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elumlnum lrame. hand nylon frame murortd all 
made rn hly; 1111 black. weather lense w11h cO<d. 
brown. grey & navy; smoke. black. white. 10<101st sllelL 
p0l1111ed l tnse 130 red frame 120 

2. High Tech 
Glacier Glass 

black. 101101se shell, 
mirrored, all weather 
lense. 1u1her sides. '30 

3. Wayfarer 

by Rayban - black lrame. 
dari( lense. 1or1oise shell. 
dark lense s JS 

4. Zaro ('.,<St 
crylon frame made tn hafy; 
black frame. brown ltnse. 
ptw111 lramt. smoke 
lense, burgundy lramt , 
ion lansa 120 

8. Schoolboy 

ee 
tortoise shell (u shownJ, 
black. red, brrghl blue. 
purple. clear, gold. w11h 
gradient lense. 110 

9. Prep 

1011oise shell frame. brown 
lense: black framt. smoke 
gradient lense 112 

10. Carlo 

aylon frame. madt U1 hafy; 
lla1 matte lim1h or glo ss 
black w/brown fann 125 

5. Offshore 11. David .. ~ 
European Op~cs made rn 
f!afy. hrgh uth spring 
11ns1on frame 1111 bleck 
only. smoke lenu t45 

aluminum frame made rn 
llaly; Ila! black. brown. 
grey. navy wilh amok• 
gradien1 lense 125 

h• 1--ni 
wi1h case - gold lrame. black frame, smokt 
brown lenst. black frame. polarized ltnst. gold 
smoke ltnn. silvtr lrama. frame. brown polanztd 
~td11n1 smoke lt ns1 115 lense. 11 S 

To plat~ your order. send check er monrt 0<dtr 10: 
SHADES. G.P.0 Box 2163 New York. NY 10116 
Add 11 per i11n1 for 1h1pping and handling. Dtaftr inquiries 
tnVllld "IMMEDIATE OEllVERYr' (212) 391 - 2399 
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For people with imagination, there's nothing to 
compare with the thrill and satisfaction of having 
built your own Heathkit product. 

More than 450 kits and products to choose 
from: solar hot water systems • all·in·one, 16·bit 
computers • test instruments • amateur radio gear• 
sel f-study courses in computer literacy and state­
of·the-art electronics • energy conservation and 
home security devices • fine stereo components • 
color televisions • automotive or marine aids, home 
conveniences • robots and more - things you've 
always wanted and needed, right now at low ki t 
prices from Heath. 

SEND FOR FREE CATALOG 
Our colorful catalog is Free! If coupon is missing 
write: Heath Company, Dept. 043-152, Benton 
Harbor, Mi 49022. 

r--------------~------1 Heathkit' Heath Company, Oepl 043-152 
Benion Harbor, Ml 49022 

I Send me the latest free Healhkit Catalog now. 
I I want to "build in" the quality difference. 

I Name~~~~~~~~~~~~~~~~~~~~~~ 
I Address~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I 
1 ~ ~ I 
I CL·769 Zip I 

I 
I 
I 

L---------------·-----------~ Hoath\11 products aie also displayed. SOid and serviced a1 65 Healhktl Elec1ronic Centers· nalJOnWlde 
Con$vl• telephone d•rec1oty .,.Me pages 10< loca1t0n 

·oper11eo :>y Ver1technology Eleclronocs Corpora11on. a wholly·ownetl subs•d a iy ol Zenoih Rad o 
Corpo1a1ion 

-
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11 Convert Your AM/FM POcket Radio Into an Aircraft Scanner - . it's easy 
13 Oscar, the Audio Freak - a handy audio oscillator for bench-top repairs 
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PROJECT BUILDERS ONLY 
Dio you ever gett~red of building projects? If_ you di~, th.e c_hance$ are 
you are not readi'l9 this page! Electronics experimente.rs. cannot get 
enough projects to build. Their first proble·m is finding-the· plans fOra 
devic_e, instrument or gadget that they want·on their workbench, in , 
their home, or inStalled in their car. Next comes the time-consuming, 
p~~s7acq~isition_ ~age for no junk~ex is ever complete-:-if it were, 
the1expenmenterowns an electronic parts outlet. Then comes the 
breadboarding stage. Some like to go the solderless breadboard 
route, while the hardy types go right into the finished project. 
Of course, there are countless types between these extremes. 
Testln·g tells 'em its finished, and another project bites the dust. 

I 
Electronics Hobbyist does its bit by providing the countless plans in 
each is.sue. By itself, the magazine is a fantastic buy. However, you 
can ·get a lot moreJby adding the technical love-and-care each project 
needs-that is th~ added design input you provide. That's right­
copy cats really don't have as much fun as that enjoyed by impro­
visers and designers. Besides, with inovation you can add those 
featwes you desire, and exclude those not needed. 

We are proud of t~is issue of Electronics Hobbyist, and we are 
eq1,1ally proud of our readers who add to their knowledge in a fun 
way. Keep building! 

DONGABREE 
Publisher 
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555-1212 
Why are telehone accessories so 
expensive? Is someone making a 
killing! Harry R., Portland, OR 
Accessories appear to be high in cost; 
and some are, because they are funk. 
An accessory made to FCC stand­
ards costs more to make and the 
perfonnance over its lifetime is 
better than the funk. In fact, the life­
time is much longer, too. The 
specifications on gold-plated jacks 
are important for noise-free opera­
tion. The funk products use little gold 
(which is expensive), or no gold at 
all. Maybe the FCC will get into the 
act requiring manufacturers to meet 
minimum specifications and, there­
by, making all products nearly equal 
in performance. Then, the price 
differences will diminish, and the 
overall price for telephone acces­
sories will begin to drop in the light 
of honest competition. 

Clean Sweep 
Recently, I saw an advertisement for 
a miniature vacuum cleaner that 
operates on a 9-volt battery. That 
product looks like it would be 
suitable for cleaning the dust that 
falls between the keys of my com­
puter keyboard. Also, since I am a 
camera buff, it should provide 
double-duty for camera cleaning. 
Tell the readers about this! Adam K., 
Owing Mills, MD 
l saw a few such gadgets 'that sold 
anywheres from 20 to 40 dollars. I 
prefer my Dusterbuster vacuum 
made by Bl.ack and Decker. It has 
much more vaccum "pull," but it will 
not cause damage to the computer. 
Do as I do- dust the keyboard using 
a soft artist paintbrush after the 
pkite, through which the key board 
protrudes, is removed. H old the 
Dustbuster near the brushed area 
and watch the gook get sucked up 

As for your camera, I suggest you 
get some camera-shop freon and 
blow the dt1St out. Don't buy it 
elsewhere, because freon used for 
most commercial applications does 

H•nk lcott, &dltor 
C • • BcmBr'll.&MDW DIG. 

300 West 43rd sti. 
Jlsw York, B.Y. 10038 

have sorne residual. oil in the can that 
will foul-up the camera. I tell you this 
because you can use the same can of 
freon to blow dust out of the disc 
drives you use. 

A word of caution-keep all 
electric motor decices away from 
your floppy or hard memory discs. 
The magnetic field cause by the 
motor, especially when turning it on 
and off~ will cause bits and bytes to 
disppear off your discs. 

Likes Small Circuits 
Hank, I like to build small gadgets and 
circuits just for the fun of building them. 
True, I do this to learn all about electron­
ics, which is my hobby, but fun is fun. 
Where can I find a source of mucho small 
circuits? 

-J.K., Brooklyn, MD 

First, l did not know there was a Brooklyn 
in Maryland. So you see how much you 
can learn by reading this magazine. As 
for the source you seek, try the magazine 
you're reading right now (/ sent him a 
copy- Hank), and one other magazine 
published on an annual schedule- JO! 
Electronic Projects. 17tere are few office 
copies still unsold which you can pick up 
for $4.00 (which includes postage and 
handling) to Ubrldwide Publicatioizs 
Inc., PQ Box #5206. Nonh Bronch, N.J. 
088'16. 

Computer/Shortwave 
Is there a program that I can use with 
my IBM Jr. to help me with my 
shortwave listening hobby? I spe­
cialize in utility listening although I 
do tune in the SW broadcast bands. 
Sid E., Emporia, KS 
There must be some avail.able. I 
suggest you write to the DXing club 
to which you lJelong. Al'8o, Bearcat 
came up with their Bearcat Compu­
Scan 2100 scanner radio designed to 
put the-power of a personel comput­
er to work for you. There's lots of 
interesting info on this device and its 
yours free by dialing 1-800-S-C-A-N- , 
N-E-R-. Give it a try/ 

Gets Bigger and Bigger 
I believe that the 25-in TV tube is 
much easier on the eye than the 21-
inch job. But, that's not the question. 
Without resorting to projection TV, 
is he 25-inch tube the largest gicture 
size I can get? Bob K., Washington 
Crossing, PA 
First, is Washington Crossing near 
Trenton, New I ersey? (History buffs 
would like to know that one.) The 
largest picture tube you can get is the 
25-in. fob except that the 26-in. and 
27-in. TV tubes are about to be 
released. In fact, it's a sure fact that 
the 1.1ew $q1J-are tubes will be in the 
stores by I.ate 1984. So, if y6u want to 
wait .... 

Static Kicker 
Every winter I. build up a static 
chaige as I walk across the living­
room rug and get zapped when I 
want to turn on a light, TV set, or hi­
fi. In fact, I once popped a woofer 
because of the giant static pop 
produced when I attemped to 
change a record. What 1 am thinkirlg 
about is to correct this condition by 
weaving some fine copper wires in 
the carpet and connect these wires to 
a good earth ground. What do you 
think? Please, don't tell me to get a 
new rug. My wife is looking for an 
excuse to replace the livngroom 
furniture! Jeff C., Williamsville, NY. 

I'm surprised that you did not 
suggest installing cop.per-foil tiles! 
But, a more practical .approach is to 
forget about the copper weaving 
and install static touch-pads at the 
outlets and electronic equipment. I 
once ran across some pads of this 
type on the market that attached to 
wall plates and provided a resistive 
path to gtound to kill the. spark .. The 
resistance reduces the shock to your 
finger, yet eliminates all Qf the static. 
Since I can't tell you where to buy 
them, I suggest you secure some of 
the black matting that comes attach-
ed to the pins of DIP integrated- ,.. 
circuit chips. These will do the job .I ' 
effectively and cost nothing since r 
few pieces must be laying in ti 
bottom of your parts box right nu 
Loosen the screw(s) that hold t~ ~ 
wall pl.ate to a switch or outlet ar~ 
slip avout 1/ 4-inch of the pail und1 
it-no more than that! Now tighte1 
the screu,w and you hav.e installed a -­
painless, .static-removal pad. 

ELECTRONICS HOBBYIST 1984 / 3 



I 

·.BOCDKMARK 
. BY'BOOKWORM 

. 99 FUN PROJECTS 
Here's . a truly !unique project­

bo0k-"'99 .Fun-to-Make·Electonics 
Projects, by Cyl Ty·,.hopy-that 
highlights the fun side of elec­
tronics. The text shows you how to 
make .all kinds of fasc inating 
jewelry, home and auto acces-

. . I 
sones,, gapgets, ard even clothes 
that disp..la'y ·the wizardry of 
ele,etronics via fla$hing lights and 
sound effects! Wri tten for the 

novice ·experi ~e nter·, but it 
includes plenty of sophii;>ticated 
gadgetry° to appeal to mo.re 
experienced hobbY.ists, too! Best 
of all, you can put any of these 
exciting projects together in a 
s·ingle ·e-.vening using LEDs, 
batteries, and a few ICs. And, 
you're sure to be the center of 
attention when you show off your 
electronics creations ... and pro­
bably swamped wl'ith requests to 
ma~e cqpies for your .friend.s. 
Ttie·se '!:ia'dgets and gizmos make 
terrific and inexpensive gifts ... 
especially for the disco set! 

You·11 · discover a whole new 
world of wild ~nd way-out 
electrqriics applications and lots 

a of practical ones a~ well. BJ.!ild1 ar:i 
"olo\' LED space gun with sound effects, 

\ 

-."" a musical door ajar indicator, 
~sc6 cufflinks, an :automatic auto . . 

")ve box;: and much, much more! 
;h project is unique, can be 

. ~de. wi:~h: just a frw inexpensive 
v ts In JU.SJ a. few easy steps. 
To 9e·t you in [ the sw.ing of 
.mgs, the book starts out with a 

..>ection on the ,devices and 
procedures you'll b

1
e usirig plus .all 
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the data you'll need to finish any 
project given, and d<;> it right the 
first time! Circuits, switches, lead 
wires, batteries, resistors, solar 
cells·, LEDs are. a·11 thoroughly 
examined. 'Plus, there :are details 
on ~iectronics tools iike .the 555 
tim.er IC and other devi9es utilizing 
the ·newest miniaturized com­
pqnents, then it's on to making lots 
of" e.lectronic things to wear-a 
ml!lti-color light T-shirt, bracelets, 
belts, hair clips, eyeglasses .. . even 
shoe$, pants and jackets! You'll 
find LED bead curtains and an IC­
controlled wall design/light show 
and other fun things for your 
home. There are auto accessories, 
too-a flashing LED hood orna­
ment, a disco dashboard, and 
more! 1 

Step-by-step instructions and 
plenty of illustrations, diagrams, 
and schematics guide .YOU as you 
make one of the 99 exciting 
projects in this sure-to-interest 
project book designed for the 
NOW generation!-Published by 
Tab Books Inc., Blue Ridge 
Summit, Pa 17214; $8.95. 

LEARNING ATari BASIC 
A.ta.r i BASIC-Learning by 

Using, by Thomas E. Rowley has 
been written to provide a supple­
mentary resource for learning 
BASIC programming on the Atari 
Personal ComputeL Short pro­
grams and learning exercises are 
intended to motivate and stimulate 
learning of Atari BASIC program­
ming. Hands-on interaction with a 
computer is essential. 

tt~~ 
Some of the programs in this 

book use sophisticated program­
ming techniques while others are 
written using simple Atari BASIC 
statements. Many 9t these pro­
grams are appropriate for begin­
n~rs ·as we·ll as e:x-perienced 
c.omputer users. If is recommend:.. 
ed that the user of ttlis book has an 
eleme.ntary knowledge of BASIC 
programming and has an Ata~i 

Basic Aefer~nce. Manual availaple. 
Though rnany of the roatjnes 

provided will be useful, it is no~!he 
intention of the author to provide a 
pook of finished software p(pd­
·ucts; The' routines can berad~p.ted 
as subroutines to other programs 
or expanded to meet the needs: of 
the programmer. The programs ·in 
this book will work properly on 
either an Atari 800 or an Atari 400 
computer. 1.6K of memory is 
req1,Jired fqr some of tt)e r.olltin~s; 

It is hoped that this. bodk; wili 
provide the motivation to grbw In 
the use of BASIC programming on 
the Atari Personal Computer. 
Much has been learned in the 
process o.f writing it. Distribµted 
by Ing. W. Hofacker Gmbi:'!', ' 53 
Red rock Lane , Pomon~ . CA 
91766; $6.95. 
BROADCAST LISTENER'S. BIBLE 

It has be.en a good many mqons· 
since White's Radio Log ha,s 12_een 
published. And now that it has, pick 
up your copy .sQOn, foe the supply is 
not large. This all inclusive up-to-<!ate 
directory of North American AM, FM, 
and TV stations is the oldest pub!ic~­
tion of its kind. !t·started back in·t924 

when Charles DeWitt White ·brought 
out his first radio log book. Mr: White 

, had it easy in tl:lose days. There were 
only a few stations.on the air-about 
700 and all were AM types. In the 
early issues, Wh.ite listed stations 
three times; by can sign, freque.ncy 
and location. This continues till today 
with the bonus of FM and TV Stations 
making the list. Talking about a po­
nus, ,in recent times; world-wide 
shortwave b,rqadcast st~~ion listings 
were included; ~lthough . not com~ 
plete, the shortwave ·Stations listed 
were those that could be heard· fn 
l\Jorth America. Thus, in one issue, 

.several hobby groups a,re proviqed 
with a reference work that cannot be 
purchased_ anYwh'~re else fn ore -{oi­
ume so inexpensively. You car;i ol;>taih 
your copy by writing to Worldwide 
Public~tions,' Inc., P.O. Box 5206, 
North Branch, NJ 08876. The price is 
$4.95 and include $1.50 for postag:e 
.and.handling. 
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Hey, 
look me over 

Showcase of New Products 

PC CARE PRODUCTS 
The Allsop Company has recog­

nized that the storage and printing 
devices of computers require the same 
tender loving care as do· the delicate 
components of fine audio and video 
equipment To answer the demand for 
computer maintenance products that 
meet the same high standards of 
safety and effectiveness as its fidelity 
care products, Allsop 3 is putting its 
label on the toP-of-the-line computer 
maintenance products manufactured 
by the innovative 'Computers Products 
Company. 

, The Allsop 3 computer accessories 
line includes head cleaning diskettes 
in th~ 5%-inch (Model 10050) and 8-
inch (Model 10080) size which can be 
adapted to either single-or dual-head 
floppy-disk drives. For com~uters 
equipped with Oatasette type record­
ing units, Allsop has adapted its highly 
acclaimed wet system audio cassette 
cleaner. The Computer Datasette 
Compatible Cassette Cleaner (Model 
10010) is simp ly loaded into the 
recording unit and operated like an 
ordinary cassette tape and features 
replaceable cleaning felts. Cleaners 
for daisy-wheel and Selectric type ball 
printing elements currently complete 
the line of Allsop 3 Computer 
maintenance products. although more 
products. including comprehensive 
maintenance kits, are planned for the 
future. For more information write to 
Jeff Heininger, Allsop, Inc., P.O. Box 
23, Bellingham, Washington, 98227. 

SAVE COST OF TELEPHONE 
SERVICE CALL 

With the introduction of a low cost 
Telephone Line Analizer. B&K­
Precision has developed an inexpen­
sive alternative to an expensive 
telephone service call. The B&K­
Precision Telephone Line Analyzer, 

Model 1042, is designed for non­
technical users ·to verify the condition 
of lJle telephone line and to isolate a 
problem to the telephone line or the 
line. For the customer who is having 
problems with telephone products. 
so_ckets or wiring, the inexpensively 
priCed Model 1042 (suggested retail 
price: $19.95) could save the cost of a 
service call-usually more than $30.00 

The Model 1042 performs the 
following functions: Line test- verifies 
minimum necessary DC voltage on the 
telephone line: polarity test­
determines telephone line polarity; 
ring test-verifies minimum necessary 
ring voltage and indicates whether the 
ring circuit may be defective. Can be 
use:d to determine if there are too 
many phone products on a single line; 
loop test-verifies condition of the 
telephone line from central office to 
user's telephone jack: cord test- tests 
tel?phone line cord, from jack to 
phone imput, for continuity and 
shorts. 

The results of the tests are shown on 
a large, easy-to-read meter which 
indicates whether the line. ring, loop or 
cord are OK without any confusing 
quantitative measures. Model 1042 
requires no external. power and no 
batteries to replace. Complete, easy­
to-fol I ow instructions are included 
with Mpdel 1042. ' 

The Model 1042' and other B&K­
PreCision test instruments are sold 
through electronics distributors 
throughout North America. For more 
information, write to Martin M. Plude, 
B&K-Precision, Oynascan Corpora­
tion, 6460 West Cortland Street. 
Chicago, IL 60635. 

TIMEX-SINCLAIR COMPATIBLE 
PRODUCTS 

Memotech Corporation has an­
nounced four new products for the 
Timex-Sinc l ai r 1000 and ZX81 
computers: A direct connection 
typewriter quality keyboard, Memo­
calc, Memotext and Memo Assembler, 

Memotech keyboard with interface 
is a professional. high-quality 
standard (typewriter) keyboard with 
Sinclair legends. The keyboard is 
housed in a well engineered and 

elegant enclosure. The interface is 
buffered and housed in a Memopack 
case, which plugs directly into the 
back of the Sinclair and does not 
inhibit the use of further add-on units. 
M~mocalc is a powerful tool to assist 

you with reports a.nd financial 
forecasts. Memocalc,._our spreadsheet 
analysis software. on EPROM, enables 
TS-100 users to perform complex 
number crunching routines with ease. 
With the 64K RAM a.table of up to 7000 
numbers with up to 250 rows of 99 
columns can be .specified. Quick 
revisions can be achieved by entering 
new data to your formula. Then, by 
entering the command CALCULATE, 
the information is reevaluated and 
displayed. Spreadsheet analysis 
started as an aid to cash-flow analysis, 
but this powerful tool has now been 
generalized and Memocalc with it's 
special ability to peffo.rrn interactive 
calculations is invaluable in th,e 
performance of 'numerical tasks. 

Memotext word processor brings 
commercial standards of text editing 
to your TS-1000 computer. Text is first 
arranged in 32 characters lines for the 
screen with comprehensive editing 
facilities. On output. the user simply 
chooses the line length for printing 
and the system does the rest. Used 
with the Memopack printer interfaces, 
it makes available · output with 80 
character lines, upper and lower case, 
'and single and double"size characters: 

The Memotech keyqQard is priced at 
$99.95, the Memocalc at $49.95, and 
the Memotext at $49.95 All Memotech 
products carry a 10-day money back 
guarantee and a six-month warranty. 
For additional information on these or 
other Memotech products. write 
Memotech Corporation, Customer 
Services, 7550 We?t Yale Avenue, 
Denver, Colorado, 802227. 

O.K. INDUSTRIES INTRODUCES . I/ 
NEW LEAD BENDER .,J 

The LB-300 from O.K. lndustrie 
Inc. is a useful hand tool for bendin 
component leads· .to pre-set dime1 
sions prior to insertion in PC board, 
Pointers on tool ac~urately set lea 
distance to match hole-to-hot 
locations on printed circuit boaro ·_ 
Setting and bending. <!djustments are "--> 
made by simply turning a thumb wheel 
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to the desired spacing. Lead wires are 
securely held during form ing to 
prevent lateral stress on component 
body, and the LB-300 is designed so 
that components are always position­
ed centrally, for equal leg length. 
Featuring rugged all steel construc­
tion, the LB-300 will bend 0.016 inch 
(0,4mm) to 0.055 inch (1,4mm) 
diameter leads with an easy squeeze of 
the handle. 

The LB-300 is available from stock at 
local electronics distributors nation­
wide of directly from O.K. Industries. 
3455 Conner Street, Bronx, New York 
10475. 

H/Z·19 and H/Z-89 GRAPHICS 
Health/Zenith H/Z-19 and H/Z-89 

users can now have professional 
qua l ity graphics thanks to the 
lmaginator Model 1..:100 from Cleve­
land Cononics. Inc. Featuring full 
S04x247 resolution, The lmaginator 
turns any H/Z-19 terminal or H/Z-89 
computer into a powerful graphics 
display unit without sacrificing any of 
the standard features which make the 
H/Z units so popular. 
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The lmaginator consists of a single, 
easy-to- install printed-circuit board 
with its own on-board microcomputer 
and built-in graphics instruction set. 
The graphics can be accessed directly 
from any high level language running 
in the host. such as PU1, FORTRAN, 
BASIC, ETC. Tektronix 4010/4014 
emulation is available, featuring a 
keyboard controlled full sc reen 
crosshair graphics cursor for use·with 
GIN mode. 

The lmagiriator has been engineer­
ed to permit easy field installation, and 
comes complete with extensive 
documentation. Prices start at only 
$215.00 for a bare-board and graphics 
firmware , while the completely 
assembled and thoroughly tested unit 
is available for just $445.00. For more 
information, contact Cleveland 
Codonics, Inc., P.0.Box 45259. 
Cleveland, OH 44145; or telephone 
(216) 327-6405. 

300/1200 BAUD AUTO-DIAL 
MODEM 

A new 300/1200 Baud Auto-Dial 
Modem from U.~. Robotica. Inc. 
incorporates a significant advance 
through extraordinary economy in 
microprocessor design. This simple 
design achieves a number of sophisti­
cated features while using only about 
one-sixth the circuitry of other similar 
modems. 

The Auto-Dial 212A automatically 
dial/answers and transmits at 300 or 
1200 baud, operates at full or half 
duplex (local echo) and contains an 
audible phone line signal monitoring 
system. The modem is BE11 103/113/ 
212A compatible and also compatible1 
with Hayes dialing protocol. The Auto 
Dial's complete self-test system, in 
conjuction with a.system of multiple 
DIP switches, permits any user to 
install and adapt the Auto Dial Modem 
to virtually any computer or terminal 
without technical experience. 

The heart of the Auto Dial is three 
new microprocessors. These micro­
processors compress the entire range 
of modem functions within just 12 
integrated circuits all contained on a 
single PC board . The rad ically 
reduced parts count provides two 
outstanding benefits for the user. The. 

fi rst is its low cost, the second its 
exceptional reliability. The suggested 
list price of the Auto Dial is under 
$600-as much as $100 less than 
comparable modems. The reliability 
and promise of a long, useful life are 
supported by a two-year limited 
warranty. 

An Auto Link 212A, a companion to 
the Auto Dial Modem without the 
automatic dial ing system has also 
been introduced. Both the Auto Link 
and the Auto Dial are housed In 
compact, brushed aluminum cases 
that fit neatly under standard desktop 
phones. For further information on 
these new products, or names of local 
dealers, write or call U.S. Robotics, 
Inc., 1123 West Washington Boulevard, 
Chicago, IL 60607; or telephone (312) 
733-0497. 

NEW ELECTRONIC POWERED 
WIRE-WRAPPING TOOL 

The new OK-10 with its specially 
desig ned and reinforced A .B .S. 
housing is a heavy-duty wire­
wrapping tool which is ideal. for high 
volume production applications. Its 
powerful motor delivers a wrapping 
speed of 5,000 RPM, high-starting 
torque and rapid acceleration for 
optimum performance. Despite its 
power and rugged construction, the 
OK-10 is very lightweight (only 14 oz. 
400 gm). Available with an optional 
"back force" device to prevent over­
wrapping (designated the OK-10-BF), 
and a dual speed option for cut, strip 
and wrap application (designated OK-
10-DS). 

The OK-10 is compatible with the full 
line of wire-wrapping bits and sleeves 
from O.K. Industr i es and will 
accommodate wire as large as 18 AWG 
(1,0 mm) or as small as 32 AWG (0,20 
mm). 

Very competitivel y pri ced and 
available from local O.K. electronics 
distributors nationwide. Contact O.K. 
Industries Inc., 3455 Conner Street, 
Bronx, New York 10475 for the 
electronics distributor in your area. 

--



WHEN THE TAPE recorder or public 
address (P.A.) system is situated 

away from your microphone, it's incon­
venient and a waste of time to go back 
and forth checking and adjusting vol­
ume levels. Unless there's an equipment 
operator, someone must scramble when 
the system's level is too high, too low, 
or if feedback occurs. 

But with a Combo-Amp you elimi­
nate all level problems by having a 
microphone level control and a volume 
level meter next to you. 

If the audience yells for more vol­
ume, the gain is easily cranked up. If 
a P.A. system breaks into howling, the 
speaker simply turns down the volume. 

Quite A Combination. The Combo­
Amp is a combination microphone pre­
amplifier, line amplifier, and volume 
level meter. It takes mike level input 
and provides a line level output of 0.5 
volts. An ordinary 0-1 DC mA meter 
within the feedback loop of the ampli­
fier serves as a volume indicator; a 
cheaper method than using a VU meter. 

A 741 operational amplifier inte­
grated circuit (U 1) provides all the 
gain (approximately 15 dB). UJ is an 
internally compensated op-amp that's 
free of self-oscillation. The internal 
compensation, however, results in a 
high end that's -3 dB at 12 kHz. 

Flat Response. For a flat response to 
20 kHz a wideband op-amp requiring 
compensation is necessary, but they are 
difficult to find; the 741 is universally 
available at low cost. The PC. board 
and circuit have been specifically de­
signed for the mini-dip ( 8-pin) ver­
sion (available from Radio Shack). 

The input impedance is determined 
by level control R 1, which is itself de­
termined by the type of microphone 
you will be using. For a low imped­
ance (50-600 ohms) mike, a 5000-ohm 
value is suggested for R 1. If you use 
a high impedance microphone (up to 
50,000 ohms), RI should be a 50,000 
ohm resistor. 

For a Combo-Amp capable of han­
dling any microphone (other than crys­
tal an~/or ceramic), or a line level 

The PC board of the Combo Amp is quite 
simple. Be careful when soldering. Do not 
bridge connections with excess solder. 
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COMBO AMP 
Equalizing levels is a snap with this quick project. 

R3 
IOK 

'- ' SJa 

C2 
0J11F J2 

~ E--j 
R4 -.,,. 
560 

--0-..----..... --... 'V+ iBl !:L "'l . + I C3 R6 
9v 1 : I ~011F. 3300 

,8'2. !!= I + 1 J. Lro t 
·9_V - I · .- '"' 

Ll c .,\,, 
' s8;Jf . ·~ 
~__...;;..;;,:;;..'-"'"',._---:. y,-

$'1.b 

PA"TS LIST FOR COMBO' AMP 

Ill J!,4-:.Gennat'llUm·:~i9Cle,Jype 1N60 
Jf, . · :to ·111atch exiStiilg · eguipment 
l.flll "; 1glitemitting dfode · 
Mt--;Meter, 0-1 mA -
Rf-;:~._!!00 or 50,oQ.(k>lirri 11udio tape poten­

tiometer, see text 

(Resistors, I/• watr, 10% 
noted} 

R2-47Q.ohm resistor 
R3-10,00Q.ohm resistor 
R4- 410or 560-o~m feslsto. 
RS-3300-ohm (eslstor, 
Slt-Sy;ltcb, OpST, pa_rt Ofoft~ 
Ul .:....Operational ampllfle~74i J11tegr•ed 

cireult 

MISC.-Cablnet, battery ·ufminals, wite, sol­
de.r, hardware, etc. 

ELECTRONICS HOBBYIST 1984 I 7 



\ 

I - --

Combo Amp/~·alano.e yovr,, gr-ou~'s sound with this ·do-it-'£_Ourself .equoli?:er 

To SI 

Ml 

I 

0 • 
If you don't have the tools or the abiliJy to etch out the printed circuit 
board, you may want to try to wire wrap your project. It's easy to do. 

device, use 50,000 ohms for Rl. Using 
a lower value for Rl for low imped­
ance mikes doesn't affect the sound 
~quality all that muclt but it does redu~e 
~ possibility of noike and hum pickup 
·~ long microphone! lines. 

rhe output level is 'indicated by .a 
m'illiammeter. The ·PC board-is· de­

fllC~ ~to fit d.irec:tty jon the termina!s of 
.Radio Shack meter. If your meter 

nas 4ifferent connbctions, you .pmst 
modify the PC tem~late ~ccorciingly or 
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use the PC assembly external from the 
meter. O.nc corner of the PC board has 
a triangular copper foil that can be 
drilled ~o secure a mounting foot. 

Diodes Are Critical. The only critical 
parts of the circuit are diodes Dl 
through D4. They ' must be the ger­
manjum 1 N60 type. Do not substitute 
s.ilicon diodes as their higher breakover 
voltage will resul t i.n excessive . distor­
tion. to the output signal.. 

The PC board is design-Cd to fit an 

J2 

The Combo Amp is an· e~cellent 
addition to any recording· or PA 
system. The P,C board allow~ 
easy soldering. When .ihsialling 
the light emitting ~iode, the 741 
operational amplifier, the meter 
and the diodes, check polari~. 
Be sure to cut the leads of tlie 
various components ·short to in­
sure snuc fit next to PC- board. 

aluminum cabinet ·approximat.ely 3 x 
2 Vs x 5 v,i inches. If -you: want· to sub­
stitute a different meter or a larger 
cabinet modify the PC' te!.Jlplate. 

Provision is made on the PC board 
( RS) for an LED power indicat9r that 
draws little battery current (about 6 
mA ). Eliminate R5 if you don' t want 
a power indicator. 

Because the holes for the. m_e.ter ter­
minals must be }io inche~ forge, solder 
pads are used for the PC .:connections. 
iDon't hope to use ~tandard·_component 
circles and drill-tliru with precision;. it 
probably wc;m't work . . Make:.-the pads 
at least 3/a inch. 

There is a boss on the bac.~ of the 
meter that will' prevent the PC board 
from fitting .flat on the ba~~ of the 
meter unless the ·board ·is drilled to 
accommodate the boss. 

Keep Them Straight. Install all PC 
components except the meter connec­
tions before plugging .in Ui . Jf·you use 
a mini-d_ip Ui , just1plug_'it in. If you 
get a can (T0-5) type 74 i- install it 
in the following manner: U sing long 
nose pliers fold out leads o.ne thro~1gh 
four S,Q they form ~ straight line. Cu~ 
the leads abotit '51s li1ch .from ·'tbc; "b.ody 
of U I so .they are•: stfai'gll'f ·-across ,1he 
bottom. Do the sa~e ·.for l.e.ads, four 
through eight. 

(Continued·cm P.age 95' 
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Electronic Pendulum 

EVE.R')'0N.E ~L.-!K~~ :t i;{. &.pR/\0~li"t!1L .,i>Wl'NG 
. of a .granQ;fatli.~r· clock1s J?.~ndulum. 

The motion anH" 'fick~tock sound .. are 
pleasing to ttie·;s~n.s.es>aop reinforce the 
idea that the c;:io_clf: is'wgrkjng. ,i'ier.c,;js a 
quic~ and easy" ptojec.H vhiCh duplicates 
the motion of a pen.dllh •m;eiectron!cally 
and· if desired, the·sourrc!"::as-welL Parts· 
cost should· run ~bout $4-5 arid 'if you 
use the ~t layo!:Jt jn ~his article con­
struction time wilrbe a coupl.e of hours. 

The Circuit. The ·p_end.ulum operates 
by having an LSUL_ oscillator 'drive a 
CMOS 4017 decade .counter with de­
coded outputs. The CMOS chip -has ten 
output lines, 0 thrq(Jgh :9, each in tum 
going "high" after a .clpck pulse ap­
pears on pin 14. Now if Y,ou took those 
outputs and used them directly to ljght 
LEDs the result would be a series of 
bulbs illuminating _in "seqtience 0 to 9 
and then going back to O .. Buf~a pendu­
lum doesn't work like that, i_t swings to 
the right then to the. left: Its electronic 
counterpart would .retrace its· path 
something like 0, 1, 2, 3, 4, 5, then 5, 
4, 3, 2, I ~ 0, i , ••• One could use an 
up-down counter, changing its. dii:ection: 
at each en9 qf the count to· achieve the 
above pattern, but there is a simpler 
~ay to approximate a penif uJum's mo­
tion for the hobbyist. 

Let's use. six bulbs .. labellihg <ttiem _A 
to F. Remember, the '· CO"unter~'cliip has 
ten output lines. If we ·allow some of 
the lami;>s to' be lit by two outP,~its i"n­
stead of ju~t one, we· cap .get ·oscillatory· 
motion for free, so 'to· speak. Let;s see 
how. Loo.k at Fig'. 1. uw·~ lef b~ih, A 
be turned' on .. by 01.,1tput ljni;: t>; bu)q B 1 

by output 1 o.r 9; C by .2 or 8,.~D 'by 3 
or 7, E by 4 or 6, .and F ;hf otltp,i:it: line· 
5, the desil:ed re~.l!h is ,prO'.Ci:t.ri::ed. :'x,'.ol\ 
can see this easily' if yoi.1 co~iif frem 0 
to 9 and repeat this rri()dulo ':ten? ('.l):ase 
ten) sequence over and oyer- using~~ig .. 
I for your gtiitle .. 

Be sure t.o rioticec.tha,t U .i's inser,ted 
in its PC board holes.the reverse o'f the, 
since the LEDs · ar~ -~etivat~<:t by · !-\ 
"low" or gro1:_1nd signal. Also note that 
pins 15 and 13 10£ the 4'017 must be .at· 
0 volts for the CMOS chip to count. · 

Constructi_on: The two ~oards· on 
the other page show the resRective 
orientation of the parts. C2, C3 / 
and S are optlb~al, dcp_ending 'on •. it • 

an audible cli.ck with the p~.ndulumj. 
swing. This circuit can aJso easily b · 
wire-wrapped, beginners may· wish 1· 

do this since the PC layout is som·ewf 
tight and could b~ difficult for you 
repredu.ce easiiy: 

The schematic shows how·this is don. 
~ate ~h~ u_se ·oJ the circ.uit's .NOR gate~-,_,_/ 
other ·~ftDs. Ff!iiure !O invert it will 
not harm anything, but it ~on't light. 
Sound output' for the;e; unit is provided 
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' Electronic Pendulum /Swing to the beat of this LED metronome 

Six LEDs are the center of the Electronic Pen­
dulum. Watch polarity when you install them 
otherwise you could ruin hours of hard work. 

A small printed circuit b!>ard, such as the 
one given for Electronic Pendulum requites 
good soldering skills. Try to be careful. 

by a crystal earphone fed by LED i and 
L ED6. This arrangement gives plenty of 
noise in a quiet room. but if desired. 
more volume can be obtained using an 
audio amp like the LM386. You will 
have to experiment wi th the circuit 
components to get the proper loudness. 

Operation: Simply connect power 
and ground and Electronic Pendulum 
should start up. It should be easy to 
add this project to an existing clock or 
incorporate it into a new design. Volt­
age to the board should not exceed 
7 V, as the 74LS chips will fa il . but 

v+ can dip to about 4.5 V if you don't 
mind dim lamps. The circuit draws 
less than I 0 mA so drain from existing 
supplies will be minimal. Adding a red 
plastic filter in front of the lamps will 
improve the illusion of oscillatory 
pendulum motion. • 

'I/ 
~ 

" 

~ 

Burglar Alarm 
0 This burglar alarm ci~cui t uses one integrated circuit 
and operates from a 6 volt battery. It is activated upon 
the breaking of a circuit. Since the sensing loop operates 
in a high impedance circuit, there is virtually no limit to 
the length of wire you can use. You can protect every 
wipdow and door in your house. Practical operation by 
using four D cells for power is accomplished through the 
use of a fou r-sectio n CMOS integra ted circuit which 
draws only a few microampcrcs from the battery. T hus, 
battery life will be equivalent to its shelf life unless the 
alarm is activated. T he heart of the circuit is a pair of 
NOR gates connected in a bistable configuration called a 

RI 

SENSING 
LOOP 

~ 
SI 

RESET 

R2 

R4 

-:rC1 

1+12V 
GND 

+ 
01 

I I 
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flip-fl op or latch circui1. When the circuit is in standby, 
pin I of LCl is held to almost zero volts by the continuous 
loop of sensing wire. This causes pin 3 to assume a volt­
age of 6 volts. culling off Q I and 0 2. When the sensing 
circui t is broken, C I charges to battery voltage through 
R2. This causes the latch circuit to change sta te and . 
pin 3 goes to zero volts. BI becomes forward-bi ased 
through R4 and turns on 02 which operates the buzzer. 
T he ci rcuit will remain in an activated state once the 
ala rm is set off, even though the broken circuit is re­
stored. A reset switc!T has been provided to retu rn the 
latch circuit to its original s tate and shut off the alarm. 

PARTS LIS'T FOR HOME BURGLAR ALARM 
C1 - 0.l-uF ceramic capacitor, 15 voe 
C2- 0. 1-uF ceramic ca pac itor, 15 VOe 
C3- 0.47-uF ceramic capacitor, 15 voe 
D1 -1 N4148 diode 1 

IC1 -4001 quad NOR gate 
Q1 -2N4403 
Q2-2N4401 
Rl, R3-100,000-ohm, 'h-watt resistor 
R2-4,700,000-ohm, 112-watr resistor 
R4, RS-10,000-ohm, 112-watt resistor 
R6-100-ohm, 1h-watt resistor 
S 1-SPST momentary-contact pushbutton switch 
111 -6 voe buzzer 
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DELTA FLIGHT T59 TO KNOXVILLE 
TOWER • • • 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 m'ay 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-happ~n 
to use the Radio Shack 12-609. You 
may wish to check local discount houses 
for advertised specials on similar radios; 
flea markets and garage sales are also 
excellent sources of pocketable AM/ 
FM radios. These are frequ.ently 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 transforme.rs 
are used for AM and some for -FM. It 
is virtually imposs!ble to predic~ .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 c.~ 
pacitor shown in Fig 3. Tune in an Fr' 
broadcast station (it will proba 
sound distorted now) and touch e~ 
coil lightly with your finger. When y 
touch one of them, the station will 
detuned off-frequency; this is the osct. 
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 

ELECTRONICS HOBBYIST 1984 I 11 

_.,,. 



AM1FM
1 

into aircraft sCanner----
ClfCUlt we need to decrease the induct- _ . 
ance of the associatctl coils. Fig. 1. The IF trans-
.. There are· several ways to decrease formers are shown in 
the inductance of a coil: spread the this _photo. Since it 
turns father apart; pinch each t.urn to is virtually impossi-

ble to tell which are 
flatten it slightly; twist the turns at for AM and which are 
right angles to each other; insert a brass for FM, a process of 
slug inside the windings; remove one trial an·d error will 
or more of the turns; short-circuit two be employed in retun-
adjacent turns with solder. ing the frequency. 

The first step in changing the tuning 
range of your radio~ ·will be to spread 
the· turns of the os illator coil widely 
·apart· with a small sc ·cwdriver. Be sure 
to ·spr!!ad them evenly and do not allow 
the· coil to touch ahy adjacent metal 
pai f or· wirin_g. Sprdcl the turns of the 
:RF coil similarly. I 

Now attempt to tune through the 
raQge of the dial, n? ting the locations 
of the FM broadcast signals. Chances 
are you'll find them! cutting off below 

(Continued 011 page 95) 
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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 layouts similar. 

IF• 
TRANSFORM ER S 

DETECTOR 
DIODES 

Fig. 2. The discriminator transformer, shqwn here, has several 
glass diodes beside it. These taJ<e audi!) from the IF stage. 

FM RF COIL 

FM RF TRIMMER 

FM GSCILLATOR 
T~IMMER 

'FM OSCILLATbR 
' COIL 

Fig. 3. The two open wound coils located r:i~xt to the tuning ca­
p_acitor must have their inductance raised-"to raise the frequency. 
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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 c<in run 
into hundreds of dollars-far more than 
all but the wealtJ:iie.st hobbyist can af­
ford to spend. 

Oscar is an inexp~nsive, easy-to-build 
oscillator with a frequency range from 
30-Hz all the way ·up to 25-kHz and 
an almost Oat response over the whole 
range. It uses a unique circuit: a Wien 
network with a photocell and I .5-volt 
bulb coupled to ma!ntain frequency sta­
bility. A compact unit (ours fits easily 
into a 5¥.t -inch by 4-inch by 2-inch 
box) Oscar will drive into a low im­
pedance load, anti 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 bat tery- 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 
1 

heart is a Radio Shack 
LM386 low-voltage audio amplifi~r, 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 serves two purposes: it 
reduces the signal from the Wien net­
work to the amplifier input to a satis­
fac.tory level. And, together with the 
input imp'edance 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 setting of the ganged po­
tentiometers R2a, R2b. 

The 5,000-ohm switched variable po­
tentiometer serves as an ON-OF.F 
switch in the circuit and volume 
adjustment control. 

Thus far we have listed the com­
ponents for a pretty straighttorward 
amplifier circuit. The following com­
ponents-a photocell (R4) . 1.5-volt 
bulb (LI) and a 100,000-ohm preset 
linear potentiometer are ·what make for 
Oscar's uniqueness. 

Circuit Theory. The. pho~ocell ( R4) 
is a Radio Shack RS i76Jl16 or eci,uiv­
alcnt, with a 5-megohm fo 100-ohm re­
sistance range. It will be coupled ' to a 
Radio Shack 1.5-volt at I 5ma. 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: RI , 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. Tue LED lets you 
know that the oscilJator is running. 

The thermal time constant of the 
bulb filament is sufficient to prevent 
the light output from "following" the 
waveform output, except al the lowest 
frequencies. And, if ·R.i is carefully set, 
the circuit will be stabie even at tl;ie 
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 ~eating grommet, 
and of the heat-shrinkable tubing over 
the entire assembly, is ·eritical. Also, the 
tip 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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I 
OSCAR---------------------

While there arc 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 t~c bolts attaching 
the PC board to the h? using. 

The frequency adjusting potentiom­
eters R2a, R2b should be wired so 
that rotating the shafts clockwise RE­
DUCES the resistanc~ in the circuit. 
Reducing the resistance causes the os­
cillator frequency to ri~e in accordance 
with the formula: 

f=-l-
2r,;RC 

where R = R2+ R3 and C = Cl or C2, 
as selected by the range switch S 1. 

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 R 1 all the way to 
ground. Now connect the battery, put 
the top cover on, attach a pair of 1000-
ohm or greater head hones 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 li_g!it. 
Now adjust RI until the distortion just 
disappears. Ah oscilloscope makes this 
easier: adjust R 1 for an output wave­
form that is just short of clipping. 

To make li fe easier for yourself, re­
member to drill a Jf.i -inch hole in the 
oscillator housing opP,OSite the center 
rotor of R 1 to allow a 6Crewdriver 

~ blade access for adjustments. 
~~,_:'ary the output frequency by turn­

·~ the ganged potentiometers R2a, 
"'· Turn to the upper end of the fre-
~ range-25-kHz, well beyond 

hearing range-and allow a few 
js for' the oscillator to stabilize 

. Turn back to the audible signal 
,e to make sure that the circuit is 

.. 11i 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. 
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This is the circuit board template, appearing here in it.s exact size. For those who 
feel that their skills are not up to board etching, there is a complete kit listed below. 

'Be 9c1 
OFF 

2 7 -~ ~ : UI ~ ON •9VOC 4 

S2 ~ ~~ING ~~ { ~CZ F 
cs 6 

0 

HOU ~ 

~·· ~ .. 
MOUNTING 

RS ?c• C3 

HOLE 
LED i 

)1.~ 
Llt. ~.L ··11·"·· ! 

Sia 

0 

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. 

Trace this exact size oscillator range dia­
gram or cut it out and use on the face of 
the oscillator. It is calibrated exactly 
for the dual frequency ranges available. 

RUBBER 
GROMMET 

PHOTO 
RESISTOR 

NOTE• GROMMET ANO HEAT 
SHRINKABLE TUBING 
MUST BE BLACK . 

LAMP 
LEADS 

It is very important that the photocell and 
bulb tandem arrangement be light free. 



This foil side down parts overlay shows the exact placement of 'all the components on 
the circ~it board . . Care is required in soldering and placing components with precision. 

RI 
IOOK 

R6 
150K 

R7 
220n 

R2o 
IOK 

LI 
RS 

120n. 

RIO -
470n 

PARTS LIST FOR OSCAR 

Bl-9-volt transistor radio battery 
Ci, C3-0.47-uF, 50-VDC capacitor 
C2,.C4-0.022·uF, .50·VDC capacitor 
,CS-200-iJF, 16.VDC e'lectrnlytic capacitor 
C6-100-uf, 4-VDC electrolytic capacitor 
C7'-0.l·uf ceramic capacitor 
Jl-Shielded phono jack !Radio Shack 274-346 

or equivalent) 
LI-Miniature bulb, 1:5-volt l S·mA 
LED1-Small red Light Emitting Diode 
Rl- 100,000·ohm linear preset potentiometer 

foi"P.C board mounting 
R2a, · R2b- 10,000-ohm linear ganged 11otenti­

ometers 
R3/S2-5,000·ohm linear potentiometer with 

ON-OFF switch 

R4- Photoresistor, 5-megohm to IOO·ohm 
range (RadiG Shack 276-116 or equiv.l 

RS-120-ohm, 1/.i-watt resistor 
R6- 150,000·ohm '.4-watt resistor 
R7, RS-220-ohm, V4-watt resistor 
R9- 680-ohm, 1(4.watt resistor 
R10- 470-ohm, 1/4-watt resistor 
S1-DPDT slide switch 
U1-LM 386 Do amo Integrated Circuit !Radio 

Shack 276-1731 or equiv.l 

MISC.- Box, PC board, 2 I-inch roundhead 
machine screws with nuts and washers. IC 
socket (8-pinl, 9-volt battery clips, wire, 
knobs, sheet metal screws and assorted 
hardware as needed. 

For ioformation on the availability of pans and other materials to build OS<;:AR, send a stamp~d. self· 
a,ddresSed envelope to Niccum Electronics, Route 3, Box 2719, Stroud, OK74079. 

At the bottom erid, about .30-Hz., the 
'f requ~ncy amplitude may "'..ar:y .ai-a vecy 
slow rate. If that Is the case, . gj\le ~h~· 
c'ircuit a little more negative amplitud.e 
by turning _R I up s'ligl)tly :from~groun.d .. 
Some experimentation with R.l ' s~ttings. 
should yield a compromise position· giv­
ing the best overall performance for 
bnth frequency ranges. When this is. 
atrnincd. the oscillator output should 
be constant within. ±I.dB uver · the 
whole frequency range. _ 

Troubleshooting Oscar. If this out­
put stability cannot be achieved, the 
ganged potentiometer R2a, R2b -is prob­
ably at fau lt. The cheaper varieties 
track poorly; SOJl1e may have worse 
than a 50% difference betwe.eh the 
tracks in places: Before tjlrowing- out 
the old one and replacing ·it\ ·· try ·sw.ap­
ping the R2a and R2b: leads aroilrid ~to 
see if this improves performance. 

If the oi1tput frequency response is 
still unsatisfactory, change the:.r20,0·9.07 

ohm resistor (RS) in series. :with t~~; 
bulb one value up or cio:wri .. R~li~jiist 
RI as before. 

While you were making-all thos,e a·d-· 
justmenls in the lower frequency fajl.ge: 
the LED should have heen winkfo.g 
away at you. This indicates that the 
oscillator is running and that ·it ·:na's 
stabilized after a frequenc:y · chl!nge. 
You will notice that, in the _upper.r.~nge, 
the LED stays on steadily. This is be­
cause the human eye can't assimilate 
light oscillations above a certain .fre. 
qucncy. so the high-speed fiasbipgs -ap­
pear as a steady light. 

Oscar is somewhat sensitiv.e to varia­
tions in voltage, especially to .Jew volt­
age. Serious clipping will result if the 
voltage drops below eight volts, but ~he 
oscillator will operate at up. to )4 vol(s 
with only an adjustment o( ~f.1f left 
with the power off for long peripds of 
time, the RI setting will prob,ably hay~ 
to he adjusted. 

Oscar 'is a handy piece of 'test :equ,ip.! 
ment well within the budget aµ'9 oitild­
ing capabilities of afly. electro1;iics .l]ob­
byist. It's a natural Jor shootiiig a sig.nal 
into misbehaving audio or .amplifie:f~lr­
cuits : just attach a probe or ·everr two 
leads to the output jack an'q' yqli'te, 
ready to delve into the innarc;ls. o~i;.e-
calcitranl circuits. ~ 

Other possible-and somewliat mo~pi~ 
farfrtched- uscs for Osc.ar are: as / 
audiometer, offering the bored hoJ:?f 
a hearing test at the bench;,.nr, h• 
to a high-powered amplifier -ana ~ 
er, as a device to scare c·rows o). 
backyard garden patch. . 

Usefulness, low cost and ease of,.__ 
sembly makes Oscl!r b,oth an interesting--._, 
project and a welcome addition to any 
hobbyist's workbench. • 
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Calculator 
Power 
Supply 
Build this handy, 
multi-voltage power 
source for your calculator_ 

'- \ 

.. .. .... 

fifteen dollars depending on cost and 
availability of parts. In fact, the calcu­
lator supply could be made completely 
from parts found in your junk box! 

Ratings. The design of the power 
supply is flexible. You can change the 
design to fit your needs more fully; for 
example, different voltage outputs, cur­
rent, regulation, etc. The prototype has 
the following ratings: 

l. 3 volt regulated output 
2. 9 volt regulated output (via Jump­

er 1) 
3. Maximum c;urrent output of 

l50mA 
·, 1 I 4. Uses a transformer, from an adap-

. .--. ·... tor, that has this approximate rat-
• .~ .:,~ 1 ing: 12 volt @ 200mA 

WHEN WAS THE L~ST TIME the bat- l 
teries in your calculator went dead? 

Perhaps the night before an important 
school assignment was due. Or when 

r. i\I~' As mentioned before, you can alter 
"-~W' r these ratings to fit your needs. The 

·,.. • . l~ phototypc will regulate to at least' ten 
. . percent or better. Its zener diode has a 
~« . ., zener break down of about 9 volts. 
~'r. Before building your power supply, 
.7 - define what it's going to be used for; you were balanci.ng your bank account 

and found out that you would have to 
do all of the calculations -:>n paper­
again ! Such heartbreaking events can 
be frustrating, and take up much of 
your valuable time. 

Of course, we can do arithmetic 
manually or in our heads, but it is 
faster and easier to use a calculator. As 
one can see, if the batteries are dead 
and no external power supply is avail­
able, the calculator is of no value. This 
is why the inexpensive power supply 
described here will be useful. 

Batteries are not cheap. It costs 
roughly one dollar for two AA batteries, 
or for one 9 volt transistor battery. 
Supplying approximately 0.3 watts of 
power, a battery will last for about five 
hours. This amounts to about one third 
of a cent per minute to operate. What 
about cost per year? Herc is ' an ex­
ample: Say that someone uses his cal-

DI 

RI JI ......... 
02 I 

R2 
Cl 

R3 

03 

' i.e., the calculators voltage and ampere 

culator five minutes per day on the 
average for an entire year. Calculating 
the battery cost over a year, we discover 
that we have spent over S6 for batteries. 
Six dollars could buy another calculator 
or pay for part (or all) of the power 
supply. The cost of batteries may seem 
trivial, but by eliminating the need for 
batteries, money is saved. 

The power supply described in this 
article, will save money, and it can be 
used to power other. devices. Cost of 
the power supply will run from five to 

},--------o+ 

R4 

30R 9 VOLTS 

6 

ratings. Another good question; is the 
transformer available, at reasonable 
cost. Once these questions are answered, 
it is time to proceed to the design ahd 
construction o( your power supply. 

Theory. Basically this power supply 
is a simple voltage regulator with a 
filtered . and rectified input of about 
twelve volts. The block diagram in Fig. 
I , gives a clear picture of how the 
circuits interact. 

T he transformer that will be used, 
should have a voltage rating of at least 
three to four volts higher than the regu­
lated output voltage. The voltage output 
of the transformer is dependent on the 
load current. If the transformer has a 
high output current rating, the output 
voltage will be higher. Remember, rip­
ple may play a part in how you choose 
your transformer. The current rating of 
the transformer should be at least fif-

(Conlinued on page 95) 

PARTS LIST FDR CALCULATOR POWER SUPPLY 

Cl -2,000uF capacitor 
D1 , D2-1N4001 diode rectifiers 
03-9-volt zener diode 
Q1-NPN 2Nl893 or similar 
Rl-200-ohm resistor 
R2-43,00Q.ohm resistor 
R3-25,000·ohm resistor 
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R4-l O,OOO·ohm resistor 
Tl-12-volt center tapped transformer, 200mA 
Ul-741 Op Amp IC . 

Misc.-22·gauge wire, adaptor case, IC socket, 
4-40 machine screws and nuts. heat sink 
and P.C. board. The Calculator Power Supply is designed so 

that the circuitry can be mounted flexibly. 

... -

·' 
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ENERGY 
SENTRY 
Monitor your power 
consumption to. save energy 
and reduce your electric bil l 

IF YOU PAY the electric bill, you know 
only too well what has happened to 

t):?at biJl over the past few years. ln 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 
t.J:lc electricity used in your home. 'With 
tne 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, whi.le saving precious fuel. 

Energy Sentry is an easy to con­
struct. circuit; built in a small enclo:;urc, 
with a built-in receptacle into which the 
·;ippliance is plugged. Ten separate 
LED's provides an indication of the 
power consumption of the appliance. 
Eqergy Sentry is calibrated in "cents 
per hour·" over a range of 1 to I 0 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 . 

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 docs 
the more common voltage transformer, 

except that 'Secondary current; not volt­
age is deter.m'ined by the nuQJber qi 
turns ·of bdth primary and secondafY.· 
In th~ case of Energy Sentry, the: p·ri­
mary of th.e cur.rent trahsform~r consist!,! 
of just \~ turns of wire wound 'by yo~r­
self around rhc core. The· secondary is 
the exis~ing 115 volt winding ·Of ·the_ 
tran~former, resulting iti a turns ratio, of 
perhaps l 00. The existing J 2 volt winCl­
ing of the transfon)'ler i~ n'ot 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 cufrent 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 appli~nce. This 
voltage varies linearly with primary cur­
rent ano therefore li'nearly 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 I through calibrating po­
tentiometer R3. It can be seen that the 
drive voltage to U I will n"'e determined 
by the current drawn by the appliance 
you are checking out. 

U I is a LED driver chip which has 
been designed to drive a series of f 0 
LED's in re~ponse to the voltage. ap.­
plied to its input terminal. pin 5. When 
the voltage applied to the input is zero, 
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Ene~ySentry ·~~~~~~~~~~~~ 
no LED wiU be J 1uminated. As the 
voltage is raised each succeeding LED 
will light, .one at a time, until the l 0th 
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
rept to no current, , will light in rapid 
succession in an interesting display. 
· Power to operatel the circuit is pro-

vided by Tl , which• fe~cds a half wave 
rectifier and capacit1ive filter composed 
ot CR 5 and C2. The resulting DC volt­
age, .about 8 volts, lis sutncient to op­
ei:ate UL Since U l has a built-in regu­
lator, the circuit will hold calibration 
t;egardlcss o( chang~s or fluctuations in 
eower line voltage. I 

Construction. Mqst of the circuitry 
of. Energy Sentry is contained on a 

I 
0 

0 

E 

- F 
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prjnted circµit boara. 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 ir on the front of the 
cabinet. The printed circuit board· can 
be mounted in the cabinet with a set 
of four % " 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 :t: 14 enamel 

B 0 

LEo'S ,.......--...., 
~ 

-+I-
CR5 

wire. Do not use wire .Of snt'a:ller gauge. 
Place s11//icie11t i11sula(ing tape around­
the laminations to preyent a shor-t cir-· 
cuit between the enamel wire and· core. 
If you substitute another transformer 
for T2 it may be necess_ary to remove 
the existing low voltage winding to l)ro­
vide sufficient room for the riew pri­
mary. The additional winding placed. 
on the transformer is connected tb pads 
E and F of the printed circuit board. 
In a similar manner, use pads ma_rke~r 
A, E, F, G and H for the 115 volt 
and transformer connections as shown 
in the schematic diagram. Exce.pl for 
pads G and H, use # 14 gauge \\1in~. 

It is recommended to use a socket. 
for U l. This will prevent damage -to the 
lC or printed circuit board in the event 
U 1 has to be removed for service.: 
Double check the polarity of t~e -LED' ~ •. 
diodes, and electrolytic capacitors be- · 
fore soldering them in place. Tues~ 

(Continued on JJage 94) 

-+I- -14--

0 

* B 
R4 

-cJ-
-+I-

-QR:3 
JI 

-=* 
-+I-...._ QR2 

--+1-
Cl i CR4 

C2 : ICRI t t CR2 _..._ 
-ll- ~3 

~ -<:=:r- ' 
R5 RI • 

Seen above is the component side of the Energy Sentry Pc' hoard. 
T2 provides power coupling, and T1 provides power for circuit_; 

To the left is the PC board, with the etched side up. The rt>~ 
of LED connection terminals can be seen on the right. 



DIGIDICE 

An electronic dice game with infinite possibilities 

HERE IS A PROJECT for those of you 
tired of rolling old fashioned me­

chanical dice. Digi Dice can be used 
anywhere normal dice are used, and 

_ h.as been designed to be cheap, port­
able, and fun; And, •since it is an elec­
tronic. ·device, it is probably more ran­
dom than any regular dice with their 
i'nheren.t me.chanical imperfections. 
Con.struction ti~e will vary, of course, 
but. we built our dice in an afterneon. 

• • ••• • • 
• • •••• • • 

This front view of the PC board shows the 
arfangemen~ of l~s an,d the LEDs ,that read 

.. out tli.e.··s~ore. "Snake:.eyes" ·lights .up· first. 

and by evening were "rolling" in a 
game of craps. "Total cost should run 
about $12 to $15, depending on how 
much sp<1rc junk yo4 have' lying· about 
and where you buy ~he needed parts. 

The Circuit. Refering to· toe . block 
diagram, you can see that Digi Dice is 
composed of three main blocks .. B!ock 
A, the oscillator, is made of two 74LS 
inverters connected as an· oscilla-tor, 'u~~ 
ing a resistor and capacitor to .regulate 
the frequency. The output of thfs os­
cillator is sent to block B, the counter . 
This C01'\,Sists of two CD ~O 1.7 decimal 
decoded counters, each wired to reset 
at a count of six, .such that its sequeO'ce 
is 0. I , 2, 3, 4, 5, 0, l, etc. The first IC 
(U I ) gets its input directly from · the 
block A oscillator, while ·the second 
(U2) receives its pulses every time its 
partner resets itself to zero. Obviously, 
the second 4017 only counts one -.-sixth 
as fast as the first. 

The net result of all this is a two­
placc base six .( modulo six) cot.u;iter. If 
we rtow interrupt the coJmt· at some 
point, ~ach 4017 wili contain a value 
of 0 t,hrough 5.,, lf then, and this is the 
heart of the circuit, we r tin tile counters 
so fast' that We d·on'.l 'know vibe.re they 
are when we bait' them; w.e have. devised 
tWo independent , .ancl "rahclom'

1

' six 
.coimteps . . Bl;it that is exaclly''-whilt me­
chanical dice are, :so now all that must 
be ·done is to display otir results in some 
~uitable ' way .. 

Block G, decoding and 'dtiving; does 
this by interpteting the values present 
in the CD '4017s. ·and displaying them 
using red LEDs arranged to give the 
appearance of a pair of dice. 

Now; look at the schematic diagram 
fot a more complete idea o( how the 
circuit operates. Switch Sl is power on­
off. S2 is a .normally Closed momen­
tary-contact pushbutton which inhibits 

I,. - • •· 

This :is the exact size .of the· PC bo.ard' (.Qr Digi · Dic.~, sh9\Yn fiere with fb)I side up. 
If. you do not' care tO.etch the board yourself~· order a pre.-etdied' and labeled Niccum kit. 
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DIGIDICE 
counting in both U l and U2 by hold­
ing. pin 14 at ground. Opening (push­
ing) S2 allows R14 to pull pin 14 to a 
high level, thereby allowing the count­
ers to run. When this happens, the 
decode}/ drivers will be displaying the 
contents of the UI and U2 using the . 
LEDs, but so quickly that the eye can­
not follow. Releasing the pushbutton 
switch (closing S2) will freeze the 
count in each 4017, 1 which can now 
be seen displayed by tl;ie LEDs. 

Construction. A full size PC board 
layout is shown for your use. As the 
p_att~m is very tight.I we recommend 

4 

Rt3 
IK 

_LS2 

r 
Bl 82 83 84 

V+ 

c:+ •lr-!11l~1ll 

.........( V+ 
SI 

that c;mly advanced hobbyists attempt a 
reproduction. Wire wrapping is a bit 
more tedious and time consuming, but 
easier to .,correct. Anyway, if you do 
-choose th"e PC route, carefully check 
for breaks and shorts in the foil with an 
ohmmeter, since they arc easy to miss 
by visual inspection. 

Follow the parts layout guide when 
assembling the PC board, and be sure 
you have the correct orientation of the 
chips; a small notch is preesnt at pin 
#I of each chip. Also, don't arrange 
the LEDs backwards. The anode lead 
( +), which is usually longer than the 
cathode lead is always nearest to the 
ICs on the board. Reversing this won't 
hurt the LED but it won't light either. 

The entire project fits neatly into a 
2114-inch by 2\1.i-inch by 4Vto-inch 

RI 
R2 R3 R4 R5 R6 

-'-
~LEDi ~ 

LED7 

~ ~ LEDS ~ 
LED4 

~LED3 LEO 5 ~ 

R7 
RS R9 RIO 

;:LEDS 

~ LEOIO LEO 12 ~ 

PARTS LIST FOR DIGI DICE 
81 thru 84-1.5 voe battery 

, Cl -0.0S.uf, 50 VOC ceramic disc capacitor 
"~ CED1 thru LED 14-light emitting diode rated 

.. 20 mA @ 1.7 voe 
"thru Rt 2-470-ohm, ¥<&-watt resistor, 10% 
-1 ,000-o~m. ¥<& -watt resistor, 10% 

.-10,000-ohm, ~-watt resistor, 10% 
-SPST subminiature slide switch 

S2-SPST normally closed pushbutton switch 
Ul, U2-C04017 decade counter integrated cir­

cuit 
U3-74LS04 hex inverter integrated circuit 
U4, U5-74LS27 three section, triple input NOR 

gate integrated circuit 
Misc.-batlery" holder I clip, suitable enclosure, IC 

sockets, ho.okup wire, solder etc. 

For infonnatlon on the availability of parts and other materials to build DIG! DICE, send a stamped, self· 
addressed envelope to Niccum Electronics, Route 3, Box 271 B, Stroud 9K 74079. 
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plastic box available in art supply 
stores. We ran four wires out of the 
main box to a smaller mateh!ng unit in 
which we mounted switches SJ and S2. 
Ribbon cable is perfect for this. The 
battery and circuit board are stabilized 
by styrofoam strips and blocks cut to 
the necessary shapes and either glued 
or press-fit into the large box. When 
the time comes to change batteries, the 
holder is easily unclipped and slid out 
of the case. lncidently, any 5-volt to 
6-volt source can be used in place of 
the dry cells. The absolute maximum 
voltage the 74LS chips will tolerate is 
7 VDC, so be careful. 

Operation. Closing switch SJ acti­
vates the circuit. Don't be surprised if 
an unusual combination of lights ap­
pears when the unit is first turned on. 
Now press pushbutton switch S2. All of 
the LEDs will illuminate, some more 
brightly than others. Releasing the push­
button will force Digi Dice to display 
two random values. Repeat the se­
quence for further play. 

To test the theory of randomness, we 
"rolled" Digi Dice one hundred times. 
A summary of the results is shown. Al­
though the tabulation was not checked 
using statistical analysis, you can see 

The foil side of the completed PC board is 
a gem of neat solder connections. The unit 
fits into a variety of handy plastic cases. 

! 



that the theoretical 16213 frequency for 
each level 'is closely .approached-the 
small variations a're just random fluctu­
ati'ons ih this relatively few number of 
trials. Digi Dice draws about 20 to 60 
tnA from the .supply, depending on how 
many LEDs are lit. Alkaline cells are 
best for long life, but regular carbon­
zfnc batteries will provide several hours 
of "rolling." Be sure to try this circuit 

in a game of backgammon. It .runs 
mucn more quickly and' a thiri:l pe~son 
can get into the game as a dice roller. 

Conclusion. We'll add the . usual. cau-. 
tion at this point about .getting inyolved 
with "money" games. While Dlgi"Dice 
has been designed to be as "random" 
as is possible .for a project of this· na­
ture, we certainly do not wish to. be­
come referees in arguments between 

~TATISTICAL BREAKDOWN OF 100 ROLLS 
'This chart shows how 
truly random Digi Dice 
is, much more so than 
old-fashioned "bones." 
While it may be pos• 
sible, we .know of no 
way to rig Digi Dice. 1 

~ace' V~lue 
1 
2 
3 
4 
5 
6 
'Total 

Die #1/100 Rolls 
18 
14 
18 
15 
18 
17 

100 

Die #2/100 Rolls 
16 
18 
14 
17 
16 
19 

100 

,..----------, ,.----------1 
I 11 
I I I 
I 11 

~-~ 

UI 
4017 

I 11 I 11.._ _ __, 

The·battery pack hol(f­
,-----. RESETI ,l_ng the four 1.5 volt , 

U2 I cells that power Digi 
4017 I · Dice fits neatly jnto 

I BLOCK A I I BLOCK B 

I one of the com111on 
I rectangular plastic box-

- - J f! ~h!~~i;~n !t :~~;~ L---- ------' 

This· diagram shows the IC 
arrangem~nt that lights the 
LEDs in the random pat­
tern that makes Digi Dice 
the exciting game that it 
is. Possibly some devious 
individµal will figure out 
a wa~ to load Digi Dice. 

r 

I 
1 
I 
I 

LEOS I 

I BLOCK c I l __________ J 

Styrofoam or a simi­
lar material can be 
used to take up r0;0m 
in the box, since the 
PC board and battery 
pack aren't likely to 
fill the entire box. 

y!)iduid yourfri~nos (OJ:.· your :v:ictiins). 
Digi f),1ee i,s intendeCI for entet'tainment 
opl'y, :ana -~l!Y other use o'f this project 
(ei'tlier1 witfi a modified circuit or not), 
especially· for· gambling, -ls done .against 
our·.strongest recommendation. ffyou're 
ali that_hot-to really gamble. the Cham­
ber of Commerce of Atlantic C:ity 
would 110 do~bt like . you to visit the" 
town's casi·nos instead! • 

The parts overlay dia­
grain shows the place­
ment of components 
on the PC board. As in 
all projects using a 
number of delicate 
fcs care must be taken 
wiJh the pins and with 
the use of solder­
ing irons too near 
to the .chips. Digi 
Dice is a pr1;1ject to 
gladden a gambler. 
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SITRAT IS AN ELCTRONIC thermometer 
that requires six components. and a 

battery. The parts arc readily available. 
You may already have them in your 
junk box. All you need to build the 
SITRAT is one NPN silicon rransistor 
a potentiometer, 2 resistors. a zener 
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 new 
panel meter it should set you back be_• 
tween five and nine dollars. Other parts 
combined, if purchtlsed new, shouid 
cost less than three bucks. 

The author's prototype model of 
SITRA T is just as accurate with a 
weak battery as with a brand new one. 

The Circuit. In tile circuit diagram, 
the current flowing through the meter 
is the transistor's collector current. Col­
lector current increases when the tran­
sistor's temperature docs. This means 
that the meter's needle goes up when 
the temperature docs. 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 iftows through Rl. 
Since R.1 is a potcnlibmet'er we can set 
the transistor's base current to some 
specific value by just turning RI 's knob. 
By definition, a trans~stor's collector 
current is just its base current times its 
DC current gain, usually abbreviated 
/3oc. 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, lcEO is negligible in silicon tran­
sistors so we don't I even mention it 
here. This means, if we squirt a tiny 
current into the transistor's base. out of 
the collector comes /3oc times the cur­
rent we squirted into the base. 

Inside view of SITRAT. 
" Note component sim· 
°"'-'<. plicity • . There is _ Tio 

~eed for printed circuit 
1ard here! The ball· 

aring potentiometer 
·~ very cla.ssy-bul you 
can use a regular one 
meg pot in this circuit: 
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OFF., ON 

TEMPE ATURE 
model 760. 

'SITRAT Build this highly accurate 
electronic thermometer 

Let's suppose we have a transistor 
with a DC current gain, at room tem­
perature of I 00. We apply I 0 micro­
ampcres to its base. We get 10 micro­
amperes X I 00 = I 000 microamperes 
= I milliamperes at the collect.or. Let's 
warm the transistor to 1 oo•p, At this ' 
temper~ture, th~ current gain has risen 
to 1 l 0. Collector current is now 10 
microamps X 110 = 1 I 00 microamps 
= I . I 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 tcmpcrarnre because the 
base-to-emitter voltage, VBE. decreases 
with increasing temperature. The reason 
that a decrease in VnE causes an in­
crease in the base current is easy to 
visualize. RI sec 9 VnE. As VnE de­
creases, the voltage across R l increases. 

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

A simple voltage regulator circuit 
consists of Rl and zener diode DJ. This 
voltage regulator provides a constant 
voltage source for Q 1 ·s base bias cir­
cuit. Voltage regulation insures that the 
battery's voltage won't afiect I n 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." T he author 
has determined the DC current gain at 
room temperature for I 0 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 .. , 

ifr~r:is1stor C4rrenv Gain 

2N5f>Sa:.­
HEPS002 
2N5o8~ 
2.N3860 
2N2.~2~ 
RS~$'1 
.21':f&Ig.s· 
'2N289'l 
SurpfilsV.A" 
surptus"B" 

'J.10~ 
'110 
625 
200 
153 

·~1· 

,t~t 
~oo. 
149 



. . 

: 

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 sensi tive the thermometer. Since 
the nuthor was seeking a relatively 
sensi·tive thermometer he chose the low­
est gain cnrnsistor he tested. However. 
you can use any transistor you have . 
although the author does .not recom-
111end those extremely high gain tnm­
sistors. say with gains over 500. If the 
thermometer docsn·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 rdatively small /3oc, 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 DI and use 
point-to-point wiring between them and 
RI. SI and MI. which are all mounted 

0

SITRAT line drawing 
sho~s simple place­
ment of the few com­
ponents. Cable to the 
probe can be almpst 
a11y length; no elec­
trical problems to wor­
ry about. A quick kit! 

PARTS LIST FOR SITRAT 

Bl-9·VOC transistor radio battery 
01 -6.B·volt zener· diode, Y2 watt 
M-0 l·mA panel meter 
Ql -any type NPN silicon tr(lnsistor (see textl 
Rl -1,000,000·ohm potentiometer 
R2-100,000·ohm, 114 watt resistor, 10% 
R3-150 ohm, v.i watt resistor, .10% 
Sl - SPST switch 
Misc.- 2 lug terminal strip. an appropriate 

length of a 3 conductor cable, spaghetti 
sleeving, acrylic plastic spray, E-POX-E 
Ribbon or Epoxy Putty, Ory Transfer Let­
tering, graph paper, suitable case, small 

on the front panel. See line· drawing 
and the ghoto. In the parts list, R2 is 
listed as a I OOK 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 arid 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. conneeti'ons and transistor 
with acrylic plastic. After the acrylic 
dries. pull up the sleeving over the 

- B l 
- gv 

SI ,__.___,• M t-------.-

0-1 
R3 MA 

0 
s 

. 0 1 
6.8V 

01 

plastic pai I, good quality thermometer, 
wire, solder, hardware, etc. 

YELLOW TRANSISTOR 

RED} ~ ( {;~~~~~33~~,~~~ c This is the only tricky . \;_ : BE part of SITRAT. Follow 
"---------' tlie directions in the 

'---- BLACK 
SOLDER text carefully, and you 

NOTE: BE SURE T0 MARK DOWN WHICH 
WIRE IS CONNECTE_Q' TO EACH LEAD 
OF THE TRANSISTOR. FOR EXAMPLE; 
RED TO COLLECTOR_, '(EU.OW TO BASE, 
BLACK TO EMIJTER 

will not have a 
single bit of trouble. 

I 

connections and ieads as shown in the 
drawing. To comp.letely waterproof the 
prohe. take Ep-oxy Putty or E-POX-E 
RIBBON and encase the transistor 
assemhly in it. Try to fashion . a reason­
able looking. pointed probe. by ·tising 
your fingers. See Figure 8. For that 
final. semi-pr.ofessiol)al touch. w:ct yom 
hands and roll the. rough~looking probe 
between them like. d.oug~ '. You should 
be a~le to fashipn a smodth. C;.,>.lindricill 
probe out o.f the putty, , as in drawing. 
This completes the actual constructfon 

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 k,cpt 
submerged in the pail. The p;iil itself 
will be about half filled. with wntcr. For 
good accuracy. you \vi ii have. to tnkc 
at ict1st 10 different readings. each read-. . I~ • 
ing at a difforeri.t temperature. . 

Start out with_ exactly l 20'F ~at~r. 
This can be easily <lone by. first filling 
the pail with hot water-say 125-1 35°F 
- and then waiting tintil 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 l 20" water. set R l 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 \tcci­
clent. Mark this po.int clown as .9 m~ 
at 120°F. Next, replace the I 20• water 
with some slightly cooler waler. Be sure 
you stir the water. After a minute or 
two, again take both SITRAT's anJ 
the thermometer's readings. Also mark 
the information down: Similarly, you 
should take at least six more readings a t 
different temperatures. Make sure each 
of the six separate temperatures differ by 
at least s·F. Another reading should 
be taken at the freezing point of water. 
To take this reading, empty the bucket 
and then hair fill it with small ice cuoes 
or compacted snow. '.Then, pour cold ,,.. 
water into the bucket until it is .dl:iou( ~.,. 
2,6 full. Finally, .plac·c .the probe 'in ti-.~' 
middle of -the bucket and stir the i 
mixture frequentiy. Wait scve.r.al m1.._.,.-"--­
utes or until the rneter's necalc stops 
moving. Tl)en marl.c do.wn 32°F and 
next to it place the meter's rcading-
for example 32°F @ .3 ma. (Notice 
that in )'abl_e 2,_ which is the reading 
the author. recorded, 32° corresponds to 
exactly .32 n)a, This. is c;ntirely a coin-
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cidence!) You should I also take at least 
one reading below freezing. To do this, 
make a mixture of salt an<l ice cubes 
and place both the probe an<l thermom­
eter in it. Record both the thermom­
eter's and SITRA i"'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 
slrT1ilar, your actual readings will differ, 
except for the .9 ma at 12o· F reading 
which should be identical. (Quickie 
Quiz: Do you know why this reading 
is identical co the author's and will al­
ways to be the same for all transistors 
regardless of DC current gain? HJNT: 
Read this section over.) 

Current 
ffui lllampet.es) ~ 

.9 
,8 
,735 
.67 
.63 
:58 
.52 
.48 
.44'5 
.36 
.32 
.2? 

will differ, 

Drawing of the probe afler is has been 
coated with the e1>ox¥ putty. The idea is 
~o mold the putty until it is fairly smooth 
all around he transistor and leads. Make 
sure that the re arc no holes or openings. 

I 
. 50 60 170 90 

40 90 30
4 5 6 100 

3 32 

TEMPERATURE 
Of 

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! 
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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 m easured 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, . J , .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 T able 
2) on the graph paper, as in the chart. 
T hen draw a SMOOTH curve through 
the points. To draw this smooth curve 
use a ·french cui:ve' o.r if you arc 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 measured. T his pro­
cedure is known as extrapolation. 

So now you have a beautiful curve. 
What now? If you are acqua.inted with 
curves on graph paper, simply read off 
the current readings that correspond to 
every temperature that is divisible by 
I 0 (e.g. 120: I I((, I 00, 90 etc. ) and 
mark the information down in a table. 

· Mo 

1.0 --- - -- -
(o l 

0 9 
~ . (.92 m 0 CORRESPONDS TO I 10°F ) 

~ .B (.74,;;;; CORRES;;;NOS -:;:-0 ~0°F) - -

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 SITRA T 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 I .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 he the maximum tempera­
ture your S£TRA T will measure. Note 
that the author's prototype can measure 
a maximum temperature of I 30°F. 

Now to find how low a temperature 
your SITRA T can measure. Finding 
the minimum temperature is a bit sim­
pler. First. make sure you have co~­
tinued extrapolating the smooth curve 
until it hits the horizontal axis (0 ma 
point ) . Mark down the temperature 
where this extrap'olatcd curve hits the 
horizontal axis. In the chart, this point 
is -50°F. This is the lowest tempera­
ture your SITRA T can measure and 

(Continued 011page93) 

(d) - ---- - --
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MAX 

TEMPERATURE OF TRANSISTOR (°F) TEMP 

MINIMUM 
TEMPERATURE 
THAT AUTHOR'$ PROTOTYPE 
OF "SITRAT ' CAN MEASURE 

• DATA POINTS 

This is the graph that )'OU will need lo calibrate the temperature reading meter scale. 
Make a couple of trial runs on graph paper until you get the knack of drawing smoothly. 



T~rn MONEY spent on h·eatin~ and ·cool­
mg your home represents your larg­

est energy expenditure. f\.s 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 ou'r utility companies are 
i'µstituting a program of energy surveys 
for h.omcowners 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 pas~ageways 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 dc­
te.cting mechanism but temperature 
change. These tC$tS 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 
thrqughout the home. A built-in bat­
tery. ·monitor circuit in the instrument 
.alei·ts 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 
toss 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. 

• 
tO V\i BAH fRY 

Heat loss 
Sentry 
Locate home heating 
losses and 
reduce your energy costs 

of an accurate low cost temperature 
sensor integrated circuit, LM335. This 
is a three terminal IC, designed to look 
like a 3 volt zener diode with an ac-

curate feihp~rature coeffiC:ient of 1 O,mil­
Jivqlts: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 temperan~re. Typically, the 
LM33.5 will provide one degree C ac­
curacy over ·hs ·entire operating range. 
when it's calibrated at any temperature. 

Refer to the scematic diag1,am. b .1 
·and. U2 .are ea.ch"an LM '33"5,.IC; con. 
nected in a differenti~I amplifier . cir­
cuit to detect a temperature difference· 
between these two devices. U I is 
mounted in a probe assembly, used to 
detect temperature changes, and U2 is 
contained in the instrument cabinet and 
acts as the reference. ;rhe 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· 
becomes the nominal or average tern-

. I' 
perature being measured. 

Wheti Hea_t Loss Sentry· is calibrated 
to center scale,..the voltage across U2 is 
adjusted to be sufficiently below the. 
voltage of Ul so that the ou~put voitage 
pf 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 
l 0 millivolt per degree Ke:lvin sensi­
tivity of Ul is amplified to 180 milli­
volts per degree Kelvin. This is equiva­
lent to 100 millivolts per degree Fahren­
heit. Resistors R 7 and RS are multiplier 
resistors which convert the one milli­
ampere meter mov.ement ro a voltmeter 
of 2 volts full scah!. This provides a 
total meter range of 20 degrees Fahren­
heit,. or a relative :scale of ±I 0 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 
differentiaJ c~n be read directly from 
the meter sc·a1e. 1 

IC U3B is operated as a voltage com­
parator to ·constantly {110nitor t>atier,y 
voltage when the instrument · is oper-· ~· 
ating. This is accomplished )?y feedin/ 
a reference voltage across Zyner dio· 
D l to the positive input of t)3B. ;­
portion of the ~attery voltage is fed to' 
the negative input of U3B. Voltage 
from a ·new biittei:y .is sufficient to de­
velop a higher voltage at pin 9 of U3B 
than the D ~ reference voltage. As a 
result, the U3ff.output is at zero poten­
tial and bED J. is"'extinguished. As ·bat-
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Heat Loss Sentry---------------
lery voltage decreases a point is reached 
when voltage at pin I q of U3B exeeeds 
pin 9 voltage. This re~ults in U3B out­
put rising to battery potential, and il­
ll!minating LED 1-. Th~ user is thus 
~Jetted that the batterr 1s near the end 

·of its useful life and sh'ould be replaced. 
Construction. The ehtire circuit, with 

the exception of the sensing probe anc 
.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 
tffe board. On page also is the compon­
ent side, showing the parts layout. The 
·printed circuit board has been designed 
·fo mount directly on lthe back of the 
.meter., using the meter; screws for both 
m·echanical and e l ectri~a l 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. 

RI 
8.2K 

U2 
LM335 

c 
R3 

+ 

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 I of 
U3 is .cl~arly 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 

H 
SI 

I 

Cl RIO 
'J IOµF 27K l., 

CRI 
IN5230 Rll 4.7V 

39K r 50K I CALI BRA TE I 
E 

':' ':' 

R6 
270K 

Ul,U2 
BOTTOM VIEW 

R4 
15K 

e 

G 

U3B 
LM 324 F 

Rl2 
470K 

.1/ 

LOW 
BATTERY 

PARTS LIST FOR HEAT LOSS SENTRY 

Bl -9-VOC transistor alkaline battery 
~1 -10-µF, 15-VOC electrolytic capacitor 
Pl - 4.7-volt zener diode I 1 N5230 or similar 

"'" LEDi- red' LEO 
I, Ml-0·1-mA, DC meter 

R1-8,200·ohm, V4·Watt ,resistor (all resistors 
10% unless·otherwise noted) 

R2-8,200·ohm, 1.4-watt resistor 
Rl-50,000-ohm potentiometer, panel mounted 
R4-15,000-ohm, 1.4-watt resistor 
RS- 15,000-ohm, 1.4-watt resistor 
RS-270,000-ohm, lf.i.watt resistor 
R7-2,000·ohm, 1.4-wat resistor, 5% 

I . 
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RB- 39,000-ohm, %-watt resistor 
R9- 2,200-ohm, 1.4-watt resistor 
RI D- 27,000·ohm, lf.t-watt resistor 
R11 - 39,000-ohm, Jf.i-watt resistor 
R12- 470·ohm, V4·Watt resistor 
S1-SPST toggle swftch 
Ul , 2-LM335 temperature sensor, National 

Semiconductor or equivalent 
U3- LM324 operational amplifier, National 

Semiconductor or equivalent 

Mlsc.- Cabinet, GC Electronics H4-726 or 
similar, wire, solder, battery clip/ le. 

of flexible shielded wire. M.aintain the· 
correct polarity when connecting U I. 
The shield connection· o.f the cable 
should be tied to the negative· lead of 
Ul, 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 
oattery, 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 'witb 
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 r~turn, 
power switch. This was chosen to pre­
vent the unit from being left on when 
not in use, and depicting 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 le<1ds 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 u i,. 
using the + and - terminals of the IC 
as shown on the schematic di~igtam. 

The adjustment terminal of Ul 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 ca~e 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 looki11g .. instru­
Jl1ent, you can use the meter s:cale 
shown which fits the meter sp·eci~!eCI 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 ~cale on 
the back side of the meter scale, and 
reassemble it foto the meter., 

Checkout anc# Use. When the unit is 



fully wir.ed, check for wmng 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. 11djust the meter read­
ing from zero to full scale, ·with ·soine 
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 supP,ly to 
9 volts and connect it to the power 
input terminals observing. correct po-

larity. Turn the power switch of Heat 
Loss Sentry on, and observe the Low 
Battery indicator as the power supply 
vokage is reduced. The Low ~attery in­
dicator should become illu'minated as 
the power supply voltage approaches 
approximately 6Vz volts. Due to varia­
tions in zener diodes, you may wish to 
change the value of Rll, 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_ oµt a.ny 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 le!.lk~, 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 !mofher leak. It 
takes a few minutes to. familiarize y our­
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 d~fective ICs, resistors, etc. a 
higher than normal temperature will b~ 
indicated. • 

This is the foil side down view of He:it Loss Sentry's 
PC board. Care must be exercised in etching board. 

The foil side up diagram illustrates parts placement on the top of 
the PC board. Heat loss Sentry requires relatively few components. 

FLEXIBLE 
SHIELOEO 
WIRE 

---s"---·1 PLASTIC TUBING 
To the left is a drawing 
of the heat sensing 

ul probe. Follow the set­
up closely, and use the 
glue! Al right is an ex­
act size drawing of the 
meter face. Cut it out 
and paste it right on. 

0 

DEGREES 
FAHRENHEIT 

10 
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H0UNDOG 
This electronic metal detector is a thoroughbred 

0 NE OF TliE PROBL 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 provil:Jed by Houndog, 
a relatively simple I and inexpensive 
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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 cin 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 
---, circuit board mounted 

in the cabinet, and 
the meth~d used for 
attaching the cabinet 
cover to the handle. 

Closeup of the searc!J 
head shows the posi­
tion of coils L 1 /l2 
and L3, and thei r re­
spective overlaps as 
described in the text. 

exhibit a change in tbefr tota1 induc­
tance value, the change being read by 
the circuitry and translated into an 
audi5le signal. In s~ort, w!J.en Houndog 
"barks;'.' it's ' time to start .digging. 1 

The Circuit. The heart of the circuit 
is Ul, an audio amplifier, whose dif­
ferential inputs arc fed by a bridge 
circuit consisting of Ll , 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 s~nsifivity switch SI. Th'" placement 
of LI, L2 and l3 is such that the total 
field set up in L1 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 chE\nges the distribution to the 
effect that the field across L 1 and L2 
is no longer zero, and a voltage ap­
pears across the amplifier's inputs. The 
coil connections arc such that when 
this condition exists, the positive input 
voltage is in phase wit!\ that of the 
output, and the circuit oscillates: The 
signal is fed to Q 1, causing it to turn 
on, allowing current to flow to buzzer 
BZl, creating Houndog's "bark." 

Because the coils used in Hoimdog 
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 vari_ations 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 BZl , all components mount di­
rectly on the PC board, as indicated in 
the PC component layout guide. C7 is 
soldered directly to the terminals of Sl, 
and the· potentiometers ·and s'>'litches 
and the buzzer are mounted to the 



aluminum or plastic chassis. As always. 
pay careful attention to the poli!rities 
of the electrolytic capacitors during 
installation. Although not completely 
necessary, use of an IC socket for Ut 
is recommended. 

The circled numbers appearing on 
the schematic and parts layout guide 
arc for keying up the connections 'to 
the off-board components. It is not 
necessary for you to etch the numbers 
onto !he PC board. so long as you refer 
to them during the final wiring stages. 

To assist you in constri.1ction 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-

I 
I 

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 / L2. rather than 
winding two sets of 30 turns each. we 
suggest that at turn 30 of Ll, 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 

C3 + 

IOOµF I 
R6A I lc2 _ 

IOOK © 6 O.OlµF -

":' 75 
+ 

@ 1 R5 
C5 1.5K 

IOOµF 
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IOOK R4 
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18/\ 

15µF 
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RI 
©I ® 121\. 

LI ® C6 
C.T. L3 0.068.11F R7 R3 

50K IOK G) 
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R2 
@ 12.n. -=-

PARTS LIST FOR HOUNDOG 

81 -9-VDC transistor battery 
Bzt-piezoelectric buzzer (Radio Shack #273-060! 
C1-15·uF, 15-VDC electrolytlc capacitor 
C2-0.0l·uF, 50-VDC ceramic ca~acitor 
CJ, C5-lOO·uF, 35-VDC electrolytic capacitor 
C4-l-uF, 35.voc electrolytic capaci~or 
C&-0.068-uF, 25·V.DC mylar capacitor 
C7-2.2-uF, 35-VDC non-polarized electrolytic ca· 

pacitor 
l 1, l2- 30 turns of :!:20 enameled copper wire 

see text 
l3-60 turns of ::no enameled copper wire 
Q1-2N5210 NPN low-level transistor 
Rl, R2- 12-ohm, lh-watt resistor, 10% 
RJ- 10,000·ohm, 112.watt resistor. 10% 
R4- 18·ohm. 1/2-watt resistor. 10% 

R5-l ,500-ohm, 1/2-watt resistor, l 0% 
R6A/ R68-dual-section I 00,000-ohm linear-taper 

potentiometer 
R7-50,000-ohm linear- tape,r potentiometer with 

SPST switch (S2l ' 
Sl - SPDT slide switch 
S2- SPST rotary switch (part of R7l 
U1 -LM386 audio amp integrated circuit 

Misc.-battery clip, aluminum chassis, hookup 
wire, solder, spacers, knobs, 200-foot roll of · 
j!20 enameled copper wire, weatherproofing 
finisher !varnish, shellac. polyurethane, etc.I, 
non-metallic support rod, 10-!eet of 2-conductor 
shielded wire, 10-feet of I-conductor shielded 
wire, 1A·inch plywood stock, etc. 

For pricing on parts and pre-elched, printed·circuit board for Houndog wrile lo Niccum Electronics. Ale. 3, Box 2718, 
Stroud. OK 74079. Be sure to Include a stamped. seH·addressed envelope. 

permanently attaching the coils to the 
plywood head. it is best to tack them 
down temporarily with either tape or 
mbber cement (for obvious reasons. 
no metal fasteners can be used now or 
during the final attachment). 

Connect Ll / L2 to the PC board with 
2-conductor shielded wire, attaching the 
inner conductors to the outside ends 
of Ll and L2 (points 8 and 9), and 
using the braided shield for the center 
tap ground connection. The shield 
should be grounded to circ~it ground on 
the PC board. Sirigle conductor shielded 
wire is used for the connection of LS 
to the circuit, wi th 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 L 1 / L2. 

Set R6A/ R6B 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/ R6B 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 SPOT switch and two adjustments. 

ELECTRONICS HOBBYIST 1984 I 29 



. I . 

HOUNDOG 
and S 1 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 / R68 and R7 for a lower threshold 
(increase R6A/ R6B more clockwise. 
while backing off more on R 7 to stop 
oscill.ation) and repeat the procedure. 
Three inches should ~e the minimum 
distance at wflich flo1111dog 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 sensitiJity of R6A / R6B 
too low. making actl~al measurements 
against coins ineffccti~e 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'l 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 full scale etching guide for Houndog's PC board. If you purchase a Niccum 
PC board, the layout I may differ slightly. follow their assembly instructions for ii. 

TO 
CHASS JS 
GROUND 

BZI 

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

114• TAPES ®~~?~~ING 

t:%",:c~ ; ss:7 
SIDE VIEW 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. 



Dashboard 
Digital 

Voltmeter 
Keep an electronic eye on 
the voltage level of your 
vehicle's electrical system 
and save on expensive 

repai r bills later 

YOU'RE MAKING TIME down the inter­
state at three in the morning, and all 

of a sudden you become aware that the 
lights on the dash seem kind of dim, 
and that the headlights don't seem to 
be reaching out as far ahead to warn 
you of darkened semis parked on the 
shoulder. Are your eyes just playing 
tricks on you, or is there something the 
matter with your car's electrical system? 
A quick glance down at the three glow­
ing LED numerals on the dash gives 
you the instant answer. Either you pull 
into a rest area and grab a few hours of 
shuteye, or you pull into a service area 
and have the battery, alternator and 
voltage regulator given a good scruti­
nizing by the mechanic. 

In either case, your car's digital volt­
meter has given you the information 
sought about the state of the electrical 
system, and maybe saved you either a 
headache, a smashup, or a king-sized 
repair and towing bill. Maybe all three. 

Recent advances in the design and 
availability of industrial integrated cir­
cuits have opened up many doors to the 
electronics hobbyists. Analog-to-digital 
devices have become more complex in­
ternally, thus making the portions of 
the circuitry which have to be assem­
bled by the hobbyist that much more 
simple. The Dashboard Digital Volt­
meter takes advantage of these ad­
vances, utilizing three ICs and a small 
handful of discrete components to give 
you an instrument capable of better 
than ± l % accuracy in reading the 
voltage level delivered by your car's (or 
boat's) electrical system. 

Twp New /Cs. The system is built 
about~ three ICs: the LM340T-5 (a 5-
volt regulator now available for several 
years); a CA3162E; a CA3161 E; and 
9. support combination of diodes, resis-

tors, and capacitors. It is the CA3161 E 
and CA3 I 62E that now open the door 
to new horizons in possible applications 
not only because of their unique capa­
bilities, but also because they reduce 
substantially the numbers and types of 
formerly required support components. 
The heart of this system is the CA-
3 I 62E, a dual-slope. dual-speed. A/ D 
converter industrial chip. Tts almost 
equally important companion, the CA-
316 1 E, is a BCD, 7-segment, decoder/ 
driver chip. It is also unique in that it 
has a current-limiting feature . T his 
eliminates the necessity of resistors in 
series with the 7-segment displays that 
were required in earlier designs. 

The above feature not only reduces 
circuit board space requirements, but 
reduces the probability of component 
failure. Power required to operate this 
voltmeter is minimal ( I 60 mA or less), 
a result of the multiplexing feat ure of 
the CA3 l 62E. With that as a back­
ground, let's consider some of the more 
important operations of this simple, but 
very accurate digital instrument. 

Circuit Function. Analog voltage from 
000 mV to 999 mV can be applied be­
tween pins I I ( +) and I 0 (- ) of the 
CA3162E (U2). That IC converts the 

This view of the as­
sembled PC board 
shows the voltage reg­
ulator, (U1) mounted 
on the Llnderside of 
the PC board. This 
was done in order to 
accommodate a flush­
mount inst.allation in 
a smaller car. Let your 
space needs dictate 
placement of this 
component. 

voltage into a Binary Coded Decimal 
(BCD) equivalent. The BCD leaves 
pins 2, 1, 15, and 16 ( the group repre­
sents the l's, 2's, 4's, and S's) and en­
ters pins 7, 1, 2, and 6 respectively of 
the CA3161 E ( U3). The latter IC 
takes the BC D code, converts the out­
put, then uses it (in conjunction with 
the 7-segment d isplay) to generate 
(form) the number that correlates to 
the BCD input of the CA3 16 1 E. The 
multiplexing driver pins 5, 3, and 4 ( 5 
being the least significant and 4 the 
most significant) turn on that display 
by meilns of the PNP switching transis­
tors. Concurrently, the CA3 l 62E is 
providing the BCD information to the 
CA3161E driver/ decoder. 

As indicated earlier, the system in­
cludes ~ combination of diodes and ca­
pacitors. These are required tc. control 
or minimize the voltage spikes ( posi­
tive and negative) that result from turn­
ing inductive devices on and off; e.g. 
windshield wiper, air conditioner, and 
electric windows, etc. 

T he maximum input differential be­
tween pins 11 and I 0 of CA3 I 62E is 
999 mV. A resistor network ( RI , R2) 
is used to attenuate the applied 13.8-
volts to 138 mV. An Ohm's Law cal-
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Digital Voltmeter 
culation would give a result of 136.6 
mV. The gain-adj st .potentiometer 
compensates for the slight drop. The 
FND 507s display this as 13.8-volts. 

Note the point marked OPTION on 
the schematic. With Pin 6 of the CA-
3 l 62E grounded or disconnected, there 

• are four conversions or comparisons 
made each second. Tying pin 6 to the 
5-volt line will result in 96 conversions 
or comparisons per second. The 96/ 
second rate moves with excessive ra­
pidity, is not appealing to the eye, and 
usually results in the least significant 
digit appearing to be blurred. Of the 
two rates, the 4/ second conversion ( 4 
Hz) is by far cbe more pleasing to the 
eye, is easier for the eye to focus on 
quickly, and is the recommended rate. 
These rates could vary slightly because 
of capacitor difference and manufac­
turer variance from stated values. 

Assembling .the Voltmeter. The unit 
may be assembled quickly and relative­
ty easily using a predrilled and etched 
circuit board. If a Digital World circuit 
board is being used, the four corner 

itatum capacitor, 3S- YOO 
,diode · 

: 1-seg!Jlent LED disl>JaY. 
r,ansisfPr •· .. 
at.!f:r~slf{I>:~ ~~§lA'..\.', 
tiresisto~ !1°1? 

holes will have been drilled. If. a blank 
board is being used, drill the corner 
holes be/ ore starting to "stuff'' the 
board. It is easy at this point to scribe 
the plexiglass panel and mark the cor­
ner holes on it for later drilling and 
perfect alignment. Additionally, exam­
ine the recess or place where the com­
pleted unit will be mounted. Determine 
how it will be secured '(bolted, clamped, 
or glued), doing any additional drilling 
that may be required. 

Get the workbench ready for solder· 
ing. Use a low wattage, electrically­
isolatcd, fine-tipped soldering tool and 
fine solder. A blunt-nosed tool could 
damage or' destroy the ICs and create 
foil bridges between pins. This is both 
expensive and frustrating. If you have 
had limited experience in soldering in 
small areas, it may be wise to practice 
on something else before you start. 

Now, locate all resistors and poten­
tiometers on the circuit board place­
ment diagram and install them in theiI 
respective holes. Next, do the same for 
all capacitors, observing polarity. In­
stalJ the CA3 l 6 IE and CA3 I 62E. Cau­
cior1! When inserting the ICs, be careful 
not to fold the pins,under or bend them 
i'n any way. 

lC orientation is. critical. Be sure 

For lnforr:nation !'':' the availability and prices on parts and printed-circuit board for Digital Volt­
meter write to Digital World, P.O. Box 5508, Augusta, GA 30906. Be sure to enclose a business­
size, stamped,self-addressed envelope. 
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these chips (CA3162E and CA3161E) 
are aligned as shown on the diagram. 
Note the notch mark on the chips and 
the corresponding notch mark on the 
schematic, or the "l" on pin 1 on top 
of the plastic case. All manufacturers 
use one or both of these base reference 
directional indicators. 

If you have doubts about your solder­
ing ability or the type of solder tool 
you have (grounded or not grounded), 
place two 16-pin sockets in the chip 
holes. The ICs may then be placed (not 
soldered) in the sockets. Next, insert 
the three LEDs, noting the notch marks 
on the LEDs and the notch marks in­
dicated on the diagram. For the final 
action on this side of the board, insert 
both diodes in their respective holes 
(observing cathode markings). 

Reverse the circuit board and install 
the LM340T-5 regulator. Caution! This 
must be correctly placed or it will de­
stroy your unit when power is applied. 
The metal side of the regulator must be 
facing the FND 507 pins. Recheck it 
to make sure. 

Now, turn the board over again. Use 
a red wire for the ignition line and a 
black wire for the chassis ground. De­
termine the lengths required (usually . 
three-feet is sufficient). Solder the red 
wire to the point marked IGNITION 
on the diagram and the black wire to 
the GROUND. 

Calibration Procedure, Correct cali­
bration determines the accuracy of your 
voltmeter. , Follow these steps carefully 
and sequentially. Apply a known volt­
age source (above I 0 and below 16-
volts) to the IGNITION point. We 
reccimmend a 13.8-volt source. Next, 
for zero adjustment, ground pins 11 
and 10 to the circuit board ground mo­
mentarily. Using a small screwdriver, 
slowly rotate the wiper arm .on R3 until 
there is a reading of 000. Remove the 
ground from pins I 0 and 11. Set the 
gain control (R4) by rota!ing the wiper 
arm until the displays are displaying 
the same voltage as is being applied. 

Installation. One final action is neces­
sary before your unit is ready to be 
mounted in .the dash location of your 
choice. Secure the black wire to the 
metal chassis ground and the red wire 
to any accessory line that is active only 
when the motor is running. Secure and 
mount the voltmeter in the location of 
your choice. 

A colored plexiglass facing (cover) 
is required and we recommend red for 
most display contrast. A location which 
is not usually exposed to the sunlight 
will make the displays easier to read 
during the brighter periods of the day. 
If the upit is going into an existing re­
cess, the present glass cover may be 



used as ·a 'template for the plexiglass 
cover dimensions._ One-eighth or *~­
inch thickness plexiglass works well and 
is relatively easy to cut using a roofer's 
shingle cutter kl)ife. Place two clamps 
on a straight line along the template 
edge, then cut one side at a time. Scribe 
it deeply with a dozen or more strokes, 
then break off the excess with a pliers. 
When drilling screw holes, use a small 
starter bit first, then the larger bit. This 
should prevent the larger bit from wan­
dering across the plexiglass. 

The plexiglass must be "spaced" 
away from the board by approximately 
% -inch, using either spacers or the 
bolt/nut method. The latter method is 
to insert a bolt through the plexiglass 
corner hole and put a nut on the re­
verse side. Put a second nut on tt ~ 
bolt, allowing a 1/2 -inch inside spa.ce 
between the two nuts. Do this on all 
corners. Next, insert the bolts into the 
board corner holes and put on the final 
nuts. We recommend securing all four 
corners, rather than just two. 

Troubleshooting. If the unit does not 
light up for the calibration procedure, 
first check that the wiper of R3 is cen­
tered . If it still does not light up, re­
check )'Our work. Carefully inspect for 
possible solder bridges and loose con­
nections. If a solder bridge is discov­
ered, remove it carefully. It is easy to 
destroy a chip during the removal proc­
ess. If it still fails to light up, start a 
systematic test check to isolate possible 
faulty compopent(s). " 

If the unit does not function after 
installation, recheck for a good electrical 
connection on the line that supplies 
power from the car. Did you break or 
loosen the solder connections of the 
source wires during installation? If so, 
this will require removal and resolder­
.ing, plus a bit more clue during instal­
lation the second time. 

One Final Note. Some !Cs, and quite 
possibly the ones used in this project, 
generate high frequency harmonics 
Which might find their way into your 
car's radio. Try holding your LED 
readout pocket ·calculator next to the 
radio antenna with the radio tuned to 
a blank spot on the AM dial to see 
what we mean. If you experience any 
interference from the voltmeter circuit, 
try rerouting the antenna coax away 
from the voltmeter itself. A metal case 
around the voltmeter's PC board will 
also aid in the reduction Gf RFI. We 
suggest that you avoid using the radio's 
power lea.d as the voltage source for 
your voltmeter. The power lead to the 

. horn (or horn Felay) or the hot lead 
of the windshield wiper switch (find 
it at the fuse box) is probably the 
best place to attach the voltmeter. ii 

This full-scale etching guide for the voltmeter's PC board is one. of the trickiest 
we've offered. Unless you kn°iw your stuff, we. suggest you use a Digitai World board. 

The component placement diagram for 'he PC board shows all IC and capacitor 
polaritie~. Take special care to observe them during assembly phases of project. 

' Even the best ·voltmeter in the world won't help you keep your car runnipg if you don't 
take care .of your battery. Check water level ohen and add only pure, distilled water. 
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SU~RBASS 
AMPLIFIER 
Increase the bass output of your present 
instrument at modest cost! 

Superbass is today's sound ... whether 
it's the driving, gut-vibrating pulsa­

tions of disco, or the solid bass line of 
soft, hard, or laid-back rock. One way 
to get the modem superbass sound 
without running out and buying an all­
new expensive piece of equipment is 
to use a Superbass amplifier between 
your guitar, electronic organ or what­
have-you, and the instrument amplifier. 
• A Superbass strips the highs from the 
instrument's output signal and ampli­
fies low frequencies , feeding on "all­
bass" sound to the instrument amplifier. 
Naturally, the bigger the speakers used 
with the amp, the ~ore powerful the 
bass: use 15-inchers with a Superbass 
and you. can rattle the windows. 

1 111 · 
SI 

<> 
_.,I: 

B l 
-:- 9V 

IN 

~· JI 
RI 
22K 

R3 
C I 470K 

2 .2uF 

R2 + 
SOK 

C2T 
R4 

-= .I uF .,,. 
47K 

-= 
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The Superbass is power.ed by an or­
dinary 9-volt transistor radio battery. 
It is keyed in and out- switching from 
superbass to standard instrument out· 
put-by a foot operated switch. A level 
control allows you to equalize the 
superbass sound level with that of the 
musical instrument, so your volume 
level remains relatively constant as you 
key the superbass sound in and out. Of 
course, if you wam tne superbass to be 
louder or softer than the unequalized 
sound, you can adjust the level control 
accordingly. 

The superbass connects between your 
instrument and its amplifier 1hrough 
two standard phone jacks-you can use 
your regular "patch cords" 
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PARTS LIST FOR SUPERBASS 
81-9-volt battery, Burgess 2U6 or equivalent 
Cl, C4-22-4.7-uF, 10-VDC electrolytic ca­

pacitor (see text> 
C2, C3-0.l-uF Mylar capacitor, rated 10.VOC 

or higher 
J1, J2-3-conductor, IA-inch phone jack 
Q1-NPN transistor !Radio Shack RS-2010, or 

equiv.) 
All resistors 1/10 or 1/4-watt, 10% 
111- 22,()()().ohm resistor 
112- 100,000-ohm audio taper potentionmeter 

34 I ELECTRONICS HOBBYIST 1984 

(see text> 
R3-470,000-ohm resistor 
R4-47,000-ohm resistor 
RS- 10,000-ohm resistor 
R&-470-ohm resistor 
R7-100,000-ohm resistor 
S1-SPST switch (see text! A 

S2-SPOT push On-push Otr switch 

Mlsc.-9-volt battery clip, aluminum cabinet, 
screws and other hardware. 

Construction. Since you're going to 
stomp down on a footswitch to key the 
superbass in and out, the project should 
be assembled in a sturdy metal cabinet. 
We suggest one of the fiat ••instrument­
type" cabinets which are available from 
time to time. The project fits nicely 
into a 11.4 -inch x 3-inch x 511.z -inch 
cabinet such as the one shown in the 
photographs. The "instrument" cabinets 
are not always available; as a substitute 
we suggest an aluminum "handy'' or 
' 'Minibox." Do not use a plastic cabinet 
with a metal cover because it will prob­
ably fall apart after a few stomps. 

Plug-in Circuitry. The amplifier itself 
can be assembled on a small printed 
circuit ·board, or on a pert-board using 
point-to-point wiring. Perhaps :the easi­
est construction is the one used for the 
model shown: it uses a combination of 
printed circuit and pert-board. The 
board is an "Op-Amp .IC Experimental 
Breadboard," available from Radio 
Shack stores. It has factory-_etched cop­
per strips, ground loops and buses that 
are pre-drilled in a perf-board pattern. 
You simply plug the parts into the 
board so the leads .stick out on the foil 
side and solder. When finished, you 
hr.ve a printed circuit without the 
bother of making the PC board itself. 
(Use a l~·inch x· 1%-inch piece for 
this project.) 

While the overall layout. isn't criti­
cal, try to follow the layout shown 
because it keeps cables and the level 
control away from the footswitch. To 
conserve space, level control R2 can be 
any type of miniature audio taper po­
tentiometer. 

The battery is hefd in place by a 
small L-bracket. To prevent the battery 
from sliding around, two small strips of 
cork or rubber are cemented to the 
bracket. The bracket should be posi­
tioned so the battery must be lightly 
forced into position-lo this way the 

(Contimu!d on page 94) 
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HAVE' YOU EVER TRIED t.o commlinieate 
when skip was coming ·in over the 

CB band? Interference irom lo.cat sta­
tions, was only exc:eeded by interference 
fi:_om long distance stations. The chan­
nels were so crowded that s'tatio~s were 
as tight as packed sardines. Communi­
cation was impossible. There is an in­
triguing solution to this common prob­
lem. Leave the roaring CB c.rowd be­
hind, and escape up to the light waves. 

The Light Beam Communieator de­
scribed here demonstrates hoJ a light 
beam can be used for voice transmis­
.sion. This communicator is also . useful 
to trap intruders· at a remo,te. location, 
and as a top secret communications 
link between two statidns. 

The clarity and quality of audiO re­
production is crystal clear, with more 
than enough pick-up sensiti~ity and 
modulation power than normally would 
be needed. Range of the units should 
be line df sight up to I 000 meters or 
better. Alignment is easily accomplished 
by sighting along the barrels of the units. 
Short range communication (several 
hundred meters) is easily accomplished 
by simple sighting to one another's re­

·spective units. Long range setups are 
more conveniently obtained using a . 
camera tripod. Units are built in a 
pistol-type configuration with all powe·r 
·and optics self-contained. A rear panel 
contains the necessary controls for op­
erating along with jacks for head~efs 
and a built-in microphone. The device 
is designed so that it also can be used 
for actual "listening" to other light 
sources such as TV pictures, scopes, 
fluorescents and many other infra•red 
and invisible radiation sources. 

Normally, the units are built using a 
visible red transmitter for ease and con­
venience in nighttime alignment. For 
serious longer range, low noise perform­
ance they can be equipped with ~op­
tional filters for invisible infra-red trans­
mitting capabilities. 

Looking at The Circuit. The light 
beam transmitter-receiver consists of, a 
p,hototransistor receiver· "which pic,ks 
up modulated light that is fed through 
a high gain amplifier and then to head­
sets or a loud speaker. When in the 
transmit mode, the amplifier becomes a 
sensitive mike pre-amp that drives a 
current amplifier modulating a light 
emitting diode as the transmitter. · 

The receiver section consists of a. 
phototransistor ( Q4) positioned at the 
focal point of lens LE2 inside en­
closure EN2 (A separate enclosure. 
lens and phototransistor for ·transmit­
·ting and receiving enhances ·the .flexibil­
ity and performance of the devi~c. Thls, 
however, adds to the· cost Duplicatihg 
these ,components for both· functions. 

Light . 
Beam Communicator 
T olk over a beam of light with this transceiver 

could be done, however, overall per­
formance is sacrificed.) 

Q4 is mechanically secured to a . slid­
ing· dowel DOI that - is-adjusted to 
its proper distance from LE2 ·and 
secured with a screw. The signal from 
Q4 is fed into JI yia a shielded cable 
to l\Cep· hum ana Other electric~! pick­
up to a minimum. SwitCh S2A ·now 
selects JI jn the receive mode and feeds 
the signal to the amplifier via Cl. Jhe 
signal is now matched and .amplified 
via. ' the. integrated circuit U I. A gain 
control R 7 controls ·the sensitivity 

of the 'amplifier and also· ser·ves as an 
ON/ OFF switch. for the teceiver ·sec­
tion. The output'of Ul is 1.!P.Vl further 
amplified - by ' QI an d iinpedance 
matched via transformer Tl. S2B now 
connects Tl and .J2 for feeding 8-0hm. 
headsets or an external speaker: 

The transmitter section consists ol a 
narrow :beam visible red or op tiorii f 
·infra-red light emitting diode LEDI lo­
cated at the focal point of Jens LE2 
:inside enclosure ENl. ENl .also. coh­
_tains. the electronics and· controls ·f()r 
hand grip EN3. A mike .Ml is lb-
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light Beqm ConJmunicator:.------~ 
cated on the rear panel RP I and is fed Constructi~n. Begin by pi~king the piece of PVC tubing with a 2% ·inch 
to the amplifier. Ul through Cl via following parts. The p.a~ts list· supplies outside diameter. Next. drill a. '!4-inclf 
mode .select switch S2A. The amplifier details on .how to purchase the items hole approximately 3 inches from the · 
now becomes a pre-amp for the mike. already fabricated. The main enclosure rear end of the receiver endosure: This~ 
The Cl_Utput of the preamp is further ENJ is an 8-inch long piece of PVC hole is for optical alignment. There are 
amplified by Ql and impedance tubing. with a 31'2-inch outside diam- two mating holes to secure the receiver 
matched by Tl. The output of Tl is eter. This is sometimes called schedule enclosure to ENI. These holes are on 
fed "to Q2 via S2B. Q2 is DC coupled 40 PVC tubing. PVC tubing'is obtained top of the piece to allow access witb. 
to Q3 whose quiescent state is selected in plum~ing supply stores, hardware a screwdriver. The bore axis of these 
via RI.) in determining the DC current stores or building supply outlets. two tubes must be parallel. The· 
through LEDi. A modt1lation signal is Cut a 2-inch hole for the handle, large ~-inch hole can be covered 
AC.coupled to Q2 via C8. The hole is using a hole saw. As the assembly dia- with a plug or a piece of tape. 
covered to minimize random light or gram shows, this hole is located 3 Transformer TI has a 3: 1 tur.n ratio 
no_ise in the circuit. spectively from the rear end. File of 1500 to 500 turns. 
J ~ower for the transmitter section a 114-inch slot on each side of the Thel handle and battery el}closJJre; 
q2, Q3 and LEDi is f~om battery B3. hole that is 21'2-inches from the EN3 ts a 6-inch long piece of PVC 
is contr.olled by S2C and is used only back Of EN2. Remember to curve the tubing (schedule 40) with a 2-inch 
gUrin~ transmit model This enables slot to take into accoµnt the pivoting outside diameter. Insert the hanciie _af~er 
tlie·. device to be used! as a receiver. action of EN2's other screw when everything has been assembled, and ,glu~ 
used as a receiver. I optical alignment is .later attempted. it with PVC cement. 

PARTS tlST FOR LIGHT BEAM 
. . COMMUNICAiiOR 

, . C1-0.5·mf,.25-VDC disc capacitor 
C2, 3-l.5mf, 35-VDC tantalum capacitors 
c4-.0l·mF, 25-VDC disc capacitor 
C5·$-l ,5mF, 35-VOC tantatuin capacitors 
C9-.0l-mF, 25-VDC disc capacitor, acros~ bat-

tery, omitted in this model. 
Cl 0-100"-mF, 25-VDC electrolytic capacitor 
J1, 2-RCA jacks 
LEDl-Small light emitting diode, visible red, 
. FlV104 or infra.red, FPE1Ci4 
Ml-s!llall crystal mike (any \ype) 
Q1-2N2222 NPN transistor 
Q2-2N2907 PNP transistor 
Q3-04004 NPN transistor 
Q4-GE Ll4G3 phototransistor 
Rl-390,000-ohm l/4-watt, l 0% resistor 

(all resistors 10% unless, otherwise noted) 
R2-5,600,000-ohm, 1A·watt resistor 
R3-6,800-ohm, lf4.watt resis,tor 
R4-390,000-ohm, 1/4 watt reisistor 
R5, 6-6,BOO·ohm, 1/4 watt re,sistors 
R7-5,000-ohm potentiometer with 'SPST 

switch (see Sl below) 
RB-~90,000-ohm, l/,i-watt re~lstor 
R9-100,000-ohm 1A·watt re~istor 
Rl0-2,200-ohm, 1/.i-watt resistor 
Rtt-10,0PO.ohm, 1/.i·watt re~istor 
Rl2-:--11000·ohm, 1/.i watt resjstor 
R_13-100,000-o.hm, 1A watt r

1
esistor 

.R14-27-ohm, th-watt resistor 

.R,15-2,000·ohm trimmer potentiometer 
S1-SPST switch, part of potentiometer R7 

alfov~. . . I 
S2-Sw1tc~; 3•pole, 2-posihon rotary 
T1-Transformer, 1500 turns1 primary winding 

500, turns secondary winding 
U1-CA3018, high gain amplifier 
Misc. 
BH1-4 AA battery holder snaps 
CAl, 2-3112-inch plastic cap 
CA3, 4-2%-irich plastic cap 
CA5-l %-inch plastic cap 
ENt-S:inch, 31/2-inch OD PVC 
EN2-6112·inch,.2%·inch OD PVC 
EN3-6-inch. 2-inch OD PVC 
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BU1-nylon %-inch bushing 
CL 1, 2, 3-10-inch battery clips, 9-V 
WRl-lO·inch shielded cable 
Pl-RCA plug 

RS 

TA1-3·inch double sided tape, 1/2-ihch 
001-2-inch wood dowel. 1112-inch diameter 
RPl-Rear panel, 31/.i x 3~ inch, 22 gauge 
MP1-Mounting plate, 2'l'a x 5112 inch, 22 

gauge 
SW1-2·e<ich, 6-32 x lf.i-inch s<;rews & nuts 
SW2-2-each, 6-32 x l·inch screws & nuts 
LE1. 2-Lenses, 54 x 89mm 
PC1-Printed circ'uit board 
KNl. 2-small piastic knobs 
HS1-8-ohm headsets with matching trans­

former {not included in kits) 
81. 2-9-volt transistor batte.ries 
83-Four 1112 volf AA batteries 

Rl5 

2KO LED i 
E FLVIO 

T_ t 8• OZ F~~4 
S2B ~ 2N2907 

1.51'F e 
R 

J2 

c 

i! 

RIZ 
I Kn 

9Fffi=R6 
2Dl_Cj3 

10 1 7 4 

UI CA3018 

FTR1-Filter for infra-red light emitting diode 
WR2-24·1nch piece of # ·24 'blue stranded 

hook up wire · · 
WR3-24-inch piece of #24 red stranded 

hook up wire 
WR4- 6-inch of No. 24 buss wire 

The light Beam Communicator is available in 
three different kit formats. They are: 
Electronic kit for one set (two units) .. $59:50 
All the mechanical and optical parts for 1 set 

12 units) ...........•. . ....... ... $39.50 
Combination of electronic, me.chanical, and 

optical parts to fully assemble 1 set (2 
units) ....... .. . . ............. $99.00 

Send stamped, self-addressed ellllelope to· lnfor· 
mat ion Unlimlted, P.O. Box 716. Amherst, N.i 03031 
for pllr1S avallablllty. 



The rear plate RPI can be fabricated 
from a 3114 x 3114 -in~h '5quare piece of 
No. 22 galvanized sheet metal or .035 
aluminum. Use the RP1 template shown 
to locate the holes. The mounting plate 
MPI is made froin a 2Mi x 5\ll-inch 
square piece of galvanized sheet metal 
(No. 22) or .035 aluminum. This time, 
use the MP! template to locate the 
holes in this piece; 

Centering dowel DOi , has a 2-inch 
length and an outside diameter of t Vi. 
inches. It should ~fit smoothly in to 
EN2. The cable, WR 1. is fed to the 
phototransistor, Q4, through a slightly 
off center feed . hole in the dowel. The 
connection is made by soldering to the 
exposed leads of Q4. The leads should 
be as short as possible, and glued with 
RTV cement. The leads should be only 
long enough to allow touch up, re-posi­
tioning to the true pptical axis. 

The plastic cap CAl is 31/2 inches, 
with a l %-inch hole in the center. Use 
a sharp knife or small snips. If you are 
not neat in this procedure, the appear­
ance of the device can be ruined. Four 
small pieces of double sided tape (TAI ) 
are used for securing the lens LE I to 
the cap. Be sure that ·the tape docs not 
contact the ridge of EN I, otherwise it 
will be difficult to remeve for checking. 
The other plastic cap CA2 is 31/2-inch. 
It has a 114 -inch lip to hold the sub­
assembly into ENl. 

CA3 is the 2%-inch plastic cap. Re­
move the %-inch lip, to retain lens, 
LE2. and optional filter FTRI . These 
arc fitted against the end of EN2. CA4 
is a 2%-inch plastic cap. Place a small 
hole for cable WRI, to create a friction 
hold and prevent DOI from sliding 
once set. After alignment, secure with 
RTV cement. These plastic caps 
are available from Information Un­
limited (refer to parts list). 

It would 'be preferable to construct 
all circuits on a board, unless you arc 
very familiar with perf-board assembly. 
If so, a 3 x I Vz-inch perf-board. with 
a .O J-inch grid, may be used. Follow 
the layout as shown in the printed cir­
cuit board layout. As always. use resin­
core solder when you build this project. 
Remember to remove any excess solder 
from the PC board to pre.vent shorting. 

Assemble RP l as ,shown in Figure 
three. Attach R7 tq RPI as illustrated 
in Figure two; the leads from R 7 
must be twisted and ·as short as pos­
sible. Connect C4 to 82 and then 
attach the assembly io RPI. Twist 
all wires together leading to 82. 
Route these leads close to metal. 
Switch leads are all identified in the 
schematic. Attach microphone Ml 
using RTC cement. Position and wire 
as shown. Assemble jacks J 1 and J2. 

-
2nd UNIT 

OR MIRROR 

~- - - _S.!§1-jJ J:I~ - -~ 

u 4r 
Positioning Light Beam c;omfllunicator 
for two-way communication is line-of­
sight. With ideal conditiOf!S, it is pos­
sible to send and receive up to a mile. 

If you arc not an expert ,1t etching your own circuit boards, we suggest you 
buy the k!t from Information Unlimited, which includes PC board and parts. 

SI/GROUND 

R7 ENO 

S2A 
ARM -:::>--"-'-"' 

S2A-R 

9V 
81 

--l~O.---\t-.~ ~g 

R7 
ARM --+H~--clK 

9\f,82 Tl 6V,83 

528 

The parts overlay shows components on top of PC board. Note that all of 
the electronic compon~nts fit handily on board, making for easy-assembly. 

~;;::===H=========~:=-===:J s I 

Tl 

~+9V,82 GROUND 

+6V,83 

Fig. 1. Actual parts placement on the light Beam Communicator's board is not critiu l; 
however, you must idenlify all of the leads going to the components to avoid confusion. 
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Light Beam Communicaior--------
Attach RPI to ·MPl via screws SWI 
(6-32 x 1/.i-inch) I 

Construct PCl according to the 
circuit foil patterh given on the 
preceeding page. I Assemble the 
board by using t~e schematic dia· 
gram given and Figures one and two. 
Note polarity of thiitalum and elec­
trolytic capacitors and ·rhc position of 
ui; Ql, Q2, Q;3 and LEDL 

Connect the wifest from RPI assem­
bly to board noting i~entification of 
leads shown in sketches. Position as 
shown in Fig. 2, but do riot adhere to 
tape at this time. :carefuJly position 
LEDi into 83 as shown. Attach bat­
tery clips CLl, 2 abd 3 to respective 
points, as shown irt Fig. _four. It is 
·advantageous· at first jto aHow the board 
freedom to be moved for total access 
during preliminary t ~oul:ile shooting and 
te~tirig. Leads may be further short­
ened after several minutes of proper 
operation have been verified. ~---

Next, attach Tl ,to MPl , bending 
tabs in the small holes. Solder one lead 
from primary to secondary and sand­
wich between core !of Tl and plate. 
This makes the -ground- contact c;>f the 
fransformer. You m~y want 'to solder 
tliese· wires directly ;to ihe plate for a 
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S2A- R 

TAI MPI Tl 

positive ·contact. Use a heavy iron for 
this. Note ungrounded 500-ohm lead 
going to S2B · and ungrounded I .5K 
ohm (winding marked P) going to C7 
on board. · · 

Connect PLl phone ph1g to WRI 
cable froll'! receiver section. 

Testing The Units. It is assumed that 
the assembled unit , to this point, has 
been wired correctly, with no shorts, 
and good solder co·nnections. You will 
note that the c9mplete working unit is 
conveniently built on a single remov­
able assembly. This assembly should 
have the battery clips CL!, 2 and 3 
connect~d to their respective batteries. 

Testing The Receiver. Turn S2 
and R 7 fully counterclockwise. 

Connect one terminal of a fresh <;. 
volt battery to CLl and connect a 
100-mA ammeter between the contact 
of the battery and the clip. Turn on R7. 
Current reading should be approx­
mately 2-mA. Fully connect battery 
and designate B 1. 

Repeat above using a second battery 
connected to CL2. Turn on R7/ Sl. 
Current reading should be 3 to 4-mA. 
Fully connect battery designated B2. 

Plug .a high impedance set of head~ 
phones into J2. HSl is a standard 

Ml 

R7/SI SWI 
(2) 

Fig. 2. leads from the b()ard to the rear plate assembly (RP1) are positioned as shown 
here. leave plenty dr free play in the leads to allow for· adjustments 10 the device. I . . . 
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Side view of the Light Beai;n Com_municator· 

' 
8-ohin headset with a spliced in match-
ing transformer that -steps up to 
1000 ohms. This is suggesJea, as high 
impedance headsets ar.c scarce and un­
comfortable to wear). Plug PLl from 
Q4 (receiving phototran~istpr) into JI. 

Turn on R 7 / SI and · slowly turn up 
gain until a loud 60-cycJc..hlim is 'hcard. 
This is the normal A¢ room lighting 
frequency being picked up by Q4. At 
nor mal amhient lighting conditions it 
will completely block the amplifier. Re­
.duce the ga in and attempt to point Q4 
at various objects indicating different 
levels of signal. depending O!l reflection 
characteristics of surfaces; etc. You will 
note that the circuit is relatively prone 
to power line hum pici<' up. It is as­
sumed that testing will be don·e in nor­
may electrical lighting for this step .. If 
not, you may not obtain ;th.e60Fiz hum .. 

If everything above checks out OK,, 
you can proceed to the transmitter sec­
tion. If not. troubleshoot the faulty cir­
cuit. It may he convenient to use the 
test points shown on the schematics 
and thoroughly familfarize yourself with 
the circuit description given in the be­
ginning of the plans. · 

Testing The Transmitter. With all 
I . . 

switches full counter.Clockwise, connect 
CL3 to 6-volt B3 as dorie with BI and 

·-Bi--Connect a ·100-mA meter- In series 
and turn S2 clockwise" to· 

0
th e transmit 

position. Adjust RI 5 to read 25-50-
mA. LEDi should light to about one­
half maximum brilliance. Turn R 7 / SI 
and note LEDi changing f?rilliance with 
sounds. Whistle. The current meter 
should jump to ne~rly -lOOmA. Note: 
LEDl increases in br-illiance with sound 
indicating 1.1pward modulation. The.'de­
.v.foe .seems to• work "a:II dgh°r with. the 



This photo of the back end of the trans­
ceiver shows mike, mode, volume controls. 

LED 1 downward modulating, but we 
recommend upward modulating. Cer: 
tain diodes may require less current than 
50-mA for good upward modulation. 

You are now ready for final as­
sembly of the unit, and optical align­
ment. Note that LED! should auto­
matically center itself inside of ENI. 

Optical Alignment. In order to obtain 
maximum performance from your light 
beam communicator, it is . neces-

I 
~ENO UP90° 

The LED, either in normal or infra-red con­
figuration, is the heart of the transmitter. 

·sary to properly optically align both 
transmiter and receiver according to 
the sight line diagram. 

You will note that the receiver tube 
EN2 is secured to EN I via screws. 
The rear hole is slotted to allow a side 
to side movement of the receiver en­
closure in respect to the transmitter 
enclosure. The up and down position 
usually self-adjusts simply by the abut­
ting of the two enclosures. Remember 

I 
I 
I 0 

LE2 F'TRI EN2 SW2 

1 

0 1 
BENO OOWN+-<(_32 

90• 0 I ' 
318 I 5132 

I o 
3/8 

TOP SIDE 

1116 1116 
0 0 

"MPI" TEMPLATE 
SCALE I INCH : 2 INCHES 

1/4 

0 

0 
5116 

8 
0 

F'ACE SIDE 

Qs132 

1/4 

0 

0 
3/8 

Qs132 

0 5132 

04 

that both receiver and transmitter sec­
tions, must be optically aligned to view 
the same area for maximum two-way 
communications. 

The method we demonstrate here is 
not necessarily the onJy way to align 
these devices and is only suggested as 
a possible means. The builder may have 
his own ideas and methods for accom­
plishing the above. 

The following steps were used at our 
lab and found to be relatively easy in 
accomplishing acceptable alignment. 

I. Remove transmitter lens and cov­
er and place some thin paper over open 
end. Adjust LED l's output to the center 
of paper (this is the bore sight of en­
closure). Secure and replace the lens 
and cover. 

2. Secure communicator in vise or 
other similar holding attachment. 

3. Locate a mirror about 20· feet 
from the device. 

4. With t ransmjtter properly aligned 
and secured, adjust mirror for reflec­
tion of output light occuring in re­
ceiver lens. This is adjusted by sighting 
mirror reflection along sight line at 
surface intersection of the two enclo­
sures (note drawing). 

001 CA4 

(Continued on pag~ 96) 

81 
82 

TAI 
141 

CAI LEI ENI EN3 CA5 
" RPI" TEMPL ATE 

Fig. 3. This diagram shows the dimensions 
of the board and back plate mountings for 
light Beam Communicator unit assembly. 

Fig. 4. This exploded view diagram shows the placem~nt of t~e boards, housing, !enses 
and other parts necessary for construction and operahon of light Beam Commumutor. 
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BARGAIN 
LOGIC 
PROBE 

~ Inexpensive logic probe duplicates 
its more costly counterparts 

W- HEN WE ARE DEALING with varying 
voltages, that is called analog data . 

. I~ the digital world ~e do not find a 
·vl}riable signal. It is either on or off, 
just as a switch would be either on or 

- otf. Another way of saying this is high 
or low, or I or 0. Each high or low bit 

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

Vee 

R 

LI L2 

INPUT 

INVERTER A 
1/6 74L04 

INVERTER 8 
1/6 74L04 

PARTS LIST 
L 1-light emitting diode, red 
L2-light emitting diode, yellow 
R-1,000 ohm, IA-watt resistor, 5% 
U1.-74l04 hex inverter 
Misc.-probe tip, syringe cover, pc board, ali· 

gator clips, wire. 

GND 

This· will give you a good idea of parts 
l~yout on PC board. There are few parts. 

4:0 I ELECTRONICS HOBBYIST 1984 

is put together to make up a basic char­
acter or Byte. Sometimes these Bytes 
are called words. 

If we have 100 l, 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 l 00 I were sent and interference 
generated a pulse at the, moment of the 
third bit, then we have been left with 
false data of l 011. 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 (l) , 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, 

• 

making its output low so as to light LI. 
The output of inverter B is high so L2 
is off. If you now make the input of 
inverter A zero volts, LI will turn off 
and L2 will illuminate. When oscilla· 
tion is present at the input, both L I 
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 µA max, much below the 7400 
series 1.6 mA max or even the 74LSOO 
series 400 µA 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 difTcrcnt 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 l 0 mA. Note, 
voltage requirements for the "L'" series 
arc 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. • 

Th!s photo of the Bargain logic Probe will give you some idea of the simplicity of the 
unit. It's small, but ~here aren't very many components. When done, just cap it up. 



M' ANY EXPERIMENTERS NEW to elec­
tronics have never worked with 

tubes. This is unfortunate because while 
transistors don't req1Jire large amounts 
of power, and ICs can· cram huge cir­
cuits into dust grains, the vacuum tube 
has an acstheic advantage over solid state 
components. In addition, the tube's ple­
ments arc physically large and the prin­
ciples involved are simpler and easier 
to understand. So, here is a one-tube 

·broadcast band r.~encrative 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 autcnna (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 filaine.nt .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-

· oected to the filament, a current of 
these electrons (electrons have a nega­
tive charge) will flow throu.gh this plate 
circuit. No cur.rent,. however, will How 
i'f the plate battery is connected back­
wards, because eledtons ·canno.t leave 
the plate's surface;(se.e Fjg.l). Al~hough 

One-Tulle 
Regenerative 
Receiver · 

this dio~e will fun!'.!lion as a rectifier 
(one-way valve) or as a rudimentary 
radio detector, it is good for little else. 

Around t 906, 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, D5>W 

radi.o: our simple receiver consists of a 
tuner, a radio frequency (or RF) amp­
lifier, a detcct<_:>r, and an -audio amp. 

Al.I of the,.receivtir'S ' COITJpOnents: are r:Y!9Un.t" 
~d~ in f'-!11 view on the spacious rear board. 

.· 

Build this broadca~t receiver 
from the early days of radio 

Our versatile tube is both detector and 
amplifier. The tuner is the parallel 
combination of 1:..2. and 'Cl. Here's the 
scheme: many differ.ent RF signals exist, 
at the antenna input (see Big. 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 Rl to the grid of Vt. 
They make Vl act like a detector by 
fixing ii so two signals appear: the 
rapidly varying RF signal (1 MHz or 
so) and a slowly changing audio signal' 
(200 to sooo ,cycles or.· so). Pretending . 
for a moment that R2 is fully shortifig 
L3, we see electrons flowing 'from 
ground, through Vt, 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 pecause 
that capacitor is too · smag to pass thee 
low audio frequencies, and ~onversely 
the audio travels through L4 (an RF 
choke), which presents an open cir­
cuit to the high radio frequencies. Thus 
an amplified version of the audio that 
was once impressed on the RF carrier 
wave appears in th.e 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 o'f Ol!r 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 sh~rp tuning 
curve. Unfortunately, the Q of our L2, 
Cl combination. is low, ,and that's why 
a small arnoupt ·pf l_l~ .energy in the 
-plate circuit. ha~ to be ie_d (via L3·~. 
back into :the giid: cjtcuit ' lO aCCOUl~t tfor -
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One-Tube Receiver 

While 1 Type 30 tube was used in the .tu"' 
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 staris 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. 

THE DIODE 

PLATE 

Coil forms such as this one .ire becoming 
rare items, so you m.iy 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 

Fig. 1. The diode is the 
ELECTRON FLOW 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. 

PLATE BATTERY CONNECTED PLATE BATTERY REVERSED 
PROPERLY 

THE GRID'S NEGATIVE 
CHARGE TURNS BACK~ 
ELECTRONS THAT " 0 o o o o a 
ARE TRYING TO ~u 
LEAVE THE uO{ " 
FILAMENT o: 

0 u 0 ~,--,.,,,.__~ 

o 
0 o ~>"--"'-""-"'-1-

Fig. 2. The triode, ii. re­
finement of the diode, 
his a grid between the 
plate a'nd filament. This 
made a rectifying 
tube into 1 tube with GRID 

1mplifying capabilities. 

ONLY A FEW ELECTRONS 
CAN NOW REACH THE PLATE. 

\ PLATE 

I/ 
THE TRIODE 
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Triode Type Tubes 

Remarks 
4pin 
4pin 
4 pin 
5 pin 
8 pin octal 
8 pin octal 
8 pin octal 
8 pin octal 
8 pin octal 
8 pin octal 

Tube type 
199,299 
201-A, 301-A 
30 
227,327 
1LH4 
1G4GT 
1H4GT 
6C5 
1/ 2 6SN7 
6J5 

Filament 
Voltage 
3V 
5V 
3V 
2.5VAC 
1.5V 
l.5V 
l.5V 
6.3VAC 
6.3VAC 
6.3VAC 

This table gives a list of the tubes that 
may be used in the regenerative recei~er. 

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 tbe 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 conne.ct 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. 1More 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 
jun k 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-

Jp·VS.·Vg 
FOR'ATYP'iCAL 

TRIODE 

40 

30 
lp(mAl 

20 

10 

'4-~~,.--f"'"--T--.~-.-~--.~-1-0 

·1 -6 -5 -4 -3 ·2 -1 

GRID VOLTAGE (VOLTS l 
0 

Fig. 3. This gr1ph shows the relationship 
between the grid voltage and plate current. 



' . 

.J 
<t z 
Cl 
Vi 
Q 
iE 
Cl 

ANT. 

I R<'. 
I 
1.-ccw 

L ___ J -

PARTS LIST FOR REGENERATIVE RECEIVER 
C1-350 pF, variable capacitor 
C2-250 pF, mica capacitor 
C3-470 pF, disc ceramic capacitor 
L1-11 turns, No. 30 enameled wire, close 

wound on 1 ~·inch coll form 
L2-55 turns, same construction parameters 

astl 
L3-12 turns, same construction parameters 

as Ll 
L4-2.5 mH RF choke 
R1 -2,000,000-ohm resistor, '12 watt, 10% 

A COMPARISION OF" THE TUNING 
CURVES FROM Hl•Q ANO LOw·o 
CIRCUITS 

Hl·O .J LOw-o <t 
z 
Cl 
Vi 
Q 
iE 
C> 

F" F• 
FREOUENCY FREQUENCY 

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

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 
sub~titute 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, oegin 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, 

L4 

PHONES 

-I 
+ 90V. 

+ 
.3V. 

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

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

Vt-type 30 vacuum tube or simi Jar, see Tube 
Table 

Misc.- Wood base 7-in. x 8-in. x o/.l·in., black 
.acrylic front panel 8-in. x 6-in. x l/4·in., 
1 large knob, 1 small knob, 7 binding posts, 
14 prong plug-in coll form. No. 30 enam­
eled wire, hook·UP wire, 2 sockets (4 pin), 
4 spacers B4 Inch long), wood screws, ma­
chine screws, solder lugs, batteries, ear­
phones (hi·Z type), antenna, ground. 

>- I 
a: f- I o:; 
z i= I 
-u I <tw 
Cl-I f..- OSCILL ATION w 

(/') REGION 

R2 SETTING 

BEST POINT (CLOCKWISE-) 

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

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 
%-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 
k'llobs and tube sockets. I mounted my 
sockets-by passing a 11.hl -inch long wood 
screw through each of the socket's 
holes, and slipping a % -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 wifing. At the back edge of the 
base, mount the binding posts or clips 
for the batteries, ground, and antenna. 
Once again, I mounted all the posts on 

COIL LAYOUT 

TO PIN I TO PIN 2 TO PIN 3 •· 

:ro PIN 2 

~ 
l....,...~"'-""'t--1'-'" ........ ~'f'-'\ u 

L2 L3 LI 

518" f vfJ ' 110" 
1/4" 1/32" 

\BOTTOM VIEW 

TO PIN 4 

Ll·ll TURNS #30 ENAMELED WIRE 
L2·55 TURNS #30 ENAMELED WIRE 
L3·t2 TURNS# 30 ENAMELED WIRE 

NOTE: ALL COILS ARE CLOSE WOUND IN THE 
SAME DIRECTION. 

fig. 7. The coil winding guide shows the 
wiri!lg_ configur;ition of the important coil. 

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 ~lip spa­
ghetti over the connection. 

Do try to keep the wire' between Vl's 
grid and the C2, Rl 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 
1 ~-inch in diameter if you're willing to 
experiment some. If the form is too 
narro.w, 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 t.he 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 
fo~ert 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, but 
just cut off the wire, leaving about 1AI 

(Continued on page 92) 
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T. UNING A GUITARLs ~ time consuming 
an!=l di.llicutt task, especially if you 

1don't nave pe_rfed pitch or your ears 
have been blasted I to near deaf~ess by 
loud rnusjc. But here is a project,' which 
is sjh1ple to build~ that· allows· you. to 
tune .. your guitar without listening to it. 

Precis.e Device.! Accutune is ·a pre­
cision tuner with an .accuracy of ± 
1 Hz. It allows the guitarist to strum 
and twang away 1 at a precisely tuned 
instrument and el)minates the r:iecessity 
of tuning each string from the tone 
generated on a prbv.iously adjusted low­
er string. This latter method could re­
sult in an improperly tuned guitar. 

Accutune i~ self~contained and is 
powered by a. 9-·folt transistor battery. 
A six position 1otary switch on the 
unit selects the oesired frequency for 
each of tbe instrumenfs strings. 

To operate thJ unit, plug your gui­
tar's- cable into the phono jack of th..: 
unit! select the d~sired string and adjtist 

I 

ACCUJUNE 
Perfect Pitch !~very .. Time 
With This ~ljctronic Tuner 

I 
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the guitar. for a meter readirrg of 'center 
·scale; Ac~ptu.?~ a.l~o featur~s ~ battery 
monitor c1rcmt that checks the b?ttery-'s _ 
terminal voltage. 

When the battery has -insufficient 
energy to properly operate t\1e unit. 
LEDi lights, alerting the user that the 
battery r:ie~ds replacement. This feature 
ensures proper voltage and as a resuit, 
proper tuning..indications. Althotlgh this 
may sound complex, the theory lJehind 
Accutune is ver.y simple. 

Harmonics Ignored! All musical in-

{ 

strmnents, generate to'neii 'that a~.c r.i,qh 
in harmonics.' To measure -the fund;t­
mental freqlie~cy qf ·an etectdcal ..guifa:r 
ton(!, its . fundamental frequenci must" 

·be amplified and fiar111Q'nic·"cbnteJlt re~ 
duced so that. a · sinu.so\dal. ~veform fr; 

·generated. This allows_ the cfrcuit's fre­
quency s_ensitive section: to only re,sp!;)]!<l· 
to the fimdamenfal (Tequency· white· 
ignoring." the. )larrrionics, . 

This is done by sect.ions D ancf A 1qf· 
U2, which a.re operational amplifiem 
connecteq as an active· bandpass nlt~r. 
This js a_ multiple feec!l:)ack' circ.uit u.tj- , 
lizing both negative and p9sitive feed­
back to amplify the desirea fr.ecg1ency 
while attenuating all others outsipe the 
passband. The !)assband of .thdilter can, 
be adjusted tc the desired frequency b·y 

' . 

. ... 



selecting the proper res1s1tvc compon­
ent. The circuit's center frequency se­
lection is determined by a set of six 
potentiometers and resistors. These parts 
arc labelled R9 through R20. They arc 
chosen by S2A. 

U3 is a specialized frcquency-to­
voltagc integrated circuit designed to 
deliver a DC voltage at its output pro­
portional to the frequency of the input 
signal. This chip's output voltage level 
is determined by the resistance value 
connected between pins three and four 
to ground and the capacitance connect­
ed to pin two. 

As with U2D and U2A, ·the resis­
tance connected to U3 pins three and 
fou r is determined by the front panel 
selector switch and a set of six poten­
tiometers and resistors. These parts arc 
labelled R22 .through R33 and S2B. 

To provide an expanded meter scale 
for increased meter sensitivity, U2B is 
used as an operational amplifier with a 
gain of three and a DC voltage applied 
to its negative input. U2B drives a mil­
li-ammcter through R 38 providing a 
meter scale representing a :±I 0'/, cen­
ter scale frequency range. This sensi­
tivity is sufficient to indicate a change 
of I Hz in the guitar. 

Pins and U2. Section U2C is con­
nected as a voltage comparator to moni­
tor the terminal voltage of the battery. 
A reference voltage of +5-volts is fed 
to pin 10 and a portion of the battery 
voltage is fed to negative input pin 
nine. When the battery is fresh, its 
terminal voltage is s~1fficient to keep pin 
nine at a higher potential than pin 10. 

The output U2C is thus zero and 
LED I is extinguished. As the battery 
voltage decreases with use. a point will 
be reached where the voltage at pin 
nine is no longer higher than that at pin 
10. The output then switches to battery 
voltage, illuminating LEDJ. 

To ensure the continued accuracy of 
Accutune. 5-volt regulator Ul provides 
a constant voltage to U3 and U2B. 
Thus. the circuit will maintain its cal!­
bratcd accuracy despite the constantly 
changing terminal voltage of the battery. 

Ml 's Back. The entire circuit of Ac­
cutune. except the front panel compo­
nents, is contained on a printed circuit 
board mounted on the back of M 1. 
The meter used has a center to center 
stud distance of 1-inch and this distance 
is reflected in the foil layout . 

The upper illustration shows the foil side 
of Accutune's PC board. Unless you are an 
expert at making your own, you should 
o rder the kit or a pre etched circuit board 
from Niccum. The lower illustration is a parts 
overlay showing completed project. When 
you Install the components,, note polarity. 

JI 
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Be sure to measure the center to center 
distance between the meter studs before 
making your printed circuit board. 

Use sockets for U2 and U3, rather 
than soldering them to the printed cir­
cuit board. It is extremely difficult to 
remove a multi-pin integrated circuit 
from a printed\circuit board once it has 

been soldered in place. 
No Substitutions! Do not substitute 

ceramic capacitors for C3, C4, and C6. 
These parts are used in the frequency 
sensitive sections of the circuit and 
should be stable components to pre­
serve the calibrated accuracy of the 

(Conrinued on page 91) 

. - I . ~ • ·~~'-. . .. r 
"T!Velve potenliOJ11eter$ are the. ~earl oj ~~cutune. ~ch potenlio~ter must be tuned 
fqr a discrete- frequency. If there is a problem in ~dting a centtr.scale reading; then 
~ange the value of the resis]or that is in serieS:~itlt the p~blem potenti~er. 

II 

2 

cs 
-=- .Olp.f'i 
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U3 
LM2907 

3 4 12 

------~----~------ -

~i-~·VcilMr.11nsist9r b4tteff 
·~1~ C5-.41' uF~'5.0 voJtrceiamlc capacitor 
-~2-10 uf, 2S VQllceramic capacitor 
ci C4, C6-.0l uf, lOQ volt mylar~acitor 
C'.7-.1·1Jf, 50 vol.t cer.atic capacitor 
J!~e~!iq J.aC:.11 _ R . , • !' . · 
L'ED1-~ed light emitt ng diode, Radio Shack 

:216-026' or equivalent 
~~l. mA ~ _Milfiammeter 
A\~·Jl~SJ~Q.RS. -~~E IA..WAJT, 10% UNLESS 
., ~lfHERW.jSE .. ~QTE.O ' · 
_Rf, R:ll, 1µ1, R34=-l0,'()9°'°hm resfsJor 
.M-33,000:0hm' ce$isfor 
Ra:..it70'-o.hl1) resistor 
'R~, R5-390;0®'Qhm reslstor­
R&'--:S9,000-0hm resistor I 

PARTS LIST FOR ACCUtU~~ 
R7-l2D;ooo;ohm .resistor 
RB-680,0ildlohm resistor. 
R9-220,0QO-Ohm resistor 
RIO, R12, R14-10,000-0hm potentiometer 
Rt 3-5,~0tf:Ohm resistor 
R15·r-•tOQO~'Ohm resistoJI 
RlB, Rfa;· li20-10,oo~hm1 potentiometer 
R17-2,500:0hm resistor • 
iU9-l,000-<>hm resistor 

• R22-220,0Q~ohrrt resistor" 
R2.3-1tio,{j"'QP-Otim poten!iometer 
R24- 175,000:0:1m resistor" -
R25, R27, R29, R31, R33-25,000.ohm poten: 

tiometer 
R2S-120;QOQ,--0h!JI resistQr~· 
R28.::.80,000'iPbm resistor*' 

For Information on the availability ol parts and other materials to build ACCUTUNE. send a S!amped, self. 
addressed envelope to Nlccu.m Electronics, Route 3, Box 2718, Stroud, OK 74079. 
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DIGITAL 
, CLARINET 

Play music by the numbers 
with your digital clarinet. 

TO MAKE A FINE instrument such as a 
I violin or bassoon, ·a craftsman must 

meticuh>Usly carve, cut, form and finish 
for hundreds of hours. It takes decades 
to master the instrument. 

The time has now come where you 
can build a fine instrumelll and master 
its musical intricacies in a few hours. 
Appealing? Then the Digital Clarinet is 
waiting for you to pick it up and play 
away to your heart's content. 

The Digital Clarinet is 'a high quality 
ultra-miniature instrument that's fun to 
build and play. Its sophisticated digital 
circuit is as far beyond other similar 
projects as a Stradivarius eclipses the 
simple kazoo. 

Each note in the unit's three octave 
range is generated with enormous sta­
bility and accuracy; frequency drift, the 
plague of analog systems, is not a 
problem. Since this project's output 
signal is a modulated square wave, the 
generated frequencies have the range 
and tonal characteristics of a wood­
wind instrument-.hepce the name : Digi­
tal Clarinet. 

Double Features. The Digital Clari­
net provides two keying modes: Sus­
tained and Percussive. After a key is 
s\ruck in the sustained mode, the sound 
output rises to maximum and remains 
there as long as that key is down. Once 
the key is released, the note gradually, 
decays. Percussive keying yields a note 
that rises to a set volume and fades to 

' nothing regardless of how long the key 
is pressed. Also a note's attack and 
decay times can be controlled with a 
pair of potentiometers. These controls 
yield strange effects. 

The Circuit. To understand the cir­
cuit, let's examine the block diagram 
( Fig. I). The unit's mai.ter oscillator, 
integrated circuit U l , operates at a 
frequency of 250,030 Hz. U l's square 
wave output signal drives top-octave 
generator U2. Twelve discrete frequen-

cies (or notes). C~ (554.3 Hz) to Cti 
( l 046.5 Hz), are generated by ·u2. 
These notes arc equally spaced to con­
form with standard chromatic scale. 
Sine~ only one note at a time is util­
ized, the l 2 top octave notes are routed 
to the mtiltiplcxcr circuitry from U3 . 

To make our selection. we need a 
one-octave ( 12-key) keyboard. Encoder 
chip U4 provides the necessary logic to 
interface the keyswitches with the rest 
of the circuit. U4 debounces all the 
keyswitches and provides a set of four 
latched outputs driving the address 
lines of multiple.xer U3. 

When pressed. each key produces a 
binary-coded address that selects a 
unique signal. Note: U4's address out­
puts are latched so the circuit remem­
bers the old note until a new one is 
selected. Should two keys be depressed 
at once. U4 responds only to the first 
one which is pressed. 

Multiplexer Times Two. We'll return 1 
to encoder U4. but right now let's note 
that the output of multiplexer U3 is 
routed to the input of frequency divider 
U7. T wo square wave outputs with 
frequencies Vi and 1/.i as great as the 
input arc generated from U7. Another 
multiplexer, U6, is used to select be­
tween U3's output (the top octave) and 
U7's outputs (the middle and low oc­
taves). U6's selection is determined by 
signals from clocked latch U5, which 
is controlled by two octave-shift keys. 
If neither octave-shift key is pressed, 
multiplexer U6 selects f/ 4 (signals in 
the lowest octave). Signals in the mid­
dle or top octave (f / 2 and f respec­
tively) can be selected by pressing the 
appropriate octave-shift key befo~e 
striking a switch on the Digital Clari­
net's main keyboard. Note: Address sig-

I 

nals for multiplexer U6 (as with U3 ) 
arc latched. 

Latch circuit U5 memorizes the 
octave-shift keys that are closed when 
the Key Down signal at pin 12 of U4 
goes high. US retains this octave-selec­
tion information until the next note is 
struck, at which time it updates the 
information. tit should be apparent 
that ocatvc selcctioh must precede note 
selection.) 

The Digital Clarinet's frequency 
range extends from C:f ( 138.59 Hz) 
to C,, (I 046.5 Hz). This compares 
favorably to the range of a regular 
wind-powered clarinet. 

The Key Down signal mentioned 
above-goes high for the entire time any 
switch of the 12-note keyboard is 
pressed. Envelope generator U8, under 
control of the Key Down signal, gen­
erates an appropriate envelope voltage. 
In the sustained mode, this envelope · 
voltage rises to its maxirrium value after 
Key Down goes high. It remains at 
maximum until the key switch is ne-

• • 

Small in size but big in sound, the Digi­
tal Clarinet is easy to wire and oper<ite. 
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DIGITAL CLARINET- - -----
leased and Key Down drop" low. ;1t 
which time the cnvclone decays to 7.ero. 
Since dec:iy is initi:1tdd by ri.:kasc of 
the key switch. latching is used to pre­
serve the note and octave information 
that would be lost after key rclcasi.:. 

In the percussive 111\lde. the envelope 
signal rises after Key bown goes high. 
bm decavs after reachin!! its peak even 
if Key Down !s hiuh . Rc-gardlcss of the 

- I -
keying mode used. the output note"s 
attack and decay times arc cleccrmincd 
by the envelope volt age'-; r io;ing and 
falling speed. 

Amplitude m oclulatpr U9 multiplies 
the envelope voltage wich multiplexer 
U6"s square wave 0~11put to yield a 
musical nocc. The no1c\ instantaneous 
loudness is directl y proporc ional to the 
envelope voltage. 

/Cs You See. C ircui t power is sup­
plied by dght AA cells arranged to 
provide a <l ual supply of + 6 and - 6 
volts. Oscillacor U I is a 404 7 CMOS 
mult i-vibrator. which can easily be 
tuned to proper pitch via trimmer po­
tentiometer RI. The 404 7 has excelknt 
stability with changing temperature and 
voltage. For this reason it was use<l in 
lieu of m ore expensive cry"stal oscil­
lator circuitry. 

Top-octave generator U2. a Moscek 
50240. is fairly expensive. I c is recom­
mended chat you be especially careful 
when handling ic to avoid damage from 
static discharge. Nocc how the key­
switches (S5 through Sl6 J connect to 
encoder U4 in a matrix arrnngemcnt. 
Each key~witch connects co one hori­
iontal and one vert ical line of the 
encoder matrix (Fig. 2 ) . 

Frequency divider U7 is a common 
4024 CMOS binnry divider. Mutliplexer 
U6 ( 4016 ) selects the appropriate sig­
nals from U3 and U7, ro11ting them 
to amplitude modulator U9. a 3080 
trans.conductance amplifier. This re­
sembles a s tandard operational arnpl~ticr 
except i1s gain is a function of the cur­
rent injected into pin 5 and its ouput is 
a high-impedance current s(lurcc. Trim­
mer potentiometer R 13 is used lO null 
out the offset voltage of U9 and C 15 
rolls ofT U9's high-frequenc y response. 
Potentiometer R 17 is a volume control. 
The signal at J I has a maximum ampl :­
tude of 500 m illivolts and can be fe :I 
into the high-level j (Tuner, Aux or 
Linc) inputs o f any amplifier. 

Latch US is a type 4013 dual fl ip­
flop. Pressing S3 shifts the scale up 
one octave; pressing S2 yields a two­
octave shift. Pressing both s imultane­
ously gives the same effect as pressing 
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The parts overlay shows components on top of the printed ci rcuit board. N.ote Chat all 
•of the electronic components fit handily on board, making for easy assembly. Whe11 
soldering integrated circuits, always note the position of the IC on the circuit board. 

This is the foil side down of one of the printed circuit boards for the Digital Clarinet. 
Requi ring seven in tegra ted circuits, the project looks complex but is very _ _simple to 

-wire. Other than the integrated circuits, the re are re lat ively few components to wi re up. 

j 



S2 by_ itself. 
Only Old Friends. Envelope genera­

tor UR is our old fri en:I, the 555 timer. 
However. use on!y a Signetics NE555 
(note th_e '·NE" prefix) rather than a 

1N ational device ("LM" prefix). Jn the 
majority of circuits. these units arc di­
rectly interchangeable, but in this cir­
cuit proper sustained-mode operation 
will be obtained only with the Sig­
netics NE555 device. 

Switch S4 selects either the percus-

·For Information on the avallablllty of parts and other materials to build DIGITAL CLARINET, send a stamped, 
t self·addressed envelope to L.ectrographic, P.O. Sox 537, Auburn, NY 13021. · 
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I 
results. First, use an al

1
'uminum cabinet 

and ·mal<e sure it is connected to system 
ground. 'Tliis is easily !accomplished at 
the point_ where J l rriopnts in the chas­
sis wall. A metallic .enclosure of this 
sort .is necessary . beca~1,se it minimizes 
any, audio interference (a bac.kground 
·bt'1zt.) produced by t~e fast, high,am­
Rlitude digital signals in this project. 

Printed-circuit cons1ruction is highly 
recommended. Either 'make your own. 
i"f you have the neccs~ary skill or pur­
chase pre•fabricated ,boards from the 
n,u1nufacturer given in the parts list. 
T~e circuit has been segregated into 
two boards: One to hold the digital 
'circuitry and one for ithc analog stages. 
T his separation is important because 
the ·analog bo.ard must be shielded from 
the digital board to p/·event audio inter­
ference. Fortunately, lshieldiog is easily 
accomplished by mo

1
unting the am1!og 

board together with 
1
C_l5: C16. JI an~ 

-volume control R 17 ms1dc an alumi­
num minibox. The minibox .should be 
mo~mted inside the !aluminum cabinet 
housir1g the Digital qiarinet and the box 
should be electrically connected to sys­
tem ground. Wires rimning to and from 
the analog PC board can be routed 
through grommeted holes in the mini­
box's \.valls. Using t~is system, a proto­
type was constructed; we obtained dead 
silence between not'cs and not a trace 
:o'f digital hash. 

What A Figure. ~y viewing Fig. 2. 
it can be seen that certain components 
do not mount on either board. Specifi­
·cally, ·R6 and C9 mount directly on 
the lt.'1gs of S4, while Cl 5 is soldered 
across the outermos't lugs of RI 7. Note: 
The border around PCI is at a poten­
tial of _..:-() volts, while PC2's border is 
at ground potential. Bear this in mind 
and don' t get confiused. Be sure to in­
c;lude jumper (JUI) when· wiring up 
the digital board. 1 

Wiren fabricatin'g the keyboard, the 
use of computer-style keyswitches is 
recommc.qdpd. Thf Y have a very light, 
smooth action and arc extremely easy 
to key. We set i1t up so keyswitches 
W'iih" black tops can signal sharp notes 
·qnd whi.te topped f eys can retrieve non­
sharp notes. The notes of the scale in 
as<:ending order Jre: c::, D, D~. E, F . 
~. G , · o::, A, ..4.::. B. C. This is a 
CY,cli~ pattern, soi the ' 13th note is 0 
(with tw!c~ the frequency of the start-
ing note) . 1 

. I 
Jn the prototyP.e, keys are arranged 

l!'l two tanks witp the uppe·r row ·run­
ning_ from C: to IF:: and the lower one 
from G to C. As a11 alternative to this 
ai"rangement. _yo·f i might consider can-

501 ELECTRONICS HOBBYIST 1984 

u v w x 

._,__y 
'H"'1F~~~ld--Z 

This p.1rts overlay shows a circuit 
that is quite .1 bit cr~wded. It's 
bit more so than the other printed 
that is qu.ite a bit crowded. It's a 
citcuit board. Be careful when you 
wire up various 1umpers and con·­
nectors. It's easy to get mixed up; 

Unless you are an expert at making PC 
boards from scratch, we suggest fhat you 
order an etched set from Lectrographix Inc. 

nibalizin~ the keyboard from a toy 
piano. There are many options. but 
stay away from calculator keyboards. 
With few exceptions. these are too 
small for comfortable keying. 
. You will not find all the IC<> re­
quired by this project in your local 
electronics shop or with some of the 
better known mailorder retailers. The 
50240, 74C922 and 3080 are carried by 
Circuit Specialists (Box 3047, Scotts­
dale, AZ, 85257). The 74C150 is avail­
able from Digi-Key Corp. (Box 677. 
Thief River Falls, MN, 56701). All re­
maining ICs are common items; they 
can be easily purchased. 

Solder At 25. As always, use resin­
core solder and a 25 Watt or less 
soldering iron when soldering compon­
ents. Polarized devices must be prop­
erly ori.,nted. This app_lies specifically 
to all the semiconductors. Cl. C7, C!O, 
Cl 1. and Cl 2. Since most of the ICs 

I ' ' 
are MOS d~vices. therefore susceptible 
to damage from static discharge; IC 
s-ockcts :11:c strongly recommended. In-

10 

stall the !Cs in their sockets only a fter 
soldering is completed . 

Check, Please. Once cons~ruction is 
finished, you're ready to check out th~ 
circuit's operation. Feed the output 
signal from J l via shielded cable to the 
high-level input of your amplifier. 
(CAUTION: low-level amplifier. inputs 
intended for use with magnetic phonb 
cartridges will overload when driven 
by the Digital Clarinet.) Set S4 to the 
sustained mode. Adjust R8 for mini­
mum attack time (minimum resistance) 
and set R 11 for a long decay interval 
(maximum resistance). Trimmer poten­
tiometers Rl and Rl3 should be set to 
the midpoints of their adjustment 
ranges. Turn ·on the power. 

Tap each one of the twelve switches 
· of the keyboard in their chromatic 

order and verify the presence of an 
output note. which should decay after 
key release. Each note should be lower­
pitched than its successor and higher­
pitched than its predecessor. If n,ot, 
check for a keyboard wiring error. 
Next, press S3 and then strike a note 
on the keyboard. The pitch should be 
one octave higher. Press S2 and hit the 
same keyswitch as before. Thi~ time the 
pitch should be shifted two octaves 
higher. If not, check for wiring errors 
or faulty components in the circuitry 
associated with US and U6. 

Assuming all has gone well to· this 
point, switch S4 to the percussive mode 
and strike a note on the keyboard. The . 
output note should rise and des;a.y in 
volume even though your finger con­
tinues to press the keyswitch. If not, 
check the following for wiring errors 
or fau lty components: R6, C9 and S4 .. 

Natural Decay. With these prelimi~ 
nary tests completed, ex'periment with 
various settings of the attack and decay 
potentiometers. Natural musical sot~nds 
gen~rally take more time t.o decay than 
to attack. On this instrument, however, 
you can reverse thin.gs for a. very 
s.trarige effect. When percussive keying· 
is l)sed, though, .keep the attack time 
short fox best re~_ults. 



Shiel·ded in an aluminum box, a PC board 
controls mode or sound of musical note. 

Listen carefully to your Digital C lari­
net's output note as you key the in­
strument. If a slight thumping is ap­
parent with very short attack or decay 
times, it can be cancelled out by ad­
justing R 13. 

Those of you who own frequency 
counters can tune the circuit by ad­
justing R 1 to obtain exactly 250.030 
Hz at U I's output (pin 13). Lacking 
a counter, you can tune the instrument 
by ear aga!nst a pitch rdercncc such 
as a tuning fork. Remember that this 
instrument's range extends from 138.59 
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to I 046.5 Hz and any pitch reference 
within this ·three octave interval can be 
used for tuning purposes. Correct tun­
ing will be found within the mid-por­
tion of RI 's range of adjustment. 

Although the Digital C larinet may 
not be appropriate for Carnegie Hall 
or your local church. it is g~cat for 

•, 

F 

messing around in your home. Plug it 
into your stereo and let your fingers 
lly away at the keys. 

So go to it. Althou~h you may not 
be able to play the clarinet as well as 
Benny Goodmun. there's no reason why 
you can't swing away to an old Good­
man nme with your Digital Clarinet. • 

OSCILLATOR • '.1l..(l TOP· OCTAVE 
UI '· • GENERATOR 

l?OUJ:P,UT 
Llf:IES 

12 :1 
MULTI · 10 BINARY 12 F'/2 
PLEXER ~--~ DIVIDER 

3:1 
MULTI­
PLEXER 

U6 250,030Hz U2 I 
I 

U7 
U 3 ,11 F/4 
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BLINKEY 
Electronic friend provides 
many hours of entertai nment 

B LINKEY rs AN ELECTRONIC " friend" 
from another kalaxy. He is asleep 

as long as nobody disturbs him. How­
ever, p~ess your finger to his lips and 
Blinkey becomes agitated. His eyes 
blink on and off. Jf you press your 
lingers more firmly, he becomes even 
more furious, blinking more rapidly. 
When you remove your fingers, Blinkey 
goes back to sleep again and his eyes 
stop blinking. 

The simple circuit uses one inte­
grated circuit and a few components, 
If you like, Blinkey can be buil t inside 
a doll or constructed on a PC board 
as the author has d'one. T he remaining 
copper foil on the PC board resembles 
a mouth, ears and eye brows. The IC 
resembles a nose, and the two LEDs 
are Blinkey's eyes. 

How He Blinks. BLINKEY's circuit 
is shown right below. Consider U I A 
and U I B alone (without R I or UIC 
and D connected). If we replaced the 
Touch P lace (lips) with a resistor, we 
would have an ordinary oscillator: The 
frequency of oscillation would be de-

RI 
3.9MEG 

ONl OFF SI 
POWER 

Bl _ 

9V. J 

PART~ LIST fOR BLINKEY 

81 - 9.VDC transistor battery 
Cl -0.47-uF, non-polarized electrolytic capa· 

cl tor 
LED 1, 2-light emitting diode, Va·inch 
Rl -10,000,000·ohm, JA-watt resistor, 10% 
R2- l,OOO-ohm, 'A-watt resistor, 10% 
51 - slide switch, SPST I 
U1 - CD 4011 quad, 2 ,Input NANO gate inte· 

grated circuit 
Mlsc.-PC board, 9-volt battery clip, suitable 

case, wire, solder, etc. 
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termined by the value of Cl and the 
resistor. Instead of using a resistor, you 
place your finger or hand across the 
touchplate, the resistance of your hand 
determines the frequency of oscillation. 
As you press harder, the resistance de­
creases and the frequency of oscillation 
increases. Now, if we connect U IC 
and D to the oscillator, LED (left) 
and LED ( right) will simultaneously 
blink. U IC 'and D arc buffers which 
provide enough current for the two 
LEDs to turn on. 

If you removed your hand when the 

R2 
I Kn 

Ul•4011 

Ct 
0.47pt 

EYES 

At right is the Printed 
Circuit board template 
for Blinky. ·As you see, 
the switch is actually 
etched on the board. It 
uses a bit more copper 
than usual. Schematic, 
above, is simple and 
straightforward. 1 The 
whole thing should 
take less than an hour. .+ 

LEDs were on, they would remain on 
indefi nitely. This would drain the bat­
te.ry. Since we often forget to turn off a 
toy, we provide an automatic shutoff of 
the LEDs. This automatic shutoff is Rl . 
When your hand is removed from the 
Touchplates, RI allows the voltage at 
pins I and 2 of U I A to rise towards 
9 volts. Eventually (after a second or 
two) this will cause the output of UIA 
to go low, turning off the LEDs. In 
this state, the current draw by the cir­
cuit is very low, insuring a long bat­
tery life. R2 limits the current drawn 
by the LEDs and St provides the volt­
age from the battery for operation. 

Construction. Any means of con­
struction is suitable. An easy way of 
reproducing the circuit is to use the PC 
Board layout seen below. The overall 
size of the PC Board should be adjusted 
to allow it to substitute for the top 
plate of the box you are using. UIC is 
mounted on the FOIL side of the PC 
Board, while all other components are 
mounted on the reverse side. Mount 
the two LEDs through the "eye" holes 
and secure with epoxy. After R l is 
installed, solder a short length of wire 
between it and SI as shown in the 
detailed component placement. If a 
0.47 uF non-polarized capacitor is not 
available, five 0.1 uF disk capacitors 
can be paralleled together and used 
instead. While RI is stated as 10 meg­
ohms, any value greater than 3.9 meg-

(Continued on page 91) 
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Solar Cell 
Tester 
Measure photovoltaic 
characteristics 
with this unique meter 

PHOTOVOLTAIC SOLAR CELLS may hold 
the promise for the future, but you 

cao experiment with them today. Before 
utilizing the units in a project, it's 
necessary to know their capabilities. 

All makers list a maximum output 
current rating, with some listing of 
power levels for a given light source 
(usually I 00 mw / cm2). 

So what? You need to know what it 
will do for you- under your parameters, 
your light source, and your load! How? 
With a handy-dandy solar cell tester. 

The Rating Game. Silicon cell output 
varies with the light level, and with the 
load as well. If a cell is too heavily 
loaded, the power drops appreciably. 
Glance at the power graph. N otice it 
peaks when the voltage across the cell 
is 460 millivolts. 

This is where the m anufacturer tests 
his units, to determine maximum per­
formance. He uses variable load, placed 
across the cell. With no load, the sola r 
generator exhibits an open circuit volt­
age higher than its working voltage. As 
the load is increased (more current), 
the potential across the junction drops. 

At one point, the current begins to 
dip along with the voltage-thus further 
reducing power. The m aker sets the 
resistance so the voltage across the cell 
under test is optimum. 

Figure I, shows a simple circui t for 
performing just such a test. One meter 

monitors current .. . the other voltage. 
Adjusting the variable resistor to the 
peak power voltage (460 mv) will net 
you the device's current! But, the out­
put current differs from cell to cell, 
necessitating a corresponding change in 
resistor value. That's fine if you're test­
ing one or two units, but how do you 
efficiently check 20, or 50, or ??? With 
a dynamic variab{e load; one thut ad­
justs itself to the correct voltage. 

About The Circuit. The easiest way to 
achieve a dynamic variable load 
(DYL) is using a transistor. ]n figure 
2, the solar cell is connected across the 
emitter and collector. As current is 
metered through the base, .the VcE 
changes-loading the cell accordingly. 

Now, add a feedback loop, an ampli­
fier, a couple of meters, and we have a 
professional solar cell checker. 

The feedback rcsisto·r, R2, deter­
mines the amplifier gain , while the non­
inverting input monitors the voltage 
across the cell and compares it to the 
reference voltage at the inverting input. 

Looking down at the 
Solar Cell Tester. Chas­
sis, meters, switches, 
and the calibration 
control can be seen. If 
you look carefully, you 
will notice the wire 
shunt (Rm) across the 
panel- meter on left. 

' 

Let's Make One. The tester can easily 
be duplicated, using any method of 
construction available to you: perf­
board, PC board, point to point, etc. 
You'll notice, a PNP transistor is used 
for the load, making the ground posi­
tive in respect to the ci;ll's input volt­
age. That's because the silicon cell has 
a positive backing, with the front con­
tacts 1wgalive polarity. 

The IC amplifier is ' a 741. but any 
stable operational amplifier should suf­
fke. Don't forget the external compen­
sation , should your choice requi re it. 
The only requirement-output current. 
As the transistor reaches higher cur­
rent levels, the H FE (gain ) decreases 
accordingly, requiring more base cur­
rent through the transistor. 

The sink transistor (Ql) may be any 
si licon PNP capable of passing l amp 
safely and able to dissipate about 1 
watt. No heat sink is required. 

My test instrument was designed to 
measure I ampere, but you can make 
it any range you desire by changing 
RM. If you use a 0- l ma meter with an 
internal resistance o f 50 ohms, follow 
the chart for your selected value. If it 
is 100 ohms, double that figure-it'.11 be 
close enough to be accurate. 

Connect R.i and R:, to the Vee power 
supplies as shown. The p ower supplies 
should be tracking-or, at least regl.1-
lated. Otherwise, the reference voltage 
at the inverting input will shift, throw­
ing off your calibration setting. (Actu­
ally, I've even used two 9 volt batteries 
and had good results. If the cells are 
within reasonable tolerance, the shift is 
negligible. But, for precision, a well 
regulated power supply is a must.) 

Using It. Connect the cell under test 
to the input leads, observing polarity. 
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SolarCell Tester-----------
Illuminate the surface with the light it 
will be subjected to (sunlight, desk 
lamp,_ etc.) and set the CAL control 
for the voltage-in most cases .46 volts. 
The ·current of th,e cell will be displayed 
on the other meterl don't forget your 
multiplication factor! 

The tester will ~djust to any cell 
automatically, regardless of the output 
current of the load. I 

A nice feature about the instrument 
is you can change the calibration to 
give you the output voltage at a specific 
current. Twist the dalibration knob to 
your current value. then read the volt-

!z 8 

~ 4x 
)( 

~ 2x 1-~~~~~~~~~~~--4 
.20 .45 .60 

VOLTS 

Graph above shows how the solar cell's 
power output in watts will vary according 
to voltages above and below rated voltage. 

R4 
47K 

R7 

RI 
100 

IOI< 
CALIBRATION 

RS 
47K 

+ 

R2 
l2K 

age. Of course, it won't regulate at 
that current value as it does voltage. but 
you will know the output voltage under 
the actual operating conditions. 

Obtain some solar cells you intend 
to use for your next solar project. Using 
your photovoltaic tester, you can now 
design your load to yield maximum 
powe.~ output. w 

A 

The diagram above shows the basic circuit. 
The voltmeter shows cell voltage, while 
Ammeter (A) indicates the load, which can 
be adjusted by potentiometer, called RL. 

In above d iagram, the same output voltage 
can be obtained al different loads. This 
is accomplished by placing the calibration 
potentiometer in the transistor's base. 

Rm~ 
I 

R6 
I K 

-- - , 
I 
I 

Rm~ 
I 

+ M2 I 
I 

- - _, 

PARTS LIST FOR PHOTOVOLTAIC TESTER 

Mt , 2-0-1 ma pane meter (Radio Shack 
#270-1752) 

Qt-transistor, ECG 129, or equivalent 
Rt-resistor, 100 ohms, 1/2 watt, 10% 
R2-resistor, 12,000 ohms, 1/2 watt, 10% 
R3-resistor, 100 ohms, 1/2 watt, 10% 
R4-5-•e~istor, 47,000 ohms lf2 watt, 10% 
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RS- resistor, 910 ohms, 'lz watt, 1 % 
R7-(VR1l potentiometer, 10,000 ohms 
Ul-integrated circuit 74l,1458, etc., opera· 

tional amplifier 

Note: The Radio Shack meter listed has 100 
ohms internal resistance. 

Photo above shows 400 times magnifica­
tion of a photovoltiac silicon cell surface. 

With cell surface magnified 4,000 times, 
tel.rahydrons or peaks stand out sharply. 

WHAT'S YOUR Rm VALUE? 

X I 0-1 NONE 

XIO 0-10 5.00 
10.00 

XIOO 0-100 .500 
1.00 

XIOOO 0 - 1000 .050 
I .100 

RANGE 
OHMS (MA) 

TOP VALUE IS FOR METER WITH 50 
OHMS, BOTTOM IS F.OR 100 OHMS. 

Rm, or meter shunt value is determined 
by the meter's internal resistance. Using 
a shunt we can multiply the meter's face 
value by 10X, 100X, or 1000X. As we in­
crease the multiplied range, the resist­
ance value of the shunt (Rrn) goes down. 



THERE 'ARE TWO MAIN • CAUSES of 
"blown" engines, and they both re­

late to the ·subject of oil. Either there's 
not enough to sufficiently lubricate the 
engine, or it is circulating under too 
low a pressure to reach all of the areas 
it is supposed to. In any event, if either 
condition persists too long, you're likely 
to be looking for a new mill in very 
short order, something which can run 
you anywhere from $300 to $1,000, not 
to mention the cost of labor involved. 

F or a few dollars, and with some 
basic attention to the markings on your 
dipstick, you can build a highly accu­
rate Qil pressure gauge and with it. es­
tablish good maintenance habits which 
can prolong the life of your car or boat 
engine for thousands of extra mill;!s. 
Why should you add a gauge if your 
car already has a dummy light-? A dum­
my light will only signal you when oil 
pressure has already dropped to a dan­
gerously low level. At this point, it's 
usually too late, and the pistons will 
seize against the cylinder walls, causing 
the car to stop as if hit head on by a 
·truck. A gauge, on the other hand, al· 
lows you to establish the normal oper­
ating pressures for your car, and can 
take note of the fluctuations cau~ed by 
worn oil pump gears, jammed oil pump 
pressure relief pistons. leaking seals and 
gaskets. and can even tell you, by indi­
cating an increase in pressure, when it's 
time to change your oil filter. In some 
cars. a gradual drop in oil pressure can 
indicate low oil levels, although the only 
positive method for determining the 
amount of oil left in the oil pan is by 
checking the dipstick itself. 

One of: the best features of this gm1ge 
is that it is installed so as not to elimi­
nate the functi on of the dummy light 
system. In effect, the dummy light 
serves as a fail -safe against the possi­
bility of gauge or sender malfunction. 

The Circuit. Regular readers of this 
magazine will no doubt recognize the 
basic design of the oil pressure gauge 
from those of the voltmeter and tem­
perature gauges. The same three versa­
tile ICs are used again here. 

A view of the foil side 
of the PC board for 
our Digital Oil Pres­
sure Gauge. Note the 
clean layout. If you 
mount the regulator 
chip on the foil side, 
carefully bend it par­
allel to the board, 
making sure that 
nothing shorts out. 

Dashboard Digital 
Oil Pressure Gauge 
An essential instrument to help prolong engine life 

The ignition input ( + 12 VDC line ) 
should be connected to some point on 
the car's electrical syslcm that is active 
only when the ignition switch is on. and 
the motor is running. At all other times. 
the ignition line should be off. The most 
desirable connection would be the same 
fuse terminal that the horn or wind­
shield wiper is connected to. 

Note the point marked OPT ION on 
the schematic. With pin 6 of the 
CA3 I 62E disconnected, there are four 
conversions or comparisons macle each 
second. Tying pin 6 to the 5-volt line 
will result in 96 conversions or com­
parisons per second. The 96 Hz rate 
moves with excessive rapidi ty. is not 
appealing to the eye, and usually results 
in the least significant digi t appea_ring 
to be blurred. Of the two rates, the 4 Hz 
is by fa r the more pleasing lo the eye. 

is easier for the eye to focus on quickly. 
and is the recommended rate. These 
rates could vnry slightly because of 
capacitor variance from stated values. 

T he multiplexing digit driver pins 
(pins 3 and 4) on the CA3162E switch 
the two transistors that drive their re­
spective 7-segment displays. The 
CA3 I 62E determfoes whieh display is 
to be on, and sends the BCD (Binary 
Coded Decimal) information to the dis­
play that is on. The BCD in formation 
is converted into a 7-segment output 
by the CA3 I 6 1 E. This. in turn, causes 
those segments to be lit that correspond 
to that BCD number. 

Nole that ncross pins 8 and 9 of U2 
there is a 50K ( R2) potentiometer con­
nected. Pin 12 of U2 has a 0.33-µF 
tantalum integrating capacitor (C4). 
These components (in conjunction with 
the CA3162E) generate the necessary 
waveform for that IC to perform the 
:onversion. The operation of the SOK 
poten tiometer (ZERO ADJUST) will 
be covered in the calibration procedure. 

Sending Unit Operation. The maxi­
mum voltage differential that can be 
read by the CA3 I 62E is 999 rnV. With 
this in mind. examine the circuit con­
figuration. The sending unit specified 
must be used because of its l/,i -inch 
pipe thread and its electrical character­
istics. With the application of pressure, 
the sending unit's resistance change is 
vir tually linear. At 40 PSI ( pounds p er 
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OilGaug~ 
square inch). the resistance is approxi­
mately 40-ohms. 

Let's now cons/der what happens 
when voltage is applied to the sending 
unit and the digital oil pressure reading 
which results. By applying a small cur­
rent through the 470-ohm resistor to 
the sending unit. the resulting voltage 
is almost linear in relation to pressure. 
At 40 PSI there are approximately 400 
mV developed across the sending unit. 
The voltage enters pins I I and I 0 of 
U2 by means of the coax cable coming 
from the sending unit to the display 
board. There the 4b0 mY is converted 
to a BCD equivalent. The BCD infor­
mation enters the CA3 161 E ( U3) , a 
current-limiting, decoder / driver IC. 

IGNITION 
lNPUT 

+13-16VOLTS 

CAR 
GR OU NO 

02 
IN'l002 

+ Cl 

i47JJF 

- --, 
I 

RI 
47on 

C2 + 
IOµF 

~-----<10 

I -

I OIL PRESSURE 

I
SENOING 
UNIT R3 

I -=- I GM547034 IOK 

13 

L ___ _J ~ 

U2 

This causes the 7-segment display to 
display 40 pounds of pressure. An 
Ohm's Law calculation will show that 
the voltage is actually slightly less than 
400 mY. This requires compensation, 
which is corrected (or compensated for) 
by using the GA IN ADJUST. 

Assembly. After etching your PC 
board, (or receiving one from Digital 
World) check the finished product for 
foil bridges and other imperfections 
which might create difficulty during 
assembly and calibration. Leaving in­
stallation of U2 and U3 for later, in­
stall all other components on the board, 
following the component placement 
guide. Be sure to observe polarity with 
respect to diodes and capacitors . 

We ·strongly suggest that you make 
use of IC sockets when installing U2 
and U3. These two chips are highly 
sensitive to static electrical damage 
caused by handling without insulated 

C'I 

2 7 
I I 

15 2 
6 3 . B 

OPTION 

02 
2N2907 

CATKlOE 

LEDi LE02 
FNO 507 FNO 507 

PARTS LIST FOR 
DIGITAL OIL PRESURE GAUGE 

Cl - 47-uF, 25-VOC electrolytic capacitor 
-C2, C3- 10-uf, 16-VOC tantalum capacitor 
C4-0.33-uF, 35-VOC tantalum capacitor 
Dl, D2- IN4002 diode 
LED1, LED2- FN0-507 7-segment, common cathode 

display 
Ql, Q2- 2N2907 PNP transistor 
Rl -470-ohm, lf.i-watt resistor, 5% 
R2-50,000-ohm linear-taper potentiometer 
R3-10,000-ohm linear-taper potentiometer 
U1 - LM340T-5 voltage regulator-integrated circuit 
U2-CA3162E analog-to-digital converter inte· 

grated circuit 

U3-CA3161 BCD decoder/ driver integrated cir-
cuit 

Jl-RCA-type phono jack 
P1 - RCA-type phono plug 
Misc.-Genera! Motors oil pressure sending unit 
#547034 (fits 1966-79 Chevy, Buick, Olds!, lf.i­
inch brass pipe tee fititng (avai I able at most auto 
supply /speed equipment distributors!, I to 2-
inch length of lf.i·inch diameter extender pipe, 
teflon plumber's tape (for sealing pipe threads), 
10 to 15-feet RG58A/ U coaxial cable, IC sockets, 
spacers, red plexiglass contrast panel, hookup 
wire, solder, etc. 

For Information on the availability of parts and other materials to build DIGITAL OIL PRESSURE 
GUAGE. send a stam~lf-addressed envelope to Digllal Wend, P.O. Box 5508. AuguS1a GA 30906. 
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tweezers. In addition. stray AC from 
the tip of your soldering iron (not to 
mention excessive heat >' can also cause 
irreparable damage to tl}e chips. 

W ith all components installed. make 
a final check of the board against the 
component layout diagram as a precau­
tion. If the final check is positive. pro­
ceed to wire in the 2 leads for the 12-
volt power source. The unit is now 
ready for calibralion. 

Calibration. The degree of accuracy 
ultimately attainable with the gauge will 
be determined to a great extent by how 
carefully you adhere to procedures. 

Begin the calibration. by applying 13.8 
YDC to the voltage input lines. While 
the LM340-T (U I) is a darned good 
regulator, seeing as how you'll b~ pow· 
ering the gauge from 13.8 voe during 
operation, why not try to duplicate 
operating conditions during calibration? 
At this point. you should get some sort 
of reading on the LED displays. If not, 
skip ahead to the Troubleshooting sec­
tion to clear up the difficulty. 

Assuming all is well, momentarily 
ground pins I 0 and 11 of U2 to circuit 
ground, and adjust R2 until the LEDs 
read "00." Avoid rapid movement of 
the wiper on R2. as the range is very 
short, and you may pass the desired 
point before realizing it. Remove the 
ground on pins I 0 and 11. 

Momentarily: disconnect the sending 
unit's coax plug from the board and in­
sert a 4 7-ohm resistor across J l. Slowly 
adjust R3 until the displays read "4 7." 
This compl~tes the calibration proce­
dure, and the unit is now ready. 

Troubleshooting. If, as mentioned 
above, the displays do not light when 
power is applied, recheck to see that 
you have not created any solder b ridges 
which may be shorting out some com­
ponents. Check to make su~e that all 
diode polarities arc correct, and that the 
input power line polarity is also correct. 
Additionally, check to make sure that 
the wiper of R2 is centered. If the dis­
plays light only dimly. check to make 
sure that QI and Q2 have been in­
stalled correctly. 

Some GM sending units may gener­
ate electrical noise during their opera­
tion, which may result in rapidly fluc­
tuating readings. If this is the case, you 
may either replace the unit with another 
one, or try replacing C2 with a 100-uF, 
16-VDC electrolytic capacitor. This may 
filter out the undesired noise. 

Mounting The Unit~ Determine where 
the gauge will be installed and how it 
will be mounted; i.e., glued, bolted, or 
clamped. This will, of course. vary from 
car to car. 

The plexiglass panel should be cut 
and fitted to the circuit board (then re-



moved) before the board is assembleq. 
A plexiglass panel with a metal rim 

may be purchased from Radio Shack 
for several dollars. Ask to ~ee the die­
cast bezels. We have no information at 
this time on the availability of multiple 
display bezels. The single unit bezels 
look "pro" and are relatively easy to 
fit, requiring little or no modification. 

You may wish to' use a larger piece 
of plexiglass .for a multiple display 
panel, attaching several units to it. This 
requires detailed planning in layout. 
care in cutting the total panel, and pa­
tience in the drilling of the holes for the 
four retaining bolts (for each gauge) to 
be mounted behind it. 

Another idea is to place the LEDs 
(for a series of gauges) on a "perf­
board" behind the single panel, putting 
the units elsewhere, out of sight but 
easily accessible for repairs. However, 
this requires extensive wire hookups 
between the circuit boards of the sev­
eral units and the corresponding display 
LEDs. Such a project is not recom­
mended for the hobbyist just starting to 
work with digital units. 

The Coax Connector. What length 
should the coax cable be? A simple 
way is to use a piece of string to 
measure sufficient coax length. A coax 
piece too· short must be spliced and 
c·ould be of questionable operational 
efficiency. Measure distance from the 
sending unit, routing it about the motor 
to points where it may be easily and 
firmly secured and which are well away 
from the hot manifold and the vicinity 
of the spark plug wires. Cut a sufficient 
length of RG58A/ U cable (coax) to 
go from the sending unit to the display 
board dash location. It is wise to allow 
at least an extra 18-inches, permitting 
possible relocation, should a second lo­
cation be selected later. 

Solder the center conductor wire to 
the terminal of the sending unit, and 
the shield to the case of the sending 
unit. Do not rel}• on the car chassis 
ground to complete the path of current 
flow for 'the sending unit. The properly 
installed shield acts as the ground. The 
coax cable should be further secured 
and protected by being heavily taped 
to the sending unit. Failure to do this 
could result in the cable being broken 
at the connections because of car vihra­
tions and/ or turbulent winds under the 
car at higher speeds. At the dashboard 
end of the coax, the center connector is 
soldered on to the middle pin of P l. 
and the shield is soldered to the outer 
skirt. The plug i~ then ready to be in­
serted into the female jack on the back 
of the circuit board. Again, thread and 
secure the coax away from the hotter 
parts of the motor a.nd the ignition sys-

A drawing of the 
sending apparatus. 
This system insures 
that both. the gauge 
which we're install­
ing and the origi­
nal oil warning 
light will keep op­
erating. Thus, there 
are two warning 
devices, backing up 
each other, there· 
by bringing about 
real auto safety. 

~--~-
FACTORY OIL I 1/4-INCH OIL PRESSURE 
PRESSURE SWITC~ FEMALE TEE SENDING UNIT 
FOR DUMMY LIGHT · FOR GAUGE 

1/4· INCHlOUTER DIAMETER I 
BRASS EXTENDER PIPE 
1-2 INCHES LONG I ENGINE BLOCK 

~ 

Parts layout for the Digital Oil Pressure gauge. There are relatively few components 
to worry about, those that there are, are relatively well-spaced. VCR's on other side. 

Here's the printed circuit board for the Digital Oil-Pressure Gauge} foil side up. This 
is exactly the way the board you make for the unit should look. Watch for solder bridges! 

te rn wiring. 
The Dual System. Examine the dual 

system connection diagram. To use the 
dual system, a brass "tee" adaptor 1s 
required. Use a V<i-inch, 3-input female 
adaptor, which should be available at 
your local plumbing supplier. Purchase. 
also, a 1-inch or ,2-inch piece of stand­
ard V<i -inch brass pipe (long enough 
for the sending unit to clear the engine 
block and other components). Next, 
screw the pipe extender into the center 

of the "tee" adaptor. Now, screw the 
other end of the extender pipe into the 
engine block where the factory switch 
was installed. The two remaining arms 
of the tee are used to atach the fac- . 
tory warning light switch on one end 
and the GM sending unit on the other. 
On foreign cars using the metric stand­
ards, it may be necessary to use an 
adaptor for the V<i -inch extender pipe, 
or to secure a blank brass pipe and 

(Continued on page 96) 
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TROUBLESHOOTING WITH 
A DIGITA MULTIMETER 

Check out your ignition system for fun and profit 

IF YOU WANT to measure the large 
current from your car's alternator or 

starter, here are a few tricks on how 
to do it with your digital multimeter. 

Digital multimeters (DMM) are sen­
sitive and accurate devices. They have 
a much greater range than common 
analog multimetcrs; with a little help, 
they can measure very large currents. 
The help is from a low resistance shunt. 

A Small Resistance. A one milliohm 
shunt is a very small resistance, but it 
still behaves as a resistor and every 
ampere through it causes a one milli­
volt drop. Digital v91tmeters can read 
millivolts and most will read and dis­
play tenths of milliyolts. This extreme 
voltage sensitivity allows them to work 
as ammeters when connected across a 
one milliohm shunt. 

A DMM connbcted across the 
ground cable thus becomes a high-cur­
rent ammeter. Similarly. a charging 
current of 40 amps into the battery 
produces a voltage drop of .040 volts 
across the cable. 

The key is to calibrate your battery 
cable. It's easy. Most car low beams, I . 
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' 
including the running lights, use about 
12 amperes. With the headlights on. 
measure the voltage drop across the 
ground cable. Suppose 4this turns out 
to be .020 volts. 

Therefore, a starter draw of .1 92 
volts across the cable means that 12+ 
20 or .6 of 192 amperes arc flowing: 
about 120 amperes. Approxim'ltely .6 
of the millivolts read on a DMM are 
the amperes through it. 

If the 12 ampere headlight had 
caused a .005 volt drop across the 
cable, 12+5 or 2.2 times the DMM 
reading of millivolts across the cable 
represents the amperes through it. 

Needs A Strong Battery. This cali­
bration is best done with a strong 
battery. Check the cable on the posi­
tive term;nal, running to the solenoid. 
It might be more convenien t to use. 

If you do not like the mental arith­
metic involved in converting millivolts 
into amperes, connect taps to the bat­
tery cable to produce a I 2 millivolt 
drop when the low beams are on. 

Puncture the cable insulation with a 
sharp pin. Place the tap in lhe middle 

of the region of the cable where the 
voltmeter reads 12 millivolts. 

The taps are combination jacks ac­
cepting probe tips, banana plugs, or 
alligator clips (GC F2-883 or Allied 
920-0222). Make the electrical connec­
tion with a small sheet metal screw, 
#4. 1;,," long. It will separate the 
strands of wire· in the cable and be held 
snug to the taps. 

T ape it securely. This is a more sat­
isfactory way to measure all currents 
in the car, even down to tenths of am­
peres for small lights or electronic sys­
tems, provided your DMM reads to 
tenths of millivolts. 

Even a 20% error is acceptable 
when looking for trouble and will tell 
the difference between a shorted starter 
motor and a solenoid that isn't closing. 

A third way to read currents in your 
car with a DMM is to build or buy a 
one mi\liohm shunt that can be 
clamped in between the battery ground 
cable and the negative terminal. 

With this value of shunt the milli­
volts on the DMM connected to the 
shunt r~ad accurately as amperes. · • 



Build a budget 

DWELL/TACHO•nR 

0 UTSIDE OF A GOOD SET of wrenches, 
the most commonly called fo r auto­

motive tool is the uwel!i tachometer. 
When tuning up an engine, there's no 
substitute for the kind of accuracy a 
dwell/ tach can bring to your engine 
adjustments. A commercial version of 
this apparatus might run as high as 
$25.00. With some judicious parts bu y-

Rl3 

~·~ 
AHi-,.,., Rl7 

·~ 
~ 

Rl6 

ing, you should be able to do the job 
for roughly half of that figure . In ad­
dition, our dwell/tachometer gives you 
an additional fea ture not found on any 
but the most expensive commercial 
units : a DC voltmeter, which is highly 
usefu l In checking a car's electrica l 
system and, in particular, the ignition. 

Most of the parts used in the con­
struction of this instrument will prob­
ably be found in the electronics hobby­
ist junk box. The meter is a ' common 
I mA DC movement. If desired , other 
meter movements may be useu by sim­
ply changing circuit values to accom­
modate a . more or less sensitive meter. 

Construction. Most of the circuitry 
of the instrument is built on u printed 
circuit boanl. which mounts all com­
ponents except the front panel switches 
and meter. The PC board is mounted 

MOUNTING 
HOLE @ 

® 
© 
@ 

- . ' METER + 
, MOUNTIN~ 

© 
® 

® 
CD 

0 
® 
© 

~ 
ATTERY 

ND 

Fig. 1. The component layo.ut diagram will guide you in assembly of board. 
Take care not to ~over holes for calibrating resistors near RS, R6 and R7. 

Saves money on tune-ups! 

to the rear of the meter by mean.~ of 
the two meter studs. This type of con­
struction allows the entire circu.it of the 
instrument to be contained in one m6d­
ule, and allows ease of assembly and 
service if ever necessary. The compo­
nents layout as seen from the parts side 
of the board is shown in Fig. 1, and 
the printed circuit layout as seen .from 
the copper side of the board is shown 
full size in Fig. 2. If you are going to 
use a physically diffe.rent meter than 
that specified in the parts list, be sure 
to take into account the center-to­
center stud distance when laying out 
the printed circuit board. 

F ig. 3 ·is an illustration of a meter 
scale which can be used for the in­
strument. This scale has two ranges; 
0 to 1500 RPM, and 0 to 60 degrees 
dwell. To change the 0 to l milli-

Compare this photo with the component 
layout guide at left for reference duti1tg 
assembly. In author's prr"itype, sor-" cali­
bra.ting resistors have bo:cn added. Do~'.t 
he discour;igcd If your model needs them. '• 
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DWELLVTACH 
ampere scale on the jmcter, remove the 
plastic front of the meter and carefully 
remove the two small screws which 
hold the scale in place. You can then 
paste the scale of Fig. 3 over the back 
side of the meter scale and put it into 
place over the m eter movement. B~ 
careful not to disturb the meter needle 
during this operation, since it is very 
fragile. Fig. 4 can be used as a front 
panel label which provides the FUNC­
TION and CYLINDER lettering. 

The instrument is connected to the 
automobile ignition system with three 
wires, as shown in Fig. 6. Be sure to 
use dif(erent colors t > help prevent mis­
connections when 

1
thc instrument is 

placed in use. Rubber covered test lead 
wire is ideal for the purpose, and 
comes in several colors besides red 
and black. Alligator clips and hoots 
can be placed on the ends of the win.:s 
for the connections to the automobile. 

Connections between the printed cir­
cuit board and froh ti panel switches are 
indicated on the schematic diagram and 
printed circuit layout hy a group of 
14 letters . . A through N. Three addi­
tional wires are used for the th ree op­
erating leads of the instrument. These 
connections are clearly marked on the 
parts location guide diagram. 

After the unit is completely wired. 
double check to make sure that the 
transistors, integrated circuits, and elec­
trolytic capacitor~ arc mounted to the 
prin ted circuit board in the correct di­
rection. These components are polar­
ized and will be damngcd if they arc 
placed into the circuit improperly. 

The Circuit. 1n order to best under­
stand the operation of the dwell/tach­
ometer circuit, it is necessary for the 
reader to be familiar with the voltage 
waveform appearing at the primary 
terminal of the ignition coil. This is 
shown in Fig. 5. The basic voltage 
waveform is a- rect~ngular pulse with 
a considerable amount of ringing on the 
rising edge of the pulse. This ringing 
is caused by the sudden cut-off of cur­
rent in the ignition coil, and results in 
the high voltage generation which fires 
the spark plugs.- The duty cycle of the 
rectangular pulse is determined by the 
dwell angle of the ignition points (or 
solid state circuit in electronic systems), 
and must fall within !specified limits for 

The dwell meter section of the in­
Slrument is composed of Q'.!, QJ. anJ 
associated componcn1s. Q.i is connected 
:1s .1 constant currcn1 gcnerntor with 
eight-volts imprcssctl uron the base and 
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Fig. 2. This is the full-scale etching guide for the Dwell/Tachometer's printed circuit. 
DO NOT etch the board until you know the center-to-center distance of the studs. 

30 

() 

O DWELL 
RPM/VOLTS 

TACH 

Fig. 3. This is a full-scale template for 
use on the meter face. It is designed to 
be used with the GC Electronics movement 
described in the parts list, but will like­
ly fit other meter faces just as well. 

6 15V 
4 Fig. 4. Function tem­

plate, also full-s cale, 
can be used on the 
cabinet front to illus­
trate the switch posi­
tions. ff your configu­
ration differs from 
ours, a good method 
of illustrating the front 
panel is to use trans­
fer lettering stencils. 

OWL \ I l.5V I 

' 
8 

I 

+ 

0 

POINTS 
OPEN 

POINTS 
CLOSE 

' 
FUNCTION 

POINTS 
OPEN 

/ 

CYLINDERS 

Fig. 5. A waveform di­
agram of the voltage 
across the ignition 
points illustrates ex­
actly what happens 
during operation, and 
what it is that you' re 
measuring when you 
use the instrument. 



the meter placed in the collector cir­
cuit by the FUNCTION switch. The 
value of resistance placed in the emitter 
of Q3 determines the collector current 
of the transistor, an<l is adjusted so 
that the meter reads the full dwell 
angle (45 or 60 degress) when the 
sensing lead of the instrument is short­
ed to ground. Q2 acts as a switch 
which controls the base of Q3, and 
causes Q3 to either be on or off, de­
pend ing upon the state of the ignition 
points. When the points close, Q2 is 
cut off and Q3 p<isses its calibrated 
constant current through the meter. 
When the points open, Q2 is forward 

biased and saturated by the voltage~ 

appearing across the points. This cuts 
otr Q3 and the meter current is zero., 
Since this action takes place mucn 
faster than the meter needle can fol­
low, the meter reading is the average 
of the two conditions, an<l is the actual 
dwell angle measurement. 

The tachometer section of the in­
strument makes use of the fact that 
the meter of spark plug firings per 
second is directly related to the RPM 
of the engine. QI is used as a buffer 
transistor between the ignition system 
and the trigger input of a 555 timer 
IC which is connected as a one-shot 

Rl3 

multivibrator. Each time the ignition 
circuit p~oduces a positive-gain pulse, 
U2 generates an 8-volt pulse of 2500 
to 5000-microseconds duration, de­
pending upon the number of cylinders 
of the engine under test. The output 
of U2 is fed to the meter through a 
calibrating potentiometer. C6 acts as a 
filter to smooth out the p~lses to nearly 
pure DC, and provides a steady meter 
reading which is engine RPM . 

The voltmeter section of the unit 
consists of R l3, R14, R16 and Rl 7. 
These components arc used as multi­
plier resistors so that full scale meter 
current is generated when either 15 

Rl4 RIS RIG Rl7 
INPUT 2.2MEG ISK 2 .2K 22K I.SK 

12VOC + . 
ICI IC2 

-~ . ':'IOpF ':'10,fJ f' 

':' 

RI R3 

INPUT 
IOOK 4 .7K 

Rl9 
4.7K 0 1 

c 2N3904 

R20 R2 
4.7K IOOK 

':' 

b c 
0 2 

e 2N3904 

C1 
I0.1.fJF 

Cl , C2-10-uF, 25-VDC electrolytic capacitor 
Cl, C4, C7-0.l-uF, 25-VDC ceramic capacitor 
C5-0.0l-uF, 25-VDC tubular capacitor 
C6-220-uF, 6-VDC tantalum capacitor 
CS- 0.01-uF, 50-VDC disc capacitor 
QI, Q2, Q3-2N3904 NPN silicon transistor 

(or equivalent) 
RI , R2-100K, lf.i -watt resistor, 10% (all re­

sistors 10% tolerance unless otherwise 
notedJ 

R3, RIO, Rl9, R20, R21 -4.7K, lf.i-watt 
resistor 

RG 
330K 

R4 R5 R7 

C4 
IOK 470K 220K 

0.lµf' ® @ (!) 

R21 
4.7K 

I 2 
U2 Sia 

5 I 3 
I ® 

I 
14 

Ice res I ""O.OlµF ""O.Olf1F 

I 
I 
I 
I 

I 
I 
ls1 
I CYLfNOER 
SELECT ,--

ii 
@ Sib 2 

3 
':' 4 

PARTS LIST FOR DWEU/TACH 

R4-10,000-ohm, ~ watt resistor 
R5-470,000·ohm, lf.i-watt resistor 
RS-330,000·ohm, 1/4-watt resistor 
R7- 220,000-ohm, 1,1.s-watt resistor 
RS- 6,SOO·ohm, l/4·Watt resistor 

NC 

NC 

R9, RI l - 5,000-cihm linear taper potentiom­
eter <PC mount) 

R12- l,000-ohm linear taper _potentiometer 
(PC ·mountl ' 

Rl 3- 2,200,000·ohm, 114-watt resistor 
R14- l 5,000·ohm, 1/4.watt resistor 

@ 

© 
S2o 

@ 

TACH CAL 

S2 
FUNCTION! 

I + 

I 
11 

2 

3 © 
4 

S2 t> 

b 

Rll 
5K 
G0° CllL 

® 

Rl 5-2,200-ohm, lf4.watt resistor 
Rl 6-22,000-ohm, ¥.&-watt resistor 
R17- l,500-ohm, lf.t-watt resistor 
RIS- 1,000.ohm, lf.t-watt resistor 

CG 
220pF 

SI, S2-2-pole, 4-position rotary switch, GC 
Electronics #E2-166, or equivalent 

Ul - LM340T-8, 8-volt regulator integrated 
circuit 

U2-555 timer integrated circuit 
Misc.- 0 to I mA DC ammeter movement, 

GC Electronics # 01·912, or equivalent, 
cabinet, solder, alilgator clips, knobs, etc. 

For Information on the availability of parts and other material to build OWELL/TACH, send a stamped, self· 
addressed er11191ope to Niccum Electronics. Route 3, Box 2718, Stroud, OK 74079. 
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DWELLYTACH 
or I .5-volts is fed t<? the power leads 
of the instrument. The function switch 
of the unit connects the proper re­
sistors into the circuit as necessary for 
a full scale voltmeter reading of either 
15 or 1.5-volts. 

U I is a fixed. 8-volt regulator ((' 
which provides the power to operate the 
dwell and tachomete r sections of the 
unit. Since the circuit derives its power 
from the battery and alternutor of the 
automobile under test, the 8-volt regu­
lator ensures th:lt the calibrated ac­
curacy of the instr~1ment is retained 
regardless of varying vollagcs being 
generated oy uifTcrcnt charging systems. 

Checkout and Cal(bration. T o check 
and calibrate the unit, you will need 
a variable DC power source of 0 to 
15-volts, an accurate DC voltmeter. 
and an audio oscillator which can de­
liver al least 15-volts RMS output. A 
H ewlett / Packard 200CD or equivalent 
is ideal. 

Set the FUNL'TION switch to 15-
volts and connect the positive and nega­
tive leads of the instrument to the 
power supply. Connect the voltmeter 
across the output of the supply. Raise 
the voltage of the supply from zero 
to 15-volts while watching the instru­
ment, which should agree with the 
DC voltmeter. If necessary. you can 
change the value of R 14 to provide 
an accurate indicution of 15-volts. Re­
duce the output of the supply to 1.5-
volts and set the function switch to 1.5-
volts. If necessary, I the value of R 17 
can be changed to i?rovide an accurate 
indication of 1.5-volts. · 

The next check tp be mude is upon 
the dwell meter circ:uit. Set the FUN C­
TION switc!J to DWELL, and the 
power supply to 14-volts. Connect the 

AUDIO 
OSCILLATOR 
30 HERTZ 

INPUT DWELL/ 
TACH 

sensing lead of the instrument to the 
negative side' of the power supply. This 
should result in some positive meter 
reading. Set the CYLINDER switch to 
8, anu adjust R9 for a meter rcauing 
of 45 degrees on the 0 to 60 dwell 
-scale. Set the CYLINDER switch to 
6 and u<ljust RI) for a meter reading 
of 60 degrees. Check the meter reau­
ing with the CYLINDER switch set to 
4. It should read 45 degrees. (This 
reading will he double<l during opera­
tion of the instrument. anu is ac tually 
90 degrees for .i cylin<lcr engines). Re· 
move the sensing lead from the nega­
tive si<le of the power supply. The 
meter should reud zero for all settings 
of the CYLINDER switch. This com­
pletes the dwell calibration. 

To calibrate the tachometer section 
of the uni t. connect the instrument, 
power supply, and audio oscillator as 
shown in F ig. 6. Set the power sup­
ply to 14-volts output. and ·the audio 
oscilla to r to 30 Hertz at 15-volts out­
put or more. Set the FUNCTION 
switch of the instrument to TACH 
and the CYl.INDER switch to 8. Ad­
just Rl2 for a meter reading of 450 
on the 0 to · 1500 scale of the meter. 
Check the reading of the meter with 

·----~ 
+ 

12V 
-=- SUPPLY 

DWELL/ 
TACHOMETER 

+ INPUT 

Here the Dwell/Tach's 
voltmeter function is 
being utilized to test 
il battery. If you look 
closely, you'll see that 
the meter is reading 
a nominal 12-volts. 

the cylinder switch set to 6 and 4. 
These readings should be 600 and 900 
respectively. If necessary, you can par­
allel R5, R6 or R7 with resistors as 
required to attain proper calibration 
for .all positions of the CYLIN D ER 
switch. The printed circuit layout hns 
additional pads and holes for any extra 
resistors that may be necessary. 

Operation. The Dwell/Tach is con­
nected to the automobile system as 
shown in Fig. 7. Note that cars with 
factory installed electronic ignit ion sys­
tems will have a special terminal for 
the connection of the sensing lead of 
the instrument. Refer to the service 
manual for your car, or ask your de :1 l­
cr where this terminal is located. Once 
the instrument is connected to the auto­
mobile, the function switch can be set 
to -DWELL. T ACH, or 15-volts as 
necessary. Keep in min<) that when 
measuring dwell on 4 cylinder engines, 
you must double the meter reading. 
Be very careful not to switch the func­
tion to the 1.5-volt scale unless you 
have first checked the voltage of the 
circuit under test with the 15-volt scale 
to be sure that the voltage is less than 
I .5 volts. This will avoid possible dam­
age to your meter. • 

+ 

CONNECT TO DISTRIBUTOR 
SIDE OF IGNITION COIL OR 
TACHOMETER TERMINAL 

/_ 

CAR 
-=-BATTERY 

IGNITION 
COIL 

Fig. 6. This is th5 wiring setup utilized tor fina l cal ibration. 
A we ll-regulated 12-volt p ower" supply is a necessity here. Al­
ternatively, you c.m use the car's battery if it is fully charged. 

Fig. 7. Th is is a schematic representation of the manner in 
which Dwell/Tachometer is connected to car's ignition system. 
No o ther connections needed to use ali of meter's functlmis. 
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IF YOU'VE done much work with digi­
tal IC's, you've undoubtably had oc­

casion to make use of binary counters. 
These are very useful and versatile 
components. Unfortunately. they are 
also the most susceptible to problems 
with noise, self-annihilating coinci­
dences, too short reset pulses, too slow 
rise and fall time on input pulses, and 
related problems. 

Some practical means of monitoring 
counters is needed when 'troubleshoot­
ing digital circuits. Multi-channel logic 
probes are helpful, but trying to decode 
a rapidly changing binary count in your 
head to see if it is skipping any num­
bers can rapidly lead to mental exhaus­
tion. This is especially true since most 
binary cqunters do not have their out­
puts arranged in an orderly formation 
for visual monitoring. In addition, mul­
ti-channel monjtoring instruments can 
be very expensive. 

The best way to monitor binary cod­
ed information is with a binary-to­
BCD-to-seven-segment converter. The 
device described in this article accepts 
binary input and displays it in normal 
base ten format on (seven segment) 
LED readouts. The converter has eight 
inputs 20 through 27) so it can decode 
any number from zero up to 255. 

The converter can be used in any cir­
cuit using biriary coded numbers, not 
only counters. For example, it can be 
used to determine which address a 

BllARY·BCD 
7Segment Converter 
Raw binary data is conve.rted for real time LED display 

memory JC is at, so that any address 
line of a microprocessor can be checked 
out. In microprocessors using OMA 
(direct memory access) this technique 
will solve most troubleshooting prob­
lems. In parallel to serial data circuits 
(multiplexers) such as the 74150, each 
parallel input line (including the 
strobe) can be checked using the 
binary-seven segment converter de­
scribed in this article. Troubleshooting 
applications alone make this device very 
useful. In addition it is worth its weight 
in gold as a training tool to teach your­
self or others how data processing & 
microcomputer circuits function. 

How to Use the Converter. The 
binary-to-BCD-to-seven-segment con­
verter is extremely simple to use. There 
is nothing to tune or adjust. It just has 
ten wires with insulated alligator clips 
to connect to the part of the circuit 
you are monitoring. 

The first wire has a black insulated 
alligator clip and should be connected 
to any ground point on the circuit being 
monitored. The second wire has a red 
insulated alligator clip and should be 
connected to any V + ( 5 volts) point on 
the circuit being monitored. These two 
connections provide power for the con­
verter. They must be connected before 
the other eight wires. 

The remaining eight alligator clips 
can be any color. They are labelled 20 
through 27, respectively. These inputs 

Exposed perf-board re­
veals the 8 ICs, the 
wire wrap connectors, 
and 7 resistors for 
each LEO. These 21 
resistors, reduce the 
current driving the 
LEDs. This model uses 
400 ohms. A lower 
value will p roduce 
a brighter d isplay, 
but more current will 
be consumed from 
the power source. 

are connected to the corresponding out­
puts of the counter being monitored. 
For example, the 20 input of the con­
verter goes to the 20 ( l ) or least sig­
nificant digit output of the counter, the 
21 input goes to the 21 (2) output, the 
22 input goes to the 22 ( 4) output, the 
2s input goes to the 2S(8) output of 
the counter. etc. If you do not bave 
eight binary outpu: , the unused inputs 
must be connected to ground. If they 
arc not connected l•l ground, they will 
read as a h igh inpnt, resulting in- an 
incorrect display reading. 

There is only one button on the 
converter. This is a momentary contact 
switch which latches (freezes) the dis­
play for as long as the button is held 
down. This would be used to determine 
what the count is as a specific event 
occurs, if the count is changing too 
rapidly to read. 

For example, let's assume that an 
observable malfunction (such as a sud­
den heavy power draw) occurs periodi­
cally in a circuit. You may wish to 
determine if the output of a counter in 
the circuit is the same each time the 
problem occurs, as a first step in Lbcat­
ing the problem: After connecting the 
converter to the counter, you can watch 
your instruments for an indication of 
the malfunction. When it occurs, you 
press the latch button and hold it. The 
number on the convert£r's display is 
the count when the malfunction (or 
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BINARY-ab.--------------
other event) occurred. Note that the 
latch button docs not effect the counter 
or the circuit being monitored. It mere­
ly freezes the display on the converter. 

About the Circuit. At the heart of the 
circuit arc three 74185 TTL IC's. These 
are actually factory programmed 
ROM's programmed with a binary to 
BCD conversion table. A single 74185 
can convert a six bit binary input to 
BCI;>. By cascading the 741 85's you can 
convert as many bits of binary as you 
like to binary coded decimal (BCD). 

Unfortunately, the number of 
74 185's required goes up exponentially 
with the number of input bits. A con­
verter that accepts eight input bits re­
quires three 74 ! 85's. A converter that 
accepts 12 input bits requires eight 
74185's. To get 16 111put bits you need 
16 of 74 l 85's. It is 1 unfortunate that 
a 74185 draws from 40 to '80 mA of 
current. I have been unable to locate a 
source of 74LS185's or 74C185's. This 
means that a converter with 12 inputs 
would draw about 500 mA just to 
power the 74 l 85's. Since my prototype 
draws its power from the circuit being 
monitored, that is quite a heavy load. 

After some debate, I decided to settle 
for a converter that accepts eight inputs 
and requires three 74185's. With three 
74185's the total converter draws 250 
to 350 mA, depending on the binary 
input. Since eight bits is the output of 
two cascaded four bit binary counters 
(such as the 74193), that is quite 

OUAD 
741-S75 LA'iCHES 

BINERY - BcD 
CONVERTERS 

74185 

LED DRIVERS 
74LS47 

HiZ,FREEZE 
CAPABILITY 

CHANGES BINARY 
TO DECIMAL 

CHANGES DECIMAL 
TO 7 SEGMENT 

7 SEGMENT 
LEO DISPLAYS 

Functional diagram reduces components so 
that basic theory of the Binary-BCD-7 seg­
ment converter is easier to understand. 
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adequate for most purposes. 
The eight inputs to the converter are 

actually "the inputs to two 74LS75 quad 
latches. These latches serve two pur­
poses. First, because they are LS IC's 
they have twice the input impedence of 
regular IC's. This means that the con­
verter will produce less interference 
with the circuit being monitored than if 
the inputs went directly to the 74185's. 
Secondly, the. latches enable you to 
freeze the display of the converter. 
When switch 1 (SW l) is open the 
enable inputs of the latches are positive 
and the digital levels at the outputs 

INPUTS 
NC 2; 2~ ~+ 25 24 NC 

I I I 

8 7 6 5 4 3 2 I 
INPUTS INPUTS 

U4 74LS75 

9 IO II 12 13 14 15 16 
I Lt -0:1 

I 

I I 

16 15 14 13 12 II IO 9 

UI 74185 

I 2 3 4 5 6 7 8 

~ 4= 1--..J ~ 
l'--1 

~ v + L;:::=;- r1 I 
16 15 14 13 12 I I 10 9 

U2 74185 

I 2 3 4 5 6 7 8 

I ~ 

':' ~ v;ll fl 

follow the inP,uts. 'When switch 1 is 
closed the 74Ls75's are latched and 
the outputs are frozen at the values 
that were at the input at the moment 
switch 1 was closed. 

The outputs of the 74LS75's go to 
the inputs of the 74185's, where the 
binary number is converted to BCD. 
Note that the 2° bit bypasses I the 
74185's and goes directly to a 74LS47. 
This is because · the 20 bit is identical in 
binary and BCD and therefore does not 
need to be converted. 

The outputs of tqe 74185's go to 
(CO!f1inued on page 96) 

NC 23 22 V+ 21 
INPUTS 

20 NC 

8 7 6 5 4 3 2 I 
INPUTS INPUTS 
us 74LS75 

9 IQ. II 12 13 14 15 16 

I 
I 
~ 

SW l_L 

! ~R22 3.3K 

~ 
V+ 

16 15 14 13 12 II 10 9 

U3 74185 

I 2 3 4 5 ~ 7 8 

I ~ 

I n V+ V+ 
I I I 

8 7 6 5 4 3 2 I 8 7 6 5 4 3 2 I ·0 7 6 5 4 3 2 I 
C B A D c 8 A D CB A D 

U6 74LS47 U7 74LS47 u0 74LS47 

9 tO 11 12 13 14 ·15 16 9 tO 11 12 13 14 15 16 9 10 II 12 13 14 15 16 

I I I . > < '> < > 
> ~ 

> ? V+ < > • > • > • ' > V+ > < > < > < > • . > '> V+ 
Rl-7 • > < '> < > < ~ ~ RS- > < . ~ < > ' > V• R l5 < > < ~ < > < > > • > '> > V+ V+ . 14 -21 I ·I I 

5 II 13 15 2 14 3 4 5 11 13 15 2 14 3 4 5 II 13 15 2 14 3 4 
\e){dl (cl \ bl (al (9) (fl (el (dl (cl (bl (0)(9 ){1) (el (d){cl (bl (d) (g) (fl 

I I I I I I I I I 
7 SEGMENT LED DISPLAY 

IOO'S COLUMN 

7 SEGMENT LED DISPLAY 7 SEGMENT LED DISPL.AY 

1o's COLUMN I'S COLUMN 

PARTS LIST FOR BCD CONVERTER 

LED 1-LED 3-7-segment common anode dis· 
play readouts !Radio Shack 276-053 or 
equivalent) 

R1·R21-400-ohm, 1h-watt resistor, 10% (see 
text) 

R22-l,OOO-ohm, 1h-watt resistor, 10% 
SW1-SPST normally open, momentary con­

switch 
U1-U3-74185 BCD programmed ROM inte-

grated circuit* 
U4, U5-74LS75 quad latch integrated circuit 
U6-U8-74LS47 LED driver integrated circuit 

Misc. Perfboard, plastic housing, IC sockets if 
desired, ten insulated alligator clips, wire, 
solder, etc, 

*Available from: Jameco Electronics, 1021 
Howard Ave., San Carlos, CA 94070 



1 BUILD A 
• ! SIMPLE 

1 VOLTMETER 
AND 
SCOPE 

Make your test instruments precision measuring 
devices without breaking the bank CALIBRATOR 
PRECISION VOLTAGE MEASUREMENTS 

require a calibrated source against 
which to compare the readings of the 
voltmeter or oscilloscope. In really 
high-class measurements, where abso- · 
lute accuracy is needed{ laboratories 
will use something like a Weston cell 
and a precision potentiometer. But to 
the hobbyist, such instruments are both 
too costly and, in most cases, more 
accurate than is necessary. In the past, 
the hobbyist had to be content with 
zener diode calibrators. Unfortunately, 
these diodes are not the best and tend 
to drift. But today, a new breed of 
regulator is available. Several manufac­
turers are no,w offering regulator / refer­
ence source ICs using band gap zener 
diodes, and internal amplifiers. These 
ICs g\ve the hobbyist a low-cost method 
for building a reference voltage source. 

Calculate Your Needs. The circuit in 
Fig. 1 is sufficient to operate as a hob­
byist-grade voltage calibrator. Only a 
power supply (in this case a battery) , 
a resistor, the regulator IC, and a 
means for turning it on and off are 
required. 

The value of the series resistor de­
pends upon the reference current select­
ed and the power supply voltage. The 
reference current may be set at any 
point in the range of 2 to 120 milli­
amperes, provided that the overall pow­
er dissipation is kept to less than 300 
milliwatts. In practice, however, one is 
advised to select a value in the 2 to 

5 mA range. In the example of Fig. 1 
we have selected 8.75 mA for a very 
special, high level, technical reason­
we had a 4.2-volt battery and a 200-
ohm resistor in the junkbox at · the 
time. 

The series resistor's value is compu­
ted as : 

RI= 
Eh-Eo 

Ir 

Here is an internal schematic of the band 
gap zener diode, wh!.ch serves as the heart 
of the calibrator. Use the tab on the case 
as the reference point for making circuit 
connections. No heatsink is required here. 

Where: 
Eb is the battery voltage 
Eo is the output voltage ( 1.26 or 2.45-

volts) 
l r is the reference current 
RI is the resistance in series with the IC. 

Example: 
In the circuit of Fig. 1, we used a 

4.2-volt mercury battery, and selected 
a reference current of 8.75 mA. Find 
the value of the resistor needed. for RI. 
A ZN458 (2.45 volts) is used. 

RI= 

RI= 

(4.2-2 .45) volts 
(0.00875) Amp 

(1.75) 

(0.00875) 
= 200-oh1ns 

The resistor used should be a low 
temperature coefficient type. We used a 
wirewound precision resistor for RI, 
and selected it because it was in the 
junkbox. Contrary to the example 
above, we actually selected the refer­
ence current based on the resistors on 
hand. An ordinary carbon composi­
tion resistor could be used, but the 
results are not guaranteed. 

Construction. The construction of 
the calibrator is shown in Fig. 3. The 
largest part in the projectiis the battery, 
so a small LMB aluminum box was se­
lected to house· the calibrator. The elec­
tronic circuitry was built using the 
banana jacks as tie points; no wire 
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SCOPE CALIBRATOR 

board is needed. The battery holder is 
ordinarily used with size .. C" batteries, 
but the Mallory TR233 ( 4.2-volt mer­
cury cell) fits nicely. 11he battery holder 
was fastened to bottom of the box us­
ing a small 4-40 machine screw. Small 
rubber feet can then be glued to the 
box to offset the "bump" created by 
the screw head. If you want to avoid 
this, however, it should be easy to su­
perglue the battery holder flush to the 
aluminum. 

The ZN458 has a 100 parts per mil­
lion (PPM ) drift specification, the 
ZN458A is a 50 ppm device, '!Vhile the 
ZN458B is a 30 PPM device. The 

• voltage output is nominally 2.45-volts 
DC. (measured at 2 mA reference cur­
rent), but may have an absolute value 
between 2.42 to 2.49-volts. With no 
additional circuitry, then, these devices 
will produce an accur~cy of ±40 milli­
volts, or better. This voltage cannot 
easily be adjusted without external cir­
cuitry, but you can use any of the 
standard IC operational amplifier volt­
age regulator circuits to set the output 
voltage to a standard level. Fig. 2 
shows a circuit that is usable for this 
purpose. The ZN458 is used to set the 
voltage at the noninverting input of the 
op amp. The output voltage can then 
be trimmed to the desired value by 
potentiometer R3. Th~s circuit is an or­
dinary op amp noninverting follower, 
so the desired output voltage can be 
derived in the following equation: 

(R3 + R2 ) 
Eo =- cb '( RI + I 

The table shows values for R2 / R3 
needed for output voltages of 5 and 
I 0-volts. Note that the resistors used 
in this circuit must be low temperature 
coefficient precision (I % ) resistors, or 
drift will result. It is even more impor­
tant in this circuit, than in the circuit of 
Fig. 1. The trimmer potentiometer 
should be a ten-turn, precision type, so 
that very tight control over the adjust­
ment of the output voltage is possible. 

There is, however, a hitch in this 
variable output circuit. It is not in­
herently "calibrated" as is the case of 
Fig. I. Although this circuit is capable 
of better accuracy, initially, it must be 
adjusted. You will have to find a very 
accurate voltmeter, or precision' refer­
ence potentiometer to make the initial 
adjustment. After this adjustment. how­
ever, it should remain in calibration for 
a long time. I • 
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Fig. 1. This is a basic sgiematic used to 
demonstrate lhe cakulatio_ns necessary to 
detennine lhe value ·of 1he associated 
components used in the regulator circuit. 
Refer to tl)e text for a full explanation • 

TABLE 1-ZENER SELECTION 
Type Voltage Drift 
ZN423 1.26 
Z.N458 2.45 .00 ppm 
ZN458A 2.45 50 ppm 
ZN458B 2.45 30 ppm 

ZN458 

~Ve 

Fig. 2. This ':schemalic depicts a variable 
regulated power supply, with the source 
being either a battery or a line-powered 
DC source. Refer to the table below :and 
texl, to determine you,r own parts needs. 

TABLE"2-R2/R3 SELECTION 
Output 
Voltage 

5 
10 

R2 
1000-ohms 
2600-ohms 

R3 
IOO-ohms 
500-ohms 

The four most popular low-volt.1ge band gap zener diodes are listed above, with their 
respective drift fi gures. Obviously, the smaller the drift figure (in terms of parts per 
million) the more accurate the c.ilihrator ci rcui t will be. Use the highest tolerance 
parts available, in order to enhance the accuracy of the circuit. Refer to the text for 
.1n explanation of the significance of the values given for R2 and RJ in Table 2 above. 

Fig. 3. The compact construction of the calibrator is seen here. We wired all components 
to the terminals of the banana j;icks first. and then bolted in the battery holder to 
the bottom of the chassis to allow working room for assembly. You may choose to utilize 
either perfboard or even a printed circuit board for your model. This will allow you to 
mount it directly inside the cabinet of whatever test instrument you wish to calibrate. 
With this method you can always have a reliable source of instrument calibration with 
you, no matter where you might happen to be doing your repair or fie ld operations. 



LO CAP 
PROBE 
Simple probe helps your 
oscilloscope perform 
at high frequencies 

"W HAT YOU SEE is what you get" 
might be A-okay for a television 

comic, but it's not necessarily true 
when you use an oscilloscope. 

It is unfortunate, but true, that a 
scope's performance is specified from 
the input terminals to the scope itself, 
but does not include the test probe or 
connecting wires. For this reason a serv­
ice-grade scope rated out to 4 MHz, or 
7 MHz, or even a laboratory scope 
rated out to 20, 50, or 100 MHz, might 
poop out on something as mundane as 
a 60 Hz squa,re wave, delivering a CRT 
display with rounded leading edge while 
the real waveform is truly square. Worse 
than that, connecting your scope into 
an RF circuit may completely change 
the loading, or tuning of the circuit 
which is under test. 

Here's Why: Forget for a moment 

• 
The Keystone 1810 shielded test probe kit 
before assembly. These are hard to ge t parts. 

As the text discusses, 
tack solder the test 
probe shield to the 
solder lug you've in­
stalled on the perf 
board. Do not fold the 
lug over the shield. 

11 .. 

that the scope has a frequency-compen­
sated input. That has no bearing on 
your measurements, ~hich is affected 
by the cable between the circu it being 
tested and the scope input. An ordinary 
shielded test lead approximately 3 feet 
long has a capacity of about 100-300 
pF, depending on the type of shielding. 
If a "bare" test lead is connected into a 
circuit it is effectively loadi9g the cir­
cuit with I 00-300 pF: just imagine what 
this will do to an RF circuit, or any 
high frequency circuit from about I Ok 
Hz up. "What you see isn't what you 
get in this case." 

Also, consider the average scope's 
I-megohm "high impedance" input. 
"High impedance" is a relative term: 
one equipment's "high impedance" is 
another's " low impedance.'' For ex­
ample, imagine a transistor or inte­
grated-circuit amplifier with a 500k or 
I-megohm bias or feedback resistor. 
Connecting a scope's input across ei ther 
value will completely change the opcr-

Trimmer capaci tor 
wired onto strip oi 
perf board. Be careful 
of parts shorting out in 
close spaces in which 
you' ll be working. 

a 

<Hing parameters of the circuit. Or ima­
gine what a 1-megohm "load" across a 
tuned RF input circ.L1it will do: the "Q'' 
might drop Like a rock, not to fo rget the 
detuning effect of the test lead capaci­
tance of the lead itself. 

Fo/fow the Labs. Commercial labs 
get around both the capacity loading 
and 1-megohm impedance by using a 
•• 1 OX low-capacity" test probe for the 
scope input. This device docs two 
things : I t makes the input capacity to 
the scope's test lead appear to be about 
5-10 pf; and it raises the input impe­
dance into the test cable-the impedance 
seen by the circuit being tested- to 
nominally IO megohms (a value that 
won't affect any circuit , the hobbyist 
wi ll use or test). 

Easy to Build. A I OX Low Capacity 
Test Probe circuit is shown in Fig. l. 
Basically. it consists of two compo­
nents: trimmer capacitor CI and re­
sistor Rl. Cl is generally any small 
trimmer wtih a maximum capacity in 
the range of 25-50 pF. Rl should be 9 
megohms for a precise 10: 1 voltage 
division : ie: the scope will indicate 1 
volt P-P if the input to the cable is 
10 volts P-P. However, 9 megohms, or 
anything close, is usually unattainable 
by the hobbyist. If you substitute a 10 
megohm 5% resistor for R l the accu­
racy will be sufficient for almost all 
applications (nominal voltage readout 
error will be about 10% )'~ 

In A Shielded Probe. The 1 OX probe 
must be assembled in a shielded test 
probe; if not shielded, hand capacity 
will induce "hum" into the signal, and 
add capacity loading to the circuit_. 

A shielded probe kit, the Keystone 
18 10, was used for the 1 OX probe as­
sembly. The Keystone probe kit con­
tains an insulated probe shell, a shield­
ing sleeve, perforated wiring board 
(sized to fit inside the shield), probe 
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tip, and "flea" clips (soldering termi­
nals). That's all you need. 

Temporarily mount Cl to the perf­
board and see if you! can slide the shield 
over the assembly without having tbe 
shield short the trimmer capacitor. If it 
touches a metal part of CI, Ii I e the 
edges of the perf-board so it will sit 
lower in the sleeve and not short Cl. 
When the shield can slide over the 
assembly secure CJ to the board with 
flea clips, as shown in the photographs. 
Install Rt across t~e Cl flea clips on 
the opposite side o;f the boa'rd (there 
isn't room for Cl and RI on the same 
side) of the board. 

Solder about 3-inyhes of solid No. 20 
or No. 22 wire to tHe front flea clip. the 
one on the opposite end from the solder 
lug which is factory installed on the 
perf board. This wire will eventually 
connect to the test probe tip. 

Cut a piece of shielded wire to about 
3-fect. You can use an ordinary audio 
patch cable with the phono plugs cut 
off the ends. Solder the center conduc­
tor to the rear flea clip; solder the shield 
to the solder lug a'nd bend the solder 
lug at right angle to the perf-board. 
Make certain when you solder wires 
to the flea clips that Cl and RI are 
also soldered to the clips. 

Slide the probe shield over the perf­
board from the front until it touches 
the solder lug. Carefully mark the 
sleeve directly over the trimmer capac­
itor's adjusting sqrew. Remove the 
sleeve and drill a );4 -inch hole at the 
mark (careful, the sleeve is very thin). 
Solder an insulated stranded wire ap­
proximately 8-inches long to the solder 
Jug's grommet-where it's secured to the 

Cl 
25 - 50 pF MAX 

Too much capacity shows up in a rounded 
leading edge, as shown here in Figure 2A. 

pert-board. (This wire will pass out the 
hole in the rear of the probe cover and 
will connect to an alligator ground 
clip) that you use. 

Now slide the shield over the pcrf­
board, press it against the solder lug, 
and tack solder the shield to the solder 
lug. Do not fold the lug over the shield 
as it might prevent the cover from be­
ing slipped into place. Screw the probe 
tip into the probe's front cap. and then 
thread the solid wire from the pcrf­
board through the probe, pulling on the 
wire so the perf-board is tight against 
the cap. Secure the wire to the probe 
tip. Measure the distance from the cap 
to the bole in the shield and transfer 
this measurement to the probe cover. 
Drill a 1.1.i .inch hole in the cover at the 
mark. This will be the access hole for 
the capacitor Cl. 

Next, assemble the probe and install 
the required connector (to match your 
scope's input) at the free end of the 
shielded cable coming out the back. 

>."'G"O' .... L. GND 
CLIP CABLE 

PARTS LIST 
Cl - Trfmmer capacitors 25 or 5 Opf max., see Misc. 

text Alligator grounding clip 
Rl-10,000,000 ohm, 1/.4 or l/2 watt resistor, Scope input connector 

5%, see text Keystone 1810 test probe 

For Information on the availability of pans and other materials to build LO CAP PROBE. send a stamped, self­
addressed e111181ope to Custom Ponents, Box 153. Mallleme, NY 11565. 

I 
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Here, C1 has been adjusted correctly. Lead­
ing edge is perfectly square, here in Fig. 28. 

Fig. 2C. Peaked leading edge, shown, results 
from too little capacity in C1 adjustment. 

Alignment. You must align the low 
capacity probe using some form of 
square waveform in the range of 60-
1000 Hz. This can come either fro111 
the calibqi.tion voltage, built into your 
scope or the square wave output of a 
sine-square signal generator. You_ can 
even use a broad pulse from a pulse 
generator if you have such an instru-
.ment in your workshop. . 

Touch the low capacity probe to the 
square waveform output, adjust your 
scope for a convenient CRT display, 
and then using an insulated alignment 
screwdriver, adjust Cl for a perfectly 
square leading edge, as shown in F ig. 
2B. I f you, have too much capacity the 
leading edge will be rounded, as in 
Fig. 2A. If you have too little capadty 
the leading edge will peak, as shown 
in Fig. 2C. Perfect adjustment is a 
per/ectly square leading edge. Once Cl 
is adjusted it need never be changed as 
long as the same scope is used. 
1 

Using the probe. Remember to mul­
tiply the CRT voltage indication by l 0 
to obtain the correct voltage at the test 
probe. For example, if the scope is set 
for I volt per division, and the pcak-to­
pcak waveform is 1.5 divisions, the 
actual voltage at the test probe is 1.5 
volts p-p x fO, or 15 volts p-p. • 



Darkroom 
Contrast 
Meter 
Make p'erfect prints 
every time 

WITH THE COST OF SILVER rising fast­
er than the price of oil, every test 

strip or "washed out" print you throw 
in the wastebasket represents a con­
siderable amount of money. Money you 
can spend on film, chemicals, and other 
photographic gear. 

A printing exposure meter saves time 
and material by almost insuring a per­
fect exposure at the first try. However, 
there remains the problem of proper 
contrast. To be more specific, matching 
the paper grade or variable contrast 
filter to a particular negative's contrast 
range. Expert printers sometimes "eye~ 
ball" the ·correct paper grade by simply 
looking at the negative. Nevertheless, 
hobbyists, like you and I often must 
run through a stack of printing . paper 

Photograph of Contrast Meter shows its 
meter calibrated for various paper grades. 

to make test prints. This can be an 
evening's work or more. 

Using a photographic contrast meter 
you can eliminate virtually all guess­
work and test prints. A contrast meter 
automatically tells you the standard con­
trast paper grade for an "average" nega­
tive. This means a negative containing 
both highlight and shadow detail. 

Every photographer has his or her 
idea of what constitutes the proper con­
trast range for a particular black and 
white print. In actual fact, there are 
"standard" contrast ranges for each 
paper grade. However, the grade of a 
particular paper might not precisely 
match the accepted standard. As a gen­
eral rule, if you match the paper grade 
to the negative's "standard" contrast 
range you will wind up with a good to 
excellent print. Bringing the print up to 
exhibition quality might take some 
tweaking of the basic print, but at least 
you will be starting out with something 
that's good. 

The contrast meter shown is· self­
calibrated to the "standard" contrast 
grades. It will be accurate if you use 
the specified components. To start with, 
focus the enlarger on the easel. Then, 
position a photoresistor light pickup 
under the maximum light area (which 
will be d-max or maximum shadow 
density). Adjust the contrast meter fo1 
maximum meter readipg. Then, you 
move the pickup under d-min, the mini­
mum light transmission (which is maxi­
mum highlight in the print). Now, read 

the paper grade off the meter scale. 
For the sake of discussion, let's as­

sume your meter reading is dead center 
in the #2 grade. Let's assume YQ\l like 
your prints with a little extra "snap" 
(contrast). If you use # 2 paper or fil­
ter you'll end up with a "standard" 
contrast range. Slightly extending de­
velopment, process or using #21/z filter 
or #3 paper, will give the extra snap 
your looking for. If the meter reads 
right on the border between grades # 2 
and #3, you should move to the near­
est higher grade paper ( # 3) for "aver­
age" photographic scenes. Ft>r por.raits, 
use #2lh or # 2 for a "softer" effect. 

Construction. The project is self-cali­
brated; you can use it as so.on as the 
iast wire is soldered. However, the cali­
bration is accurate only for the specified 
photoresistor and meter. The meter 
>cale is cemented on the existing meter 
scale. The new scale is automatically 
calibrated to the resistance range, rate 
of change, ancj spectrum sensitivity of 
photoresistor PCl in the schematic. The 
scale is inaccurate for any other photo­
resistor or meter. Use a Calectro Dl-
912, 0-lmA meter. The printed circuit 
board shown later is designed to fit 
directly over the meter'~ terminals. 
Radio Shack has an 0- 1 mA meter which 
appears to be similar to the Calectro. 
This meter has similar electrical char­
acteristics and can be substituted; its 
terminals, however, are not the same as 
the Calectro and the PC board will not 
fit, nor are the terminals strong enough 
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Contrast Meter---------
to support the PC !board because they 
are simply' small solder lugs. If you 
mount the PC board off the meter, you 
may substitute the Radio Shack meter. 

The parts layout is not critical, so you 
can use the PC tcrrwlate shown left 
or make your own. The advantage to 
our layout is that it fits the Calectro 
meter. Use only the IC2 bridge rectifier 
specified. It ·has the new lead arrange­
ment with both the positive and nega­
tive terminals on the same side. If you 
substitute the older "diamond" lead 
bridg!' rectifiet with positive and nega­
tive outputs on opposite sides, change 
the PC foil layout for IC2 accordingly. 

ICI is any type 741 operational am­
plifier. We recommend the 8-pin mini­
DIP because it ma~ches the PC layout. 
you may substitute a T0-5 or 14-pin 
mini-Dip type 741 IC. (It doesn't mat­
ter what or how mAny letters or numer­
als are added after the "741," as long 
as the device is a 741 , it can be used 
as the amplifier in this project. 

There isn't sufficient clearance be­
tween the compo~ent side of the PC 
board and f:}le meter case for capacitors 
Cl and C2 so they are installed as 
shown, on the foil side of the board. 
They are the last PC board components 
installed; even the two wire jumpers are 
installed first. Simply pass the leads 
through the PC board from the foil 
side, press the capacitors against the 
board, and then solder the leads to the 
foil using as little solder as is possible. 
Snip the excess lead length flush with 

+ 

+ 

0 
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PARTS LIST FOR DARKROOM CONTRAST METER 
Cl, C2-100-mF, 25-VDC capacitor 
11-14-volt replacement lamp, see text (or 

Radio Shack 272-1141) 
Ml-0·1 DCmA meter, Calectro 01-912 (see 

te)(t) 
PCl -Photoresistor, National type 4921 (do 

not substitute) 
R1-500,000-ohm linear potentiometer 
R2-10,000-ohms in-watt resistor 

RJ-4700-ohms, 112.watt resistor 
Sl-SPST switch 
Tl-Transformer 120v. 24v. C.T. at 0.lA or 

higher:. current 
Ul-lntegrated circuit type 741' (8·pin mini 

DIP version, see textl 
U2-50 PIV Bridge Rectifier, Radio Shack 276· 

1161 or see text 
Misc.-Cabinet, printed circuit materials, etc. 

Photoresistor PCl is available for $5.00 from Custom Components, Box 153. Malverne, 
NY 11565. Add $2 per order for postage, handling and insurance. Residents of New Yori< 
State must add sales tax. Canadian orders must Include an edditional $2.00 for shipping. 
No foreign orders, please. 

This ls the Contrast 
Meter PC board with 
the etched side up. 
Make sure to observ.e 
meter polarity mark­
ings over lhe meter. 

On the right, can be 
seen the Contrast 
Meler looking at the 
component side of 
printed circuit board. 



GRADE 

• • 
Above can be seen the meter with its highly non-linear 
markings which correspond to various grades of paper. 

Notice how the large capacitors are mounted on the etched side of the PC 
board. The meter connections are used to support the entire PC board. 

the board on the component side. 
The meter has no pilot lamp and you 

obviously must have some form of il­
lumination if you don't want to juggle 
a flashlight each time you take a read­
ing. lliumination is provided by a pilot 
lamp you must install within the meter. 

Modifying The Meter. Very carefull y 
remove the plastic meter face; it simply 
snaps off. If you have difficulty, use a 
small screwdriver at the notch molded 
into each side of the back of the face. 
Now look at the back of the meter. It 
has two mounting screws and two raised 
circular "boss' " where two additional 
mounting screws would go if there were 
four mounting screws. Locate the 
"boss" at the bottom of the meter and 
very carefully, using a slow drill speed, 
drill a ~-inch hole through the center 
of the boss. Take extreme care not to 
damage the meter pointer. 

One way to sharply reduce the pos­
sibility of pointer damage when you 
drill the hole, is to make the hole in 
three passes. Start with a small bit of 
approximately JA.s" move up to approxi­
mately %a", and finally ~ ''. 

Next, remove the two screws that 
secure the meter scale and slip the 
scale upwards from under the pointer. 
U sing scizzors, cut out the new meter 
scale we've provided, staying to the in­
side of the black outline. Using a paper 
punch, or any other punch approxi­
mately ~s" to ~ ", punch the holes for 
the mounting screws using the "dots" as 
the target centers. 
· Coat the original meter scale with a 
thin layer nf rubber cement and apply 
the new scale, taking ext.ra care that it's 
aligned with the top and side edges of 
the original scale. Slip it under the 
pointer-and replace it in the front of 
the meter again. 

The pilot lamp is installed next. I 1 is 
a 14 volt replacement pilot for CB 
transceivers; it comes with attached 
wire leads. If you cannot obtain the 14 
volt replacement type use the 12 volt 

type specified in the parL5 list. (The 14 
volter, in this project, will have slightly 
reduced brilliance, which is what's 
needed in a dark room. ) Place a thin 
ring of contact adhesive (such as 
Touch-n-Glue) around II where the 
metal base just touches the glass. Insert 
the lamp into the meter until it touches 
the front of the case, then push the glue 
down very lightly with a toothpick 
(don't force the glue into the case). 

See text for size of precise hole drilled 
bottle cap which is now our light sensor 
and probe in the photograph shown above. 

Everything has been assembled and cover 
has been removed. Cable connecting PC 
board to power ~upply should not be tight. 

After 24 hours the glue will have 
shrunk and secured the lamp to the 
case quite securely. 

Next, proceed to assemble the photo­
resistor pickup component. 

Photoresistor PCl is mounted in a 
small er:closure; anything from a large 
knob to a plastic or metal box' will 
work. The only requirement is that the 
box be reasonably light tight. A clear 
plastic box cannot be used unless it is 
painted opaque. The pickup shown in 
the photographs is an ordinary replace­
ment knob that has been drilled out to 
fit PC l , which is secured inside with 
plastic cement. The only critical aspect 
of the pickup is the hole under which 
PC 1 is mounted: it must be o/ia", or the 
next immediate larger size, if you use 
numbered drill bits. The project' will not 
work accurately if the hole is larger or 
smaller because the meter scale is cali­
brated for PCl's characteristics under 
a o/lo" hole. (Try to center PCl under 
the hole.) The wire from the pickup to 
the meter can be "anything that's con­
venient; usually, 3' ·is more tha:n ade­
quate. (Thin, rubber covered "speaker 
wire" is suggested because it's highly 
flexible and will not break.) 

Final Assembly. :rra11sformer Tl c~p. 
be any 24 volt center tapped model as 
long as it's rated 0.1 ampere or higher. 
(Note that lamp U is connected from. 
one side of Tl to the center tap-which 
is 12 volts.) Use any plastic utility cabi­
net l:irge enough to hold Tl without 
interfering with the meter and the PC 
board which is installed on the cabi­
net's panel as shown. 

Do as much of T,1 's wiring as is pos" 
sible, leaving only the three cpnnections 
from the secondary to the PC board, 
for the last connection. 

Install the meter and calibration con­
trol RI on the panel and then install the 
PC board on the meter (if you have 
used the type of assembly sbown in the 
photos). Connect the wires froi.n 11 tO 

(Continued on page 92) 
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BACKPACK AMP . 
Take your electronic 
instrument anywhere 

with this low cost 
portable amplifier 

M USIC L\NS W I 10 P LAY acoustic instru­
ments. such as trumpet, saxophone, 

or violin, for tha t m atter, ht1ve never 
experienced the prbblem of the elec­
tronic musician on an outing where he 
or she is separated from an electrical 
source fo r an amplifier (assuming that 
one had even ma1~agcd the task o f 
bringing one along) . It 's admittct!Jy 
pretty hard to entertain your friends 
with an electric piano which l ack~ 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 th ree 
small lantern batteries. the all-i n-one-IC 
Backpack Amp will directly drive a 
speaker from the o utput of virt ua ll y 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 &uitar. or whatever. 
with you on holidays. 

The Circuit. The Backpack Amp is 
assembled on a printed c ircuit board 
measuring 23/.1 by ,3% -inches. All ac­
tive components which ma ke up the 
preamplifier and power amplifier are 
contained in a s ingle LM383T inte-

PARTS LIST FOR BACKPACK AMP 

gra ted circuit. which is available from 
Radio Shack. The resistor and capacilor 
values are considerably different th:in 
those given in the JC's data sheet 
t which is usually supplied with the IC). 
If you want the lowest distortion level 
from your electronic instruments use 
our va lues. 

With a 12 to 18-voll power supply. 
the Backpack Amp will deliver from 
I to 3-watts into a 4-ohm load. Most 
rep I acement-typc speakers arc 4-ohms, 
:rnd a 6 or 8-inch speaker is suggested. 
ff all you have around, or can get. are 
8-ohm speakers. we suggest you use two. 
para llel-wired 6-inch . 8-ohm speakers. 

Bl, 82, (optional B3l- 6·volt lantern battery (see textl R2 o (SEE TE XT! 

Note: Capacitor vo ltage rating must be eQual to power supply 
voltage rating. 

Cl -0.00l·uF mylar capacitor (see textl 
C2- 470·uF electroly1ic capacitor 
C3, C4- 0.22·uF mylar capacitor 
C5-220·uF or 470·uF electrolytic capacitor 
Rl -100,000·ohm audio taper potentiometer with SPST switch 

attached CSl l 
R2- IO·ohm, V2·watt

1
5% resistor 

R3- 22QO.ohm, lh.watt 5% resistor 
Sl - SPST switch !part of R 1l 
SPKR- see text 

r-""'I 
I R2 

ion 

INPUT 
RI 

IOK 

(The amp will work with one 8-ohm 
speaker. but I-wan is about the maxi­
mum low-distortion output even with 
an 18-volt power supply.) 

The value used for capacitor Cl is 
O.OOl-11F only if the amp will be used 
with an e lectric guitar. I t compensates 
for the relatively higher low frequency 
output of an electric guitar pickup and 
prevents low frequ ency overload of the 
loudspeaker. If the Backpack Amp will 
be used with a synthesizer. you· will 
probably be happie1• with the sound 
quality if C l is 0.01 -µF. lf you use a 
0.01-pF unit and find the low frequen­
cies arc overloading the speaker. sim-

R3 
22oon 

TOP VIEW 

4 2 

C5 
220 OR 
470µF 

• E--- OUTPUT TO 
4 n SPEAKER 

C4 

UI 

HEAT 
SINK 
T.4.B 

U1 - l M383T audio amplifier integrated circui t 

• ~ 0. 22µF~ 
C3 I Bl B2 63 o.22µF 

J.~l1~11F-81~~; -: Misc.- Cabinet, scre
1
ws, grille cloth, wire, solder, printed cir· 

cult etching malerials, suitable input jack and matching 
plug, etc. l 

I 
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ply replace Cl with a 0.001-µF unit. 
The correct value for R2 is usually 

I 0-ohms. Tf you find your instrnment's· 
output is on the low side. and you have 
al l gain controls wide open and still 
can' t overdrive the amp. then tack­
soldcr another I 0-ohm resistor (shown 
as R2a in the schematic) across R2 . If 
vou need even • more gain. R2 can be 
lowered to 2.2-ohms, but keen in m ind 

To s-10 voe 

th'l t n 2.2-ohm resistor isn't the easiest 
of things to locate in this day and age: 

Construction. Usin~ any method you 
prefer. make the PC board using the 
supplied ten'lplate. Note carefully the 
large copper foil area; it is pnrt of U I's 
heat-sink and must not be eliminated. 
Don't substitu te a thin foil strip as a 
gro1111d connection. The foil rectangle 
in the middle of the PC board pro­
vides the anti-hum grounding for po­
tentiometer (volume control) R l's shaft 
and frame. Again, don't substi tute 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. dri ll the 
proper size mounting hole where indi­
cated by the dot in the foil reclangle. 

Double-check 1he polarity of C2 and 
C5 before soldering. In particular, make 
certain C2's positive terminal goes to JC 
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 sec1ion about Ys by 11/.i -inch. U sing 
the long dimension, bend a ~II -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 1he IC when the IC is posi tioned 
over the hole; but double-check that the 
tab docs not touch any of the IC leads.) 

Using long-noso pliers, bend U I's 
leads to correspond . with the holes in 
the PC board. To avoid shorts. the 
leads arc offset: N os. I. 3 and 5 are 
close to the IC body: Nos. 2 and 4 are 
bent about Vi -inch away from the body. 

Place a drop of silicon heat sink 
grease on the underside of IC's mount-

)I\ 

< 
OUTPUT 

' 

ing tab. position the IC on the sink. and 
then secure the IC and sink to the PC 
board with a .tt4 bolt, lockwasher, 
and nut. Place the lockwasher between 
the nut <ind the heat-sink foil on the PC 
board , and tightt;n 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
tentiomcta 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 shafl, 

While the power supply can be made 
up out of flashlight batteries. two or 
three series-connected small 6-voll lan­
tern baueries make the most conven­
ient and reliable portable power source. 

When it's all done. you and your. 
A RP 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. 

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

The full-scale printed circuit template has two areas of solid foil 
which must be duplicated on your board. The large area at top 
helps heatsink U1, lhe other grounds R1 to minimize humming. 
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WITH A LITTLE BIT OF time and effort, 
anyone with a well equipped dark­

room can turn out I good prints. How­
ever, problems come up when someone 
gives you a 36-expbsure 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. ii will take 
at least an evening to bang out 36 
prints to your satisfaction. 

But if you use al Photometer to de­
termine exposure land paper grade, 
you'll cut wasted paper to an absolute 
minimum and total processing time to 
an hour for 36-exposures. 

If a stabilization machine is used. 
you'll be able to develop a black and 
while prints in less than a minute. The 
Photometer allows a good print to be 
made with every altempl. 

Unless you're making artistic prints 
suitable for exhibi tion, good tonal bal­
ance b any print witli white highlights 
and jct black coloration. It doesn't mat­
ter how black the print is. ii can be a 
spo1. but the eye expects to see black. 
if 1here is no black. the print appear~ 
flat '( lacki ng in contrast ) . 

Dense Negatives. Pure white high­
lights and jet black detail a rc 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
a1ive that is projected hy the enlarger 
( it is not fooled by condensed or dif­
fused enlarger illumination) indicates 
the paper grade required by a negative. 
It can he llSed to determ ine lens aper-
1urc 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 while target area. 
there is a 1h-inch diameter photoresis­
lor that is small enough to represent a 
spot on a final print. 

Projecting the negative, adjList the 
enlarger for the desired print size, fo-­
cusing on the easel with the lens dia­
phragm wide open ant.I place lhc 
Photometer pn the easel with the pho­
to resistor under an area or maximum 
light transmission (minimum density) . 
Adjust the Photometer's CAL (cali­
brate) control uni ii just the five red 

PHOTOMETER 
You will make the grade and get good 
e><iposure with the pho tometer 

I 
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LEDs arc 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 
Ii i; that's the standard paper grade for 
the negative. If two red LEDs are lit, 
1he 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
rcsistor 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 
selling that just lights the LED. Move 
the photoresistor back to the point of 
minimum ligh t and count the number 
nf lit red LEDs. If the number remains 
the same the contrast is in the approxi­
mate center of stan<lar<l contrast range. 

If 1he 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 slight ly extended de­
velopment. Almost a #3 is the same 
as using Polycontrast # 2 lh or # 3 
photographic filters. 

(Note. Variable contras t filters are 
not 1he equivalent of standard paper 
grades. It all depends on the filter and 
the particula r type of' variable contrast 
paper being used. Crossindex the meas­
ured contrast range wi1h the specifie:J 
range for variable con1rast 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 favo rite exposure time: J 0, 
IS or 20 seconds. Without touching the 
enlarger adjustments. place the photo­
rcsistor under maximum light and ad­
just the EXP (Exposure) control until 
1he green LED just snaps on. 

Set the EXP controls so the green 
LED goes from off to on. The Pho­
tometer is now sci 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. )

1 
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 I 0-sccond exposure. Because of mem­
ory in the photoresistor, you cannot 
rock the lens's diaphragm for the green 
LED adjustment. T he diaphragm must 



Photometer/Perfect exposures are a snap with this darkroom helper 

SI 0 
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 yourselr. 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. 

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

be start~d 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 
R 19; the photoresistor itself, which is a 

version specifically designed for line­
arity and EXP control Rl, which must 
be as close as possible to 50,000-ohms. 

All other components are common 
tolerance and substitutions can be made 
as Jong as the tolerance, where spedfied 
in the parts-list, is not reduced. 

The cabinet must be 2% -3 inches 
high. No substitute can be used for 
RI 9; any other photoresistor will give 
tpe 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 #I facing the LEDs. 

Before installing R 19, ceme11t a white 

target approximately 1 % by 2-inches to 
the PC board and punch-through the 
holes for Rl 9. Then instaJI Rl9 so its 
top is VK" above the PC board. If you 
must bend Rl4's leads, brace them with 
long-nose pliers directly behind the 
photo-resistor-the pliers should actually 
tom;h PR I. (Careful, R 19 tends to be 
fragile when bending its leads.) 

Finally, install JI and connect it to 
the PC board. Double-check the polar­
ity of the 9 volt adapter. Scime have the 
plug tip negative; if so, be ·Certain you 
connect 11 's tip to the :iegative foil 
on the PC board. 

Check It Out. Under normal room 
lighting. set CAL control Rl fully couu· 
ter clockwise. Set EXP coutro1 f, ~ 
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Rl9 

"::" 

CAL 

RI 
50Kfi 

"::" 

EXP 
R2 

R3 
IO Kfi 

IO KO 

RG 
390fi 

R7 
l.IKfi 

RS 
IKfi 

R9 
51on 

RIO 
300.n 

8 

6 

7 

R4 
3Kfi 

R5 
3 .3Kfi 

R II I I 
1~21 3son 

-=-
L _ ___ :::J l 
Jll ~ 
9V SI 

PARTS LIST FOR PHOTO METER 

Cl-IOO·uF, 35.VOC electrolytic capacitor 
Jl -Jack to match power adaptor 
LEDl ·LEDS- Red light emitting diode (LEO) 

fresnel lens 
LEDS-Yellow LEO 
LED7-Green LEO 
Rl -50,000-ohm potentiometer, linear taper 

see text) all resistors are !/•·watt, 5%, 
except potentiometers) 

R2-I 0,000-ohm potentiometer, linear taper 
Rl-10.000-ohm resistor 
R4-3,000·ohm resistor 
RS-3,300-ohm resistqr 
RS- 390-ohm resistor 
R7-1,IOO·ohm resistor 
RS-1,000-ohm resistor 
R9-510-ohm resistor 
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RI0-300-ohm resis tor 
RI 1- 360-ohm resistor 
R12·R18-1 ,000·ohm resistor 
Rl 9- Photoresistor, Custom Components 

PRLL9 
Sl - SPST mini-switch 
Ul , U2- 0uad Comparator LM339 Integrated 

Circuit 

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

Two potentiometers 
and an On/Off switch 
are connected to the 
back of the PC board. 
The 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 R 19 with your thumb: alt 
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 fu ll room illumina­
tion, with no covering of R 19, the 
green LEO can remain lit through R2's 
range of adjustment : this is normal. ) 

With your Photometer operating, yot! 
can spend less time and money in the 
dark and more time in the light doing 
what you want to do: taking pictures.·• 



·-lOnNG DPOLES 
A new slant on a 

popular antenna design. 

THE SLOPE~ DIPOLE HAS BECOME a 
popular ham radio antenna. In 
some amateur circles, it.s perform­

ance is even considered sensational. 
When you rate the antenna on ratio of 
performance and convenience over cost 
it is . sensational indeed . 

The basic sloper is a tilted one­
quarter wavelength d ipole, (Fig. 1), 
with one end high and the other end 
oeu ground level. Although the ra­
diation from such an antenna is reason­
ably omni-directional, there are claims 
for some directivity iu the direction 
of the slope. It may just be that there 
is considerable radiation at the low 
vertical angles in this d irection which 
favors DX communications. 

In experiments here at W3FQJ, the 
dipole was extended to a three-quarter 
wavelength antenna, thereby raising 
gain and improving directivity off the 
ends of the wire, particularly in the 
direction of the 'slope. Again, the im­
provement may be the result of good 
low-angle radiation in that direction. 

Some helpful tuning aids can also 
make it convenient for tuning-up the 
sloper on a particular band, or as an 
aid in two-band operation. The capa­
bility of ground-level tuning is an ex­
perimental convenience. Let's consider 
some very practical and effective sloper 
antennas. 

The Basic Stoper. A simple set-up 
(Fjg. 1) consists of a telescoping TV 

EYE 
RING 

Fig. 1. This Is the ~ic configuration for 
both ~ on~quar1er and three-quarters 
wavelength dipole. Slope angle is up to you. 

mast for the high end of the antenna, 
and an 8 to 10-foot fence post for the 
low end. A rope can be used as a hal­
yard for convenience in raising and 
lowering the antenna if desired. A tree, 
the side of building, a roof mast, etc. 
could also be used as the high end of 
the sloper. A coax-to-dipole connector 
can be used as an interface between 
the wire antenna and the coaxial trans­
mission line that connects to the trans­
mitter output. 

Typical lengths for one-quarter and 
three-quarter wavelength segments are 
given in the chart. For example, a 40-
meter sloping dipole cut for a m id­
band frequency would consist of 
quarter-wave segments with a length of 

TABLE OF Dl~OLE DIMENSIONS 
Band Quarter·wave ~·wave 
Segment Ft In. Ft In. 

160 METERS 
Low End 126 6 383 9 
Mid·Band 123 3 373 8 
High End 12_0 - 3641 

l 
80 METERS 

cw 63 7 192 11 
Mid· Band 62 5 189 4 
Phone 60 4 183 -

40 METERS 
cw 33 1 100 4 
Mid·Band 32 9 99 2 
Phone 32 5 98 3 

20 METERS 
cw 16 7 50 3 
Mid-Band 16 6 50 -
Phone 16 5 49 9 

15 METERS 
cw 10 11 33 3 
Mid·Band 11 - 33 3 
Phone 11 l 33 7 

10 METERS 
cw 8 4 25 2 
Mid-Band 8 1 24 6 
Phone 8 3 24 10 

The dimsensions given above are pretty ac­
curate, but make your first cuts longer to 
allow for capacitative loading effects. 

32-feet, 9-inches. A sloper cut for 
the 80-meter phone band would have 
quarter-wave segments with a length 
of 60-feet, 4-inches. A three-cjuarter 
wavelength sloper cut for · 10-meter 
phone operation would require lYf'.O seg­
ments that are 24-feet, 10-inches long. 

The antenna can be made of regular, 
stranded copper wire or a similar 
gauge of insulated wire. The antenna 
wire we used here was some # 16 
stranded , insulated wire that was picked 
up at a flea market. Insulation does not 
interfere with electromagnetic radiation 
from the antenna. Insulation is an 
asset if the antenna must be run through 
trees. Bare the wire for connection to 
the coax-to-dipole connector. Also, it 
should be bared at point where such 
an antenna is to be end-tuned with a 
clip-on piece of wire. More on this 
later. 

40-Meter Sloper With End Tuning. 
The llrrangement of Fig. 2 shows how 
a sloper can be constructed, and the 
bottom section made tunable for opera­
tion with minimum SWR- at low-end, 
mid-band or high-end of the 40-meter 

Fig. 2. The end-tuned sloper .for 40 meters 
allows the resonance to be adjusted for mid­
band and low end b;and operations quickly. 

band. The top segment of the sloper is 
cut for mid-band, or a length of 32-
feet, 9-inches. The low-end segment 
is cut for operation at the high-fre­
quency phone end of the band. In this 
case, no additional length of wire need 
be clipped on to the antenna end. The 
antenna resonates even though segments 
are of dissimilar length. 

When you wish to resonate the an­
tenna to mid-band frequencies, clip 
an additional length of wire to the end 
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SLOR'NG DIPOLES 
I 

Fig. 3. This photo shows the low end of the 
sloper with the end·tuning stub clipped in­
to position. It clips lo the guy if not used. 

I 
of the low end of tt>e 4ipole, as seen in 
Fig. 3. In this case, it would be 1-foot, 
5-inches long. making the bottom side 
equal to an overall length of 32-feet, 
9-inches. The segments are now of 
identical length. 

If you wish to resonate the antenna 
at a low-band c~ frequency, add a 
length of 9-inchesl to I -foot. A very 
low SWR is obtained even though the 
top sectiun of the sloper has a length 
of 32-feet, 9-inches. Tuning of the 
antenna is done at ground level. 

To a lesser degree, the same thing 
can be done on the 80-meter band. The 
arrangement of Fig. 4 shows· how the 

ADO LENG~ 
TO LOWER 

FREQUENCY 

Fig. 4. The end-tuned 80 meter dipole an 
be tuned to resonance at both 80 and 75 
meters by using two different tuning stubs. 

SWR can be lowered to a minimum at 
some specific 80-~eter frequency be­
tween mid-band and the high-frequency 
end of the band. To obtain a very low 
SWR at the low-frequency end of the 
band, it may also be necessary to in­
crease the length of the top section of 
the sloper. This would require lowering 
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of the entire antenna using the halyard, 
and would not be quite as convenient 
as being able to do the tuning at the 
ground-level end only. 

Two·Band Operation. The antenna of 
Fig. S performed impressively, and per-

Fig. S. This sloper is suitable for 40 and ~S 
meter operation, and adjusts by connect­
ing a jumper to the additional segment. 

milted operation on either 15 or 40-
meters. On 40-meters, it operated as 
a 40-meter sloping dipole, and on lS­
meters as a three-quarter wave-length 
sloper. Instead of clipping on an addi­
tional length of antenna wire to the 
low side of the sloper, an additional 
insulator was incorporated along with 
an appropriate clip as shown in Fig. 6. 

Fig. 6. The photo shows the extra length used 
for 40 meter operation, and the inset shows 
the Jumper wire in position for 40 meters. 

When the clip was disconnected, the 
antenna tuned to the 40-meter phone 
band. Connecting the clip tuned the 
antenna to the CW end of the 40-meter 
band, and to the sideband spectrum of 
the 15-meter band. 

This antenna was sloped toward 
Europe, and in a brief three hours of 
operation, four continents and 16 coun­
tries were contacted using only 100-
watts PEP. The high end of the sloper 
was only JO.feet above ground. The 
antenna can be tuned toward the 
CW end of the JS-meter band by clip­
ping on an additional length of wire 
at the second insulator. The lS/40-
meter combination works out well be­
cause l S-meters is the approximate 
third harmonic of the 40-meter band-
7 MHz times 3, equals 21 MHz. 

J 0 / 20 Meter Operation, The suc­
cess of the three-quarter wavelength 
antenna on 1 S-meters- led us to the 

construction of a similar antenna for 
1 0-meter operation. Some experimen­
tation with element length was required, 
and the resultin1 arrangement of Fig. 7 

Fig. 7. this It lhe stnlght dipole cut for 
10 meter operation before being modified 
for 10 and 20 operation u seen In Fig. I. 

provided resonante at approximately 
28.6 MHz. As you have no doubt 
learned through your antenna experi­
mentation, there are variatioM in res­
onance depending upon site, height 
above ground, and other variables. 
Hence it is advisable to cut antennas a 
bit longer than calculated. You can 
then trim the segments later to obtain 
resonance at some precise frequency . 

An advantage of the sloping dipole 
not mentioned previously is the fact 
that it can be oriented rather easily, if 
you wish to take advantage of its 
somewhat better directivity, in a given 
direction. Several fence posts placed 
strategically .at the mounting site wilt 
permit you to change that d irectivity 
simply by swinging the antenna around 
to a given fence post. At the same 
time, the performance- in other direc­
tions will not deteriorate to the degree 
that they do with the use of a beam 
antenna, such as a Yagi or quad. 

Somehow the sloper antenna, with its. 
combination of horizontal and vertical 
polarization, also provides good tow­
angle vertical directivity. It might be 
that vertical polarization provides the 
low angle vertical direc~ivity much as 
for ~ vertical ground-plane antenna. 
At the same time on the low-frequency 
bands, there seem to be higher angle 
components for good, ~lose-in contacts 
on 40 and 80-meters as well as some 
low angles for DX results. 

Finally, the 10-meter three-quarter 
wavelength antenna was broken at the 
two points indicated in Fig. 8 to permit 
operation as a 20-meter sloping dipole 

(Continued on page 96) 

Fig. 8. ly breuln1 up the segments and add­
Ins Jumpe11, the monobander becomes a 
dual-band dipole for both 10 and 20 meters. 



SEMICONDUCTOR SURVEY 
The RCA CD40459: Count Down With This Programmable Frequency Divider 

THU RCA c o4059 1s A down counter 
that can be programme:.I to divide 

an input frequency by any numher 
from J to 15,999. It has applications 
as either a fixed or programmable fre­
quency divider, digital frequency syn­
thesizer fo r communications and a 
timer for consumer equipment appli­
catio1)s and induslria l controls. 

The posit ive output pulse has a 
duration corresponding Ll> the period 
of one clock input cycle. The fre­
quency of this pulse tpulse repetition 
rate) is the clock frequency Jivided 
by the programmeu count IN): 

f = .1.. 
u N 

The func tional p lan of th.:: chip i~ 
given in Fig. I . The clock input is at 

the center left. The clock enters the 
first counting section. the cou nt of 
which is determined by the mode 
select inpuls at the lower left and the 
four so-ca lleu jam inputs JI. J2, B 
and J4 a t the top left. 

The output then passes through 
three cascaded basic d ivide-by-ten 
counters. However. each of these 
counters can be preset between 0 and 
l5 by their associated jam inputs. J5 
through J 16. The jam inputs program 
the cou nter. Each is programmed by 
the BCD code . 

The output of the intcrmet.liate 
counting sect ion is applieu to the last 
counter, which is also pre-set hy the 
mode control and jam inputs JI 
through 14. 

A Recognition Gate. The output of 
the last counting section rc~1chcs the 
output through a recognition gate, a 
pre-set / enable c ircuit and the output 
stage. The fundamenta l programming 
of the counte r determines how many 
pulses enter that counter before there 
is one outpu t pulse. 

If the programmable counter is pre­
set to divide by 2563, there w ill be 
one positive output pulse for every 
2563 input clock pulses. 

The first and last counting sections 
operate together in accordance with 
the three mode select inputs, K,., K h 
and K, . The actual mode count is 
determined by the logic I and logic O 
settings at these three inputs accord­
ing to Fig. 2. 

The truth table shows there arc five 
mode pre-sets for the first counti-ng 

PROGRAM JAM INPUTS IBCDI 

FIRST 
CLOCK COUNTING 
INPUT SECTION 

~ 10,8,5,4 ,2 710 +10 

PE 

LAST 
COUNTING 
SECTION 

'"10,8,5,4,2 

I 
I l 

_J I 

_J 

MOOE 
CONTROL 

PRESET 
ENABLE 

LATCH '----~OUTPUT 
ENABLE 2 >--- ----- STAGE 

DIVIDE BY - N 
OUTPUT 

Fig. 1. This line dr.1wing shows the functional plan of the RCA CD4059 down counter. 
It is a vers,1tile intcgr.1ted circui t that can be programmed to divide an input frequency; 

MODE FIRST COUNTING LAST COUNTING COUNTER 
SELECT SECTION SECTION 

RANGE 
INPUT DESIGN EXTENDED 

MOOE CAN BE MOOE CAN BE 
PRESET PRESCT - -

Ko Kb Kc 01 TOA JAM• DI TOA JAM• MAX MAX 
VIDES MAX INPUTS VIDES MAX INPUTS 

BY Of' USED BY OF USED 

I I I 2 I JI 8 7 J2,J3,J4 15,999 17,331 

0 I I 4 3 Jl,J2 4 3 J3,J4 15 ,999 18,663 

1 0 I 5 ff 4 JI, J2,J3 2 I J4 9,999 13,329 

0 0 I 8 7 Jl,J2,J3 2 I J4 15,999 21,327 
I I 0 10 9 Jl,J2,J3,J4 I 0 9,999 16,659 

x 0 0 MASTER PRESET MASTER PRESET 

X • DON'T CARE 

Fig. 2. The mode count for the RCA C04059 is given. There are five mode pre-sets for 
the first counting section of 2, 4, 5, 6 and 10. The first and last se ctions are connected. 

section of 2, 4. 5, 8 nnd I 0. Jf the 
mode count is to be 2, all of the K in­
puls must be set. to logi.c I. If the 
input mode division is to be I 0. K a 
and K,, nrc set to logic I. while K,. is 
set to logic 0. 

The actual count of the firs t section 
is t.letermineu by the jam sett ings. The 
maximums of which arc indicated by 
the column labclctl, ·can be preset 10 

a max of.' The next column indicates 
tbc jam inputs that can he used for 
programming the first count section. 

l nte{connecting Modes. You can 
no te from Fig. I that the first and last 

countirtg sections arc interconnected 
with the mot.le select inputs ant.l jams 
11 through 14. Whatever jam inputs 
of the four modes arc no t used by the 
firs t counting section can be used by 
the second counting section. 

For cxampk. for a mode of 2 only 
J l is used in the first section making 
available jam inputs 12, J3 and J4 for 
the last counting section. Note that for 
an initial mode of I 0, all of the J I 
through 14 jam inputs arc uset.l hy the 
first section and the last counting sec­
tion has no avai lable jam inputs and 
cannot be used. 
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The functions of these two sections 
will be better understood when some 
actual counts are programmed. 

When the mode select inputs K1o 
and K. arc both set to logic 0, the 
·counter presets am.11 the counter re­
mains low. Count down begins again 
whenever a counting mode other than 
the master preset mode is selected. As 
a note in Fig. :! indicates, the counter 
should always be put in the mster pre­
set mode before the divider by five 
mode is selected. 

Mode Values. The mode value re­
fers to the logic settings of the K in­
puts. Decade I refers to the setting of 
the first counting . ~ction, decade 2 to 
the first intcrmedi:itc counting section, 
decade 3 to the second intermediate 
counting section. J ecade 4 to the third 
intermediate counting section and 
decade 5 to the last counting section. 

· Refer to Fig. l . 
Figs. 3 and 4 are an aid in pro­

gramming as they show the K and 
jam inputs for t~e various modes 
along with the decades and the chip 
pin numbers. Fig. 3 shows the various 
division modes 2, 4, 5 and 8. Fig. 4 
shows the division mode of I 0 and, 

DECADES I 2 3 

FIRST XI XIO COUNT 

in addition, some specific examples of 
programming. 

Let us work out an example using 
the divide by four mode to obtain a 
count ( N) of 8479. As shown in F ig. 
3, K. must be set to logic 0, K b must 
be set to logic I and K, must be set to 
logic I. The BCD jam controls must 
now be programmed to a pre-set 
value of N + mode or: 

Preset Value = 

N (Desired Count) 
M (Mode) 

Preset Value = 

8479 
- - 4-

8479 + 4 = 2119 + 3 

~/~~ 
10 I 0001 I 0001 I 1001 I I 

Use Those Jams. Note that the an­
swer is 2119 + 3 left over. These five 
numerals must be pre-set on the jam 
inputs using the BCD code. Decade 5 
must be set to the numeral 2 using 
jams 14 and J3 or jam J4 to logic I 
and jam J3 to logic 0. Pin 6 would 
be connected to logic I and pin 5 to 
logic 0. 

The fourth decade would be set to 
I which in terms of the BC'D code is 
0001: jam 15 would be at logic I and 
the other three jams of the decade at 
logic 0. 

4 5 

XIOO 
LAST 

COUNT 
DECADE 

I 

FIRST 
MOOE +2 Ko-I Kb·I Kc.:I COUNT 

PINS 3 19 20 2122 15 161718 7 8 910 6 5 4 
PINS 6543 

JAM JI 8765 12 1110 9 16 1514 13 4 3 2 JAM J 4 3 21 

I MOOE 74 Ko-0 Kb·f Kc-I 
BCD 0000 

PINS 4 3 1920 2122 15 1617 18 7 8 910 6 5 

JAM J2 JI 8 76 5 12 1110 9 16151413 4 3 
BCD 0000 

MOOE +5 Ko-I Kb·O Kc-I 

PINS 4 3 19 20 2122 15161718 7 8 9 10 6 aco 0000 

JAM J2 JI 8 7 6 5 121110 9 16151413 4 

MOOE -i-8 Ko- 0 Kb·Q Kc- I BCD 0001 

PINS 543 19 202122 15 161718 7 8 910 6 

JAM J3 J2 JI 8 7 6 5 121110 9 16151413 4 BCD 0000 

The same 0001 code applies for the 
third decade which is also the numeral 
l. The second decade is set to numeral 
9 or, in the BCD code, 100 I. The first 
decade must be set to the numeral 3 
using jams J 2 and JI . Both would 
have to be set to logic I. You can now 
prove your program by using the 
basic equation: 

N = MODE l( 1000 x decade 5) + 
( 100 X decade 4) + ( 10 X decade 3) 

+ (I X decade 2) l + decade I 

N = 4 f ( I 000 X 2) + ( I 00 X 1 ) + 
( I 0 X l) + ( I X 9)1 + 3 = 8479 

Divide By Ten. Fig. 4 shows the re­
lations for the divide by ten mode' as 
well as the programming for divisions 
( N ) of 10, 100. 1000. 1001 and 5:?00. 
In the divide by ten mode the four 
jams, JI through J4. are active in the 
first count. In this mode decade 5 is 
inactive. 

To determine the preset vulue, the 
desired count must be divided by the 
mode. If the desired count ( N ) is 
i 0, the preset value is I ( I 0 + LO). 
Therefore only the XI or uecade 2 
jam section is active. In Fig. 4 for 
the division by ten, all of the decades. 
except 2. arc set 0000 while decade 2 
is set to 0001 . • 

MOOE + 10 Ko-I K b-1 Kc-0 

DECADE DECADE DECADE DECADE 
2 3 4 5 

LAST 
XI x10 XIOO co8~T XI 0 

19 202122 15 16 1718 7 89 10 -
8 7 6 5 12 II 10 9 16 15 14 13 -

DIVISION BY 10 

0001 0000 0000 -
DIVISION BY 100 

00 00 00 01 0000 -
DIVISION BY 1000 

0000 00 00 0001 -
DIVISION BY 1001 

00 00 00 00 0001 -

DIVISION BY 5200 

.0000 OQ 10 0101 -

Fig. 3. An aid for prbgramming, this diagram show~ lhe various 
division modes for the RCA CD4059 IC frequency down counter. 

Fig. 4. Specific examples of programming arc shown in this dia­
gram and the mode of 10 is given. Exa~ples can be easily worked. 
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You don't have to have a degree to design the 
power supply you need 

U P UNTIL A FEW YEARS AGO, the 
task of designing a regulated pow­
er supply was both complicated 

and time-consuming. As a result, tile 
average experimenter either made do 
without regulation or copied someone 
else's circuit. Things have changed a 
lot since then. Now, even a beginner 
can design his own r'egulatea supply 
using one -of the integrated-circuit volt­
age regulators. No fancy oscilloscope 
is necessary; in fact , you don't even 
need a calcukltor. Simply by consulting 
the tables and graphs in this article, 
you can custom-design your own regu­
lated supply in a matter of minutes. 

The supplies to be covered here 
range in output from S to 18-volts at 
currents up to one-ampere. Both posi­
ive and negative outputs are possible. 
Let's start by examining the basic posi­
tive-~gulator circuit shown in Figure 
I. Voltage from transformer TI is full­
wave rectified by diodes D l and 02, 
and smoothed by filte-r capacitor Cl. 
Voltage ~gulator VR+ converts the 
unregulated DC across Cl into a regu­
lated potential of the desired size at its 
output, pin 2. Capacitor C2 bypasses 
this output and thereby stabilizes the 
circuit and improves transient response. 

On the primary side of Tl , fuse Fl 
protects the circuit should a malfunc­
tion cause excessive current to be drawn 
from the AC line. 

Similar, But Not Equal. The similar­
ity between the positive-supply circuit 
and the negative-supply circuit (Figure 
2) is apparent. Note, however, that DI , 
02, Cl and C2 are reversed in the 
negative circuit. Furthermore, the pin 
designations of negative regulator VR­
are different from those of positive regu­
lator VR+. For the positive regulator, 
pin I is the input, while pin 2 is the 
output, and ptn 3 1s ground. Un the 
negative regulator, however, pin l is 
the ground connection. Pin 3 is now 
the input, and pin 2 r,emains as the 
output of the voltage regulator. 

Both the positive and negative regu­
lators are available in two case styles, 
a "T' package and a 'K.' package; see 
the base pin diagram. 
Regardless whether a regulator is posi­
tive or negative, the same pin-number­
ing scheme applies. Remember, how­
ever, that the numbers have different 
meanings for positive and negative reg­
ulators .. For example, on the "T" pack­
age, pin 3 is always the middle pin. If 
the regulator is positive, the middle pin 

DESl6NIN6 
REGULATED 

POWER 
SUPPLIES 

is ground. But if the regulator is nega­
tive, then the middle pin is its input. 

In the design procedure to follow, the 
same tables and rules will be used to 
specify Fl, Tl , 01, D2, Cl and C2, 
whether a positive or negative supply 
is being built. This is certainly reason­
able since the two circuits are so simi­
lar. However, the posi tive and negative 
supplies must use different types of 
regulator JCs, and these may not be in­
terchahged. With all the preliminarie.s 
out of the way, Jet's get down to the 
basics of this easy seven-step method 
for designing the supplies. 

Determine the Required Voltaie. 
You have your choice of seven positive 
voltages and seven negative voltages, as 
shown in the middle cotumn of Figure 
6. Note that + 1 OV has no negative 
counterpart. Be sure that you know the 
maximum current that your load can 
draw; it must be no more than one 
ampere. If you are powering a con­
struction project or a kit, you should 
find a supply-current specification 
somewhere in the literature. U you 
have no iqea as to how much current 
xour intended load will draw, you can 
measure it directly. Connect the ·device 
you intend to power to a variable bench 
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IUpply aet to the desired volta_ge. Meas­
ure the current drain with an ammeter 
in eerie• with onel of the power leads. 

Seleet • Tr•n•fprmer. Refer to 'Fig­
ure 6, and locate the desired output 
voltage in the middle column. For a 
positive supply, you will find the neces­
sary transformer listed in the hight-hand 
column, and in the same row as your 
selected voltage. The proper trans­
former for a negative supply will be 
found in this same row, but in the col­
umn furthest to the left. The trans­
fonners are specified accordihg to the 
RMS voltage from one end of the sec­
ondary to the other. Note that all sec­
ondaries must be center-tapped (CT). 
Tht transformers listed are standa~d. al­
though tbey may not seem so if you are 
accustomed· to the usual 6, I 2, and 24-
volt transformers that flood the hobby 
market. Finding a source is not hard; 
check the catalogs of any of the large 
electronics retailers. At least one trans­
former company, Signal, will sell you 
these transformers by direct mail-order. 
Before ordering, request a catalog and 
price list (Signal Transformer Co., 500 
Bayview Ave., Inwood, N.Y. 11696). 

You do have a little bit of leeway in 
the selection of a transformer, particu­
larly at the higher voltages. If a 34-
VCT transformer is called for. and you 
have on hand one that measures 32-
VCT, go ahead and use it. Also, you 
could hook up the secondaries of two 
12-volt transform~rs in series (and in 
the proper phase) to obtain the equiva­
lent of a 24-VCT transformer. 

In addition to the voltage, you must 
also specify your transformer's current 
ra ting. A convenient rule-of-thumb is 
to pick a transforr.er whose secondary­
current rating is 

1
about 1.2 times the 

maximum current that is to be drawn 
from the supply. If you use a trans­
former whose current rating is too 
small, it will overheat. On the other 
hand , if you choose a transformer that 
can ·supply much more .current than is 
necessary, it will be bulkier and more 
expensive than a transformer of the 
proper size. 

Pick a Regulator. Here again, you 
should use Figure 6. Positive regu­
lators can be found in the column just 
to the right of the "Output Voltage" 
column, and negative regulators are 
just to the left. As you can see, a posi­
tive regulator may be chosen from 
either of wo IC families: The 7800 
series, or the 340 series. Furthermore, 
each family comes in either the "T" 
package or the "K" package. Thus, 
when sele~ting a 6-volt positive regula­
tor, you can pick from any of the 
following: 7806K, 7806T, 340K-6 or 
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340T -6. If vou were looking for a 
negative 6-volt regulator, the 7900 and 
320 families would offer the followina 
candidates: 7906K, 7906T, 320K-6 or 
320T-6. Actually, there is no significant 
distinction between the 7800 and 340 
families, nor between the 7900 and 320 
families. The "K" package, however, 
can facilitate high power more readily, 
so it might be preferred at the higher 
supply-current levels. On the other 
hand, the "T" package is probably pre­
ferrable if you intend to build your 
supply on a PC board. 

At all but the smallest load currents, 
these voltage regulators will have to be 
heat-sinked. This will be covered in 
more detail later. When you buy a 
regulator, try to get a specifica.tion 
sheet, too. It will provide you with 
more complete information on your 
particular IC. 

Choose Your Rectifier Diodes. The 
factors to be considered here are the di­
odes' voltage rating, average-current 
rating, a11d surge-current rat ing. Since 
the supply's load current is restricted to 
a maximum of one ampere, each diode 
must see an average current of less 
than half an ampere. Therefore, a rec­
tifier diode with an average-current 
rating of one-ampere should suffice. 
A voltage rating of 100-PIV would be 
adequate, but it is even safer to use 
diodes with a 200-PIV rating. These 
will survive most power-line .transients. 
The surge-current rating becomes an 
important consideration at the instant 

' when the supply is turned on. At that 
moment, filter capacitor Cl is un­
charged. Transformer Tl charges the 
capacitor with a current through one 
of the rectifier diodes. Since this cur­
rent is limited primarily by the small 
resistance of the transformer's second­
ary, it is very large. When all of the 
above factors are taken into account, 
the I N4003 emerges as a good recti­
fie r with transformers of 28-VCT or 

Here's the interior of 
our "typical" 5-volt 
power supply. Unless 
you're the type who 
likes to dress up all of 
your projects, the.se 
types of power· sup­
plies can be assem­
bled in any handy 
chassis. There's almost 
never any cause to , 
worry about ventila­
tion, as m•my of the 
regulator chips c;an 
h;andle their full-rated 
lo;ads without even 
heatsinking! ~ 

Jess. Its h igher-voltage eousins, the 
1 N4004 and 1 N4005, also will work 
well. For transformer:s of 34-VCT to 
48-VCT, use a 1N5402 rectifier or a 
higher-voltage relative (lN.5403 ), 
etc.). The lN.5402 is !l 3-ampere d iode 
that will handle higher surges than 
the IN4003 . Both rectifier types are 
readily available from many suppliers, 
including Radio Shack. 

Specifying Capacitor C2. This is easy, 
since anything greater than 2.5-11F will 
be fine. The capacitor's voltage rating 
should be from 1.5 to. 2-times the out­
put voltage of the supply you are 
building. If a capacitor with too small 
a working voltage is used, it will not 
last long. Conversely, using a capac!tor 
with a working voltage greater than 
twice the supply voltage is wasteful of 
space and money. 

Selecting Filter Capacitor Cl. First, 
determine this component's working­
voltage rating from the chart. A range 
of satisfactory working voltages will be 
found opposite the transformer voltage 
that you selected in step 2. Use a filter 
capacitor with a voltage rating as high 
as possible within the recoinmended 
range of working voltages. 

The minimum capacitance of Cl, in 
microfarads, can be found from the 
graph. Locate your supply's maximum 
current drain (see step 1) on the x­
axis of the graph. Project a line upward 
to strike the one line (out of the three 
in the graph) that is appropriate to the 
transformer voltage being used. The 
y-value at the point of intersection is 
the minimum capacitance necessary. 
Use a standard electrolytic capacitor 
that; is greater than or equal to the 
value determined from the graph. 

In most cases, ydu can afford to be 
generous with capacitance. A iarger 
capacitor will have less ripple voltage 
across it. As a . result, it will beat less 
arid last longer. So, when a low-current 
supply demands only 200-pF, you can 
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use SOO-µF if you like. But when the 
capacitor must have a high working 
voltage (SO to 7S-volts), extra micro­
farads come in a bigger package and 
at a higher price. Therefore, you may 
not wish to be so generous. 

In o rder to locate a suitable electro­
lytic capacitor, consult the catalog of 
a large mail-order supplier, such as 
Allied or Burstein-Applebee. You will 
find some electrolytics listed as "com­
puter-grade." These cost a little more, 
but they last longer in heavy-duty 
service. Whether or not the extra cost 
is warranted is a dedsion that is up to 
you. 

Finding the Right Fuse. The fuse 
rating table will be of assistance here. 
Locate the row corresponding to the 
transformer being used, and the column 
appropriate to the maximum expected 
load current. Check the zone in which 
the row / column intersection lies for 
the proper fuse rating. Be certain to 
huy a slow-blow (3AG) fuse, since 
this type is less prone to blow on the 
current surge at turn-on. 

Now, let's consider a practical design 
example. Suppose that a 1 S-volt, 3SO­
milliamp, positive supply is required. 
The table indicates that a 40-VCT 
transformer will be needed. Estimate the 
transformer's current rating : 3SO x 1.2 
= 420. A look through a transformer 
catalog reveals the nearest commer­
cially available unit to be 40-VCT @ 
SOO milliamps. 

Referring once more to the table. 
let's choose a 781SK regulator IC. 

Since a 40-VCT transformer is be­
ing used, 1 NS402 rectifier-diodes are 
a good choice. 

For capacitor C2, lee's use a 100-µF 
unit with a standard working voltage 
of 3S-volts. Because the voltage ra ting 
is about twice the supply's output volt­
age, this is a safe selection . 

F igure 4 reveals that filter capaci­
tor C 1 's working voltage should lie 
between 4·0 and 60-volts. Turning to 
Figure 5, and using line " B," we find 
the minimum ca,Pacitance to be about 
7SO-µF. The nearest commercial unit 
turns out to be 1000-µF @ SO volts. 
You can use more capacitance if de-
~red. I 

Finally, Fig'ure 3 indicates that a 
'A-amp, stow-blow fuse is appropriate 
for this particular combination of t;·ans­
former voltage and maximum load cur­
rent. 

Now that you know how to design 
your supply. let's talk about how to 
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Fig. 3. To calculate what size fu se is needed for your supply, find 
your transformer's output rilling in the vertin l column, and your 
regulator's rilliing at top. Draw ill line out to the center of the 
chart from eillch box. Where they meet is the fuse riling in amps. 

BASE DIAGRAMS FOR VR+ ANO VR­

AASEl 

~ 0 1 
"K"- PACKAGE "T"- PACKAGE 
BOTTOM VIEW TOP VIEW 

TAB IN CONTACT WITH PIN 3 

Above illre the pin d iillgrims for both 
the "T" ind "K" package regulitors. 
Note difference be tween pos. illnd neg. 

build it. Most manufacturers recom­
mend that a voltage regulator be 
mounted .fairly close to Cl. This means 
3-inches or less of interconnecting wire. 
Likewise, C2 should be mounted close 
by- right on the pins of the regulator, 
if possible. 

Rectifiers DI and 0 2 are cooled by 
heat conduction through the two 
mounting leads. To assist conduction, 
mount these rectifiers with short leads. 
If the rectifier is mounted on a terminal 
strip, then the lugs of the strip will act 

TRANSFOHMUI RATING WORKING VOLTA~ 
(RMS VOLTS! OF Cl !VOLTS OC 

16 16-25 

20 25-35 

24 25-35 

28 30-40 

l4 35-50 

40 40-60 

44 50-75 

48 so:..~ 

Fig. 4. Simply look icross from left to 
rigM in order lo determine what the 
working voltillge of C1 will need to be. 

to sink some heat. Printed-circuit 
mounting ·requires the use of luge 
pads and thick connecting traces to 
draw heat away from the rectifier's 
leads. 

Be sure that there is adequate air 
flow around the components of the sup­
ply in order to prevent overheating; 
This applies particularly to the higher­
current supplies. 

Short, heavy wires should be .. used 
for interconnecting components. Again. 
this is most important for high-current 
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USE' CURVE A WITH TRANSFORMERS FROM 16 VCT TO 28 VCT 
US£ CURVE B WITH TRANSFORMERS FROM 34\ICT TO 40VCT 
USE CURVE C WITH TRANSFORMERS FROM 4'4VCT TO 48VCT 
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Fig. 5. 
1
After consulting fig • . 4 for the voltage r~ting, use this 

rgrqh ~o determine the correct capacitance for capacitor C1. 

NEGATIVE SUPPLIES POSITIVE SUPPLIES 

TRANSFORMER OUTPUT TRANSFORMER 
(RMS VOLTS) REGULATOR VOLT"-GE REGULATOR (RMS VOLTS) 

16 ct 7905/320·5 5 7805/340· 5 20ct 
20ct 7906/320·6 6 7806/340·6 20ct 
24 ct 7908/320-8 8 7808/340·8 24cl 
l24ct 7909/320·9 9 NOT AVAILABLE 

NOT AVAILABLE 10 7810/340·10 28cf 
34 ct 79121320·12 12 78121340-12 34ct 
40ct 7915/320·15 15 78151340-15 40ct 
44ct 79181320-18 18 7818/340-18 48ct· 

Fig. 6
1 

Here's a listing of the most commonly u~ed transformer 
and jgulator combinations for both positive and negative. 

supplies, which should be wired with 
#16 or #18 stranded wire. Those wires 
connecting the t load to the supply 
shoul~ be ~s sh rt as possible for the 
best regulation. 

In most instances, voltage-regulator 
ICs will need tol be heat-sinked. There 
JUSt fine .. However, there is an even 
better, cheaper I way to heat-sink a 
regulator IC: Assuming that the sup­
ply will be mo~nted in ~n aluminui:n 
casef ~i~ply at,ach the ~ r~gulator to 
the case. Remoye all pauit from the 
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area where the IC is to be mounted, 
and then bolt the regulator to the 
chassis. Silicone grease between the 
chassis and the regulator will improve 
the heat transfer. 

lf, as is gener11ly the case, t'1e 
chassis is to be at ground· potential, 
then positive regulators may be 
mounted directly to the chassis with no 
difficulty. Negative regulators, how­
ev,er, pose a problem because the 

·mounting flange" on both· the, "T' and 
"K" packages is connected to the in-

If, as is aenerally tbe. cue; the 
chassis ii to be at P'OUD~ potential, 
then p<>Sitive reautaton may be 
mou,n~ed di~tly ~ th~ ch!usis wi~ no 
difficulty. Negative rqulatori, how­
ever, l'Qse a problem .became the 
mounting flange on both the "T' and 
"K" packagei ii connect~ to the in­
put, not ground. The solution here is 
to use miea inaulatina wafers, coated 
with silicone grease, between t.he IC 
and the chassis. Heat will . atill be ef~ 
fectively transferred, but the mount­
ing flange will be electrically insulated 
from the chassis. 

Once your supply is fini&hed, check 
it out before pennanently wiring it 
to a Joa~. You will need a iiumm)! ·~ 
sistor to test the supply. lts resistance 
should be equal to the a~pplf's. output 
voltage divided by the maximum ex­
pected output current, in amperes. For 
the supply that was designed in thi~ 
article, that amounts .t9 15/35, or 
about 43-ohms. The 'resistance .should 
have a power rating of about two.­
times the product of output voltage and 
maximum current. Again, for the sup­
ply that was designed here, this comes 
to 2 x 1 s x .35, or about ten-watts. 
Usually, you can build up such a 
dummy resi&tanc;e from series jln<l 
parallel combinations of lower-wattage 
resistors. 

Connect the dummy resistance across 
the supply's output terminals, and then 
connect a voltmeter across the dummy 
resistance. Turn on the supply. Your 

This is a prototype power supply with a 
"K" package regulator mounted on rear 
of chassis for heatsinldng. Make 1ure 
case connection ~grees with ground! . 

nteter should indicate the desired out­
put voltage. After a f.ew minutes, 
carefully feel the regulator ICs flange. 
It should be no hotter than .hot tap 
water. If t<;>uching the regulator case 
is painful, use a larger , heat-sink to 
cool it down. 

If, ai the end of ten minutes, your 
supply is still putting out full ".Oltage; 
and th~ r~gulator is not ~ncomfortably 
warm, you can turn the supply off. 
Disconnect the dummy resistance 1u~d 
voltmeter, wire the supply up .to ~ls 
load, and start pumping,out those happy 
amps~ II 



Get the mo$t antenna 
for the least amount 

of mcmey. 

TME MORIZONTAL . DIPOLE is a simple, 
effective antenna. Antenna wire and 

accessories for its construction arc in­
expensive and readily avai lable. It is 
of a length that makes for efficient use 
as a receptor of an incoming radio 
wave. When used as a transmitting an­
tenna, it radiates efficiently and. al the 
same time, displays a proper impedance 
match to the output. of ~he transmillc r. 

Dipoles arc of critical length when 
used as transmitting antennae be­
cause of the need for proper match. 
Length and match insure ideal charac­
teristics for reception as well. It is true 
that length and match arc less critic;tl 
if the antenna is to be used for receive 
only, because of the high sensitivi ty of 
modern receivers. For example. an an­
tenna cut to length on one of the lowcr­
frcquency short-wave broadcast bands, 
will also receive well on other inter­
national broadcast bands. However. a 
dipole cut to length and properly ori­
ented may be of consid~rablc help in 
receiving some favorite, but weak sta­
tion. · 

Dipqf~ ·Length. The physical length of 
the antenna is rela ted to the wave­
length of the signal frequenc y 10 be 
received or transmitted. Frequency in 
mcgaHcrtz. and wavelength in meters 
arc related as follows: 

Wavelength in Meters = 
300/Frequency in mHz. 

For example, the 
wavelength of a 3.75 
mHz signal frequency 

would be: Waveleni;,rth 
= 300 = 80 meters 

3.75 

A dipole is a half-wavelength an­
tenna and, therefore, its theoretical 
length would be one-half of this value, 
or 40-meters long. In practice, how­
e·Vl'r, tficrc are capacitive 'end-effects 
which cause a dipole that is cul 10 ex­
actly the so-called "free-space" wave­
length to be resonant on a lower 
freq'ucncy than the calculated value. In 
fact, to make the antenna an exact 

THE VERSATILE 
HORIZONTAL 

DmPOUE 
"electrical" half-wavelength long. it is 
necessary to shorten the physical length 
by 5-pcrcent. Hence the dipole length 
fon 3.75 mHz resonance would be: 

Dipole Half-Wavelength = 
0.95 x 40 = 38 meters 

Since the dipole antenna is fed at the 
center and separated into two quarter­
wavclength segments as shown in Fig. 
I. each side of the antenna would be 
19 ( 38/ 2) meters long. 

Physica.I antenna t·ength for each 
quarter-wave segment of the dipole can 
be obtained by multiplying the 19 
meters times the meters-to-fe et con­
version constant of 3.2808, obtaining 
a value of 62.34 feet. 

A convers ion from metric to linear 
length results in a very simple equa­
tion that can be used to determine the 
length of the quarter-wavelength seg­
ment of a dipole: 

Length in Feet = 234/ f(mHz) 

Table l-Here are the dimensions for cutting half-wave dipoles for the various Amateur 
frequencies helow JO MHz: The numher given represents one-half the total antenna length. 

FREQUENCY IN DIPOLE )../4 IN FREQUENCY IN DIPOLE A/41N 
MHz FEET MHZ FEET 

160 METERS 

1.81 129.28 7.200 32 .50 
7 .225 32 .39 

1.83 127.86 7 . 250 32. 28 
1.85 126.49 7.275 3 2 . 17 
1.87 125. 13 
1.89 123.80 20 METERS 
1.91 122.51 
1.93 121.24 14.025 16.69 
1.95 120.00 14 .0 50 16.66 
1.97 118.78 14 .075 16.63 
1.99 117.59 14.100 16. 60 

14. 125 16. 57 
80 METERS 14. 150 16 .54 

3.525 66.38 14. 175 16. 51 

3 .550 65.92 14 .200 16.48 
3 .575 65.4 5 14 .225 16.45 
3 .600 65.00 14 . 250 16. 42 
3 .625 64.55 14.275 16 .39 

3 .650 64. 11 14.300 16.36 

3 .675 63.67 
14.325 16.33 

3 .700 63.24 
15 METERS 3 .725 62.82 

3 .750 62.40 21.05 11.12 
3 .775 61 .99 21 . 10 11 .09 
3 .800 6 1 .58 21. 15 11.06 
3 .825 6 1 .1 8 21.20 1(.04 
3.850 60.78 21. 25 11 .01 
3.875 60.39 21.30 11 .98 
3 .900 60.00 21.35 10.96 
3 .925 59.62 21.40 10.94 
3 .950 59.24 
3 .97 5 58 .87 10 METERS 

40 METERS 28. 2 8 .30 

7. 025 33. 31 28,4 8 .24 

7 .050 33 . 19 28. 6 8. 18 
28. 8 8 .13 

7.075 33 .07 29.0 8 .07 7 .100 32.96 
7 .125 32.84 29. 2 8 .01 

7 .150 32. 73 29. 4 7 .96 

7 .175 32.6 1 29. 6 7 .91 
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A hand calculator i{ an aid if you wish 
to make your own antenna calculations. 

Dipole Dimension Charts. Quarter­
wave segment lengths for each1 of the 
Amateur bands, l 0 through 160 Meters, 
arc given in Table I. For example, each 
quarter-wave segment of a dipole an­
tenna cut to 14.2 m Hz in the 20 Meter 
band should have a length of 16.48 
feet. Table 4 gives uimensions for di­
pole quarter-wave segments for recep­
tion on the various shortwave broadcast 
bands. Dipole lengths for the various 
WWY frequencies arc given in Table 3. 

Lengths are given to a decimal part 
of one fo ot in the tables. In addition. 
Tabl~ 2 permits you to make an ap­
proximation in inches. In fact , when 
erecting an antenna fo r use with a 
transm itter, there hrc other variables, 
such as proximity tb ground and metal­
lic surface~. as well as antenna clement 
uiameter. that influence the. exact reso­
nant frequency . Therefore. culling an 
uhtcnna within an /nch or two of indi­
cated vuluc is satisfactory. For example, 
in cqlting the dipole for 14.2 mHz use, 
a practical value is 16-fcct, 6-inches. 
Note from Table 2 that the six-inch 
figure is appropriate for a decimal part 
falling between 0.55 and 0.65. 

lt has been my experience in cutting 
ante_nnas, that it is preferable to cut 
clements somcwhal on the long side, 
permitting you to trim down the an­
tenoa to a specific resonant frequency 
after ini tial tests have been made. Of 
course, antennas for receive-only use 
are not nearly so critical as tu their 

1 lcngth. Consequently, in T able 4 . one 
dimension is given for operatio n over 
the specific shortwave broadcast band. 

Of course, it should be stressed that 
an ihch or two o

1
f length has a much 

more decided effect on the resonant 
frequency on a higher frequency Arna-

Table 2-Use this tahle to convert the dee-
imaLpbrtion of the feet measurement given 
in Table 1, to inch~s. Always cut your an-
tenna a bit longer at first. It's easier to 
trim it down than to add length later. 

DECIMAL PART Of" I NCHES 
ONE f"OOT (APPROX I MATE ) 

0 - .0 5 0 
.05- .10 I 
.I 0-.15 2 
.15 - 25 3 
.25-.35 4 
.35-.45 5 
.45-.55 6 

- .55-.65 7 
.65-.75 

I 
8 

. 75-.85 9 

.85-.90 10 

.90-.95 I I I 

.95-1.0 12 

I 

I 
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teur band as compared to a lower one. 
Thus, you should be more careful in 
cutting the dipole for 10 or 15 Meters. 
as compared to the cut for 80 or 160 
Meters. For example, a differential of 
3-inches on I 0 Meters might result in 
a frequency change of approximately I 
megaH ertz, while a similar differential 
on 80 Meters corresponds to a fre­
quency shift of only 20·25 kiloHertz. 

Dipole Directivity. The horizontal di­
pole is directional. As a transmitting 
antenna, it sends out maximum radio 
energy (radiation) in the two direc­
tions broadside (perpendicular) to the 
antenna wires (Fig. 2). As a receiving 
antenna, it displays maximum sensitiv­
ity to r adio signals arriving from the 
same two directions. Radiation and 
sensitivity taper olf at angles away from 
the perpendicular, declining to a mini­
mum in the direction along the line 
(parallel ) of the antenna wire. The re­
sponse pattern of F ig. 2 is a theoretical 
one. The antenna does radia te energy 
a t other angles and is sensitive to in-

DIRECTIONS 
Of" MAXIMUM 

RADIATION ANO 
SENSITIVITY 

Figure 2-H you're interested in working 
a particular area with your dipole, then be 
sure to orient it properly. The maximum 
amount of RF is radiated perpendicular to 
the line of the antenna wire itself. 

PLASTIC 
OR 

NYLON 
ROPE 

EYE-RING 

ELECTRICAL 

COAX 

coming signals as well. The extent of 
the differential depends upon a number 
of variables including type of antenna, 
proximity of ground, nearby metallic 
structures, propagation conditions, 
transmission line system, etc. It is a 
fact though, that maximum radiatio11 
and sensitivity occur perpendicular to 
the antenna wire and minimum in the 
direction of the antenna wire. The fig­
ure-eight pattern is itself rather broad. 
and it is only at angles near to the 
angle of the antenna wire that the re· 
sponse is sharply down. 

In practice then, it is a good idea, 
if possible, to erect the dipole antenna 
with an orientation that places it broad­
side to the direction toward which you 
wish to radiate maximum signal or dis­
play maximum sensitivity. If your in­
tent is to minimiie the pickup of an 
interfering signal, you should point the 
dipole antenna wire in that direction. 

Dipole Antenna Components. Essen­
tial components of the dipole antenna 
arc: antenna wire, dipole center con­
nector, end insulators, support ro"pe, 
transmission line, and other accessories 
as needed. The antenna wire can be the 
popular 7-strand, #22 type, which is 
common and inexpensive. When it can 
be found at low cost, our personal 
preference is for #I 4 or # 16 solid, 
insulated wire. A good-quality, insu­
lated wire gives you added safety and 
weather protection. Insulation in no 
way interferes with- the -radiation "_or 
pick-up of signal 

Available end insulators are usually 
made of porcelain and are 1.75 to 3-
inches long. T hey arc oval-shaped or 
rectangular, some having a ribbed con­
struction. Two holes are provided, one 
for the antenna wire itself and the 
other for the support line. Support line 
can be nylon rope or strong plastic 

TO TRANSCEIVER 

LEAVE 
EXTRA 
ROPE 

FiRure 1-Here's the proper way to erect a dipole. Either or both ends may also be 
attached to the house or garage. Lear! the coax away from the antenna at right angles. 

" 



clothes-line with a nonmetallic core. To 
make it easy to lower the antenna, for 
cleaning or experimentation, the sup­
port line at one end can be fed down 
through eye-bolts to ground level, as 
shown in Fig. 1. 

A coax-to-dipole connector, Fig. 3, 
is the ideal method of linking the dipole 
antenna to the coaxia l transmission 
line. This connector provides a durable 
and reasonably weather-proofed con­
nection, providing for con vcnient con­
nection and detachment of transmission 
line. An alternative plan is to use an 
end insulator at the center. The two 
conductors of the transmission line can 
be attached firmly, soldered and taped 
to the antenna wire on each side of the 
center insulator. 

There are various support means for 
horizontal dipole antennas. The variety 
of TV-antenna hardware such as chim­
ney, side-wall and roof mounts, permit 
easy a ttachment to a house or garage. 
Support itself can be a 5 or 10-foot 
section of TV mast. Free-stand ing and 
guyed masts are available fo r ground­
mounted supports. A telescoping TV 
mast is versatile because of its case of 
erection and let-down. Guying is re­
quired. Guy rings arc spaced approxi­
mately every I 0-feet along such a tele­
scoping mast. 

Use good quality coaxial line, ei ther 
50-ohm or 70-ohm. Preferred types are 
RG-58A/U (50 ohms) or RG-59A/U 
(70 ohms) for low power applications. 
RG-8A/ U is recommended for higher­
powered applications, and installations 
where a long feed line, from antenna 
·to transmitter, is nece_ssary. 

Erection of Dipole. Plan your instal­
lation according to length, height, and 
directional orientation. You must coi;i­
_sider the space required by the antenna, 
and where the line must he brought 
into the house. 

Safety and performance a re impor­
tant criteria. For safety reasons. keep 
the antenna clear of power lines. Be 
certain that if the antenna falls when 
erected, or while under erection, it 
cannot fall across electrical wires. 

COAX 
TO TRANSCEIVER 

ANTENNA 
WIRE 

Ff gure 3-The best method for mating the 
.antenna to the transmission line is a coax­
·to-dipole insulator/connector. 

Table 3-For rereive­
only operation, the di­
pole is still a very good 
choice. Here are the 
optimum lengths for 
broadband operation. 
Remember to orient 
the antenna for the 
area you wish to listen 
to specifically. 

BAND 
METERS 

120 
90 
75 
60 
49 
41 
3 1 
25 
19 
16 
13 

Make certain that under no circum­
stances, can mast or wire come in con­
tact with power lines if you lose control 
of the mast or antenna. Keeping clear of 
power lines also improves the anienna 
performance. You will pick up less 
power line noise on receive. On trans­
mit, you will radiate the least signal 
into the power lines. minimizing loss 
and possihlc interference with home 
entertainment units such as te lev:sion 
receivers and high-fideli ty amplifiers. 

Orient the antenna to best meet your 
needs. If you wish to radiate maximum 
signal cast and west, orient the antenna 
wire north and south. In a built-up 
area, it is not always possible to find an 
ide.-rl mounting situation. However, 
within reason, it is not necessary that 
the two antenna ends be the same exact 
height above ground. Neither must the 
two quarter-wave segments of the di­
pole be in an exact line. Stay as close 
as you can to the idealized situation, 
but don't worry if you must make 
limited departures. The antenna will 
still perform well if you arc reasonable 
in the changes you ma~e. 

Receive Only. The same general con­
siderations must be made in the erec­
tion of a receive-only antenna, with the 
exception that power handling capabil­
ity and transmitter matching are no 
longer factors of concern. Thus the 
antenna need not be cut as precisely. 
The two-wire transmission line can be 
made of lamp cord or, preferably, a 
good quali ly 300-ohm TV ribbon line. 
A combination of dipole antenna and 
TV line makes a good combination for 
short-wave listening on the internation­
al broadcast and radio amateur bands. 
A receiving dipole cut for 35-feet on 
each segment is a reasonable antenna 
for all-band listening. H owever, if you 
want peak performance on some par­
ticular band, you can then cut a sepa­
rate receiving antenna for that particu­
lar band. Orient this antenna with its 
figure-eight r~aching out in the favored 
direction. 

FREQUENCY DIPOLE X/4 
IN MHz IN FEET 

2.3- 2.495 97.5 
3.2-3.4 70.9 
3.8-4.0 60.0 

4 .7 5-5.06 46.B 
5.9 5- 6.2 38.36 

7.1 - 7.3 32.5 
9.5 -9.775 24.4 
11.7-11.975 19.B 
15.1-1 5.45 15.3 
17.7- 17.9 13.15 
21.45·2 1.75 10.8 

Tuning With An SWR Meter. An SWR 
meter connected between transmitter 
and transmission line, F ig. 4, can be 
used to measure the resonant frequency 
of a dipole. To go a step further. the 
antenna can now be trimmed or ex­
tended if it docs not resonate to the 
desired frequency. The results can be= 
observed. by the SWR meter, as the 
antenna resonant _frequency is -moved· 
up or down the band. Since it is easier 
to trim off rather than to add on wire 
length. cut the initial antenna wire . 
longer than the specified value for the: 
particular frequency. in order to catch 
up w,ith any variables that might influ­
ence resonance. A practical example 
will demonstrate an acceptable pro­
cedure. 

Assume an antenna is to be cut tor 
7150 kHz in the 40 Meter amateur 
band. Table I indicaies a dipole ·length 
of 32. 73 feet. This suggests a dipole 
length of 32-fcet, 9 -i nchd. Cut each 
d ip~le element to 33-feet, which would 
be for a resonant frequency of 7100 
kHz. Erect the antenna on a temporary 
basis. 

Measure the SWR every 25 kHz be­
tween 7025 and 7225. Set the readings 
down in a table form of frequency vs. 
SWR . Determine the precise frequ ency 
at which the SWR reading is minimum. 

FREQUENCY 01 POLE 
I N MHz X/4 IN FEET 

2.5 93.6 
5 46.8 

1 0 23.4 
15 15.6 
20 I 1.7 
25 9.36 

Table 4-Here are the dimensions needed 
to cul a dipole for WWV time station fre­
quencies. WWV is an excellent source fo r 
rece iver frequency calibration as well as 
the correct. time. WWV's. transmitters can 
be heard world-wide, 24-hours every day. · 
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f(mH.zl SWR 

7.005 1.65:1 
7.025 1.5:1 
7.050 1.35:1 
7.075 1.21: I 
7 .100 11 :1 
7.125 1.08:1 
7 .1 50 1.08 :1 
7 .175 1.11:1 
7.200 1.2: 1 
7. 225 1. 36:1 
7 .250 1. 51: 1 
7. 275 1.75:1 
7 .295 2. 2. 1 

This would be the resonant frequency 
of the dipole. In our example, it was 
exactly 7050 kHz. 

lnasmuc:h as thd resonant frequ ency 
reading is low; y~u can now trirh the 
antenna to attain the desired resonance. 
Be careful not to trim off too much. 
According to Table l, each trimmed 
inch corrcsponds·to a frequency change 
of approximately 120-25 kHz. ln our 
example, we trimmed off six-inches, 
and increased th~ resonant frequ ency 
to 7141 'kHz. If Yiour SWR reading is 
low, and the resonant indication falls 
near to 7150, let ~ell enough alone. 

The plot of our experimental antenna 
is shown in Fig. 5. Note that even at 
the band edges, the SWR reading is 
reasonable. In the range between 7050 
and 7250 kiloHertz, the SWR meter 
indicated almost ideal performance. 

Antenna Tuner* at Work. The pri­
mary function of an antenna tuner, 
Fig. 6, is to provide a proper match 
between your antenna system and trans­
mitter. In so uoing, your transmitter 
sees a proper load and is able to oper­
ate at the optim pm conditions of its 
design. The tuner does not alter the 
performance of 'the antenna or the 
SWR on its .trammission line. Rather, 
it makes certain that an improper SWR 
does not result in unfavorable opera­
tion or possible damage to your trans­
mitter. Primarily it is a transmitter pro­
tector. 

DIPOLE 

TRANSMITTER 

Figure 4-An SWR meter should be ·in­
serted in the transmission llne between the 
transmitter and antenna for accuracy. 

I 
. . I 
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Figure 5-Table 5-
At left is the table 
made from the SWR 
plot (right) of our ex­
perimental dipole for 
40 Meters. Make a 
similar one for your 
antenna in orde r to 
determine the exact ~ 
resonant frequency. II .,., 
is shown at right as 
the lowest point in 
the curve. Even 
though the curve is 
rather steep, we man­
aged to achieve an 
SWR under 2.0:1 for 
just about the entire 
band. This would nor­
mally be acceptable. 
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H owever, a tuner has a number of 
secondarv benefits that enhance an­
tenna sy~tcm experimentation and per­
mits the use of an'tenna systems that 
are not, in themselves. ideal for match­
ing the standardized 50-ohm output of 
modern ham radio equipment. Again, 
it must be stressed that the tuner docs 
not influence the performance of an 
antenna system. Rather, it acts as an 
interface between an antenna system 
and transmitter'. 

An additional secondary benefit is 
that it reduces harmonic and spurious 
signal radiation because it blocks the 
path between any such signals gener­
ated by your transmitter, and the radi­
ating antenna. The tuner also rejects 
incoming signals that are on frequen­
cies removed from the desired operat­
ing band. In effect, it reduces the 
sensitivity of the receiving system to 
image and other spurious frequency 
components. 

A tuner makes the dimensioning of 
a horizontal dipole antenna less critical. 
I t extends the frequency range of op­
eration of the antenna that will pro­
vide an ideal match to the transmitter. 
For example. an 80 Meter dipole cut 
to 3750 kHz. will be made operable 
over the entire 80 Meter band from 
3500-4000 kHz. The electrical per­
formance of the antenna wi ll not differ 
greatly from an antenna cut precisely 
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to some specific frequency on the band. 
Even though the SWR on the trans­
mission line might be rather high at 
the band extremes, the transmitter . it­
self will look -into an optimum load. 

Conclusion. The horizontal dipole is 
indeed a versatile antenna, giving good 
performance at low cost. It should be 
dimensioned properly, and should be 
used with an SWR meter to evaluate 
its performance. A tuner insures proper 
match between dipole antenna system 
and transmitter. and also extends the 
operating bandwidth ' of the dipole in 
terms of proper matcning to the trans­
mitter. Let the dipole start you off in 
your first experimental activities with 
antenna systems. • 

D IPOLE 

TRANSMITTER 

Figure · 6-The ahtenna tuner allows ~he 
transmitter to work into-an optimum load 
even if the dipole itself is not cut for 
the correct frequency. A tuner won't cor­
rect an inefficient antenna installation. 
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Accutune 
(ContiflJlld from page 46) 

unit. As an option for greatest calibration 
stability, you may substitute metal film 
resistors for those resistors identified with an 
asterisk(#) 

The LED may be permanently attached 
to the front panel by using a small amount of 
epoxy. A void bending Jhe leads of lhe LED 
and solder two different colored flexible 
wires to it. 

Convenient, Yet Stylish. A convenient 
place to install the 9-volt battery is above the 
meter, attached to the front panel. You may 
wish to fabricate a small battery clip out of 
sheet metal and fasten it to the panel with 
screws or epoxy. Secure the battery to the 
front panel so that it does not dangle. 

It is best to calibrate Accutune with an 
accurate audio frequency generator and an 
oscilloscope (or VOM). If these instruments 
are not available to you, go to your local 
electronics repair shop and have them 
calibrate it fro you: completes the alignment 
of the unit's bandpass amplifier. 
- A Set Back. Set the audio oscillator back 
to 165 Hz and the rotary switch to lower E. 
Adjust R23 for a meter reading of exactly 
center seale. Do the same for the other five 
notes by adjusting the proper potentiometer 
and setting the audio oscillator and rotary 
switch to their appropriate positions. 

To calibrate, connect the audio genera­
tor's output to Accutune's input jack using a 
standard phono plug. Set the generator's 
frequency to 165 Hzand its amplitude to 20 
millivolts RMS. If the audio generator's 
amplitude control does not permit you to set 
such a coltage, connect a 10,000-ohm and a 
470-ohm resistor voltage divider across the 

Bllnkey 
(Continued from page 52) 

ohms can be used. 
How to Make Him Blink. Place SI to the 

ON position. P ress your finger(s) across the 
two semicircular portions of the "mouth" 
(or place one finger on each hand on each of 
the two "ears"). You will note that the LEDs 
blink at same rate By applying less pressure, 
the LEDs will blink at a slower rate. By 
pressing ~arder, the LEDs blink faster until 
(if you skin resistance is low enough) the two 
-LEDs appear to be on continuously. 

Factors such as dryness of the skin effect 
the skin resistance and, therefore, the 
blinking rate that can be achieved by an 
individual. It is interesting to note the rates 
that can be achieved by different people. 
Considering this, the basic circuit could be 
changed slightly to create a "strength" tester 
similar to those seen in Penny Arcades. All 

audio oscillator's output, set.if to 0.5-volts 
RMS and use the voltage across the 470-
ohm resistor to drive Accutune. 

Tum on Accutune's power switch, set the 
rotary switch to lower E and examine the 
waveform at pin one of U2. Adjust RIO for 
the maximum amplitude of"the 165 Hz 
signal, which should be about 0.15-volts 
RMS. In a similar manner set the audio 
oscillator to each of the remaining frequen­
cies. 

Set the rotary switch to a certain note and 
adjust the proper potentiometer for .a 
maximum amplitude of the waveform at pin 
I of U2. 

To operate the unit, plug the guitar cable 
in to the front panel jack of Accutune and 
turn on the power switch. Set the guitar's 
volume controls to maximum output and 
set the rotary switch to lower E. Pluck the 
lowest string of the guitar. Adjust the tuning 
of the guitar until the meter reads exactly 
center scale. (You may have to pluck the 
string several times before the adjustment is 
complete.) Set the rotary switch to each of 
the remaining positions and adjust each 
string in a similar manner. Be sure to turn off 

the power switc11. when,finiShed tuning. 
For those of ypu w.ho have a fledgling 

rock band and ~an electric organ or piano 
to tune up, Accutune cari be calibrated to the 
keyboard. First, plug Accutune into the 
keyboard and set the volume at minimum. 
S lowly increase the volume until you get a 
reading. 

Hit a low A. Adjust the A potentiometers 
until you get a dead center reading. Do the 
same for the other notes. Accutune can pick 
up the musical hash of other instruments 
(different harmonics) and be calibrated to 
the pitch of your .choice. ' 

Now that Accutune is completed, you can 
put it to use. With Accutune in hand, you 
will never again have to fret about those 
screechy or klunker notes you may have 
once plucked. • 

This is the only tricky 
part of Blinky. Follow 
the directions in the 
text carefully, and you 
will not have a 
single bit of trouble. 

au ,. kl 't 
MOUNTING 

...:scREW 

~ 

that is needed is to replace the Touch Plates 
with a wstrength tester." This can be a short 
(6-inch or so) length of 1-inch,dowel.Glue a 
~-inch strip of aluminum foil down che 

length of the dowel. Glue an identical strips 
to the Touch Plate of the circuit and you 
have your strength tester. Although nn· 
true indicatios:, this i~ vef) ::merta 
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One-Tube Receiver 
(Conlinued from page 43) 

inch protruding from the pin. Pull that 
same end back out of the form so you 
can scrape lh -inch of insuiation off, 
and re-insert it into pin 2, Still don't 
solder, but just fold thal 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. Even tally, 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 arc 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 forj errors. If all looks 
okay, attach only the filament battery. 
If you can see it, the lube's filament 
will glow orange red. lf not, re-check 
the wiring. D on'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 arc 
very fragil e in this respect. Assuming 
all looks well, connect earphones, an 
antenna, and a ground. Finally, con­
nect the B battery; doing this should 

Darkroom Contrast Meter 
(Continued from page 71) 

their appropriate PC board "holes." 
Then connect Lhe wires from Rl , T l, 

' and finally, conn~ct to PCl. 
Apply power then measure the volt­

age from IC 's '"f' and "-" terminals 
to Tl's centertap connection. You 
should indicate ± 15 to ± 17 volts. If 
you get any other value, turn off the 
power immediately and check for a 
wiring error, or improper installation of 
either ICI or IC2. 

Using The Meter. Compose the pro­
jection from you~ enlarger and focus it 
on the easel. Leave the lens' diaphragm 
open and place the meter's pickup under 
the maximum light area (representing 
pure black in the final print ) . Adjust 
Rl until the meter pointer is over the 
letter "C" at the nd of the scale. With-
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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 bear 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 si'gnals 
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. R emoving wire 
will shift your radio's range to higher 
freque ncies, 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 ( l 0-75 pF) capaei-

out disturbing any of the enlarger or 
meter controls, move the pickup to a 
spot under the minimum light area (rep­
resenting pure "white"-or maximum 
highlight-in the print) . Give the meter 
a few seconds to settle down, then read 
the required paper contrast grade di­
rectly from the meter scale. 

Since the meter indicates projected 
contrast range, it doesn't matter whether 
your enlarger is the diffusion, con­
denser, or mixing-chamber type. The 
contrast reading will be correct at the 
easel of the enlarger. 

Since developing techniques vary, as 
does personal preference, you might 
want to apply your own "fudge factor" 
to the meter readings. For example, you 
might give a 1/2 -grade increase on all 
readings. 

Note. D o not attempt to linearize the 
meter scale in Fig. 1, as contrast den­
sities aren't linear. Also, the use of a 
log amplifier required to linearize the 

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 auction to the floor. 

Warnings aside. this project has many 
open ends that beg for experimentation·: 
filament current might be varied with 
a low value ( I 0-20 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 l 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 feedba~k do.es to any 
amplifier. 

A good book to help the experi­
menter is the ARRL's The Rndio Ama­
teur's Handbook, which has tips on 
safety. construction, theory, anti it ..:ven 
has a complete index of tube typ..:s ;md 
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 lltbe. • 

scale has been avoiding in this project 
because it would almost double the cost 
and make precalibration impossible. Use 
the meter scale exactly as shown in Fig. 
3 to obtain the correct results. • 

-:A--­
~ 
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~1'1 : . if ii is already on 
this cassc•tte tape ... I want 10 
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Actd-A-Tweeter 
PARTS LIST FOR 
ADO-A-TWEETER 

Cl , C2-22-uF electrolytic 
capacitor, 50 voe 

Rl - 50-ohm wirebound 
potentiometer, 1 or 2 watts. 

TO 
AMP 

RI 
500 

EXISTING 
WOOFEfl 

NEW 
TWEETER 

O Any single-voice coil speaker is 
hard pressed to handle both low and 
high frequencies simultaneously-and 
it's the 1 highs that suffe r most. A 
much cleaner sound can usually be 
obtained from speakers 6 inches or 
larger if the highs are pumped 
through a tweeter. It can be any small 
speaker rated 4 to 6 ohms of approx­
~mately 2 to 3 inches in diameter. 

Misc.-Cone type tweeters are suitable for use with this circuit. 

The back-to-back capacitors, Cl 
and C2, permit only the highs from 
about 1500 Hz up to pass into the 
tweeter. By keeping the lows out o f 
the tweeter, the highs come !)Ut clean-

Sit rat 
(Conti1111edfrom.page 24) 

corresponds to 0 ma on your meter. 
When your SITRAT is complete, you 
will have labeled the 1.0 ma mark on 
the m eter's dial with the maximum 
temperature and the 0 ma point with 
the minimum tempe.rature. 

Next, draw a vertical line directly up 
from the temperature axis at the 11 o· 
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 I lO"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 120"F .. 9 ma point) from Table 3. 
This is due to the .fac t that no two 
transistors (even two 2N 51 29) have 
exactly the same characteristics. 

Alternative Method. If graphs and 
curves aren't your bag, you can still 
build SlTRA T. All you have to do is 
take measurements at exactly I 0 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 l 0°F because of 
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 di :11 

er, and there's no chance of the great­
e r low frequency power " blowing" 
the tweeter. Pote ntiometer R l is used 
to match the tweeter's output level 
to that of the woofer-because small 

TABLE 3 
Temperature Current 

{
0 f ) (mi ll iamperes) 

130°F (Max.) 1.0 ma 
120 .9 
110 .82 
100 .74 
90 .67 
80 .60 
70 .54 
60 .475 
50 .42 
40 .365 
32 32 
30 .31 
20 .265' 
10 .22 

0 .18 
-10 .145 
- 20 .11 
-30 .07 
-50 (Min.) .00 

NOTE: Table 3 was derived by the au­
thor from measurements taken with his 
prototype of SITRAT. Your Table will be 
similar, although lt will differ in actual 
readings as well as the minimum and max­
imum temperature. 

plate. Remove the metcr·s clear face­
plate. For meter's with pl astic face­
plates, this is done by gently prying it 
off with your finge rs. Better meters 
have two small screws holding it in 
place. Use a pencil eraser and remove 
ihe 'D.C. M ILLIAMPE R ES' label as 
we!l as all numbers. 

Applications. This thermometer has 
many applications. Remote-reading out­
door thermometer and freezer ther-

-ll1ometer are just a few of the possibili­
ties. To catch lots of fish, find the spe­
cies water temperature. Drop the p robe 
to 't!-it> v.a·er d.:;-· · ._: : . ; ng that tem­
perature. Then, ·.1• 1 vuur fishi ng line 
t tl· · ·1. •• author 

•11 

speakers are generally much more 
efficient than large speakers. If you 
eliminate Rl , the highs will literally 
scream in your ears. • 

than 15 feet, the reader. should expe ri­
encc no problem with very long cables. 

Final Comments. Your SITRA T 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 
SITRA T the greater the range of tem­
peratures it will measure. 

Your SITRAT's accuracy depends 
.upon bow carefully you labelled the 
meter's dial plate. The quality of panel 
meter you use is also a factor. SIT­
RA Ts accuracy is diminished at bitter 
cold temperatures; below abou.t -2o·F. 

While SITRA T 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. • 

" You know, by tire time you 
finish rllis tiring, they probably 

won't make the tubes for it 
(lllymore." 

·'' •l\JIC<:-, r·IC1r38YIST ·19 '1 08 
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Superbass 
(Continuedfrom page 34) 

cork o r rubber will retain the battery. 
You can use small cork '·feet" such as 
sold in ha rdware stores for use on the 
bottom of br ic-a-brac to prevent 
scratching of furniture. The cost is 
usually well under fifty cents and you 
can cut the "feet" to the needed size. 

Take extra care lo get S2's wiring 
r ight the first Lime. Note that S2 is 
SPOT, switching only the output con­
nection. The input is permanently con­
nected to the amplifier and switch S2. 

Nothing about the entire project is 
really crit ical other than the values of 
C2 and C3. Resistors need be no bet­
ter than I 0% to lerance-why spend 
money for better tolerance when the 
project won't work any bet ter?-and 
e lectrolytic capacitors Cl and C4 can 

Energy Sentry 
(Continue<! from page 18) 

components are polarized and the cir­
cuit will not work if any of these a rc 
placed incorrectely on the board. 

Before inserting U I into its socket. 
apply power to the circuit and measure 
the DC voltage across C2 to ensure· 
that the circ.uit is operating properly. 
Once this is done, disconnect line pow­
er before inserting U l. Be sure the IC 
is plugged in facing the correct di rec­
tion. Pin 1 of the IC is indicated by a 
small dot on the foil layout. 

Test And Calibration. F or 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 to tal 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 8~ times .6 KW (600 watts) for six 
I 00 watt lamps connected in parallel. 
T hus, in our example: 
Sc per KWH x 6.6 KW=4.8c per hour . 

be any value from 2.2-uF to 4.7-uF. 
Use whatever you can get at lowest 
cost. The same "lowest cost" rule ap­
plies to C2 and C3; they don't have to 
be precision tolerance as long as their 
ra.ted value is 0.1-uF. 

Using Superbass. Connect your elec­
tric guitar or other electronic instru­
ment 10 input jack H; connect output 
jack 12 to your instrnment amplifier's 
normally-used input. With power switch 
S I off, key S2 so the instrument feeds 
directly to the instrument amplifier. 
With R2 set full c0unter-clockw1se 
(Off), turn power switch SI on, key 
S2 once, and advance R2 for the de­
sired superbass sound level. To cut back 
to natural sound just stomp down on S2 
and key the superbass out. 

Don't worry about leaving power 
switch SI on for the several hours of 
a gig. The c ircuit pulls less than 1-mA 
from the battery, so the battery wilt 
last many, many months. • 

4.8¢ can be rounded off to 5¢ strictly 
for calibration purpos_es. 

Connect the test load to the recep­
tacle on Energy Seqtry. Plug the line 
cord into a 115 volt receptacle and ad­
just R3 so that LED #5 (Sc) 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 generalJy be accurate to within I ~ 
per hour, it does not take into account 
the power factor of the load. 1 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 o_r 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. - • 

PREVENT 
CHILD ABUSE. WRm: 

• 

National Committee for 
Prevention of Child Abuse, 
Box2866. Chicago. Ill. 60690. 

A Pubhc Service of This Magazine "'II 
& The Advertising Council ~·~ 



Combo Amp 
(Continued from page 8) 

Bend the groups of fou r leads so 
they cor respond . to the pin spacing o f 
the socket. P lug U 1 into the socket. 

Insta ll all the cabinet com ponents. 
then place ·the completed PC assembly 
on the terminals of MI. Locate the po­
sition for LED I o n the cabinet d irectly 
under the PC bmml terminal ho les and 
mark the cabfoet. 

If you wam the LED at some other 
location ma ke the change now. but keep 
in mind you must connect wires to the 
LE D if its position is relocated. 

R emove the P C boarcJ a nd the meter, 
drill the hole for LED I . replace the 
meter and the PC board and solder the 
m eter 's termina ls to the !'oil pw.k Then 
install LED 1. 

T he P C board has some gi,·e so you 
can work the wi res into the PC board: 
push the LED against the panel and 
solder its leads to the PC foils. 

Switch Both Leads. The posit ive and 
negative batte ry leads must be swi tch­
ed: SI must be D PST. Twist the red 
wire from one battery connector with 
the black wire of ano ther connector . 
This is the co111111011 or c:rmm,/ co nnec­
tion and is soldered to the PC board's 

Aircraft Scanner 
(Continued from page 12) 

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 ( m arked 
88 MHz). 

If the turns o( the oscillator coil are 
fully spread and yet the tuning range 
is still not high enough to cover the a ir­
craft hand, carefully solder two adja­
cent t\1rns together at one point. It is a 
good idea t9 scrape the wire at that 
point before solde ring. Use. a sh arp 
blade o r sandpaper cautiously . 

Another way to increase the llming 
frequency of the receiver slightly is to 
decrease the trimmer capacitance on 
-the tuning capacitor (see Fig. 3) . The 
four small adjustm ents arc the oscilla­
tor and R F trimmers fo r the AM and 
F M band. Be sure to select the trim­
m ers next to the FM coils ! ft would be 
wise to mark the original settings of a ll 
trimmers with a felt tip pen in case the 
vro ng ·trim me rs a re turned. 

A ti~y 'screwdriver will be used to 
adjust the trimm er capacitors. Note as 

·yo u turn the trimmer that there will 

grou nd fo il. The rch1afning w ires con­
nect to switch S J. 

D ouhlechcck the pola rity; if it's re­
versed UI gets i11 ~tun 1l y zapped. 

The meter indicates one-half the 0111 -

put voltage. ('vVc provide !he in ronna ­
tio n to avo id possibk darnug..: th rough 
unnecessary experimentation. ) 

Connect your m ike to J I a nd lhc lin-.! 
frllm your recorder to J 2. Speak to 
the mike and advance level control RI 
so meter MI peaks at any conwnicnl 
reference va lue: O. S is n :commended . 
Adjust your recorder's contro l level so 
the 0-VU or 0-dll record level occurs 
when the Combo-Amp's mc1cr peaks • 
at the 0.8 rcforencc value. 

If you're u~ing the device fo r a P.A. 
system , adjust the P.A . gain so the de­
sired volume occurs when the mct..:r 
indiealcs 0.8. 

A s lo ng as the mcler peaks at 0 .8 
you know the recorder or P.A. is get­
ting the correc1 level. If 1he meter va lue 
rises above o r below 0 .8 simply .adjust 
RI f<.lr the optim um 0.8 value. 

If you want to paint over th;: meter 
scale 10 show a 0-VU refere nce do so. 

I . 
The o nly reason we d1cl not use a 
meter with a VU scale i that they arc 
very ex pensive a nd d iffi cult to obtain. 
A lso a V U meter's interna l d iodes 
would have to be removed to work in 
this ci rc uit , a som ewha t dintcult task. • 

be one setting where the two metall ic 
surfaces of the trimmer will be fully 
visible. This is the min imu m capacitance 
(h ighest frequency) setting. 

Fine Tuning. Now for the final ad­
justmen t! Tune in a weak sta tio n near 
the low frequency (88MH z) portion of 
the d ial and adjust the turns o f the RF 
coil with a non-metall ic tool for m axi­
m um signal strength. If your particular 
receiver has sufficient background hiss. 
you m ay use that sound for pea king 
the coil. T une the receiver dial near 
its u pper selling ( l 0 8 MHz) a nd peak 
the RF trimmer capacito r for m axi­
mum background h iss. 

By carefully repeating the last two 
steps ( RF co il and RF trimmer capaci­
tor), you w ill have completed the con­
version of your AM/ FM receiver into 
a usc:ful aircra ft ba nd m onitor. If you 
live near large airports. the radio w ill 
be extremely active. Even if you don't 
live near an airport, reeeptio~l over long 
distances wi ll be heard because of the 
altitude of the a ircraft. 

While the radio ma y not be as go od 
as a receiver designed specilically for 
the aircraft band, it will give a good 
accounting of itself. And if you grow 
tired of aircraft band m on itoring, you 
can always return the radio to its 
original state as an AM/ FM set. • 

Calculator Power 
(C,onti11ued from page 16) 

teen hundredths of an ampere ·(150-
mA), which wi ll be adequate for m ost 
calculators. Try to get a transformer 
that has a higher current rating (in this 
case 200mA o r greater ) a nd a t leas t 
th ree volts h ighe r than the regulated 
o utput voltage. ' 

One can apply t his data to other 
power supply designs as well. l t is very 
impo rtant to pick a transfor mer that 
has a current rating beyond what is 
necessary to supply a particular circuit. 
It is good practice to use a transformer 
with a currelll ra ting ten percent higher. 

The block diagram shows in simple 
form hpw the inexpensive po wer supply 
works. As they say, a picture is worth 
a thousand words! The schem atic 
shows how the circu iL works in detail. 

The pass regulator is an NPN tran­
sistor with a high c urrent rating. This 
component sho uld be a ble to easily 
h andle the output current. The transis­
tor should h ave a heat sink. 

T he 741 operation al amplifier (U I ), 
acting as the error d etector/ amp, h as 
its negative input ( pin 2) coming fro m 
the emitter of the t ransistor through a 
I 0,000 o hm resistor. Its positive input 
( pin 3) com es ftom the reference volt­
age; ei ther a 9 volt reference (via 
Jumper I ) or a 3 volt reference via a 
43 .000 ohm dropping resistor. The ref- · 
ercncc voltage OPigina tes across the 
zcncr d iode. 

N o w. the output voltage regulation, 
or swing. for a variable load is approxi­
mately I O'?o. This is good e no ugh for 

most calculators. 
Construction. The printed circui t 

board layout is not included in this 
article because of d esign changes and 
other variations. It is a good project to 
practice printed circuit board d esigning. 
and to get the feel of fabricating PC 
boards. T he p ro totype was designed so 
tha t the board could be piggybacked 
o nto the adapto r's case. Thus. mount­
ing schemes will dictate your PC board, 
layout a nd d esign. 

The board was mo unted using 4-40 
machine screws. T hese screws were 
placed through four holes that were 
drilled in the adaptor's phlstic case 
and through the PC board . 

T he transformer wus left insid e ih e 
plastic case mid the secondary wires 
were sent to the externally moun ted 
PC board. In th is way. the 120 VAC 
is isolated inside the plastic case and 
thus th ere is no chance of getting a 
shock. T he rest of the construction is 
left up '. to the hobbyist. • 
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Light Beam-
(Continued'f°m page39) 

I level (usiially no more than Ya turn). Point 
unit at a normal 60Hz lamp, TV or other 
light sourc~ and note hum. 

To , use in transmit mode, all .that is 
$.' W 1th the device and mirror- aligned as necessary-is to place .S2 from the ·ll to the T 

above, carefuliy adjust the position of the mode. The modulation level is preset by R7 
receiver enclosure . so that the focused . when used in the receiver mode. 

.. I 

~c.eived beam is cer.tralized (bore sighted) One way to test is to look into the 
insi<:le the tube. Thisl is best accomplished by · transmitter section and note the LED 
placing a thin slriJ1 of paper through the flickering with audio signals. R7 can then be 
adjust hole over ttie phototransistor and readjusted if necessary by this indication. 
.adjusting the dowel to the focal length of the Note that the LED only has to change ever 
lens. This sh9uld pljice the focused received so slightly for sufficient modulation. 
light directly.on thdens of the phototransis- You will see there is a trim pot R 15 on PC 
tor: Further touch ~p can be done by careful board. This adjusts the quiescent current 
positioning of the phototransistor with through this LED and should be set just 
needle nose pliers. Secure dowel, enclosures, where the LED is emitting with no audio 
etc., to eliminate movement and improper signal. This saves batteries and prevents 
alignment. . I . downward modulation: This probably 

6. Repeat with the other urut. You should should be reset as battenes weaken. Also, 
now be able to hand-sight units along sight note that the units pick up 60Hz hum from 
lines.for medium range use. Good, reliable power lines and normal lighting. The visible 
long range use shoJ d be done with a camera red LED (supplied in these units) obviously 
tripod. Nighttime ~. with the visible red operates best in darkness. For normal 
fransmittingdiodes isea~ilyaccomplishedat daylight operating, the infra-red LED' and 
ranges up to 1,000 ; 1eters or so by noting the filter must be used~ 
~ef'Iection of the tidnsmitting light in the In general, reception is possible as Jong as 
r~ceiving lens as 1oted at the transmitter the transmitter output light can he seen by 
sta.tion. Day-tiJne operation •is best with the naked eye. 
filter and IR transmitter. Securing of optical Applications. Aside from the line of sight 
co.mponents via pennanent means should communications possibilities, this com­
only be done when optimum optical municator is extremely useful for surveil­
alignment can be ~ssured. · lance applications. Install one of the 
, Operation. Fon both transmitter and communicators in a location that is 
reeeiver to be in the OFF mode. S2 must be vulnerable to trespass by intruders. You can 
at R position and R7 to the OFF mode. buy an inexpensive sound activated alann, 

To use receiver only. plug in headsets to with its microphone taped to an earphone. 
14 jack and turn o~ R7 and adjust to desired The alann will be activated whenever there 

, is noise. , 
Another appliation is Morse code 

---
Binary/BCD Tester 

.(Continµed from page 64) 

three 74LS47's which converi the BCD to 
seven segment LED display format. The 
outputs of the 74LS47's are connected to 
common anode seven ~egment LED dis· 
p lays through resistors. The values of the 
resistors depend on the size of the LED 
displays, the brightness of the displays that 
you desire, and the amount of current that 
you are willing to expend on the displays. 
Normally the resistors should be between 
330 ohms and 470 ohms. 

The 74 LS47's are programmed to provide 
leading iero suppression. 

Construction. The IC's and resistors can 
be mounted on any type of board you pref er 
(PC, wirewraping, etc.). 

Connect a long wire (about one foot) to 
the common V+ on the board, and an 
equally long wire to the common grounq. 
Solder a red insulated clip (such as Radfo 
Shack catalog number 270-1 545) to the 
other end of the wire to Vt:, and a black 
alligator clip to the other end of the wire to 
ground. These will be' your power supply 
lines for the converter. Connect a· 10,Uf 
across these two wires. 

Connect a one foot long wire to each of 
the input pins on the two 74LS47's. These 
are pins 2,3,6 and 7, Solder an i_nsulated clip 
(any color) to the other end of each of these 
wires. Label each of these wires near the clip 
with the notation from 20 through 27• Figure 
I shows which label goes on the wire to each 
74LS75 pin (20 for pin 2 9f74LS75 #J ,21 for 
pin 3 of 74LS75 #1, and so on). • 

Oil Pressure 
(Continued from page 5 7) 

I 

practice. Two people up toa mile apart, with ---------------­
a pair of practice code oscillators, can use 
the Light Beam Communicator to sharpen 

I 
have a machine shop thread an extender 

their code skills. • 

pipe· to that car's metric specs. Stop the oil 1---------------­
lea_ks before they occur by using a pipe 
cement or plumber's tejlon tape when 
assembling the ftitings. Exercise caut1Dn' 
when tigluening Jhisfragile piping. especially 
when tightening it in the motor block. It is 
frustrating work to remo11e a sheared piece 
from the motor block hole. 

Conclusion. Th~re you have it, a relatively 
easy (as promised) method of keeping watch 
on one of your car's most important 
systems. Combined with the digital volt· 
meter and temperature gauge, and those 
gauges coming 9P in later issues, this 
represents one of the most important 
weapons you can Have in your arsenal in the 
fight against the ever-rising costs of 
automotive main.tenance and repair. In 
adoition, you will possess a set of instru· 
ments of fargreY. ter accurY.cy than those 
analog devices commonly avaiJable for 
afterrnarket install11tion. This is one instance 
in which you could not possibly buy 
any.thing better than what yo.u can put to:­
gether on your workbench in a few hour's 
time. • 
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Sloping Dipoles 
(Continued.from page 78) 

with the clips disconnected. Since it was 
easy lo raise the antenna up and down with 
the halyard, there was no great problem in 
changing over the antenna between 10 and 
20-meter operations. 

Conclusion. In summary, the sloper 
antenna advantages are very low cost and 
good performance. It is easy to erect, and 
requires only a single high-point support. 
The other end of the antenna is near 
ground-level, making it easy for trimming 
and tuning. to some specific frequency or 
band. It performs well as a receiving 
antenna. 

There is some directivity even though it 
does well as an omni-directional antenna 
system. Good DN performance may largely 
be the result of low angles of radiation, but 
for whatever reason. it does the ·ob. • 

"W e're right 011 the threshold, sir 
... but we've hit 011e snag 

.. . it keeps stopping!" 



Now NRI takes you inside the new 
TRS-80 Model 4 microcomputer with 
disk drive to train you at home as the 

new breed of computer specialist! 
NRI teams up with Radio Shack 
advanced technology to teach 
you how to use, program and 

service state-of-the-art 
mlcrooomputers ... 

It's no longer enough to 
be just a programmer or a tech 
nician. With microcomputers 
moving into the fabric of our 
lives (over 1 million of the 
TRS-80™ alone have been 
sold), interdisciplinary 
skills are demanded. And 
NRI can prepare you with 
the first course of its kind, covering the 
complete world of the microcomputer. 

LeamAtHome 
In Your Spare Time 
With NRJ training, the pro­

grammer gains practical knowledge 
of hardware, enabling him to design 
simpler, more effective program5. And, 
with advanced programming skills, the 
technician can test and debug systems 

Now training IDdudes either the lllS-80 Model 4 
Mlcrocomputer wtlh Disk ome or ntS-80 Color 
<:omputer wllh Computer Access Card; profes. 
sioml La> multimeter; the NRI DlscoYery lab; am! 
hwldreds of demonstrallom llld experiments. 
(Tit$3) Is s trld!mark ol !he Rd> Slwi cl\illoll ol lnly Qrp.) 

quickly and easily. 
Only NRI gives you both kinds 

of training with the convenience of 
learning at home. No das5room pres­
sures, no night school, no gasoline 
wasted. You learn at your convenience, 
at your own pace. Yet you're always 
backed by the NRJ staff and your in­
structor, answering questions and 
giving you guidance. 

TRS-80 Model 4 Plus Disk 
Drive To Learn On and Keep 

NRJ gives you hands-on training 
on the latest model in the most popular 
line of Radio Shack microcomputers: 
the TRS-80 Model 4. 

You not only learn to program 
your Model 4, you learn all about it. .. 
how circuits interact ... interface with 
other systems ... gain a real insight into 
its nature. Under NRI's expert guidance, 
you even install a disk drive, verifying 
its operation at each step. 

You also work with a profes5ional 
4-function digital multimeter and the 
NRJ Discovery lab~ performing over 
60 separate experiments. 

The powerful, versatile TRS-80 
Model 4 microcomputer disk drive and 
other equipment you train with are 
yours to use and keep! 

Same 'Ihlining Available 
With Color computer 

NRI offers you the opportunity to 
train with the TRS-80 Color Computer 
as an alternative to the Model 4. The 
same technique for getting inside is 
enhanced by using the new NRJ­
developed Computer kl:J!:§, Card Only 
NRI offers you a choice to fit your 
specific training need'i. 

The Catalog is Free. 
The Training is Priceless. 

Get all the details on this exciting 
course in NRI's free, 104 page catalog. 
It sho\W all equipmen~ lesson outlines, 
and facts on other electronics courses 
such as Electronic Design, Industrial 
Electronics, Video/Audio Servicing ... 
12 different career opportunities in all. 
Keep up with the latest technology as 
you learn on the latest model of the 
world's most popular computer. If card 
has been used, write to: NI :i:~i~~ntinuing 
~ • Mucation Center 
t:J ' 3939 Wisconsin A\'enue i·!n ii w.i.srungt0n. oc 20016 

~·n give }'OU tomorrow. 
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PROGRESSl·VE HOME 
RADIO-T.V. COU.RSE · 

Ni9wlrtdu .. * 12 ltlECIEIVIEltl * a TltANSMITTUtl 
\*Ml· WAYE GENIEltATOll * SIGNAL TltACElt 

* No Knowled1e of Radio Necessary * No Additional Parts or Tools Needed 
* Solid State Circuits * AMPLIFIER * SIGNAL INJIECTOlt 

CODIE OSCILLATOR 
* Vacuum Tube Circuits 

YOU DON'T HAYE TO SPEND 
HUNDREDS OF DOLLARS FOR A RADIO COURSI I 

1 
• THE KIT FOR EVERYONE 

~~:~ t~~d •• :~~~Uf.'!n,~s m':.~:e, ~~c~~·~~~~~ 
trlf"'• of th e wwtd. T h• ''l:du·K,t' • has been 
car•tull~ desl1n•d, step l>Y 1tep. 10 th•t 
you unno1 make• mlslak•. The .. Cdu·Kll'' 
•llow• rou 10 t uch yourull a l l'OUr own 
ra t e. No lmtruC1or la nece uarir. 

:· PROGRESSIVE TEACHING METHOD 

I T.HE "EDU-KIT" IS ~OMPLETE 
Yey • 111 ••t in • II •U-U aft• IHtructltn1 11u1u1ry tt tn;lhl twenty d l fftnnt radlt &ftd t ltttrtftlu ci r· 

cultt. t1d1 I Pl"Uhtllll t• n ttatt. Ow Kita rlfttal• t .. bu. tubt Mdth. nriallh. t lutr1l11.c. • I n . cwa•h 
u• '''" • lt ln trh ct•dtftMft. tttlat...-... t i t 1trlt1. k&rdwan . tu~l• t. pvarhM • ttal cfttnh . lutr·•cHH 
M1.11w1h. Mt\·VI • lrt . H id.,. H ftftlu• r·ectlfltu. ctlh. •tlu•• ctfttrt h . twltchu , Hild •Ith dnic-u. tit. 

I ll addition , you receive ,.rlnted Ci rcuit mater la l1, Including ,.,;nttd Circuit c haaol e, 
•P•c lal tube •~ke tt, hardware And intt ructlon a. You a lao recei ve a uaefu' ••t of toole, a 
profe11lona t etfftr lo 1olderlng iron, and & 1tlf·power1d Dynamic Radio and • tectronlce 
Teate r. T he "adu· K1t" a t10 Incl ude• ~od• l n1truct ion1 and th• Proor•••lv1 Cod e Oscillator. 
l ft add ition to , .c.c. Radio Ama teur Lie• " •• t.rAin1ng. You w lll alao rf'c••v• l••sona f o,f' 
1crvlcl n 9 wittt th• Protre11iv• S iona.I Tr.,c•r and the ttroore11ive S ignat ln,ector • .a H it,. 
l' idel1ty Qu id• and a q u-la SOok. You r1·c•1ve Mf'mb•f'"lhip In ftad10.TV Club. lfrf'• Con•ulta­
tlon let'Vlce, Certi ficate of M•rlt a nd Discount .-riv1fege1. You receive a lt part.a, i.o.11, 
ln1trucUon1, etc. averrth lno la you r• to k•• P· 

ho1re111ve " tdu-JU t.1 11 lne •• P .<: Box 1238 . Dept . 527 EN. Hewlett. M.l. 11557 

r - - - - - - - · - - ---------------, 
Please rush me tree literature describing the Prog<essive I 
Rad io·TV Course with Edu·Kits. No Salesman will ca ll. I 
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I NAME .. . . I 

I 
I ADD~ESS . 
I 

.... . ...... . . . .. . ......... .. ..... I 

I CITY & STATE .. .. ......... .. . . .. . . . ZIP . 

I 
I 

PROGRESSLVE-.J•F.DU;-KITS" INC. 

I 
I 
I 

I P. O. Box #238 , Dept . 527 EN , Hewlett , N. Y. 11557 l ____________ ______ ___ ___ J 

Trwf11ln 

.... u.s. 
Pot. Off. 

FREIE EXTRAS 
• SET OF TOOLS 

• SOLD~ltlNG IRON 
• ELECTRONICS TESTU 
• "LIUIS·CUTTUIS 
• VALUAaLI! D ISCOUNT CAllD 
• CllllTIFICATll OF MlllllT 
• TllST llll INSTllUCTION MAN UAL 
e HIOH FIDllLIT'f OUIDI • QUIZZllS 
o TILllVISION aOOK • llAO IO 

TllO UaLll· SHOOT INQ aOOK 
• MCMal!llSNI " IN llAOIO·TV CLUat 

CONSULTAT I ON SllllV1Cll • 'CC 
AMATllUll LICll!Sll T llAIN I NQ 

e "ll l NTllD C l llCVITllY 

I SERVICING LESSONS I 
Yoll ••II l••rn troubte· ahoot •no and 

~:,~r~~:ctl~e • .. :.~:s~~· t::':nr::.· :hc:t 
you conttruct. 'fou •Ill learn armoto ms 
and causet ot troubl3 In llome. portable 
and car . radlOI . 'fou w lll lea m llo• to 
~~t ~~e sfir~!~'l~,~~cw51:~:1 t~~~t r,;~~~ 
flad,o &. ltc ct ronltt Tetter. Whlfe J"OU 

:.t. •::~~~: .~n ~1~~~·~1~~.~aro., '.C:: r::: :~f~11d•wm0 ,,.",•'::cr.::J· u~:dpr~~:,,,, 
the .. cou-Kll .'" Ou r Consu llatlon Service 
•Ill h•ID rou with an,. technical IM'ob­
l•m• .-ou m.t~ rt•••· 
FROM OUR MAIL BAG 

. 
PRINTED CIRCUITRY 

At no lncreait In price, the "Edu· Kit'' 
now lncludu Prlnttd Circuitry. You bulld 
a Printed Circuit Sl1nal Injector. a un ique 
servlclnt lnurumtnt that can detect many 
R~dio :ind TV troubles. This revolutlon ;iry 
new tec hnique of radio construction la now l 
btconilng popular In commercial radio and 
TV sch. 

A Pr inted Circuit la a special Insu lated ~ I, 
cltassls on which has been deposited a con. --' 
duct ing materia l which _ taku the place o: 
wiring . The va rious oarts 3rt merely pluntd 
In and soldered to termln;ils. 

Printed Circuitry Is the basis of modern 
Automation Electronlca. A knowledge of this 
subJrct Is a necessi ty today for . anyone In· 
teruted In Eltctronlcs. 


