the ham bands or in some other 
form. Once you do, you'll find that 
the future presents some fascinating 
pictures.  • 
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Flight Simulator Program 
(Continued front page 90) 

When you reach 90 or 100 MPH. 
easing back a bit on the elevator actu-
ally puts you in the air. 
At this point a word or two must be 

said about the sort of plane you're fly-
ing. It's a cross between a Piper Cub 
and a Sopwith Camel World War I 
fighter—with radar and guns. Its top 
speed is in the 150 MPH range, it 
holds 38 gallons of fuel, and it can 
climb to about 19,000 feet. It is also 
very maneuverable. 
Anyway, back to the controls. Once 

you climb from the runway, switch to 
the altitude data base, by pressing the 
"U" key. If you bank slightly to the 
right, you will see that you have taken 
off parallel to a mountain range. 
Don't worry—due to one of the few 

minor flaws in the program, you can 
fly right through the mountains, and 
nothing will happen. Try it: it's scary 
but fun! Under normal flying condi-
tions (no mountain crashes!) you'll 
probably want to climb at a moderate 
rate—about  500  feet  per  minute. 
There's an altitude and velocity indi-
cator to show you how fast you're 
going both up or down. 
Try banking and turning—the hori-

zon as seen through the windscreen 
will look exactly as it would through 
that of a real plane; it tilts one way 
and then the other. There is also a 
turn rate indicator to tell you how 
fast you are turning. 

Turn With Care. The instruction 
manual warns you to be very careful 
in turning. It's not like turning the 
wheel of a car. First of all, your 
plane doesn't want to straighten out, 
as a car would. You have to straighten 
it out, by turning slightly and momen-
tarily in the other direction, and then 
coming back to your desired bearing. 
Also, turning does funny thing& to 
your plane. It cuts down on your air-
speed, and therefore on your climb, if 
you're climbing. So it's very easy to 
misjudge a turn, turn too much, and 
wind up crashed! 
Once you're up a few thousand feet 

—a process that takes a while due to 
the plane's limitations—you'll probably 
want to look around. If you've been 
climbing in shallow circles, most likely 
you're still over the "World." You 
can see it, way below. But if you've 
been climbing in a straight line, then 
you're in for a surprise. Because the 
world has been left way behind you, 
and all you're looking at through your 
windscreen is blank air. When you 
turn around, though. you'll be knock-
ed on your backside, because there 
will be the "World." looking tiny in 
the distance, much in the way an air-
craft carrier must look to a Navy pilot. 
You can head back to it—it might take 
a while—but eventually you can over-
fly the world and even go on in the 
other direction. 
War  Cures  Boredom.  By  this 

time, however, you might be getting 
a little bored—assuming that you've 
fully mastered the facts of flying. 
Don't worry about boredom, though. 

because at the touch of a key (the 
"Vr key, of course) enemy fighters 
will fly up to meet you, and try to 
shoot you down. 
You'll see them as little dots and 

lines on your radar screen, which will 
suddenly spring to life. You're armed, 
as was mentioned before, and can 
shoot them down if you're lucky. The 
space bar on the keyboard acts as a 
machinegun trigger. If they hit you, 
you go into a spin, and crash. The 
war game built in to the program 
makes for a lot 'of diversion and fun. 
Happy Landings? All that's left is 

landing, but that's the toughest part. 
With a lot of practice, you can land 
perfectly. The manual gives some 
good hints on how to do it—in fact it 
gives good hints on flying in general. 
One thing you might want to remem-
ber is that, due to memory limitations ' 
in the program, although the manual 
tells you that you have to land on a 
runway in one of the airports, you 
really don't. You can land on any 
level piece of ground, of which there 
are plenty in the "World." So just 
practice getting down. 
We have hardly ever had so much 

fun with our wife as we had with the 
SubLogic Flight Simulator program 
on our Apple computer. Whenever we 
want to demonstrate our Apple II to 
a friend, we load up this program, 
and let the guy crash a few times. For 
$33.50, the Apple II disk version is a 
real bargain. SubLogic's address is 
Box V. Savoy, IL 61874. For more 
information circle No. 66 on the 
Reader Service Coupon.  • 

Communications Mikes 
(Continued from page 24) 

notorioosly /ow-impact), a shell that 
is shaped to comfortably fit the con-
tours of the human hand, a long and 
heavy-duty coiled cord, a positive-
acting PTT switch, and wiring cir-
cuitry that is compatible with the rig 
with which it will be used. 
Hybrid Mikes. Several hybrid mike 

designs have emerged in recent years. 
For VHF/UHF/FM work, you may 
want to use one of the new Touch-
tone" encoder mikes that have a tone 
pad. This built-in feature makes it 
convenient to work via autopatch re-
peaters, especially useful in that many 
new transceivers do not have a sepa-
rate accessory pad input. 
Some of the latest mikes can con-

trol frequency selection and program-
ming as well as transceiver logic cir-

cuitry. These mikes also incorporate 
up/down scanning for autoscan trans-
ceivers, remote volume and tone con-
trols and priority-channel activation. 
The biggest problem in using these 

mikes is wiring compatibility. Almost 
any accessory TouchtoneTm mike can 
be used with any rig if the proper 
wiring connections are made. 
Another popular innovation is the 

no hands boom headset. This device is 
a single low-impedance headphone 
with a dynamic microphone installed 
on a boom suspended from the ear-
phone assembly. The microphone is 
usually adjustable on the boom and 
is of the noise-cancelling, low-impe-
dance dynamic or high-impedance ce-
ramic type and is thus compatible 
with most mobile transceivers. 
A PTT switchbox is usually laid on 

the seat or mounted on the vehicle's 
turn signal lever or gear shift, allow-
ing both hands to be free for driving. 

Most headsets can be worn on either 
ear and have a response curve tailored 
for voice reproduction. 
Listen In. Dual-headset models are 

also available though it's probably un-
wise to wear them with the vehicle in 
motion, since traffic sounds would be 
greatly impaired. 
It's also possible to convert a stand-

ard telephone handset to mobile oper-
ation for those instances when some 
degree of privacy is desired. 
We can't all be velvety voiced, net-

work quality announcers in our on the 
air transmissions, but it's certain that 
a little effort in microphone selection 
and employment technique can go a 
long way in putting our best vocal 
foot forward. Since the mike repre-
sents the heart of voice communica-
tions, examine your needs carefully 
and then get the best you can afford. 
Your rig will sound as good as your 
mike and no better.  • 
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Aircraft Scanner 
(Continued from page 94) 

the upper setting of the tuning dial. 
Ideally, you will adjust the oscillator 
coil so that the highest frequency FM 
station (near 108 MHz) will now be 
heard at the lowest dial setting (marked 
88 MHz). 
If the turns of the oscillator coil are 

fully spread and yet the tuning range 
is still not high enough to cover the air-
craft band, carefully solder two adja-
cent turns together at one point. It is a 
good idea to scrape the wire at that 
point before soldering. Use a sharp 
blade or sandpaper cautiously. 
Another way to increase the tuning 

frequency of the receiver slightly is to 
decrease the trimmer capacitance on 
the tuning capacitor (see Fig. 3). The 
four small adjustments are the oscilla-
tor and RF trimmers for the AM and 
FM band. Be sure to select the trim-
mers next to the FM coils! It would be 
wise to mark the original settings of all 
trimmers with a felt tip pen in case the 
wrong trimmers are turned. 
A tiny screwdriver will be used to 

adjust the trimmer capacitors. Note as 
you turn the trimmer that there will 

be one setting where the two metallic 
surfaces of the trimmer will be fully 
visible. This is the minimum capacitance 
(highest frequency) setting. 
Fine Tuning. Now for the final ad-

justment! Tune in a weak station near 
the low frequency (88MHz) portion of 
the dial and adjust the turns of the RF 
coil with a non-metallic tool for maxi-
mum signal strength. If your particular 
receiver has sufficient background hiss, 
you may use that sound for peaking 
the coil. Tune the receiver dial near 
its upper setting (108 MHz) and peak 
the RF trimmer capacitor for maxi-
mum background hiss. 
By carefully repeating the last two 

steps (RF coil and RF trimmer capaci-
tor), you will have completed the con-
version of your AM/FM receiver into 
a useful aircraft band monitor. If you 
live near large airports, the radio will 
be extremely active. Even if you don't 
live near an airport, reception over long 
distances will be heard because of the 
altitude of the aircraft. 
While the radio may not be as good 

as a receiver designed specifically for 
the aircraft band, it will give a good 
accounting of itself. And if you grow 
tired of aircraft band monitoring, you 
can always return the radio to its 
original state as an AM/FM set.  • 

Spark Detector 
(Continued from page 53) 

barrel of a large marker pen.) 
Do not over enlarge the U-notch of 

the tube as this will allow external 
light in. Also make sure there are no 
obstructions between the photoresistor 
and bulb. Use a flat disc or black tape 
to close off the open end. Attach a 
dowel rod to the tube. 
Block That Light! Hold the probe on 

a spark  plug cable  so  the  cable 
blocks external light from the photo-
resistor. The voltage in the cable causes 
the bulb to glow thereby illuminating 
the photoresistor. The change in its re-
sistance is measured by the meter. 
The rest of the circuit is built on a 

perfboard that attaches to the back of 
the meter. Check the circuit after com-
pletion, then connect a 9V-battery. 
Turn the 1-megohm trimpot. The meter 
reading should be adjustable from no 
deflection to almost full-scale deflection. 
Before testing the meter, clean and 

gap the spark plugs and install good 
ignition cable. This way you will cali-
brate your meter under the best condi-
tions. Deterioration from these con-
ditions points out bad plugs or cables. 

Lift the hood of your car and start 
the engine. Hook the probe over a 
spark plug cable so the neon bulb lies 
on it. Adjust RI to get a 40 percent 
meter deflection. Move the probe to the 
other cables. The deflections should be 
similar. Minor variations are possible. 
A Foul Plug. If a spark plug is fouled 

or shorted, the meter reading will be 
much lower than 40 percent. If the 
cable is internally broken or removed 
from the plug, the meter reading will 
be much higher, almost full scale. 
Stop the engine and hold the probe 

over the cable. You should get a neg-
ligible deflection on the meter. This 
step confirms that there is no external 
light affecting the meter's operation. If 
the probe was carefully constructed, ex-
ternal light will not be a problem. 
When not in use, keep the probe 

covered with tape. This will stop cur-
rent flow through the meter. When the 
detector is not in use, the circuit draws 
less than 1-mA. You now have a tool 
that permits you to inspect the high 
voltage section of the ignition system 
safely without soiling your hands. 
Now when you try to pass a slower 

car, you should have no problem since 
your ignition system will be in top 
shape. Just push the accelerator down 
and zip on by. 

Digital Debugging 
(Continued from page 18) 

top of the one you suspect is bad. Be 
sure that the piggyback IC's pins are 
properly aligned with the pins on the 
suspicious IC. If the circuit functions 
normally with the piggybacked IC, 
you've located the problem. 
Some technicians find a spray can of 

circuit coolant handy in locating a mal-
functioning chip. They zap the IC with 
a shot of Circuit Cooler or Quik-
Freeze, instantly chilling it. In many 
cases, the malfunctioning IC will sud-
denly start working again. 
Contractional Connections. There's 

nothing magical about this. Many chip 
problems are caused by poor bonding 
between the IC pins and the chip in-
side the plastic case. Because of differ-
ent pin, case and bonding material con-
traction rates, the chilling spray causes 
the IC to start working again since a 
good electrical connection is restored. 
But as the chip warms up, the differing 
expansion rates will cause a broken 
connection somewhere in the IC. 
Digital circuits are designed to work 

with power sources and inputs that are 
either on or off like the square waves 
in Fig. 1. But suppose it has to work 
with jagged and irregular signals like 
those in Fig. 2. These signals can cause 
irregular IC operation. 
Integrated circuits have a difficult 

time deciding when an irregular signal 
goes high and when it goes low. The 
chip might respond to each irregularity 
as if it were a change in the input sig-
nal and try to switch states accordingly, 
resulting in a very confused chip. 
Power supply irregularities can also 

cause problems, particularly if Vcc falls 
to a level where it could be mistaken 
for ground and several inputs are con-
nected to ground. 
With these problems your VOM can 

help. A hot ground is a common prob-
lem. (Anytime the voltage at ground 
measures over 0.5 volts, you can be 
sure you have a problem.) Various in-
tegrated circuits specify one voltage as 
low, such as 0.5 volts, while another 
voltage, such as 3.5 volts, as high. A 
good indication of trouble is an inter-
mediate voltage, like 2 volts, at some 
pin. This is especially true of TTL de-
vices, where any voltage between one 
and three volts indicates a defect. 

Doctoring Those Digitals. These few 
tips should allow you to feel your way 
around today's digital circuitry. With a 
little bit of patience and straight for-
ward deduction. 
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One-Tube Receiver 
(Continued from page 63) 

inch protruding from the pin. Pull that 
same end back out of the form so you 
can scrape 1/2 -inch of insulation off, 
and re-insert it into pin 2, Still don't 
solder, but just fold that extra wire 
over the edge of the pin, to keep the 
coil from unwinding. Repeat this proc-
ess for the remaining coils and pins, 
soldering in pins three and one, and 
folding two more wires over the edge 
of pin two. Evenutally, you will have 
three bare wires sitcking out of pin 
two. That's when you can solder them 
all in place, at once. Finally, add a bit 
of coil dope to the whole thing to keep 
it from loosening up and unwinding 
(clear nail polish works well). Plug 
the coil into place, and the tube, too, 
while you're at it. 
For those of you who are using a 

substitute coil form, just run the ends 
of the windings out of one end of the 
coil, and secure the coil to the base 
using L brackets or spacers. 
Operation. Check the wiring against 

the schematic for errors. If all looks 
okay, attach only the filament battery. 
If you can see it, the tube's filament 
will glow orange red. If not, re-check 
.the wiring. Don't connect the B bat-
tery if there's any chance that 90 volts 
will wind up across the filament—some 
of these battery tubes like the 99 are 
very fragile in this respect. Assuming 
all looks well, connect earphones, an 
antenna, and a ground. Finally, con-
nect the B battery; doing this should 

cause a decided click in the earphones. 
Turn the regeneration control (R2) 

clockwise until you hear a pop or click 
in the phones, and beyond that point 
will be a soft hissing or squealing. That 
means the set is oscillating. Back off 
on the regeneration control until the 
set pops back out of oscillation, and 
tune around until you hear a station. 
Alternately adjust Cl (for loudest vol-
ume) and R2 (for most regeneration 
without allowing oscillation). This is 
where a steady hand helps. If, for some 
reason, you can hear stations, but can't 
seem to get any regeneration, by turn-
ing R2 back and forth. If the signals 
are loudest when R2 is counter-clock-
wise, you may have accidentally re-
versed the leads to L3, producing nega-
tive feedback, instead of positive. Try 
switching the leads. 
Now is the time to see if your coil 

covers the broadcast band properly. 
Using a calibrated AM receiver set to 
the high end (1.6 MHz) of the band, 
make your regenerative radio oscillate, 
and tune Cl until its plates are mostly 
open; at some point you should hear a 
hiss or a whistle in the calibrated re-
ceiver as it is held nearby. Do the 
same for the low end (.55 MHz or so). 
The dials should roughly match, and 
if they don't, you will have to add or 
subtract wire from L2. Removing wire 
will shift your radio's range to higher 
frequencies, and adding wire will shift 
it downwards. 
If you find that stations are too loud 

(which might be the case if you live 
nearby several transmitters) you can 
reduce the overload on the RF amp. by 
inserting a small (10-75 pF) capaci-

tor in series with the antenna lead, at 
the receiver. Choose a value that cuts 
out enough signal: the larger the ca-
pacitor, the more signal gets through. 
Finally. Always be super-careful when 

installing antennas. Stay away from 
power lines and avoid high dives off 
ladders or out of windows. B batteries 
can give you a small sting, but 90 volts 
probably couldn't injure you if you're 
in good shape. However, that sting 
could surprise you enough to make you 
drop your prized audion to the floor. 
Warnings aside, this project has many 

open ends that beg for experimentation: 
filament current might be varied with 
a low value (10-20 ohms) rheostat to 
provide volume control. The antenna 
coupling could be varied with a 150 
pF variable capacitor in series with 
the antenna lead. Many different triodes 
are usable, or even tetrodes (double 
grid tubes) can be used. The coil may 
be re-wound for other bands, although 
the value of C 1 might have to be 
lowered. Regeneration can be accom-
plished by varying C3 and eliminating 
R2, or even by physically rotating L3 
with respect to L2. Try considering 
what negative feedback does to any 
amplifier. 
A good book to help the experi-

menter is the ARRL's The Radio Ama-
teur's Handbook, which has tips on 
safety, construction, theory, and it even 
has a complete index of tube types and 
pin diagrams for all your junk box 
tubes. Even if you are somewhat of an 
advanced hobbyist, you can still de-
light in an antique technology as you 
listen to the radio by the glow of your 
venerable vacuum tube.  IN 

Wire-Wrapping 
(Continued from page 84) 

place. Next, wire the power connection 
pins of each socket to the power buses 
using conventional wire jumpers and 
soldering them in. 
Now insert the rest of your com-

ponents, and interconnect them with a 
hybrid technique: solder those connec-
tions which can be made using the 
board's copper pad pattern. For in-
stance, the junction of two resistors is 
easily established by inserting the wire 
leads of the resistors into two adjacent 
holes in a copper pad, and soldering 
both leads to the pad. 
Wire-Wrap Tight Spots. The great ad-

vantage of the wire-wrapping technique 
is that it allows connections to be 
made in tight places. There is no dan-
ger of shorts from solder bridges, and 

no nicking of insulation by a hot iron. 
However, a good wire-wrap joint re-
quires a square post to wrap over. 
Wrapping on the round lead from a 
resistor is all right as a temporary 
technique, but not recommended for 
more permanent construction. 
Digital projects, where the ICs usu-

ally outnumber the passive compon-
ents, will require lots of wrapping. On 
the other hand, projects containing 
more passive components than inte-
grated circuits will demand a greater 
amount of soldering. (Note: Passive 
components have widely spaced leads; 
hence they are easy to solder. Inte-
grated circuits, with their tightly spaced 
pins, are much easier to wire-wrap.) 
The Results. How did the WK-4B 

kit work? Just fine, as you can see from 
the neat looking pulse burst generator 
illustrated here. The technique is rela-
tively fast and convenient—much easier 
than perfboard. While wire-wrap may 

not be as compact (nor as quick to 
assemble) as a pre-fab printed circuit, 
it is much faster to assemble than a 
homemade PC board. Furthermore, the 
wire-wrapped connections are every bit 
as reliable as a solder joint, provided 
that you make them properly. As testi-
mony to that fact, it should be noted 
that even commercial equipment is 
being wire-wrapped today—often by 
computer-controlled wire-wrapping tools. 
So, whether you're building a proto-

type of your own design, or assembling 
a project for which no prefab PC board 
is available, why not give,wire-wrapping 
a try? For more information on the 
WK-4B Kit, write OK Machine and 
Tool Corp., 3455 Conner St., Bronx, 
NY 10475. Circle No. 37 on the Reader 
Service Coupon.  • 

Take stock in America. 
Buy U.S. Savings Bonds. 
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Sitrat 
(Continued from page 47) 

corresponds to 0 ma on your meter. 
When your SITRAT is complete, you 
will have labeled the 1.0 ma mark on 
the meter's dial with the maximum 
temperature and the 0 ma point with 
the minimum temperature. 
Next, draw a vertical line directly up 

from the temperature axis at the 110° 
mark. This line is labeled (c) on the 
chart. Determine the point on the curve 
this line meets, then draw a horizontal 
line (labeled d) to the current axis and 
make a note of the current reading. 
The author marked this point as .82 ma 
at 110°F. He did the same for the fol-
lowing temperatures; 100, 90, 80, 70, 
60, 50, 40, 30, 20, 10, 0, —10, —20, 
—30 and the minimum temperature 
(-50). All the information is given in 
Table 3. The reader should construct a 
table similar to Table 3. However, the 
exact numbers will differ (except for 
the 120T, .9 ma point) from Table 3. 
This is due to the fact that no two 
transistors (even two 2N5129) have 
exactly the same characteristics. 
Alternative Method. If graphs and 

curves aren't your bag, you can still 
build SITRAT. All you have to do is 
take measurements at exactly 10 de-
gree intervals. While this isn't easy, it 
can be done. Your table should be 
similar to Table 3, although it probably 
won't go much below 10°F because of 

TABLE 3 
Temperature 

(OF) 
130°F (Max.) 
120 
110 
100 
90 
80 
70 
60 
50 
40 
32 
30 
20 
10 
0 

—10 
—20 
—30 
—50 (Min.) 

Current 
(milliamperes) 

1.0 ma 
.9 
.82 
.74 
.67 
.60 
.54 
.475 
.42 
.365 
.32 
.31 
.265 
.22 
.18 
.145 
.11 
.07 
.00 

NOTE: Table 3 was derived by the au-
thor from measurements taken with his 
prototype of SITRAT. Your Table will be 
similar, although it will differ in actual 
readings as well as the minimum and max-
imum temperature.   

the difficulty of easily obtaining tem-
peratures below this value. 
Drawing The Meter's Dial. After you 

construct the final table (which should 
be similar to the author's Table 3), the 
final step is to label the meter's dial 
plate. Remove the meter's clear face-
plate. For meter's with plastic face-
plates, this is done by gently prying it 
off with your fingers. Better meters 
have two small screws holding it in 
place. Use a pencil eraser and remove 

the 'D.C. MILLIA MPERES' label as 
wel as all numbers. 
Applications. This thermometer has 

many applications. Remote-reading out-
door thermometer and freezer ther-
mometer are just a few of the possibili-
ties. To catch lots of fish, find the spe-
cies water temperature. Drop the probe • 
to the water depth indicating that tem-
perature. Then, drop your fishing line 
to the same depth. While the author 
hasn't tested SITRAT for cable's longer 
than 15 feet, the reader hould experi-
ence no problem with very long cables. 
Final Comments. Your SITRAT is 

unique. No one has another one ex-
actly like it. The reason for this should 
be obvious now. The transistor you used 
is one of a kind. The higher the tran-
sistor gain, the less sensitive your SIT-
RAT will be. However, this isn't neces-
sarily bad. The less sensitive your 
SITRAT the greater the range of tem-
peratures it will measure. 
Your SITRATs accuracy depends 

upon how carefully you labelled the 
meter's dial plate. The quality of panel 
meter you use is also a factor. SIT-
RAT's accuracy is diminished at bitter 
cold temperatures; below about —20°F. 
While SITRAT is about as cheap an 

electronic thermometer it is possible to 
build, you actually substitute your time 
for dollars. There is no such a thing as 
a free lunch. However, most of the 
time used in completing SITRAT is 
fun time. You will soon dream up 
applications that the author has never 
even thought of.  • 

Energy Sentry 
(Continued from page 92) 

components are polarized and the cir-
cuit will not work if any of these are 
placed incorrectely on the board. 
Before inserting U 1 into its socket, 

apply power to the circuit and measure 
the DC voltage across C2 to ensure 
that the circuit is operating properly. 
Once this is done, disconnect line pow-
er before inserting U 1. Be sure the IC 
is plugged in facing the correct direc-
tion. Pin 1 of the IC is indicated by a 
small dot on the foil layout. 
Test And Calibration. For best ac-

curacy, the circuit should be calibrated 
somewhere near the middle of its range. 
A set of six 100 watt incandescent 
lamps, connected in parallel, will pro-
vide an excellent 600 watt load to cali-
brate the unit. 
Before the calibration can be per-

formed, determine the actual cost of 
electricity in your area. The easiest and 

best way to do this is to obtain a re-
cent electric bill which shows the num-
ber of kilowatt hours of electricity used, 
and the total cost during one billing 
period. Divide the electrical cost by 
the number of kilowatt hours. The re-
sulting quotient will be the average 
cost of one kilowatt hour of electricity. 
Once you have determined the cost 

per KWH, multiply this by the wattage 
of your test load. In this case it would 
be 80 times .6 KW (600 watts) for six 
100 watt lamps connected in parallel: 
Thus, in our example: 
80 per KWH X 0.6 KW=4.80 per hour. 
4.80 can be rounded off to 50 strictly 
for calibration purposes. 
Connect the test load to the recep-

tacle on Energy Sentry. Plug the line 
cord into a 115 volt receptacle and ad-
just R3 so that LED #5 (50) is illu-
minated. This completes calibration of 
your cost saving Energy Sentry. 
Use of the Instrument. You may use 

-Energy Sentry on any 115 volt appli-
ance in your home. Although this unit 
will generally be accurate to within 10 

per hour, it does not take into account 
the power factor of the load. In the 
case of appliances which generate heat, 
such as toasters, irons, and coffee 
makers, the power factor of these units 
is 1 and no correction factor is neces-
sary. Other appliances which use in-
ductive components, such as motors, 
have power factors of possibly 0.8 or 
0.9. In this case Energy Sentry will 
indicate a cost per hour greater than 
true cost. A correction can be obtained 
by multiplying the indicated cost per 
hour by the power factor of the ap-
pliance or load being tested. 
Note. Be sure to insulate the trans-

former case of T2 from the metal case. 
If not, an AC leakage current to the 
case will make the case hot, creating a 
shock hazard. 

Please support our 
efforts. Amer ican  

Cancer Society 51. 
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396. Creative Computing's first software catalog 
of various education and recreation simulation 
programs as well as sophisticated technical ap-
plication packages is now available. 

397. Instant Software, Inc. is offering a special 
holiday catalog for all kinds of year 'round soft-
ware package gift giving, as well as their regular 
microcomputer catalog. 

401. AP Products' "Faster and Easier Book" is 
designed to eliminate any problems with bread-

boarding, interconnection and testing devices. 
All-circuit evaluators with power are featured. 

402. Technical Electonrcs has descriptions ga-
lore of all kinds of electrical gadgets-transistors. 
computer power supplies, and logic probes-in its 
latest (6-80 B) mail order catalog. 

403. PAIA Electronics gives you "Advanced Elec-
tronics For The '80s and Beyond." Brochure fea-
tures computerized music syrthesizers. 

411. Interactive Microwave, Inc., publishes a pro-
gram that lets your 48K Apple II plot complex sci-
entific graphs. Called Scientific Plotter it is just 
one of many programs available. 

412. Ohio Scientific produces a Word Processor 
prog -am for its various personal computers called 
OWP-3-1. It features no-line-numbering, elaborate 
cursor editing and color prompting The company 
offers a vast catalog of software. 

413. Asteroids in Space is just one of many pro-
grams available from Quality Software. This space 
game pits the would-be star ship commander 
against an impenetrable field of asteroids. Runs 
on a 32K Apple II. 

414. For the small business operator who needs 
to keep track of customer orders and fulfilment, 
B&B Software has added CORP (Customer Order 
Review Program) for TRS-80 computers to its 
software listing. 

415. Texas Instruments is making available a 
wide variety of software for its TI-99 4 personal 

computers. Statistics is just one of many solid 
slate program modules available. 

416. HEXDOS 23 from the 6502 Program Ex-
change is not a demonic glitch excorcisor, but 

rather an ingenious 2K disk operating system 
for OSI Challenger 1P and Superboard II per-
sonal computers. 

417. Microsoft Consumer Products, who publish 
the famous and almost universal Microsoft BASIC, 
are now offering COBOL and FORTRAN for Apple 
II computers with dual disk drives. 

418. Included in the Heath Company's large soft-
ware catalog is its version of Digital Research's 
CP M operating system CP M allows Heath com-
puters to use any of the vast libraries of CP M 
compatible software. 

419. Hayden Publishing Company has gone into 
software publishing in a big way. Its Data-Graph 
program converts raw data into lively, colorful 
and useful charts. 

421. Osborne 'McGraw-Hill Publishing has pro-
duced a program that contains 76 assorted and 
very useful number crunching programs for math 
and business use Entitled: Some Common BASIC 
Programs, this is in cassette and book form 
for PET, CBM and TRS-80 

422. The Troll's Hole Adventure is just one of 
many programs -from Micro-Video that deal with 
fantasy and adventure. A large vocabulary lets 
you move through an underground maze fraught 
with danger. If you are on your toes you might 
have a chance of surviving. 

423. Your personal computer can help you track 
your Wall Street fortunes with this Apple Com-
puter, Inc., program: Dow Jones Series Portfolio 
Evaluator. With a modem you can access more 
than 6.000 stock quotes through the Dow Jones 
News Retrieval System. 

425. Fasten your seatbelt for Scott Carpenter's 
Great Race-a 600-mile computer road race, pro-
duced by the 80-US Journal. The company pub-
lishes many programs for Z-80 based machines. 

426. One package containing 13 various business 
programs for TRS-80 computers is available from 
Management Systems Software, Called Business 
Package Program, it performs many useful ac-
counting and analysis chores for the small busi-
ness user. 

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. 

310. Compumarf Corp., formerly NCE, has been 
selling computers by mail since '71, and is offer-
ing a 10-day return policy on many items featured 
in their latest catalog. 

313. How to plan and control effective informa-
tion  systems  development  is the  subject  of 
"Data  Dictionaries  and  Data  Administration" 
from the McGraw-Hill Bookstore. 

320. Over 150 pages and more than 500 software 
entries are included in Commodore  Business 
Machines, Inc. publication, "Commodore Soft-
ware Encyclopedia." 

327, Prentice-Hall, Inc. has released a popular-
priced series of softcover books on personal 
computing, computer programming and debug-
ging, computer repair, and digital and computer 
design. 

328. Tab Books has just published "Pascal," an 
in depth book describing all the ins and outs 

of the popular Pascal language. It explains how 
to read syntax diagrams, use write statements, 
and much more. 

330. There are nearly 400 electronics kits in 
Heath's new catalog. Virtually every do-it-yourself 
interest  is included-TV,  radios, stereo, hi-f., 
hobby computers, etc. 

333. Get the new free catalog from Howard W. 
Earns. It describes hundreds of books for hobby-
ists and technicians-books on ccmputer con-

struction pro;ects and computer programming 

335. The latest edition of the Tab Books catalog 
describes over 450 books on electronics, broad-
casting. do-it-yourself, and computers and com-
puter-related items. 

345. Computer Science Press, Inc. is publishing 
a full line of computer-related bcoks. including 
"Structured  Basic  and  Beyond,"  "Jewels  of 
Formal Language Theory," and "Algorithms for 
Graphics." 

354. Everything the small businessman needs to 
know about computers is contained in "Small 
Computers for the Small Businessman," from 
Di lithium Press. 

359, Electronics Book Club has literature on how 
to get up to 3 electronics books (retailing at 
558 70) for only 99 cents each . .. plus a sample 
Club News package. 

380. Software Publishing Corporation  has  re-
leased two data-based programs for the Apple 
II PFS and PFS: Report are high-quality per-
sonal information management systems. 

384. B&K Precision has issued BK-81, a test in-
strument catalog featuring over 50 prodUcts in-
cluding oscilloscopes, frequency counters, digital 
an analog multimeters and accessories. 

386. If you're looking for books on computers, 
calculators, and games, then get the latest BITS, 
Inc. catalog. It includes novel items. 

388. The CP, M HANDBOOK (WITH MP M) from 
SYBEX will tell you everything you wanted to 
know about the popular CP/M Disk Operating 
System, but were afraid to ask. 

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 

390. Hayden Book Company is publishing a new 
book telling all about musical applications of 
microprocessors. In fact, it is called "Musical 
Applications of Microprocessors," certainly an 
appropriate title. 

391. A new software products catalog for the 
Apple  II Computer has just  been  issued by 
Charles Mann & Associates. The booklet contains 
business accounting, accounts receivable, inven-
tory. BASIC teaching and other special purpose 
business applications. 

395. OK Machine and Tool explains the technol-
ogy of wire-wrapping, complete with illustrations, 
in its catalog of industrial and hobby products, a 
60-page book (80-36N) 

405. Everest House's "Owning Your Own Com-
puter" by Robert Perry answers almost every 
question you could bring to mind about owning 
your own computer One chapter offers 99 com-
mon things to do with a home computer. Quite 
a book! 

407. Poly Paks Inc. carries a diversified tine of 
electronic equipment at bargain prices. They 
cover computer products, electronic games, tools 
for the hobbyist and professional, and much more. 

408. PanaVise Products, Inc., a manufacturer of 
precision vises for holding electronics projects, 

computer circuit boards and other devices re-
quiring precise, steady support is offering their 

new eight page color catalog. The PanaVise 
system uses a series of interchangeable base 
mounts  and  accessories  to  accommodate  a 
great variety of applications. 

409. Connecticut MicroComputer Inc. has issued 
a new catalog describing their computer inter-
faces for PET, APPLE, TRS-80, KIM and others as 
well as data acquisition modules and accessories, 
including a variety of connectors. 

410. Howard W. Sams' book division has started 
publishing personal computer software. Many of 
their programs are related to electronics con-
struction. Send for brochure. 
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Classified 
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BUDGET ELECTRONICS -is published annually. The rate per word for CLASSIFIED ADVERTISE MENTS  is $1.00 

payable in advance - mini mu m ad $15.00. Capitalized words 400 per word additional. 

ADDITIONAL INCOME 

"DIVORCED And How To Make It Financially." 
100 page book, proven successful experience. $5.00 
Box 951, Hanford, CA 93230. 

MECHANICALLY  INCLINED  INDIVIDUALS  As-
semble electronic devices in your home. Knowledge 
or experience not necessary. Get started in spare 
time. Above average profits. $300-$600,wk. possible. 
Sales handled by others. No investment- Write for 
free  details.  ELECTRONIC  DEVELOPMENT  LAB, 
Box 156010, Pinellas Park. FL 33565. 

EXTRA  income in  Health-Nutrition  Bonus  Pro-
gram, new car. Details: Golden, Rt. 2, Box 392D, 
Fair Grove, MO 65648. 

FREE Information. Extra money at home in spare 
time, World Wide Enterprises, P.O. Box 962, %VI M.. 
CT 06492. 

BURGLARM1ST  electrically  triggered  tear  gas 
antiburglary  device  provides  unsurpassed  burglary 
protection. 359.95 Visa, MC, COD. Dealer inquiries 
invited. Seramco, 832 West First St., Birdsboro, PA 
19508.  215-582-1694 

AGENTS W ANTED 

PESTIGE  Sideline!  Distribute  literature.  We  do 
rest.  Financial  Planners,  Suite  825.  39  South 
LaSalle,  Chicago 60603. 

AUTHOR'S SERVICE 

PUBLISH 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. SMV, 
84 Filth Avenue, New York 10011. 

"HO W TO BE BLESSED WITH SUCCESS" Dy-
namic study in Faith reveals Divine principles. $3.00 
PPD. Abundant Life. Box '765. Dallas, NC 28034. 

AUTO PARTS & ACCESSORIES 

NEW Carburetor book 100. MPG Carburetors. Free 
information. Carbu. Route 113. Hitchcock, SD 57348. 

AUTO MOBILES & MIDGET CARS 

"SECRET 200 MPG CARBURETOR REVEALED!!! 
FREE DETAILS! MPG-DPC981, BOX 2133, Sandus-
ky, OH 44870 

AVIATION 

ANTIGRAVITY PROPULSION DEVICE! Free Bro-
chure. RDA, Box 873, Concord, NC 28025. 

BLUEPRINTS, PATTERNS & PLANS 

AUTO ANTI-THIEF DEVICE  Effective. simple, in. 
expensive. Complete plans 310 00. Hobert Williams, 
1670 Woodward Hts., Ferndale, MI 48220. 

NEW CRAFT PRINT CATALOG-Choose from over 
100 great easy-to-build plans. Send $1.25 (completely 
refunded with your first order), BOAT BUILDER. 
(CP Div.)-380 Lexington Ave., New York, NY 10017. 

DIGITAL AUTO KITS: simple, accurate. inexpen-
sive.  Stamped  envelope  for  FREE schematic  pack 
and prices. Digital World, P.O. Box 5508. Augusta, 
GA  30906. 

MODIFIED LAWN MO WER ENGINE. Makes great 
air compressor-complete plans $15.00.  Hobert  Wil-
liams, 1670 Woodward Hts., Ferndale, MI 48220. 

BOOKS & PERIODICALS 

BLACK  CAT Msstery  Magazine,  $8, year.  March 
Chase  Publishing,  Dept.  DP,  45. 712  Southport 
Toronto. Canada M6S .3N5. 

SURVIVAL:-Informative Newsletter forecasting the 
1980's. 6 months 25.00.  John's  Books,  2125 Titus, 
Pomona, CA 91766. 

BUSINESS OPPORTUNITIES 

STAY HOME! EARN BIG MONEY addressing en-
velopes. Genuine offer 10t. Linde°, 3636-DA, Peter-
son. Chicago 60659. 

FREE BOOK  "2042 Unique Proven Enterprises" 
Fabulous  "unknowns."  second  inflation  income. 
Haylings-E12. Carlsbad, CA 92003. 

$75.00/HUNDRED POSSIBLE STUFFING ENVEL-
OPES!  GUARANTEED  PROGRAM.  Send  stamped 
envelope: Nationwide, Box 58806, Dallas. TX '75258. 

BUSINESS OPPORTUNITIES-Cont'd  BUSINESS OPPORTUNITIES-Conf'd 

FREE  Details.  Start  Your  Own  Business  on  a 
Shoestring. Write: Cavco, 3490 President Circle, Las 
Vegas, NV 89121. 

BECOME an ordained minister. Start a non-profit 
organization. Many benefits! Credentials and Infor• 
elation $10.00. Universal Life Church, 1335 Seabright 
Ave. (8M), Santa Cruz, CA 95062 

Now lo Write is 

Classified Ad 2:4M? -zITU 
Thai Pulls 
who, lo Soo and  OP'  •  ̂

How to Sny  lekip. : 

Only 
50 

Worth Its 
Weight In Gold 

MAKE YOUR CLASSIFIED AD PAY 
Get "How to Write A Classified Ad That Pulls." 

Includes Certificate worth $2.00 towards a classified 
ad in this publication. Send $1.50 (plus 25* postage) 
to R. S. Wayner, Davis Publications, Inc., Dept. CL, 
380 Lexington Ave., New York, N.Y. 10013. 

PLASTERCRAFT! Moneymaking home business. Be 
your  own  boss.  Free  details.  Mailway.  2494911F1). 
Nashville, TN 37202. 

GOOD INCOME WEEKLY Processing Mall! Free 
Stpplies, Stamps!  Information:  Rush stamped en-
velope! Foodmaster-DC3, Burnt Hills, NY 12027. 

FRANCHISES, over 800 companies. Complete list 
and  information 21.50.  Refundable.  Franchise  Re-
search Corp., Box 1528610, Chattanooga, TN 37415. 

1000% Profit Bronzing or Chinakoting Baby Shoes. 
Free  Literature.  NBSD(3,  398  Sebring  Airport, 
Sebring, FL 33870. 

$1 per Addressed Envelope. FREE DETAIL. Bronx-
vine House. Box 311-D, Bronxville, NY 10706. 

HO W TO know which "opportunity offers"  give 
you the best chance to get rich!!  STOP  wasting 
money  for  worthless  manuals  and secrets,  FREE 
details.  OWL  Publishing,  Box  1711,  Grafton,  VA 
23692. 

$60,000  in  four  weeks 
stamped envelope to Jomar, 
field, MI 48037. 

GUARANTEED.  Send 
Inc., Box 2518, South-

"CASH IN"  Mailing Commission Circulars.  "IN-
STANT  PROFITS "  Starting  Kit  (3  Stamps) 
Grahamco, DPBX 99371, Tacoma, WA 98499. 

"$25.00/Hr. Possible Mailing Circulars Spare Time." 
Rexson 24-01F Box 1060, Orange Park, FL 32073. 

$600.00  WEEKLY  MAILING  ENVELOPES!  New 
Guaranteed Program! Free Proof: Sunrise, Box 415-
DS. Lewiston, NY 14092. 

FIRST Amway-Then Shaklee-Now . . . Enhance! 
Be  First!  Free  Details!  (612)  588-1957.  Enhance 
Office, Box 22726SY, RobbInsdale, MN 55422. 

EARN  33,000  monthly showing  friends  how  to 
beat inflation, save MC and buy wholesale. Full de-
tails  $3.  Charles  Possick,  Box  3125-D,  Seminole, 
FL 33542. 

RECEIVE MONEY BY MAIL FOREVER! Carefree! 
Try It. Rainbow, Box 16101-C101, San Francisco, CA 
94116. 

EARN EXTRA INCOME, put your typing skills to 
work. $2.00 brings booklet containing complete in-
formation  Hood  Enterprises.  Dept.  124,  P.O.  Box 
291, Powell, TN 37849. 

"CASH IN" Mailing Commission Circulars. "IN-
STANT  PROFITS "  Starting  Kit  (3  stamps). 
Grahame°. DPBX 99371, Tacoma, WA 98499. 

$20,0004100,000 YEARLY. Start your own JANI-
TORIAL business. Write: CleanPro, P.O. Box 17060, 
BE, Portland, OR 97217. 

MAKE Two to Three times your coat on Hun-
dreds  of  Products;  Gift  Items,  Novelties,  Toys, 
Carded Merchandise, 1001 others. $2.00 brings giant 
catalog, refundable on first order. My company is 
Lamont  Specialty  Gift  World,  50  Knightsbridge 
Road, Great Neck, NY  11021. 

PROFITABLE Donuts Miniature or Regular Auto-
matic Variable Speed Machines from 5 to 140 doz. 
Per hr. Gold-N-Good Donuts, 1821 University Ave., 
St. Paul, MN 55104 612-646-5431. 

MAILORDER  OPPORTUNITY!  Start  profitable 
home business without experience or capital. Write 
for free book and details. No obligation. Gil Turk, 
Dept. 501, Montvale, N.J. 07645. 

"MARKET 2500 amazing new f astsellers without 
risk."  Free  Brochures!  Brightco,  Box  91309-N10, 
Cleveland, Ohio 44101. 

BUY IT W HOLESALE 

400,000 BARGAINS Below Wholesale! Many Free! 
Liquidations . . . Closeouts . . . Job Lots . . . 
Single Samples.  Free Details.  Worldwide  Bargain-
hunters, Box 730-10, Holland, MI 49423. 

3-D  Pictures,  37  Topics,  Beautifully  Mounted, 
"Hot Sellers." Wholesale-22.50. Stamp brings details. 
Pirates Den, Seneca, SC 29678. 

DETECTIVES 

FREE Details. Become Private Investigator. Send 
$2. 00  postage,  handling:  Private  Invstigator,  Box 
30471,  Santa Barbara, CA 93105. 

DO IT YOURSELF 

EASY Crocheted gift ideas. $2.00 brings complete 
details. Billy Barrett, Box 384, Imperial Beach, CA 
923032. 

SECRETS OF REPAIRING 'TV'S REVEALED. Any-
one can do it  . . Guaranteed. Details Free. Re-
search, Box 517K, Brea, CA 92621. 

EDUCATION & INSTRUCTION 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors, 
Masters, Ph.D.s . . . Free revealing details. Coun-
seling. Box 389-B9, Tustin, CA 92680. 

NINJA Instruction and Catalog $5. Defense Arts, 
Inc., Box 1028, Smyrna, GA 30081. 

COLLEGE Degrees  From Your Own  Home.  For 
Information, send $1 00 to Wayne Educational Group, 
Dept S, Box 3037, Wayne, NJ 07470. 

UNIVERSITY Degrees By Mail. EDUCATION, 256 
South Robertson, Dept. 25, Beverly Hills, CA 90211. 
(213) 652-6452. 

EXPERT HELP,  by  mail,  with your  electronics 
course. We'll provide tutoring, coaching and advice. 
Send  for  free  literature.  INSTITUTE  OF  AD-
VANCED  ELECTRONICS,  P.O.  Box  32740B,  DE-
TROIT, MI 48233. 

EMPLOY MENT INFOR MATION 

JOURNEYMAN  CREDENTIALS  GRANTED! 
LEGITI MATE,  Write:  National  Craftsman  Union, 
210 Fifth Avenue, Suite 1102. New York, NY 10010. 

FIND Good  Jobs  Anywhere!  Anytime!  Exciting 
Report Only $2.00. ABC, Box 8093, East Hartford, 
CT 08108. 

FOR THE HOME 

PROTECT yourself, Family, Home! Free Catalog. 
Personel  Security  Products.  Evergreen,  Box  1320 
(DP), Lakegrove, OR 97034. 

ELIMINATE  ALL  W ORRIES  involving  UPKEEP 
and MAINTENANCE of YOUR HOME. Our GUIDE 
for the HOMEO WNER answers all questions. Profit 
from PERSONAL-PROFESSIONAL approach to PRE-
SERVING  and  IMPROVING  your  home.  INVEST 
$18.00 a year  for six  newsletters  prepared  by  • 
BUILDER with 30 years experience. Send $5.00 for 
sample copy. THE HOUSE DOCTOR, P.O. Box 2064, 
Ann Arbor, MI 48106. 

GOOD EATING 

25 FA MOUS YUGOSLAVIAN RECIPES, UNUSUAL 
for  this  continent.  $4.98.  Pierre  Corrivean,  FOB 
t2099. Rock Forest, Que, JOB 2J0. 

DISTRIBUTORS.  Immediate Cash  Profits!  Revo-
lutionary Automotive Bargain. Free Details. Motaloy, 
Box 4457D5, Downey, CA 90241. 
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$600 Weekly. Home Mailing Program. Goodworld. 
Box 26233-JIC, Tamarac, FL 33320. 
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To be included in the next issue, please send order and remittance to R. S. Wayner 
BUDGET ELECTRONICS, 380 Lexington Ave., New York, N.Y. 10017 

GOOD EATING-Cont'd  MEMORY IMPROVEMENT 

25 VEGETARIAN RECIPES. Many taste EXACTLY 
like meat. $4.98. Pierre Corrivean, POB #2099. Rock 
Forest, Que. JOB 2.10. 

GOVERNMENT SURPLUS 

SURPLUS  JEEPS  $19.30!  CARS  $13.50!  650,000 
ITEMS! GOVERNMENT SURPLUS-- MOST COMP RE-
HENSIVE DIRECTORY AVAILABLE TELLS HOW. 
WHERE TO BUY-YOUR AREA-$2- MONEY-BACK 
GUARANTEE,  "GOVERNMENT  INFORMATION 
SERVICES," DEPARTMENT E-8, BOX 99349, SAN 
FRANCISCO, CA 94109. 

BARGAIN prices on surplus  aircraft,  electronic, 
vehicle,  photographic  and  telephone  equipment. 
Choose from 38 categories,  deal directly with Ca-
nadian Government, enormous savings. Details and 
required forms. $2. money back guarantee. B. Jeff-
rey,  Canadian  Gov't.  Surplus,  Box  2594,  Stn-D, 
Ottawa. Ontario, KIP 5W6. 

GREATER FREEDOM 

BOXED IN?? .  . There is more adventure, ex-
citement,  freedom  than  you're  experiencing  now. 
Why wait? Greater freedom can be yours today! Act 
Now! Free Information: Prosperos, 3311DP Harrison, 
Cincinnati, OH 45211. 

HYPNOTISM 

FREE Fascinating Hypnosis Information! Startling' 
DLMH. Box 487, Anaheim, CA 92805. 

IMPORT-EXPORT 

"MARKET 2500 Exciting New Fast-Sellers Without 
Risk."  Free  Brochures!  Brightco,  Box  91309-N9, 
Cleveland, OH 44101. 

COMPLETE  IMPORTING  GUIDE.  Shows  how. 
where, when for Large Profits. $4. Importer,  1521 
Valencia, Oceanside, CA 92054 

JEWELRY 

INSTANT MEMORY  . . . NE W WAY TO RE-
MEMBER. No memorization. Release your PHOTO-
GRAPHIC memory. Stop forgetting! FREE Informa-
tion.  Institute of Advanced Thinking. 845DP Via-
Leper, Pacific Palisades, CA 90272. 

MISCELLANEOUS 

SAVE!  Fabulous  Gems  For  Jewelry,  Collecting' 
Gemcutter  to  You!  Details  Free.  Taylor's.  113-A 
Martin, Indian Harbor Beach, FL 32937. 

TECHNICAL  SECRETS-Electronic  Surveillance, 
Lock-Picking, etc. Free brochures: Mentor-DP. 135-53 
No. Blvd., Flushing, NY 11354. 

NATAL  CHART  AND  PLANETARY  ASPECTS. 
Highly Decorative, PERSONAL. Date, time, place of 
birth.  $20.00.  Pierre Corrivean,  FOB  02099,  Rock 
Forest, Que. JOB 2J0. 

NEW BEAUTIFUL 1982, FASCINATING GIFT CA-
TALOG. Over 200 tasteful  items. Send $2.00,  re-
fundable: University Distributing, P.O. Box 60, DP-I, 
University Station,  Syracuse,  NY  13210. 

ENTER our drawing give-away. Win free deluxe 
vacation for 2 or cash $1,800. Help us celebrate our 
anniversary. Send name, address with 25e handling. 
Good year  round;  no obligation.  Inland  Oil  Co.. 
Box 11, Huntsville, 72740. 

RESTRICTED  BOOKS  & MANUALS:  Electronic 
Surveillance,  Locksmithing,  Investigation,  Weapons, 
Explosives,  and  more.  Free  Brochures:  MENTOR 
PUBLICATIONS. Dept. DP, 135-53 No. Blvd.. Flush-
ing,  NY  11354. 

FREE 1001 things anyone can get by simply writ-
ing and asking. 64 page book tells you how. Send 
$2.95  to Juniper  House  Gifts  Eetc.,  465  Juniper 
Street, North Liberty, Iowa 52317. 

MONEYMAKING OPPORTUNITIES 

8300 WEEKLY SPARE TI ME-Mailing Salesletters. 
Details:  Delta, Dept.-D, Box 2903-CRS, Rock Hill, 
SC 29730. 

CLOSEOUT JEWELRY  75e Dozen. 25e gets cata-
log. ROUSSELS, 107 910 Dow, Arlington, MA 02174.  $1500  WEEKLY  POSSIBLE  STUFFING  ENVE-

LOPES!  GUARANTEED PROGRA M.  Send stamped 
envelope:  Nuway, Box 546. Woodinville, WA 98072. 

LOANS BY MAIL 

"BORRO W  by  mall I Signature  loans.  No  col-
lateral! Free details. Write MBG-DP981, Box 2298, 
Sandusky, OH 44870. 

THE ARABS HAVE MILLIONS TO LOAN,  IN-
VEST! FR EE DETAILS! Arab DP, 935 Main, Vidor, 
TX 77662. 

BORROW $30,000  without  interest!  All  eligible. 
Repay anytime. Free details. Infohouse. Box 1004-
BE112, New York, NY. 

QUICK MAILOANS! FREE DETAILS AND FREE 
APPLICATION  FORM  RUSHED  IMMEDIATELY! 
Lenco, Box 724- W10, McMinnville, OR 97128. 

UNSECURED Loans to $5,000 on Just your Signa-
ture. Call (804)  482-2519 or write to Confidential 
Finance, 2160 Lloyd, Chesapeake, VA 23325. 

FREE book describing loans to deserving individ-
uals refused elsewhere.  Many plans included.  Try 
us! Associates, Box 98-D, Brooklyn, NY 11235. 

BORROW  $25.000 "OVERNIGHT."  Any  purpose. 
Keep  indefinitely!  Free Report!  Success  Research, 
Box  29070-S W,  Indianapolis,  IN  46229. 

GET cash grants-from Government. (Never repay.) 
Also, cash loans available. All ages eligible. Complete 
Information,  $2  ( ref undable)  Surpl us  Funds-DO, 
1629 K St., Washington. DC 20006. 

$LOANS$ ON SIGNATURE FOR ANY AMOUNT & 
PURPOSE! Elite, Box 454-DG, Lynbrook, NY 11563. 

BORROW 91,000450,000 secretly-"overnight." Any-
one! Credit unimportant. Repay anytime. Incredibly 
low  interest.  No  interviews,  collateral,  cosigners. 
Unique  "Financier's  Plan."  Full  information,  $2 
(refundable). Spectrum, 120 Wall St.-16, NY 10006. 

INTEREST FREE Money. No Credit Check, col-
lateral, or co-signers. Any amount possible by mail. 
Full information $10.00 (GUARANTEED). MEX RE 
Consultants, Box 44, Lacks.. NY 14218. 

MAIL ORDER OPPORTUNITIES 

$80/100! Stuff Envelopes. No Limit. Free Details 
Greenwood, Box 776(DP), Tualatin, OR 97062. 

YOUR Road to riches. Try it. Send self addressed 
stamped envelope: Arnold Lange, RD 4, Box 657E, 
Greenwood Lake, NY 10925. 

TRANSLATE YOUR IDEAS INTO MILLION DOL-
LAR BUSINESSES. FREE INFORMATION. SETHCO, 
7131 NORTH CLARK STREET, CHICAGO, IL 60626. 

"1125.00/Hr. Possible Mailing Circulars Spare Time." 
Ftexson. 20-02F, Box 1060, Orange Park, FL 32073. 

CRIME  PAYS)  150%  Profit.  Distribute  Security 
Products.  Free Catalog.  Evergreen,  Box  1320)DP), 
Lakegrove, OR 97034. 

960.00/Hundred securing-stuffing envelopes!! Offer-
details RUSH stamped addressed envelope: IMPERI-
AL-P460.  Box 17410,  Port Lauderdale, FL 33318. 

EARN BIG MONEY stuffing envelopes. Guarantee. 
Free  details.  Ideal  Enterprises,  P.O.  Box  137. 
Marietta, MS 38856. 

STUFF  Envelopes,  $500/thousand,  Free  supplies, 
Rush  Stamped,  Addressed  Envelope,  Hawaii  Mall 
Company, P.O. Box 88106, Honolulu, HI 96815. 

MOTION PICTURE PROJECTORS, & SLIDES 

BREATHTAKING  GLA MOUR  SLIDES,  CLASSIC 
NUDES.  Catalog,  six samples,  $3.00.  Photographic 
Place,  Box 806-13, Royal Oak,  MI  58068. 

OLD GOLD WANTED 

BUYING Gold, Silver, Platinum, any form! Infor-
mation write: American Metals, Box 30009, Charles-
ton, SC 29407. 

PERSONAL 

HAVE CONFIDENTIAL CHICAGO MAILING AD-
DRESS or branch office. Business, Personal; Since 
1944! Mail Center, 323(g) Franklin, Chicago 60606. 

MEET sincere,  beautiful  people-like  YOU.  Very 
low fees. Call DATELINE toll-free: 800-451-3245. 

PERSONAL-Cont'd 

MIGRAINE Headaches! Stop the misery. Stop the 
drugs. Start preventative nutrition supplements. In-
troductory supply and instructions $10.65 postpaid. 
Satisfaction  Guaranteed.  Prevention  Happy,  Box 
351-0, Lincoln, RI 02865. 

BECOME an ordained minister. Ministerial creden-
tials. Legalize your right to the title "Reverend." 
Write: Church of Gospel Ministery, 486CO, Skyhill 
Court. Chula Vista, CA 92010. 

UNIVERSITY  DEGREES  BY  MAIL!  Bachelors, 
Masters, Ph.D.s . . . Free revealing details. Coun-
seling. Box 389-DP9, Twain, CA 92680. 

BECOME A Legally Ordained Minister. Free De-
tails. ULC-DPM881, Box 2133, Sandusky, OH 44870. 

SINGLE? Meet sincere, beautiful people like you, 
in your area! Lowest fees. Call free 1-800-643-8780. 

LEARN to relax and live with stress. Send $1 50 
for more peace of mind. UN, 1840 St. John Street, 
Regina, Sask. Canada (S W IRS). 

FILIPINO. Oriental Ladies seek marriage, friend-
ship  $2.00 details,  photos.  Sampagulta.  Box  742. 
Jasper, IN 47546 

HOW to have and practice great faith. H. Faun-
tino, 92-915 Web, 106, Ewa Beach, HI 96706. 

ORIENTALS!  Photo  brochure  $1 00/ Details  free 
Fresh attractive listings. Golden Heart,  Box 2423, 
Yakima, WA 98901. 

BECOME- ORDfcIPIED Minister legally. Free "Rev-
erend"  credentials.  Church  of  God  Within.  Box 
398475-A,  Miami,  FL  33139 

VISA CREDIT CARDS issued quickly. No credit 
investigation. Free details. Stanland, 625 Post, Suite 
374, San Francisco, CA 94109. 

SCANDINAVIAN  Ladies,  all  ages,  sincere,  seek 
correspondence,  friendship/marriage.  Details:  $1. 
SCANNACLUB-90, Box 4, Pittsford, NY 14534. 

PHOTOGRAPHY-PHOTO FINISHING 

SAVE HUNDREDS OF DOLLARS!!!!  Make your 
own S & M Densitometer. Send $5.00 for detailed 
drawings  and  insrtuctions.  A m ust  for successful 
photography in your darkroom. Order direct: S & M 
Instruments.  Dept.  Bil,  380  Lexington  Ave..  New 
York,  NY  10017. 

RADIO & TELEVISION 

CABLE TV  DESCRAMBLERS  and  CONVERTER. 
MICROWAVE  antennas  and  downconverters.  Plans 
and parts. Build or buy. For information send $2.00. 
C&D Company, P.O. Box 21, Jenison. MI 49428. 

RECORDS I, SOUND EQUIPMENT 

FREE Promotional albums, concert tickets, stereos, 
etc. Information: Barry Publications, 477 82nd Street. 
Brooklyn, NY 11209. 

"FASCINATING!!!"  Golden-era  Mystery.  Sci-F1, 
etc. Radio Program Cassettes.  "Outstanding Selec-
tion!" "Inexpensive!" FREE Catalog:  Heritage-DC, 
412 Redbud, Oxford, MS 38655. 

ROBOTS 

COMPLETE details and drawings for working robot 
including sources for parts. $15.00 plus $1.00 postage. 
Add $3.00 for catalog of robot parts. ROBOT MART, 
19 West 34th St., New York, NY 10001. 

SONGWRITERS 

POE MS WANTED. Songs recorded and published. 
Radio-TV promotions. Broadway Music Productions, 
Box 7438-DA, Sarasota, FL 33578. 

SONG WRITERS:  Exciting  offer!  Poems,  songs 
needed. Free evaluation. Creative Music Productions, 
Box 1943-A9, Houston, TX 77001. 

START YOUR OWN BUSINESS 

THREE  Methods  Start  Business  $3.00.  Fifteen 
Ways Cut Taxes $3.00. Both 95.00. Saw: T-Mailings, 
30-B Wabasso Street, Waltham, 02154. 

WATCHES, WATCHMAKING & REPAIRING 
2000%  PROFIT SELLING  REPORTS WITH  RE-

PRINTING RIGHTS. DETAILS FREE. SEND SELF-
ADDRESSED STAMPED  ENVELOPE.  R.DR.  POST 
OFFICE BOX 71, 'TENAFLY, NEW JERSEY 07670. 

MARRIAGE Minded  Ladies  from the Far  East. 
Thousands of Photos. Cherry Blossoms-DAV, Hon-
okaa, HI 96727. 

WATCH and clock repairing books, tools, mate-
rials. Free Catalog. North America. Box 78, 10-81, 
Fox River Grove, IL 60021. 
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LED Weather Vane 
(Continued from page 74) 

notice this gets easier as it goes along! 
The power supply is also construct-

ed on a PC board. Transformer T2 
mounts on the board. Ul must be pro-
vided with a heat sink, since it will 
supply the current for the readout. 
Wire Wrap. Wire wrap posts are 

soldered to the board to supply the 
voltages. Although we use only the 
5-volt line for this particular board, 
the finished project will require all the 
sources (notice all but one are regu-
lated). 
Ease the completed display board 

into the mating panel holes. A dab of 
silicone glue around a couple of the 
LEDs will secure it in place. The 
power transformer (T1) mounts to the 
bottom of the chassis. Along side the 
transformer resides the power supply 
board, which is held in place with 
plastic circuit board guides fastened to 
the bottom. Wires interconnecting the 
voltage sources may be wire wrapped 
or soldered, as you prefer. A feed 
through terminal strip attached to the 
back provides connection to the out-

side world. 
The wind vane is mounted atop a 

3/4 -inch plastic water pipe (schedule 
40 or similar) and the wires are chan-
neled through the center. The pipe 
is then secured with conventional 
mounting hardware to a convenient 
location. 
The calibration is performed in two 

steps. With a voltmeter on pin 5 of 
the IC, rotate the pot so voltage is at a 
minimum. Now adjust R5 to light 
LED1. Rotate the control until LED8 
just extinguishes. If indicators LED9 
through LED16 light during this pro-
cedure, ignore them. However, should 
the vane rotate the opposite direction 
of the moving display, reverse the out-
side leads from the sensor pot. 
With LED8 off, adjust a6 until 

LED9 lights. Further rotation of the 
potentiometer will consecutively light 
the remaining lamps until the cross-
over point is reached; the gap in the 
resistive strip. LED16 should light at 
this point. If the spacing of the indi-
cators seems uneven, you can juggle 
the value of R2. 
Now point the vane due north and 

rotate the support pipe so that the 
north indicating LED is lit. Turn it 
loose and you're in business!  • 

Input/Output 
(Continued from page .S) 

tions out of a possible 3500 approximate-
ly. Most of the Dolbyized stations are 
PBS or college stations. Considering all 
the talk that has been going on in the 
Hi-Fi magazines. Dolby FM laid an 
egg. Don't invest in any receiving equip-
ment until the picture improves greatly. 

Heads Up Only 
Hank, I was told that when you prop-

erly notch the flip side of a floppy disk, 
one could reverse its position in the drive, 
and the flip side of the disk can be used. 
Is this true? 

— W. N., Sykesville, MD 

I tried it and it almost works! Yes, it 
can be done; but before you do it, take 
a look inside the single-side disk drive. 
Note that a pad presses one side of the 
disk against the record/playback heal 
After a few runs, strange things began 
to happen to my BASIC program. Then, 
the entire disk crashed because the boot-
up sectors were destroyed. We know that 
the normal recording side of a single-side 
floppy has a quality surface; a test sec-
tor check always proves this point. But, 
the flip side has several, and they in-
crease with time due to the effect of a 
pressure pad pressing against the surface. 

Scan 
I'd like to join a scanner club because 

I'm not doing too well with the unit 1 
now own. I know it's me and not the 
scanner. Any suggestions, Hank? 

—R.R., Deerfield, MA 

Write to Scanner Association of North 
America. I read their publication SCAN, 
and it is packed with interesting tid-bits 
that'll spice up your hobby experience. 
Their address is: SCAN, Suite 1212. 
111 East Wacker Drive, Chicago, IL 
60601. 

Lots of Bits 
What is the advantage of the 16-bit 

and 32-hit (wider word) computers that 
so many people are talking about? 

—A. L., Farmington Hills, MI 

There are five main reasons, of which 
the latter seems to be of most value to 
the home computer user. They are: have 
greater access to greater volumes of data, 
can run longer programs, the precision 
of computations is greater. offloading of 
mainframes is easier, and they are easier 
to program. The hobbyist will eventually 
swing over to 16-bit and 32-bit because 
the industry will go that way, thus the 
experimenter will find it cheaper not to 
go against the mainstream. Actually, most 
personal computer users will not see an 
immediate need for the wider word for-
mat on their computers. 

Dial Cords 
(Continued from page .50) 

Also, two large guide pulleys help keep 
the dial cord on track. 
New Drums. Sometimes it's very dif-

ficult to obtain a dial drum replacement 
for certain models. You may be able to 
repair these plastic drums if they are 
not broken or damaged too badly. In 
this particular AM-FM-MPX model 
(Fig. 8) the plastic drum was broken 
around the hub area and would let the 
drum fall down towards the variable 
capacitor. You could only tune part of 
the radio band as the drum would jam 
against the printed circuit board wiring. 
The plastic drum was repaired to its 

original position and held off the P.C. 
board by a couple of pencils while it 
,dried. Now, level the plastic drum. 
Tighten down the screw and top washer. 
Mix up a dab of epoxy cement and 
apply over the drum shaft area. Let it 
set overnight. 
When the dial cord will not move 

and the dial cord end is pulled clear out 
of the plastic hole, simply make another 
hole a little higher upon the drum (Fig. 
9). Sometimes the cord will pull out a 
chunk of plastic from the drum area. 
You may repair it with epoxy cement. 
Erratic Dialing. When the dial will 

only move in certain areas or stop at a 
different spot each time. suspect a loose 
set screw (Fig. 10). Sometimes these 
small screws will not bite into the tun-
ing capacitor shaft. 
Erratic dialing may be caused by 

slippage at the tuning shaft. First, 
tighten the dial spring and apply a coat 
of liquid rosin at the tuning shhft area. 
You may encounter a dry or bent dial 

pointer assembly causing erratic dial 
operation. Notice if the pilot light wires 
are snagging on the PC wiring when 
the dial pointer assembly contains an 
enclosed dial bulb. 
So, the next time you have a dial 

break or start slipping, sit down and do 
the work yourself. One thing for sure, 
you will soon find out if you have ten 
fingers—or ten thumbs.  • 
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363. ROBIN is a versatile skiff teat 
can be used for hunting or fishing, as 
a yacht club tender, or a work boat. It 
is ugged, yet its plywood construc-
tior makes it easy to build; no special 
jig or tools are needed. It can take a 
motor of 7-10 hp. L.O.A., 12'; beam, 
5'1 '.  55.00 

355. TABU gets up on plane, just like 
an outboard, to provide speeds up to 
tot r times higher than those possible 
with a conventional hull of the same 
size. Hull is of plywood, covered with 
resin and Dyne! cloth. LOA., 16'; 
beam, 4.8": draft, centerboard down. 
2'6"; sail area. 165 sq. ft.  $5.00 

364. HOUSEBOAT has plenty of interior 
space for live-aboard comfort, or the 
scow type hull can be finished as a 
sports utility or a fishing boat; all are 
shown on the plans. Use outboards of 
15 to 100 hp tor power. Construction 
is of plywood. L.O.A., 25'8"; beam, 
7'11".  48.00 

75. KINGFISHER is a modern version 
of the Scandinavian pram developed 
hundreds of years ago. It rows easily, 
sails well, and propels nicely with a 
small °Aboard motor. Its 90 lb. weight 
and small size make it ideal to car-
top; ccnstruction is plywood. 1.0.A., 
9'; beam, 4'.  55.00 

255. MAXIMUS is a sporty two-seater 
designed  for non-sanctioned  racing 
and water ski towing. Longitudinal lift 
rails on the bottom give this hull di-
rectional stability, and non-trip chines 
allow it to take sharp turns at high 
speed. Use outboard motors of 10 to 
15 h.  12'6"; beam, 5'. $5.00 

311. JON BOAT is a sportsman's skiff 
of featherweight  construction  and 
squared ends that combine to make it 
easily transportable on a cartop car• 
rier. Use for fishing, hunting, explora-
tion on protected waters. It will take 
outboard motors to 6 hp. L.O.A.. 12'; 
beam, 5'.  $5.00 

343. MINIMOST is an 8' outboard 
sports hydro you can build in just 15 
hours, and at a cost of less than $25 
for materials. Its advanced underhull 
design makes speeds in the 30 mph 
range possible with a 10 hp motor. 
L.O.A., 8 .  85.00 
Full-size pattern set 344  515.00 

106. PETREL can be built with an open 
cockpit, or as a cabin model with ac-
commodations for overnight cruising. 
It takes a fixed keel or centerboard, 
and a 6 hp outboard motor for auxiliary 
power. LOA., 16 ; beam, 6'; draft with 
fixed keel, 2'; with centerboard down, 
2'6"; sail area, 152 sq. ft.  15.00 

‘--1100 
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 #367—$5.00 plus 50C 
 #364 —$6.00 plus 50C 

355—$5.00 plus 50C 
 #75  $5.00 plus 500 
 # 106 —$5.00 plus 50C 

NAME 

CITY 

BOAT BUILDER 
380 Lexington Ave., NY NY 10017 

including 50C for postage and handling for each set of 
Craft Prints I have checked below: 

# 343—$5.00 plus 50C 
 #344--$15.00 plus 500 (full-size pattern set) 
_#356—$5.00 plus 50C 

 #311 —$5.00 plus 500 

ADDRESS 

STATE  ZIF 
BE-82 

SEE PAGE 6 FOR EXTRA COUPON 
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PROGRESSIVE HO ME 

RADIO-T.V. COURSE 
No w Includes 
* 12 RECEIVERS 
* 3 TRANS MITTERS 
* SQ. W AVE GENERATOR 
* SIGNAL TRACER 
* A MPLIFIER 
* SIGNAL INJ ECTOR 
* 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 ho me training. You will learn radio theory, construc-
tion practice and servicing. THIS IS A CO MPLEfE RADIO COURSE IN EVERY DETAIL. 

You will learn how to build radios, using regular sche matics: 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 develop ment 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 equip ment. 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 Dyna mic Radio & Electronics Tester. Sqaare Wave Generator and the acco mpany-
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. Trans mitter,  Square Wave Generator, Code 
Osciiiator, Signal Tracer and Signal Injector circuits, and learn how to operate the m.  You 
will receive an excellent background for television, Hi-Fi and Electronics. 
Absolutely no previous knowledge of radio or science is required.  The "Edu-Kit" is 

the product of many years of teaching and engineering experience. The "Edu-Kit" will 
provide you with a basic education in Electronics and Radio, worth many times the low 
price you pay.  The Signal Tracer alone is worth more than the price of the kit. 

THE KIT FOR EVERYONE 
You do not need the slightest background 

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

Many  thousands  of  individuals  of  all 

ages  and  backgrounds  have  successfully 
used the "Edu-Kit" in more than 79 coun-
tries of the world. The "Edu•Kit•• has been 
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 fore most 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 sche matics, study theory, practice trouble shooting —all in a closely integrated pro-
gra m designed to provide an easiiy-oearned. thorough and interesting background in radio. 

You begin by exa mining the various radio parts of the "Edu-Kit. " You then learn the 
function, theory and wiring of these parts. Then you build a si mple radio. With this first 
set you will enjoy listening to regular broadcast stations,  learn theory, practice testing 
and trouble-shooting. Then you build a more advanced radio, learn more advanced theory 
and techniques.  Gradually,  in a progressive manner,  and at your own rate,  you will 
find yourself constructing more advanced multi•tube radio circuits. and doing work like al 
Professional Radio Technician. 
Included  in  the  "Edu-Kit" course are  Receiver, Trans mitter,  Code Oscillator.  Signal 

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

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

cuits. each guaranteed to operate. Our Kits contain tubes. tube sockets. variable. electrolyt.c, 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, hard ware and instructions.  You also receive a useful set of tools, a 
professional electric soldering  iron,  and  a self-po wered  Dyna mic  Radio and Electronic, 
Tester. The “Edu-Kit" also includes code Instructions and the Progressive Code Oscillator, 
in addition to F.C.C. Radio A mateur License training.  You will also receive lessons for 
servicing with the Progressive Sign..1 Tracer and the Progressive Signal  Injector, a High 
Fidelity Guide and a Quiz Book.  You receive Me mbership in Radio-TV Club. Free Consulta-
tion Service,  Certificate of Merit and  Discount Privileges.  You  rece.ve all  parts,  tools, 
instructions, etc.  Everything is yours to keep. 

Progressive "Edu-Kits" Inc., 1189 Broadway, Dept. 506-ar Hewlett, N.Y. 31557 

Please rush me free literature describing the Progressive 
Radio-TV Course with Eciu-Kits. No Salesman will call. 

NAME   

ADDRESS   

CITY & STATE  ZIP 

PROGRESSIVE "EDU-KITS" INC. 
1189 Broadway, Dept. 506—GT  Hewlett, N.Y. 11557 

'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 FI DELITY GUI DE  • QUIZZES 
TELEVISION BOOK  • RADI O 
TROUBLE-SHOOTI NG BOOK 
MEMBERSHIP IN RADIO TV CLUB: 
CONSULTATION SERVICE • FCC 
A MATEUR LICENSE TRAINI NG 

• PRI NTED 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 troublz in home, portable 
and car radios.  You will  learn how to 
use the professional Signal Tracer, the 
unique Signal  Injector and the dyna mic 
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-
le m, you may have. 

FROM OUR MAIL BAG 
Ben Valerie.  P.  0,  Box  21.  Magna. 

Utah: "The Edu-K its are wonderful. Here 
I am sending you the questions and also 
the ans wers  for the m.  I have been  in 
Radio for the last seven years. but like 
to  work  with  Radio  Kits,  and  like  to 
build  Radio  Testing  Equip ment.  I en-
i0Yed every  minute  I worked  with  the 
different kits:  the  Signal  Tracer  works 
fine.  Also like to let you know that  I 
feel proud of beco ming a me mber of your 
Radio-TV Club. " 
Robert  L.  Shun,  1534  Monroe Ave.. 

Huntington,  W. Va.:  "thought I would 
drop you a fe w 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 COnies with 
the  Kit  is  really  Swell,  and  finds the 
trouble,  If there is any to be  found. " 

SOLID STATE 
Today an electronics tachslcian or hobbyist re-
quires a knowledge of solid state. as wall as vacuum 
tube circuitry. The 'Edo- Kit" course teaches both. 
You will build vacuum tuba, 100.• solid state and 
combination ("hybrid-) circuits. 

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

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

chassis on which has been deposited a con• 
ducting material which takes the place of 
wiring. The various parts are merely plugged 
in and soldered to terminals. 
Printed Circuitry is the basis of modern 

Automation Electronics. A knowledge of this 
subject is a necessity today for anyone in-
terested in Electronics. 

CIRCLL 11 ON READER SERVICE COUPON 


