
What modern semiconductor 
technology has done to mini- 

aturize electronic devices in recent 
years is quite amazing. Take small 
handheld scanners and ham trans- 
ceivers for instance. Handheld units will 
do most everything that the larger ta- 
ble models will do. But, there is one 
area where they are lacking, at least 
for some applications. 

I recently bought a handheld two - 
meter ham transceiver, which I decid- 
ed to use as a mobile rig. It has one 
drawback though: The audio output 
and the tiny little speaker work just fine 
in a relatively quiet environment; but 
there is nowhere near enough sound 
coming out of the little rig to overcome 
vehicle noise and road noise 
for mobile applications. What 
could I do? 

The first thought to come 
to mind was to build a 
small amplifier and 
speaker unit to be 
mounted somewhere in 

my small automobile. 
Bad idea, the car is too 
cramped already. Then 
another thought struck: 
simply mount some kind of switch and 
jumpers in the existing radioitape- 
player so I could use the audio ampli- 
fier and speakers already in the car; 
that was another bad idea. The car's 
radio/tape-player is miniaturized, and 
permanently mounted. Putting a 
switch and input wiring into the unit 
would be a big job. Finally I arrived at 
the perfect solution: Simply input the 
handheld's audio into the existing tape 
player at the same place that a cas- 
sette tape does -via the tape head! 

All that is required, is to place a 
small coil of wire in an audio cassette - 
tape body. The small coil must be 
mounted so that it fits snugly against 
the tape head in the tape -player. The 
wires from the ends of the coil are then 
connected to the audio output of the 
scanner, handi -talkie, or any other au- 
dio device that needs a little more 
power. 

Build 
The 

AUDIO 
COUPL 

you won't need the tape itself. (I found 
cassette tapes at three for a dollar at 
the local discount store.) 

To begin, the metal tab will be used 
to mount the coil. Next, take the car- 
tridge apart and throw out the tape 
and little rollers, etc. If there is a small 
flat metal plate behind the metal tab, 
throw it away too. Next, remove the 
small metal tab that the foam pad is 

glued to, and wrap one layer of mask- 
ing tape, or any thin adhesive -type 
tape, around the foam or felt pad. The 
purpose of that is to cover the sharp 
edges of the attached metal piece. 
Next, wind between 200 and 400 turns 
of no. 36 or no. 40 enameled wire 
around the tab and pad. It takes 

about about 1 -Y2 feet of wire. 
That wire is very fine and very 

easy to break, so be careful. 
You can salvage some out 
of an old speaker, ear- 

phone, a small toy motor, 
or even a small audio 

transformer. It may not 
be necessary to use wire 
as small as I used. Larger 
wire may require more 

turns though, and there is 

not a whole lot of room for the coil if it is 

too large. After the coil is wound, ap- 
ply a small amount of quick -drying ep- 
oxy cement to hold the coil in its place. 

Next prepare a length of two -lead 
wire or shielded cable by connecting 
a phone plug on one end and tinning 
the leads on the other. With a small file, 
saw, or hot knife, cut a small notch in 

the cassette cartridge in a spot where 
the wire can enteriexit the cartridge 
without interference from the tape 
player. Also, it should be located so 
that when the tape cartridge is 

plugged into the tape player, the ca- 
ble will protrude from the end of the 
cartridge that is closest to the player 
opening. Most automobile tape play- 
ers that I have seen leave one end of 
the cassette sticking out in the open. If 
your tape player completely consum- 
es a cassette, you may be able to use 
a thin flat wire that can be routed so 
that it exits the tape -player opening 
without too much stress. 

Now drill a small hole in the cassette 
cartridge right behind the metal tab so 
that the tiny wires from the coil can 
pass through it into the body of the 
cartridge. 

Remove the enamel coating at the 
coil ends by passing them through a 

(Continued on page 101) 

Construction. You'll need to find an 
old cassette tape held together with 
small screws. Also the cassette car- 
tridge must have a small flat metal tab 
with foam or felt on it (normally used to 
prèss the tape against the tape head) 
as opposed to the type that only has a 
piece of thick foam glued to the car- 
tridge body. Hunt for a bargain since 

Add an audio input to any 
cassette deck without 

altering the unit 
in any way 

FROM 
DEVICE 

BY GREGORY R. MCINTIRE 

R1 

1012 

1.1 (SEE TEXT) 

Fig. I. The terminals to the unit should 
he connected to the appropriate plug for 
the device you wish to amplify. 

This is the proper position Jiff the coil. 

PARTS LIST FOR THE AUDIO 
COUPLER 

LI- 200 --4(0-turns of No. 36 or 40 
enameled wire 

RI -l0 -ohm. 1/4-watt resistor 

Cassette -tape housing (sec text). fast-dry- 
ing epoxy cement. shielded audio 
cable. phone plug (if necessary). etc. 
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Sound -Activated iLj DOS C0p12 
aleidoscopes have been popular 
for ages, and over the years, a 

wide variety of kaleidoscopes have 
been developed. Most have de- 
pended on rotation of either the mir- 
rors, or particles imaged in them, to 
provide a multiplicity of changing pat- 
terns. 

In the 1950's, a kaleidoscope in 
which the particles were caused to 
move in cadence with music was 
shown on television. The Sound -Acti- 
vated Kaleidoscope, described in this 
article, accomplishes the same thing 
using readily available materials. 

The kaleidoscope can be built to be 
viewed directly, and sound (be it from 
radio, tape recorder, or the human 
voice) can be used to move the parti- 
cles. It can also be coupled to a musi- 
cal instrument through a contact 
microphone. 

I've had the greatest success when I 

coupled the kaleidoscope to an elec- 
tric organ and projected the image of 
the moving particles on a screen in 

front of the organist. The heart of that 
unit was a small speaker. 

Getting Started. For your first experi- 
ment, I suggest that you use a 4 -inch 
speaker that has a well suspended 
cone. The speaker cone is expected to 
bear the weight of the mirrors and the 
mount, which may result in severe dis- 
tortion if the speaker cone is not rug- 
ged enough. 

The mirrors are, ideally, of front sur- 
faced thin glass or plastic. Front sur- 
faced mirrors are available in a variety 
of sizes and thicknesses. To help deter- 
mine mirror size, it is suggest that you 
build an experimental unit using re- 
flective foil. Many art stcres sell reflec- 
tive foil by the foot. It is easily peeled 
from its substrate and transferred to a 
piece of very smooth cardboard or 

Generate eye -catching 
patterns that change in 

cadence with an audio 
signal with this sound - 
activated kaleidoscope 

BY DR. DON H. ANDERSON 

Sltrnvn here is the projection lens mounted 
in a cardboard tube ready for installa- 
tion on a cloth -covered cardboard base. 

plastic sheeting. The surface that holds 
the reflective foil should be as free 
from defects as possible because the 
film will bring out any the defects in the 
surface. 

Because the unit is to be experimen- 
tal, its assembly need not be super crit- 
ical. The mirrors, angled at 60 °, are 
mounted on a thin aluminum plate, 
which is then mounted on a small pa- 
per cylinder. That assembly is then 
glued to the cone of the speaker. 

For particles, crumpled bits of alumi- 
num foil- either plain or colored (like 
florists use) -works well. Bits of plastic 
insulation from some brightly colored 
wire can be used. Another alternative, 

provided you are located in an area 
of low humidity, is to use the brightly 
colored particles (sprinkles) that are 
used as cake and cookie decorations 
(high humidity would cause the sprin- 
kles to bond together). 

Construction. Begin construction by 
cutting two pieces of cardboard or 
plastic to about 2- by -3'/4 inches. Be 
sure they are the same length and wid- 
th; they'll be used to form the reflecting 
surfaces in the kaleidoscope. Apply 
the foil to the cardboard or plastic. 

Use thin transparent plastic film to 
provide the window area. Be sure that 
the film is stiff enough to hold the mirrors 
in position after cementing, without 
buckling. The clear film is the window 
through which the display will be pho- 
tographed if you use a video camera. 
If you make a projection unit, the win- 
dow will be used to illuminate the par- 
ticles. 

For assembly, a support can be 
made by gluing two pieces of corru- 
gated cardboard together with the 
corrugations at right angles. The win- 
dow material is cut about 7/8 -inch 
wider than the mirror panels, but of 
equal length. 

Refer to Fig. 1. As shown, one of the 
mirror panels is pinned to establish the 
spacing of the parts during cement- 
ing. Pinning the window material down 
(as shown in Fig. 2.) allows the two mir- 
ror panels to be properly arranged. 
Two pieces of masking tape placed 
along the bottom and top edges serve 
as a temporary support during the ce- 
menting process. 

Place a small amount of five -minute 
epoxy cement along the joints. Be 
careful that the cement does not get 
on the mirrored surfaces. The first coat 
must be solid and completely dry be- 
fore the second coat is applied. Doing 



TRANSPARENT 
FRONT WINDOW PINS 

CORRUGATED CARDBOARD 
TEMPORARY MOUNT 
DURING CEMENTING 
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MASKING TAP! 

Fig. 2. lieu pieces of maskutelnpFplaced 
along the bottom and top edges of the mir- 
ror panels serve as a temporary support 
during the cementing process. 

MATERIALS FOR THE SOUND - 
ACTIVATED KALEIDOSCOPE 

Small speaker (size not critical) 
Front surfaced mirrors or reflective foil 
Plastic sheeting or smooth cardboard (%- 

inch thick) 
Clear plastic, rigid (thickness not 

critical) 
White glue 
5- minute epoxy cement 
Flat black spray paint 
Stereo amplifier (optional, see text) 
A small slide projector or halogen 

flashlight 
Projector lens or simple lens (4- to 6- 

inch focal length) 
Video camera extension microphone 

Note: Front surfaced mirrors are 
available from Edmund Scientific 
Company, 101 East Gloucester Pike, 
Barrington, NJ 08007. 

so ensures that the second coat won't 
run inside the unit. Make sure that the 
second coat is thick enough to pro- 
vide good mechanical stability with 
very rigid joints. 

Be particularly careful around the 
apex of the unit. Any cement that runs 
inside will forever be a part of image of 
the kaleidoscope's display. 

For the base plate, use aluminum 
sheeting. You can, if you wish, sub- 
stitute cardboard if all you are building 
is an experimental unit. Don't use plas- 
tic since it can build up static charges 
that interfere with the free movement 
of the particles. 

Cut the base plate about "A -inch 
larger than the kaleidoscope and give 
it a coat of flat black spray paint. 

The kaleidoscope is cemented to 
the painted surface of the plate. The 
bottom is glued to the paper cylinder. 
Since white glue and aluminum are 
not compatible, a self- sticking label 
was placed on the bottom of the alu- 
minum plate to provide a surface to 
which the glue would adhere. 

Make the cardboard cylinder from 

card stock: A 5- by 7 -inch index card 
works well. The cylinder is made by 
gluing 3 or 4 layers together to form a 
cylinder that's about 2 inches larger 
than the center of the speaker cone 
and long enough to extend about Y2 

inch above the edge of the speaker 
frame. 

While that is drying, mount the ka- 
leidoscope to the top of the base 
plate. I suggest that you use some cel- 
lophane tape for the initial trials. You 

can cement the assembly in its final 
position later. 

After the paper cylinder is dry, find 
the balance point of the kaleidoscope 
by placing it on a finger and moving it 

around. Glue the paper cylinder at 
that point. When the joint is thoroughly 
dry, glue the assembly to the speaker 
cone. If you ever wish to remove the 
unit, you'll find that a razor blade or 
very sharp knife allows you to break 

IMIL. AM, 

PROJECTOR LENS OR 
SIMPLE LENS IN A 
CARDBOARD TUBE. ' 

LENS MOUNT SLIPS IN THIS 
CARDBOARD TUBE. 

RUBBER BAND 

ENLARGMENT FOR 
SUPPORT ON BASE PLATE 

BASE PLATE TWO LAYERS 
OF CORRUGATED BOARD 

Fig. 3. A lens from a slide projector can be held in place by a cardboard tube wound 
tightly around the lens. That assembly is placed inside another cardboard tube and 
held in place by friction. supplied by a rubber band. 

WOODEN SUPPORT ANGLE 
ABOUT 45 DEGREES 

SMALL SLIDE PROJECTOR 

KALEIDOSCOPE UNIT 

Fig. 4. A slide projector cesellrunted on a rack in such a nrty that the light 
is emitted at a 45- degree ang a tiro the apex of the kaleidoscope. 
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the joint between the base plate and 
the cylinder. 

When all joints are set, you can put 
particles into the kaleidoscope unit 
and test it with a small radio. You'll find 
that the load of the kaleidoscope re- 
sults in some audio distortion. With 
some speakers, the distortion is so 
small that it is of no concern. 

Optics. The projection lens need not 
have all the optical quality of a typical 
slide projector lens. Since the ka- 
leidoscope particles are in motion 
and at times are flying above the sur- 

face, the image is constantly chang- 
ing in and out of focus. You might try 
using a simple double convex lens as 
a start. 

Depending on the size of your ka- 
leidoscope, you will need to use a lens 
with a focal length of 4 to 6 inches. You 

can try lenses from small hand magni- 
fiers or the so- called close up lenses 
used with cameras. They usually have 
the focal length marked on them. A 
quick way to check your lens is to focus 
the image of a distant object on a 
white card. If the distance from the lens 
to the card is about 4 to 6 inches, it's 

worth a try. 

Some ingenuity may be required to 
mount the lens. If it is a loose lens, 
mount it in a cylinder made from sev- 
eral layers of card stock. A ring of 
cardboard glued on each side of the 
lens will hold it securely in place. It is 

suggested that you build a model be- 
fore building the final carrier. Your final 
unit can be as professionally finished 
as your time and talent allow. 

If you are using a projection lens 
from a small slide projector, it can be 
held in place using the method illus- 

trated in Fig. 3. The cardboard tube is 

wound tightly around the lens, glued 

This simple mount can be used to hold a 
flashlight at almost any angle for video 
taping or projecting the images. 

BOLT AND WING NUT FLASHLIGHT 

C LAMPS 

Fig. 5. Shown here are construction details for a typical experimental mount for 
a flashlight. Such an arrangement allows a flashlight to be used with either a 
projection unit or a video camera. 

ORDINARY 
MIRROR 

OPENING 

ROUND TUBE FITS ON 
TOP OF PROJECTION LENS 

Fig. 6. When projecting the image onto 
a wall screen, the tube is used to hold 
a mirror at a 45- degree angle. 

securely in place, a collar mounted to 
the assembly, and the whole thing 
glued to a corrugated cardboard 
panel. When thoroughly dry, one or 
two slits are cut and a rubber band 
provides the friction to hold the lens. 

Details of the best way to hold the 
panel above the kaleidoscope are 
difficult to give. I frequently use corru- 
gated cardboard for the box. Try using 
a small slide projector as the light 
source. The slide projector is mounted 
on a rack, as shown in Fig. 4, so that the 
light is emitted at a 45 degree angle 
into the apex of the kaleidoscope. 

Trial and error with the lens at several 
positions and angles may be needed 
to optimize the conditions. For short 
projection distances, I have used a 

TRANSLUCENT OR 
FROSTED PLASTIC 

KALEIDOSCOPE 

TUBE 

Fig. 7. When video taping, only a rela- 
tively small amount c f light is required. 
The light should he diffused. That can be 

accomplished by placing a piece of frost- 
ed plastic between the flashlight and the 
particles in the tube. 

flashlight containing a high- intensity 
halogen bulb with satisfactory results. 
A typical experimental mount is shown 
in Fig. 5. That mount or a similar ar- 
rangement of your own design allows 
the flashlight to be used with either the 
projection unit or for video taping. 

If you wish to project the image onto 
a wall screen (see Fig. 6), the tube is 

used to hold a simple mirror (taken 
from an old purse) at a 45 degree an- 
gle. When video taping, only a rela- 
tively small amount of light is needed. It 

(Continued on page 99) 
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A n adventure inside a flea market 
in the next state uncovered an 

item that will be very useful at home 
this Christmas. I was on the trail for a 
few table -top antique radios, circa 
1940's, when I came upon an old auto - 
transformer- commonly called a 
Variac, which is a trade name. An au- 
totransformer can take line voltage 
and vary it at its output from zero to 
140 -volts AC. The unit I found was an 
import that was sold by Radio Shack in 

the late 1950's; it had been dropped 
and slightly damaged. The deep dust 
and dirt covering parts of it did not 
bother me- that's the easiest thing to 
take care of. I bought the gadget for 
three dollars (the seller drove a hard 
bargain), and I took my prize home. 

The Story Deepens. The following 
weekend I had a chance to scrutinize 
the autotransformer. I removed the 
large control knob from the top, and a 

On the project bench or 
under 'our Christmas tree, 
this troubleshooting device 
from the vacuum -tube era 
is just as important today. 

few screws, and then gently slid the 
metal protective shell off. After clean- 
ing the case I found repainting was not 
necessary. 

Inspection revealed that some plas- 
tic parts were broken, and some of the 
Bakelite pieces were still inside the unit. 
One of the leads to the transformer coil 
was yanked a bit, and the copper wire 
that was wound on the toroidal core 
was stretched. That caused the wiper 
contact at the top of the unit (where 
the selected AC voltage is tapped) to 
ride roughly over the top of the coil. 

Also the power cord had been cut off 
near its entry point to the unit. 

Everything else looked very good. 
Even the 5- ampere fuse was in good 
shape. There appeared to be no short 
cuts in the manufacturer's construction 
techniques. The unit was rigidly built 
with solid Bakelite parts. 

I hooked up a power cord and gave 
the autotransformer the acid test -AC 
power. Without a load connected, the 
autotransformer took the voltage with- 
out any smoke. In fact, almost no heat 
was detected; so far, so good. A volt- 
meter connected to the autotrans- 
former's output jack showed that the 
output could be varied from 0- to 
140.4 -volts when the input was rated at 
115.1 volts AC (the AC power line was 
low that day). Next, I added a two - 
photoflood bank of lights and the au- 
totransformer worked well with a 300 - 
watt load. The variable -voltage tap 
worked well throughout most of the 
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117VAC 

HOT 
(BLACK) 

F1 

5A Si 

AUTO 
TRANSFORMER 
Ti 

BLACK' 

NEUTRAL I 

(WHITE) 

WIPER 

WHITE 
0- 140VAC ADJUSTABLE 

(GREEN) 
GROUND S01, SO2 

(CONNECTED IN 
PARALLEL) 

RED 

Fig. I. Here is the wiring diagram for the modified autotransformer. The original fuse 
holder was reused. The power switch and two- terminal outlet were discarded. Colored 
insulated wires (black -hot, red - variable AC, and white- neutral) were attached to the short 
leads on the stripped autotransformer to assist in goo f proofing the final wiring. 

range. I was too chicken to take the 
flood lamps above 130 volts. The re- 
sults of the tests convinced me that the 
autotransformer was worth sprucing 
up and using. 

Fixing Up. I began by fixing a bump 
on the tapped coil where the 117-volt 
AC power line is connected. That was 
easy to do. Every time I tried to push it 

down and glue it in place, the turns 
popped back up again. That tech- 
nique was not working so I tied a thin 
leather shoelace to the tap point, and 
added some weights until the weight 
was heavy enough to hold the bump 
down. I applied some epoxy to the 
sides of the turns so that when the 
weight was removed, the turns re- 
mained in place. Do not ever put glue 
or cement on the contact surface; the 
wiper will fail to make electrical con- 
tact, and the unit will not work properly. 
The epoxy set in 24 hours, and the 
bump was gone. 

The next consideration was the 
broken Bakelite parts. One mounting 
leg of the autotransformer was gone; 
broken off and lost forever. However, 
the rest of the base was good, so I 

decided that the remaining two legs 
were sufficient to hold the autotrans- 
former to a breadboard. If necessary, I 

could have used epoxy to cement the 
entire base to the board. A plastic tab 
that was used to secure the cover to 
the base was floating around inside 
the case, so I affixed it with some ep- 
oxy. 

The plastic piece that housed the 

Here's the autotransformer ripe for 
repair. With a little effort. it turned out 
to be a worthwhile test-bench tool. 

fuse holder and AC outlet, and passed 
the line cord to the outside, was 
broken beyond repair. That was not a 
total loss, because I was not satisfied 
with the two- terminal AC outlet used in 

the original unit. I wanted a three -ter- 
minal outlet, and a strong contact sur- 
face in the outlet to grab the prongs of 
the AC plug. So I discarded the plastic 
piece and covered the opening in the 
cylindrical housing with a piece of 
sheet metal cut from a 2 -pound coffee 
can. The price of the can was certainly 
right. The section I had cut from it had 
almost the same radius as the metal 
shield, and its indented ribs (common 
to coffee cans) made it very rigid. I 

drilled a hole through it and inserted a 
grommet in it to protect the insulation 
of the wires to be passed through it. The 
metal was painted black before in- 
stallation, and, when finished, the fab- 
ricated cover looked as if it was 
installed by the manufacturer. 

The interconnecting leads from the 
autotransformer were too short to 
reach an external electrical box, so 
they were extended using color -co- 
ded stranded wire. The splices were 
soldered and electrically insulated 
with black plastic tape. 

The rest was easy to do. A 6 x 12- x'/z- 
in. hardboard (veneered on both sur- 
faces) was cut and the edges sanded 
smooth. Any Y2- to 1 -in. board cut to a 
convenient size will do. One idea is to 
purchase a cutting board in a house- 
wares store should you dislike wood- 
working. 

The autotransformer is a one -coil device wound on a cylindrical iron larm with the AC line 
connected across the bottom of the roil and to a tap on a copper turn about 85% of the 
distance from the first tap. A .sliding contact selects one of the coils to pick off an AC 
voltage. The plastic piece hanging from the leads of the winding was discarded because it 
was damaged and the .single outlet was neither polarized nor of the three- terminal type. 



A broken -off part was joined to the lease 

with epoxy. The piece. which was found 
inside the iota, contains an embedded mu 
used to secure the unit's shield. 

A piece of a two-pound coffee can was 

used to close up the hole left w the 

autotran.sfornu'r'.s safety .shield. The can 
had an almost prrfecl curve and indented 
ribs for reinlirrcernent. A hole wa.c drilled 
through it. Once the shield was complete. 
it was .cpraved with a.flat black paint. 
After drying, a grommet was installed. 

The lead.. of the cylindrical winding were 

loo short. Colored leads (a red. a black, 
and a white) were added to make wiring 
easy and goof peon /. The splices were 
.soldered, and black plastic tape was used 
to insulate the splices. 

Electrical Work. The autotransformer 
was secured to the board with wood 
screws. A 4 -in. square electrical box 
and a face plate for one duplex outlet 
with toggle switch, was installed on the 

I installed a new three -wire power 

Here's the autotransformer mounted on Ille hoard with the electrical hot mounted and 
wired. Note that the fuse holder is easy io reach fin-fuse replacement. 

board about one inch away. Two of 
the box's circular knockouts were re- 

moved and cable clamps were in- 

stalled. A third knockout was removed 
and the original fuse holder was in- 

stalled. The knockout hole was too 
large for the fuse holder, so an over- 
sized washer was placed on each 
side of the hole and the fuse holder 
was installed through them. Should you 
wish to do that, do not over -tighten the 
nut because the plastic fuse holder 
breaks easily. If you can't find washers 
of the right size, cut out two squares of 
aluminum and drill a hole in the center 
of each. One of them should be sized 
to fit neatly on the inside and one on 
the outside of the electrical box. 
cord and clamped it to the electrical 
box. The wires from the autotransform- 
er were passed into the box to begin 
the wiring of the box. In Fig. 1, as in all 
electrical circuits, the white wires are 
ground and connect to the silvered 
screw terminals on the AC outlet. The 
black wire (it's electrically hot) from the 
autotransformer goes to the fuse. The 
red wire from the wiper terminal is also 
hot and connects to the brass -screw 
terminal on the outlet. 

The Juice is On. I powered up the 
autotransformer assembly after the 
fuse was installed. The original unit 
called for a 5- ampere fuse, so I used a 
fuse rated at 5 amperes, however, a 
fuse that has a lower current rating can 
be used. A voltage check at the AC 
outlet indicated an output 0 to 140 

volts AC as the control knob was 
moved through its range. 

More than just a Christmas -tree bulb 
.curer. the autotransformer is used here to 

moutuer a jailing part in an old relic-a 
Hallicrafters SX- SB shot-move receiver. 

The first task I designated to the au- 
totransformer was to discover a fault in 

an antique tube -design Hallicrafters 
SX-38-B shortwave receiver. The re- 
ceiver operation was intermittent, but 
the trouble never lasted long enough 
to locate the fault. Voltage was ap- 
plied and I cranked the autotransform- 
er up to 127 -volts AC, when the fault 
occurred and held. The problem was 
then traced to a defective wax -paper 
capacitor. 

A used autotransformer may be 
hard to find when you are looking for 

one. Mouser Electronics sells them in 

different sizes and configurations. One 
unit listed in their catalog is a Staco 
Variable Transformer, catalog No. 
563- 3PN501 which sells for $125.98; it is 

comparable to the unit I found. 
In a few weeks Christmas will be 

here and the autotransformer wily be 
put to work on the Christmas tree's 
lights. Those miniature -bulb sets last 
much longer when the voltage is down 
to about 105 -volts. 
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BOOLEAN 
ALGEBRA and 
LOGIC 
CIRCUITS 
BY LOUIS E. FRENZEL. JR. 

Don' t let logic gates bar your ability to experiment with circuits 

If you have followed this math series, 
you know that we've spent a lot of 

time covering the math related to 
basic electrical principles and elec- 
tronic fundamentals. In this month's in- 
stallment, we'll head out in another 
direction for a change of pace. We 
will discuss a type of math used with 
digital -logic circuits. That math is 

known as Boolean algebra. 

What's Boolean for? Boolean al- 
gebra is a collection of simple mathe- 
matical procedures used to represent 
and express the logical operations 
that go on in a digital circuit. Boolean 
algebra is very similar to standard al- 
gebra. The primary difference is that 
unlike standard algebra, in which vari- 
ables can be any value, in Boolean 
algebra only the values 0 and 1 are 
recognized. Besides that, most of the 
basic rules of working with algebraic 
expressions apply. 

The big benefit of Boolean algebra 
is that it provides a way to express digi- 
tal -logic operations mathematically. 
Boolean equations can be written to 
precisely describe how a logic circuit 
operates, which can help you to de- 
sign such circuits. Boolean algebra 
also provides a way to minimize the 
number of gates needed in a logic 
circuit to simplify circuit design. That 
lowers overall cost, and can help re- 
duce power consumption. 

Also, the equations can show at a 
glance what is going on in a logic 
circuit to aid you in troubleshooting. 

As I've said in previous articles, don't 
let terms like "Boolean," "equation," 
"mathematical expression," or "al- 

gebra" scare you. Once you learn the 
jargon and the few simple fundamen- 
tals presented here, even complex cir- 
cuits will be easy for you. So, get ready 
for a digital -logic refresher, then we will 
have some fun writing the Boolean 
equations of a circuit and creating a 
circuit from the equations. 

Review of Digital -Logic Circuits. At 
one time or another, you probably 
learned how basic logic circuits work. 
If not, the following brief summary will 
bring you up -to -date. The review is 

also for those of you who need a re- 
fresher. 

The three basic logic gates are the 
inverter, AND gate, and (DP gate. Two 
other widely used gates -the NAND 

and the NOR-are often derived from 
those basic gate circuits. All of the 
gate circuits process binary numbers 
made up of 0's and l's. Binary 0 and 
binary 1 are represented by voltage 
levels. For example, a binary 0 may be 
indicated with zero volts (ground), 
while a binary 1 may be indicated by 
+ 5 volts. 

The Inverter. An inverter is a logic 
element with a single input and a sin- 
gle output. As its name implies, it inver- 
ts an input signal. A binary-0 input 
produces a 1 output. A 1 input gener- 
ates a 0 output. The inverter always 
produces an output that is the comple- 
ment of the input. Complement here 
means opposite or reverse. You will 
also hear the inverter referred to as a 
NOT gate. 

The logic symbol for an inverter is 

shown in Fig. 1. The triangle represents 

A O 

A 

INPUT OUTPUT 

A B 

0 1 

1 0 

B 

oB 

Fi,>,'. I. The simple inverter. A. is shown 
here with its little f ur- entre truth table. 

a buffer -a circuit that directly passes 
a binary digit onto the next circuit with- 
out changing the value. The circle at 
the output indicates inversion. So the 
digit passes through the buffer and is 

inverted at the gate's output. Note that 
the input and output are labelled with 
letters. All logic signals are given a 
name or designation. Here A is the in- 

put and B is the output. 
Also shown in Fig. 1 is a table that 

shows all possible combinations of in- 
puts and outputs. The input, A, can be 
either a 0 or 1. The table shows the state 
of the output, B, for each input state. 
Such a table is called a truth table. 
Truth tables are used to show what's 
going on inside a logic circuit. 

AND Gate. An AND gate is a logic cir- 
cuit with two or more inputs and a sin- 
gle output. The output is a binary 1 if all 
inputs are binary 1. Otherwise, the out- 
put is binary O. The AND gate is often 
called a coincidence circuit because 
the output will be binary 1 only when all 
inputs are simultaneously all binary 1. 

The logic symbol for a two -input AND 



gate is shown in Fig. 2A. The inputs are 
A and B; the output is C. The shape of 
the symbol designates its function. An 
alternate symbol is given in Fig. 2B. The 
box designates the circuit while the 
ampersand ( &) indicates the gate's 
function. 

The truth table for a two -input AND 

gate is shown in Fig. 2C. There are al- 
ways 2N possible input combinations, 
where N is the number of inputs. With 
two inputs, there are: 

22 =4 

different combinations. They are listed 
in the truth table along with the result- 
ing outputs. Note that the only time the 
output (C) isl, is when both inputs arel. 

Keep in mind that an AND gate may 

A o 

8 o 

A o 

B o 

oC 

B 

INPUTS OUTPUT 

A B C 

o o o 

o 1 o 

1 o o 

1 1 1 

C 

Fig. 2. This two -input AND gate, A, can 
be drawn as shown in B. The truth table 
for all its possible states is shown in C. 
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B 

OZ 

INPUTS OUTPUT 

W X Y Z 

o o o o 

o o 1 1 

o 1 o 1 

o 1 1 1 

1 o o 1 

i o 1 1 

i 1 o 1 

1 1 1 1 

C 

Fig. 3. For a change, this oR gate. A, is 
shown with three inputs instead of two. An 
alternative symbol is shown in B, while 
the elements truth table is shown in C. 

have more than two inputs. Integrated - 
circuit AND gates typically have 2, 3, 4, 

5, 8, or 13 inputs. 

OR Gate. An oR gate is also a logic 
circuit with two or more inputs and a 
single output. Its output is a binaryl if at 
least one of its inputs is binary 1. Other- 
wise, the output is binary O. 

The logic symbols and truth table for 
an oR gate are given in Fig. 3. Note that 
the "equal to or greater than 1" desig- 
nation means the OR function. The truth 
table shows the output Z with the inputs 
W, X, and Y. With three inputs, there 
are: 

2N =23 =8 

possible input combinations. As with 
AND gates, IC OR gates typically come 
with 2, 3, 4, 5, 8, or 13 inputs. 

A NAND Gate. A NAND gate is the Com- 
bination of an AND gate and an inver- 
ter. It is often referred to as a NOT -AND 

circuit, and thus its name N -AND. The 

output is binary 0 only when all inputs 
are binary 1. For other input conditions, 
the output is binary 1. 

A NAND can be drawn as an AND with 
an inverter (NOT) circuit, as Fig. 4A 
shows. However, the special symbol in 

Fig. 4B is normally used. The circle at 
the output indicates inversion. An alter- 
nate symbol is given in Fig. 4C. Here 
the triangle or half arrow on the output 
indicates inversion. The truth table indi- 
cates all possible inputs and the corre- 
sponding output states. Looking back 
at the truth table for the AND gate, you 
can see that a NAND output is its com- 
plement. NAND gates with 2, 3, 4, 5, 8, 

and 13 inputs are available in IC form. 

NOR Gate. The NOR gate or NOT -OR 

circuit is an OR gate followed by an 
inverter. The output is binary 0 if at least 
one of the inputs is binary 1. Otherwise, 
the output is binary 1. 

The NOT -OR circuit, shown in Fig. 5A, 
clearly illustrates the circuit's function, 
but usually one of the symbols in Fig. 5B 

or 5C is more offen used. The truth table 
shows the possible input and output 
states. IC NOR gates are available with 
2, 3, 4, 5, 8, and 13 inputs. 

Expressing Logic Mathematically. 
To begin using Boolean algebra, we 
need to find some way to express the 
basic logic operations using mathe- 
matical expressions. Let's take a look 
at ways of expressing inversion, AND, OR 

, NAND, and NOR operations. 

As you learn the basic rules, keep in 

mind that the binary signals to be pro- 
cessed by the logic circuits are known 
as variables. Variables are signals that 
can change value. Binary variables 
can have one of two values; those val- 
ues are 0 and 1. 

Variables are usually given names 
to distinguish them from one another. 
Letters of the alphabet are the most 
common, although numerous other al- 
pha or alphanumeric names are also 
used. Usually signals are given some 
variable name (mnemonic) that is sim- 
ply a shorthand way of referring to the 
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Fig. 4. A NAND gate is nothing more 
than an inverted AND (B). Its output is the 

compliment of an AND gate's (C). 
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Fig. 5. A NOR gate is nothing more 
than an inverted OR (B). Its output is the 
compliment of an OR gate's (C). 
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signal. An example is a binary signal 
called "clear," which might be repre- 
sented by the mnemonic CLR. Many 
times binary signals are grouped to- 
gether and related as in a binary 
number. For example, the bits in an 8- 
bit word might be given the names AO 
through A7. In any case, you will see 
many different variations. 

Inversion. Inversion is expressed 
mathematically by placing a bar over 
the variable. In Fig. 6, the input of the 
inverter is A while the output is B. Note 
that B is expressed in terms of A. That 

AO oB-A 

Fig. 6. The complement of a variable can 
be represented kv placing a bar over that 
variable as shown here. 

expression is read B is equal to NOT A. 
The NOT bar indicates that signal A has 
been inverted. Remember that A can 
be either a binary 0 or a binary 1. NOT A, 
of course, is the opposite, or comple- 
ment. 

Since it is difficult to type a bar over a 
letter as shown in Fig. 6, other simpler 
methods have been devised for repre- 
senting inversion. Sometimes the inver- 
ted variable is indicated by an asterisk 
or a prime (similar to an accent). Using 
the variables in Fig. 6: 

B= A *orB =A' 

AND Function. The logical AND 
operation is indicated by placing a 
dot between the two variables to be 
ANDed. That is illustrated in Fig. 7. The 
two inputs to the AND gate are A and B 

Ao 
Bo- D oC-A B 

Fig. 7. ANning of variables is indicated 
kv using a dot between them. 

while the output is designated C. Look 
at this expression for the output: 

C =AB 

In regular algebra AB would mean 
multiply A and B together. That's why 
the output of an AND gate is often 
called the product of the inputs. As in 
regular algebra, it is not necessary to 
show any symbol between the two 
variables (although sometimes a dot is 

used). Instead, they are simply just writ- 
ten adjacent to one another. 

Figure 8 shows a four -input AND gate 
with different input variables. Many 
times you will see the output expression 
written with some variables separated 
by parentheses. Each input term ap- 
pears within a set of parentheses to 
keep them visually separated to avoid 
confusion. But since each expression is 

written directly adjacent to the next, it 

D7 

EB 

CLK 

RST 

TX =(D711EBICLKIIRST) 

Fig. 8. The variables in Boolean algebra 
need not he one letter in length, but for 
clarity, separating them with parentheses 
becomes necessary. 

means that the variables are ANDed 
together. In Fig. 8, we say that the out- 
put product is: 

TX = (D7)(EB)(CLK)(RST) 

at Function. The logical oR is indicat- 
ed by placing a plus sign between the 
variables. That is illustrated with the 
three -input OR gate shown in Fig. 9. 

T1 

G 

ROY 

ONZ=T1+G+ROY 

Fig. 9. oRing of variables is indicated 
with plus signs. Note the three inputs. 

Offen you will hear the output of an OR 

gate referred to as the sum of the input 
variables. 

NAND Function. The NAND Or NOT -AND 

function is simply the inverted product 
of the input variables. An example is 

shown in Fig. 10. The output expression 
is written just as it would be for an AND 

gate, but with a NOT indication given to 
the entire expression. That can be 
done by puffing a bar over the entire 
expression as shown in Fig. 10. Alter- 
nately, the ANDed input terms can be 
put into parentheses and an asterisk or 

AO 
Bo OD ABC 
CO IIJJJ 
Fig. 10. In a NAND expression, the result of 
all ANDing is simply inverted. 

apostrophe used to indicate the NOT of 
the function. Note that the B term has a 
NOT bar over it. 

The NOR Function. To produce the 
NOR function, we simply invert a basic 

OR output. Figure 11 shows a four -input 
NOR gate. The output expression is 

formed by simply writing the input vari- 
ables separated by plus signs. Then, a 
bar is placed over the entire expres- 
sion to invert it. Again note that one 
term, DZ, is inverted at the input. 

AJ 

BK 

C5 

DZ 

EX=AJ+BK+C5+p1 

Fig. Il. Multiple -input NANns do not need 
to have their variables separated by 
parentheses for clarity. 

Now using those basic (Boolean) ex- 
pressions for each of the logic gates, 
more complex circuits can be easily 
represented. 

Deriving Boolean Expressions. 
Knowing the basic rules outlined in the 
previous section, you can now derive 
a complete Boolean expression for 
any larger, more complex logic circuit. 
The process is simply to work your way 
through the various logic gates starting 
with the inputs and building the equa- 
tion a step at a time. A couple of ex- 
amples will illustrate the process. 

Refer to the circuit in Fig. 12. Note 
that the input variables are labelled. 
The output is designated G. Our job is 

to write the expression for G in terms of 
the input variables. It's really not as 
complicated as it sounds. 

G=AB+C+DEF 

Fig. 12. You end up with a sum of products 
expression for this circuit after analysis. 

To begin, you start with the variables 
at the inputs to each of the circuits on 
the left. Write the expression for the out- 
put of each circuit. For example, the 
output of AND -gate 1 is simply AB. The 
output of the inverter 2 is NOT C. The 
output of AND -gate 3 is DEF. 

The outputs of gates 1 and 3, and 
inverter 2, form the inputs to oR -gate 4. 

To complete the expression, simply OR 

together each of the inputs to gate 4. 

The output expression G then be- 
comes: 



AB +C +DEF 

Take a look at the expression we just 
derived. You often hear an expression 
like that referred to as a sum of prod- 
ucts. In this case, the products are the 
ANDed variables AB and DEF. The sum, 
of course, refers to the oong together 
of each of the products. 

A slightly more complex circuit is 

shown in Fig.13. Still the evaluation pro- 
cess is the same. Work your way 
through the circuit from left to right writ- 
ing the output expression for each 
gate. The output of gate 1 is A1(K) as 
shown. We use parentheses in this case 
to show the separation between the 

Al 

K 

M=B(A11K1+J) 
o 

A11K1+J 

B 

Fig. 13. The output c f one gate becomes the 

input of the next in this circuit. 

two variables, yet they are written ad- 
jacent to one another to indicate a 
product or AND function. 

Next, the output of gatel is oRed with 
the input of J. The resulting output from 
gate 2 is: 

A1(K) +J 

That becomes one of the inputs to AND - 

gate 3. That expression is ANDed with 
input B to produce the final output ex- 
pression: 

M = B(A1(K) +J) 

Again parentheses are used to keep 
the variables separated and to ensure 
the correct logical operation is ex- 
pressed. 

Take a look at the example in Fig. 14. 

Again, the procedure is to develop the 
output expressions of the input gates, 

Z= (w+x+vllw x) 

Fig. 14. You end up with a product c f sums 
expression for this circuit after analysis. 

then work your way from left to right to 
create the output. The output from 
gate 1 is: 

(+X +Y) 

The output of gate 2 is: 

(W + X) 

Those two outputs become the inputs 
to AND -gate 3. We create the final out- 
put expression, Z, by simply ANDing to- 
gether the two expressions. The result is: 

Z= (W +X +Y)(W +X) 

You might hear that kind of expression 
called a product of sums. 

Generating a Circuit From Equa- 
tions. Now let's consider the process 
of drawing the logic circuit corre- 
sponding to a given Boolean expres- 
sion. Let's start with the simple 
expression below: 

W =XY +Z 

The various logic functions implied 
by the equation are pretty easy to 
spot. The X and Y are written adjacent 
to one another indicating that the two 
signals are ANDed. Simply draw an AND 

gate with X and Y as the input. The 
output of that AND gate XV is then go- 
ing to be oRed with another input 
called Z. The plus sign tells us we need 
an OR gate to do that. If only the varia- 
ble Z is available, an inverter is 

needed to produce Z. The resulting cir- 
cuit is shown in Fig. 15. 

A slightly more complex example is 

given below: 

X= (A +B +C)(D +E)(F) 

The parentheses tell you that you 
have three different groups of varia- 
bles ANDed together to form the output, 
X. The variables in the groups are owed 

w= xv+Z 

Fig. 15. By drawing the logic symbols that 
correspond to the Boolean expressions 
you'll arrive at the correct circuit. 

together. You can start by creating the 
circuits for each group of variables. 
The plus signs inside the parentheses 
indicate an oR gate should be drawn. 
To start you can draw an OR gate with 
inputs A, B, and C. Another expression 
is derived by oong the input variables 
D and E. Simply draw an OR gate with 
the two variables as the inputs. The 
variable F inside parenthesis will be 

ANDed together with the other two ex- 
pressions. Finally, to complete the cir- 
cuit simply draw an AND gate with 
three inputs and connect them to the 
outputs of the two OR gates and a 
source of signal F. See Fig. 16. 

x=(A+B+CIID+EIIFI 

Fig. 16. The product c f sums expression 
shown was used to generate this circuit. 

Exercise problems. Here are a cou- 
ple of problems for you to practice on. 
1. Write the output expression of the 
circuit shown in Fig. 17. 

2. Draw the logic diagram corre- 
sponding to the expression: 

M= (F +G +H)(J +K +L) 

Assume no inverted signals are avail- 
able. 

A 
B 

C 

G 

Fig. 17. Write the equation for the circuit. 

Truth Tables. You have already seen 
how truth tables are used to define all 
possible combinations of inputs and 
outputs for the various logic elements. 
Truth tables, however, can also be 
used to describe larger, more com- 
plex logic circuits. The nice thing about 
a truth table is that it gives you a com- 
plete picture of what's going on in the 
circuit for any set of input states. 

Developing a truth table for any log- 
ic circuit is relatively easy. All you have 
to do is write out all the possible input 
states, and for each one compute the 
output state for every gate in the circuit 
until the final output is derived. Let's 
take a couple of simple examples to 
show how you can evaluate the output 
state for a given set of inputs. 

Take a look at the circuit shown in 

Fig. 18A. Where N is the number of in- 
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Fig. 18. The possible outputs for circuit A can be displayed in a truth table like B. 

puts, the total number of different input 
states is 2N. The circuit shown has three 
inputs, so with three inputs, there are: 

8 =23 

Those eight possible combinations are 
the binary numbers 000 (decimal 0) 
through 111 (decimal 7). Therefore, we 
will make a truth table with eight possi- 
ble input states as shown in Fig. 18B. 

The remainder of the truth table will 
contain the outputs at each element in 

the circuit. For example, note that we 
have the output of AND gate 1, the out- 
put from inverter 2, and the output from 
OR gate 3. Knowing how each of the 
logic gates work, you can then deter- 
mine the output of each gate given 
the various combinations of inputs, 
and record those values in the table. 
For example, the input to gate 1 is D 

and E. Since it is an AND gate, the only 
time it will produce a binary-1 output is 

when both D and E are binary l's. Sim- 
ply locate those states in the inputs 
and record binary l's beside them. All 
of the other entries in the DE column will 
be binary O. The F column is created by 
simply inverting the F column. 

You now know both inputs to oR- 
gate 3. The DE and F columns can then 
be owed together to produce the final 
output, G. Again, remembering that 
an OR gate produces a binary-1 output 
if either or both of its inputs are binary 1, 

you can complete the G column. 
Be sure you go through the circuit 

and the truth table carefully so that you 
understand exactly what is going on in 

each column. 
Let's take one more example to be 

sure you know how to develop the truth 
table from a given logic circuit. Refer 
to Fig. 19A. That circuit has four dif- 
ferent inputs, therefore, it will have: 

24 =16 

possible input combinations. Those 
are the four -bit binary numbers 0000 
(decimal 0) through 1111 (decimal 15). 

They are illustrated in the truth table 
shown in Fig. 19B. 

The remaining columns in the truth 
table are the output of gate 1 (A + B); 

the output of gate 2 (C + D); and the 
final output, F. Again, using the input 

states, develop the output for gate 1 

and then gate 2. Those are OR gates, 
and so produce a binary -1 output 
when either or both inputs are binary 1. 

For gates 1 and 2 simply search 
through the table for those rows where 
binary l's occur at the inputs of the 
gates and record binary 1's in the cor- 
responding output column. Once you 
have done that for both gates, you will 
have the inputs to gate 3. Gate 3 is an 
AND gate, so its output is 1 when the 
output columns for gates 1 and 2 are 
both binary 1. Again look through all of 
the columns in the truth table to be sure 
you understand how they apply to the 
circuit. 

Exercise Problem. To see if you can 
do this yourself, try the following prob- 
lem. 
3. Draw the circuit for the Boolean ex- 
pression: 

Z= Y(VW +X +VX) 

Assume only the inputs V, W, X and Y 

are available. Develop the truth table 
showing the outputs for all inverters 
and gates. 

Writing from a Truth Table. In many 
cases, you will start with a truth table 
and develop the Boolean expression 
from it. That is what usually happens 
when you are designing a digital cir- 
cuit. Typically, you will define a desired 

A 

INPUTS OUTPUTS 

A B C D GATE 1(A + B) GATE 21C + D) GATE 3(E) 
o o o o o o 

o o 1 o 1 o 

o 1 o o 1 o 

o 1 1 o 1 o 

1 0 o 1 o o 

1 o 1 1 1 1 

1 1 o 1 1 1 

1 1 1 1 1 1 

1 0 0 0 1 o o 

1 0 0 1 1 1 1 

1 0 1 0 1 1 1 

1 o 1 1 1 1 1 

1 1 o 0 1 o o 

1 1 0 1 1 1 1 

1 1 1 o 1 1 1 

1 1 1 1 1 1 1 

B 

Fig. /9. You must use all possible input combinations for the circuit A for the table. B. 



output condition that is generated 
when specific input states occur. To 

develop your design, you build a truth 
table filling in the columns with the de- 
sired output states for the given inputs. 
Then, the truth table can be used to 
help write the Boolean equation, and 
the logic circuit itself, can be deduced 
from the equation. Once the logic cir- 
cuit is drawn, it can be implemented 
with ICs or other components. 

A simple example of that is a design 
where we have twc inputs and want a 
specific output to occur. For example, 
perhaps you want the output F to be 
binary 1 when input D is equal to 1 and 
input E is equal to O. For all other input 
states, we want the output to be binary 
O. That set of conditions can be drawn 
in a truth table as shown in Fig. 20A. 
With two inputs, there are four possible 
input combinations. We want the out- 
put to be a binary 1 when D is equal to 1 

INPUTS OUTPUT 

D E F 

0 0 0 

0 1 0 

1 0 1 

1 1 o 

Do- 
Eo 

A 

E 

B 

Fig. 20. A truth table (A) must he 

generated from a circuit (B) before 
deriving the Boolean equation. 

F - DE 

and E is equal to O. All other input states 
produce a binary 0 output. The truth 
table shows that set of conditions. 

Now to derive the Boolean expres- 
sion from the truth table, we look at the 
output column F and note where bin- 
ary 1's occur. Next, we look at the input 
states that produce that output. Then 
we write an expression that is the prod- 
uct of the input variables. For example, 
in the truth table of Fig. 20A, the equa- 
tion becomes: 

F =DE 

We write the D because a binary 1 ap- 
pears in the D column. We write E 

because a zero exists in the E column. 
That simple equation, of course, can 
be implemented with a single two in- 

put AND gate. An inverter is be needed 
to produce E if only the E input is avail- 
able. The resulting circuit appears in 

Fig. 20B. 

Now let's take a more complex ex- 
ample. Suppose that we want to de- 
velop a simple circuit for comparing 
two bits. We would like the output of 
the circuit to be binary 1 when the two 
bits are equal, and binary 0 when they 
are different. That is described in the 
truth table shown in Fig. 21A. The two 
inputs are X and Y, therefore, the four 
possible input combinations are listed. 
We want the output Z to be binary 1 

when the bits are alike. So we write a 
binary 1 when both bits are 0 and when 
both bits are 1. The remaining input 
states produce a binary 0 output. 

INPUTS OUTPUT 

X Y Z 

0 0 i 

o 1 o 

1 o o 

1 1 1 

A 

XY 

XY 

B 

Fig. 21. The truth table, A, generates a 
sum of products equation for circuit B. 

Now we can write the equation for 
the circuit. We look at the output col- 
umn and note the places where the 
binary l's occur. Then we write an AND 

ed expression using the inputs. The first 
binary 1 output occurs if X = 0 and Y = O. 

Therefore, the equation for that state is: 

Z = XY 

The other binary 1 output occurs when 
X =1 and Y =1. Therefore, the input ex- 
pression is: 

Z = XY 

To complete the Boolean expression, 
we simply or? the two AND expressions 
together. That is because the output 
becomes binary 1 under either con- 
dition. The resulting output expression: 

Z =XY +XV 

The resulting circuit is illustrated in Fig. 
21B. 

Let's take it one step further, and de- 
velop a more complex circuit. Sup- 
pose we have three inputs and the 
desired outputs are indicated by the 
binary 1's in the truth table of Fig. 22A. 
To develop the output expression for 
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1 1 0 1 

1 1 1 0 
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ABC 
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Fig. 22. The conditions for a binary 1 

output (A) must be oued together to 
produce the Boolean equation (B). 

the truth table, write an AND expression 
using the input variable for each place 
where a binary 1 appears in the output. 
The first AND expression is ABC. The vari- 
able with the NOT sign is used when a 
binary 0 appears at the input, and the 
variable itself is used when a binary-1 
state occurs. 

The other two conditions that pro- 
duce a binary-1 output are ABC and 
ABC. Finally the output expression is 

built by owing together the three input 
conditions that cause a binary 1 to ap- 
pear: 

D= ABC +ABC +ABC 

The corresponding circuit is shown in 

Fig. 22B. 
That procedure works regardless of 

the number of inputs used. As the 
number of inputs increases, the 
Boolean expressions become far more 
complex. As it turns out, most of the 
larger more complex networks can be 
simplified by the use of Boolean rules. 
In the next installment, we will intro- 
duce the Boolean rules and show you 
ways to turn complex circuits into sim- 
pler ones. 

But first, another exercise problem 
can be found on page 94. Why not turn 
there now to check your understand- 
ing. The answers to all of problems in 

this month's installment can be found 
there. 

(Continued on page 94) 
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TSM 
VEGAS KIT 

The TSM Vegas Kit (TSM -99) is a fes- 
tive light display. When as- 

sembled, the Vegas Kit is a fascinating 
hypnotic lighting device which can be 
both relaxing and amusing. A long se- 
quence of changing light patterns 
gives the display a dancing quality 
that appears to have motion and 
depth. A speed control can be set to 
suit the mood of the observer. 

The two -board kit holds the light - 
emitting diodes on one board eight 
radials of red and green LEDs (eight 
LEDs per radial) -and all the elec- 
tronics on the other board. The circuit 
board contains a diode bridge for rec- 
tifying 9 -volts AC. Its output is passed 
through two 5 -volt regulators. Two pre- 
programmed ROMs contain the light- 
ing sequences and are used to control 
16 switching transistors. 

Construction. The light display goes 
together with a minimum of trouble. By 
following the simple instructions, the 
two boards can be wired quickly. Con- 
necting the LEDs may take some effort 
because there are 64 of them- that's 
132 solder connections. Each LED has 
a series current -limiting resistor which 

This is the circuit board that contains 
the "brains" for the Vegas Kit. Tiro 
pre -programmed ROMs (marked X and Y) 
provide almost 8(X) different patterns. 

CIRCLE 35 ON FREE INFORMATION CARD 

It's a star burst, cartwheel, chase light... 

it's everything 64 LEDs can do to entertain! 

means an additional 132 solder con- 
nections. Get past that phase and the 
rest is a piece of cake. 

A ribbon cable is supplied with the 
kit to use as long jumpers and for inter- 
connecting the two boards. Unfor- 
tunately, the individual wires were 
stranded. I discarded the cable and 
used one from my junk box that was a 
bit more colorful and had solid wire. 
The solid wire would help me avoid 
twisting and pre -soldering of the wire 
ends and the trouble of fitting the pro- 
cessed ends into the small drilled holes 
in the printed -circuit board. 

Power -Supply Confusion. There was 
some confusion generated by the kit 
instructions in regards to the power 
supply required to operate the Vegas 
Kit. On the first page of the instructions it 
was indicated that a 12 -volt DC,1 -am- 
pere power supply (not included) was 
required to power the unit. The circuit 
board, however, indicated that a 9/12- 
volt AC, 1- ampere power source was 
required. That made more sense since 
a diode- bridge circuit was included 
on the circuit board. Somewhat later in 
the instructions two sentences cleared 
up the confusion. Yes, a 12 -volt, AC 
supply was required; however, in its 
place a 12 -volt DC supply can be 
used, provided it is connected across 
filter capacitor C2 on the circuit board. 
No further mention was made about 9- 
volt sources. 

With those options open, a tele- 
phone step -down transformer, nor- 
mally used to power the lights in a 
home phone, was used to provide the 
AC power. The transformer was rated 
at 8.5 -volts AC and most probably 
rated less than 1 ampere, but I decid- 
ed to use it anyway. It did do the job, 
although it was warm to the touch after 
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The LEDs are arranged in a cartwheel 
Jir.chion with four radii of red LEDs and 
four radii of green LEDs. The colors cf 
the radii alternate. 

one -hour's use. Once the power was 
applied to the Vegas Kit, the LED dis- 
play started and amazed those who 
saw it. 

Looks Great. The assembled Vegas 
Kit found its place in a Christmas -dec- 
orated window in a home. Next to a 
moving mechanical Santa Clause, the 
LED display was the most stared -at 
item in the window. Children and 
adults were fascinated by the varying 
light- patterns presented by the 64 
LEDs. 

The display can find its place any- 
where inside the house too. It'll perk up 
a child's room. Set between parallel 
mirrors it has an Infinity- Mirror effect 
that makes it suitable in any room. 

The Vegas Kit is a project for begin- 
ners and gadgeteers who like novel 
and unusual items to assemble and 
use. The actual number of applica- 
tions is unlimited. You can purchase 
the Vegas Kit (Order No. TSM -99) for 
$130.00. You can contact the TSM 
headquarters, at 2065 Boston Post 
Road, Larchmont, NY 10538 for the 
TSM distributor nearest you. 



Give a Friend A "Hands -On" 
Experience for Christmas.. . 

Does fighting the crowds at Christmas short -circuit 
your holiday fun? Don't blow a fuse this year ... for 
the friend who shares your love of project- oriented 
electronics - or a youngster who may need only a 

spark to ignite a life -long interest- give a gift 
subscription to Hands -On Electronics! 

... Because when you give him Hands -On Electronics, 
you're giving him valuable "Hands -On" experience: 
month after month of challenging construction projects - including complete plans for testing equipment, 
electronic worksavers for home and car, add -ons and 
modifications for hi -fi, computers, radio and TV. 

He'll get all the how -to he needs to build exciting, 
useful projects like these ... a touch light dimmer .. . 

a traveler's theft alarm ... an economy NiCd battery 
charger ... a voice synthesizer ... a wave form 
generator ... the ultimate burglar alarm ... a stereo 

graphic equalizer ... and many, many more! 

PLUS ... testbench tips and techniques ... circuit 
design ... electronics fundamentals ... book reviews 
and new product news including our new 12 -page 
"Gizmo" section ... regular columns on computers, 
scanners, dx'ing, ham and antique radio ... the list 
goes on and on! 

SAVE MONEY ... A great gift to receive, Hands - 
On Electronics is also a great gift for you to give! The 
Special Holiday Rate saves you $11.00 off the 
newsstand price on each gift. You can save another 
$11.00 when you start or extend your own 
subscription at the same time. It's our "thank -you" 
for sharing the Hands -On experience with a friend 
this Christmas. 

Send no money, unless you prefer. We'll be glad to bill 
you in January, Next Year. Just take a brief moment to 
go over your gift list and make sure you haven't 
forgotten anyone who might appreciate the "Hands -On" 
experience. Then write the names on the attached Gift 
Certificate and mail it back in the postage -paid reply 
envelope ... we'll take it from there! 

Your friends will receive a handsome gift announcement 
card signed with your name just before Christmas. And 
all through the new year they'll remember and 

appreciate your thoughtful gift of "Hands -On" 
experience! 

So don't blow a fuse ... take it easy and enjoy the 
holidays. Give Christmas gifts of Hands -On Electronics! 

z 
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Antique 
Radio 

CABINET REFINISHING 

ast month, we completed the res- 
toration of a Zenith Model 7S232 

"shutter -dial" chassis that was begun 
in the August issue. I certainly enjoyed 
doing the work, and I hope that you all 
enjoyed reading about it. Unfor- 
tunately, the set's cabinet also requires 
quite a bit of attention. (And cabinet 
refinishing is my least favorite radio - 
restoration activity.) The radio was 
damaged in a small, but violent, gas - 
furnace explosion while it was pos- 
sessed by its previous owner -which is 

the only reason he was willing to sell it! 

Besides blowing out the speaker 
cone (which has since been repaired) 
and charring the grille cloth, the explo- 
sion also completely ruined the finish 
on the 7S232's cabinet. It looked as if it 

had been almost vaporized, exposing 
a rough, light -colored, wood surface. 
The wood seemed virtually grainless, 
suggesting that the grain had been a 
photographic one-as was common 
in sets of that era-and was lost along 
with the finish. 

Down to Basics. That was discourag- 
ing, but obviously the only thing to do 
was to strip off the remains of the old 

Shown here is the 7S232 now stripped of 
its finish. Much to my surprise und 
delight, the grain +rus not photographic, 
hut really in the wood -just waiting to he 
brought out by an application of stain. 

By Marc Ellis 

finish and reassess the situation. I 

hoped that, once cleaned up, the 
cabinet would take stain nicely so that 
a presentable replacement finish 
could be applied. Being grainless, it 

would lack the beauty of the old one. 
But it would at least be fresh and new, 
providing an attractive setting in which 
to install the restored chassis. 

I used a methylene -chloride -based 
chemical stripper -the kind that ap- 
plies as a heavy gel so that it will stick 
to the wood surface and do its work 
without dripping off. That stuff takes off 
old paint or varnish coatings as quickly 
as anything I know. And it's pretty nasty 
if you get it on your hands. It's not 
caustic like lye or acid, but will defi- 
nitely sting, burn, and redden the skin. 

I find it difficult to strip furniture while 
wearing gloves, so I try to work near a 
water tap. By rinsing my hands fre- 
quently, I can avoid most of the ill 

effects. It's also wise to use that type of 
stripper outside or in a well -ventilated 
area. While not noxious, the fumes are 
definitely not good for you-and can 
leave you with an unpleasant, hang- 
over -like feeling the next morning. 

Under the Sludge. That type of 
chemical stripper turns the old finish to 
a kind of gummy sludge. The idea is to 
remove as much as possible with a 
broad putty knife, being careful not to 
scratch the wood surface as you work. 
The remains of the sludge are then 
mopped up with a cloth moistened in 
solvent -leaving behind a clean -as- 
a- whistle surface. 

As soon as I began the first mop -up 
operation, I received a very pleasant 
surprise. A beautiful wood -grain pat- 
tern was being exposed; the grain was 
real after all! What had lookod prior 
to stripping -like an almost -bare 
grainless, wood surface was really a 
layer of old varnish, decomposed and 
whitened in some way by the effects of 
the explosion. 

Working a little more enthusi- 
astically, now, I quickly removed the 
rest of the old finish. Stripping may be a 
smelly, messy job, but it really doesn't 
take long to complete even for a large 
cabinet like this one. 

I had noticed too late, by the way, 
that the recommended "mop -up" sol- 
vent for the particular stripper I was 
using was lacquer thinner. I didn't have 
any handy, but made do with mineral 
spirits instead. That worked fairly well, 
but tended to leave behind little grains 
of solid sludge. Those remaining grains 
were easily brushed off once the cab- 
inet had dried, but I assume that they 
would have been dissolved and re- 
moved during mop -up had I used the 
correct solvent. 

When I had finished, with the cab- 
inet still damp from stripper and sol- 
vent, it looked almost as if I could 
apply the new finish without re- stain- 
ing. But after overnight drying, the pic- 
ture looked quite a bit different. The 
stripper had definitely removed quite 
a bit of the old stain, resulting in a pale, 
splotchy appearance. A new coat of 
stain would definitely be required, 
possibly with a preliminary bleach to 
even out the variations in color inten- 
sity. I'll report on my progress next 
month. 

Several readers have written me in- 

teresting letters during the course of the 
Zenith restoration, and this seems like a 
good time to catch up with them. So 
let's open the mailbag! 

75232 Clones. One of the first com- 
munications I received was from John 
W. White, II, who says he has a Zenith 
65233 set that's very similar to my 
75232. The cabinet on his was warped, 
so he had to discard most of it. But he 
enjoys the set so much that he keeps 
the bare chassis on a bedside table for 
evening listening. John doesn't miss the 
cabinet too much, because he likes to 

This is the preliminary stage in the 
construction of Dac Danro+r's Crosley 50 
replica. The fabricated parts for the coils 
and "hook" condenser are in the 
foreground. 



Compare the front of Dan's replica (left) with a similar shot u/ an actual Crosley 5(I 
(right). Note the remarkable resemblance between the tuo! 

watch the glow of the tubes at night. 
Can anyone help John with a sche- 

matic for a "National Dobro Amplifier 
Model 6107A ?" It was built by Webster 
Electric of Racine, WI and uses the fol- 
lowing tubes: one 5Z3, two 2A3's, a 79, 

and a 56. He'd probably also be inter- 
ested in a cabinet for his Zenith. Con- 
tact him at RD 3 Box 217, Claysville, PA 

15323. 
Frank De Stasi has another set very 

similar to mine, a Zenith 9S262. By a 
strange coincidence, his is also a bare 
chassis job. Like John, he doesn't allow 
the lack of a cabinet to keep him from 
enjoying the radio. But if you can sup- 
ply a cabinet for Frank's set, write him 
at 769 Sybil Ave., San Leandro, CA 
94577. 

Frank enclosed a schematic of the 
set, which has a larger speaker than 
mine and a couple of extra tubes. 
Frank's set also boasts a motor tuning 
drive that allows him to go from one 
end of the dial to the other in seconds. 
And since the tuning dials on those 
radios are geared way down for good 
vernier action, I imagine that the motor 
drive comes in very handy. 

Frank tells me that he purchased the 
9S262 schematic, and many others, 
from Howard W. Sams & Co, Photofact 
Tech Services, PO Box 7092, Indi- 
anapolis, IN 46206. He reports that they 
can come up with schematics for 
many antique radios for a price of 
$1.00 per copy and a $2.50 handling 
charge (I assume the latter is a "per 
order" rather than "per copy" fee). 

Helping Hands. John Fitzgerald (Mid- 
dleton, WI) informed me that a copy of 
the 7S232's schematic can be found in 

Supreme Publications' Most Often 
Needed 1926 -1938 Radio Diagrams 
on page 228. That useful book, as well 
as many of the other Supreme pub- 
lications, is available as a reprint. Write 
ARS Enterprises, PO Box 997, Mercer 
Island, WA fora free catalogue. Here's 
another tip from John: He's found that 

Omnitron Electronics, 770 Amsterdam 
Ave., New York, NY 10025 is a good 
source of hard -to -find tubes and other 
parts. 

Keenan Whitley joins the growing 
group of people (see last month's col- 
umn) who have written to say that the 
Zenith dial glass and dial belt that I 

was looking for could be obtained at 
Antique Electronic Supply, 688 W. First 

St., Tempe, AZ 85281. And he took the 
trouble to photocopy the entire A.E.S. 

catalogue for me. 
Keenan went on to say that those 

with cabinet restoration problems 
might like to read The Complete Man- 
ual of Wood Finishing by Frederick Di- 
eghton. He says that it's an excellent 
book, and even contains a chapter on 
faking woodgrain finishes (in case 
you've lost a photographic one, as I 

suspected that I had before stripping 
my Zenith cabinet). It's published by 
Stein and Day, Scarborough House, 
Briarcliff Manor, NY 10510. 

II's (Well nuore impressive to compare the 
rear view of the replica (tap/ Io the actual 
.eel's (bottom). Except fuor the tube, Dan 
made every one of his parts from scratch. 

Finally, Keenan suggested that I re- 

store a really impossible set in the col- 
umn, perhaps one with extensive 
lightning damage. Having just de- 
voted several months worth of columns 
to a restoration, I'd like to deal with 
some other kinds of subjects for a 
while. But Keenan's suggestion did 
give me a terrific idea. 

How about a contest where you 
readers submit photos and descrip- 
tions of your most messed -up radios? 
The one judged to be the best (worst, 
that is) would be restored in the col- 
umn and then returned to the owner. 
Let me know what you think, but hold 
your entries. It will be several months 
before I'd consider doing that. 

Mike Schulsinger (Springfield, OH) 
wrote to correct a boo -boo I made in 

the September column. I referred to 
the broadcast band dial of the 7S232 

as covering a range of 55 -170 kilo- 
hertz; the range is really 550 -1700 kilo- 
hertz. Thanks for the correction, Mike! 

Waltons Reruns. I finally received the 
75232 comment that I was hoping 
someone would send! It comes from 
Bill Morris (13901 Oakridge Dr., Carmel, 
IN 46032). Some years ago, I had seen 
a Zenith set that looked very much like 
mine used as a recurring prop in a TV 

situation comedy series. I wanted to 
mention it in the column, but couldn't 
quite remember the series name. Bill 

writes that the series was The Waltons, 
so keep an eye open for reruns in your 
area. You may be lucky enough to 
spot the Zenith, too. 

Bill included quite a want list of sets 

and parts, and I'll see if I can fit them all 
in. Please contact him if you can help! 
He'd like to locate a Zenith Transo- 
ceanic Model 7G605 (1942 model); 
servicing information, an owner's man- 
ual, door assembly, and AM wave 
magnet for a Transoceanic Model 
1000- (1957 model); Fisher 800B re- 
ceiver; antenna coils for an Echo - 
phone EC -2; any Zenith shortwave 
receiver of the 1960's; and he wouldn't 
mind locating a 7S232, either! 

Criticism Accepted. George Bidwell 
(La Jolla, CA) wrote to remind me that I 

still haven't discussed the reader com- 
ments received in response to the col- 
umns on the Crosley 50 (January and 
February 1988 issues). At the time, I 

postponed the discussion on that one - 
tube regenerative receiver; there was 
such a backlog of reader mail that the 

(Continued on page 102) 
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Circuit 
Circus 

UNUSUAL USES FOR TRANSDUCERS 

This month's Circus starts the new 
year off with a number of solid - 

state piezo -transducer circuits. Those 
critters can be heard chirping their lit- 

tle hearts out in just about every kind of 
equipment that uses an electronic 
sounder. 

We wake up to the beep -beep 
sound of our digital clock. Then as we 
get into our automobile, a beep re- 
minds us to buckle up. And on through 
the day we hear a beep here, a chirp 
there, directing our attention from one 
place to another. With all of the racket 
created by the piezo sounders, you'd 
think there's nothing else they can do. 
Well, it's just not so! 

Fixed- Frequency Generator. The cir- 
cuit shown in Fig. 1 is self -oscillating; in 

it, a piezo element is used as the fre- 
quency- determining component. The 
circuit produces a tone output that 
can be used as an encoding signal for 
remote control or any other applica- 
tion where a fixed- frequency tone sig- 
nal is required. 

An unusual function of that tone -en- 
coding generator is that both an audi- 
ble tone and a signal are generated 
at the same time. The circuit's opera- 
tion is simple. A single op -amp (one 
fourth of an LM324 quad op -amp) is 

configured as a standard inverting 
amplifier. 

At power -up, a positive voltage is 

applied to the non -inverting input of U1 

(via R3), forcing its output high. That 
high travels along three paths. The first 
path is the tone output. Along the sec- 
ond path, by way of R5, that high is 

used as the drive signal for BZ1. 

In the third path, the high output of U1 

is fed back, via R4, to the inverting 
input of U1. That forces the output of U1 

to go low. And that low, when fed back 
to the inverting input of U1, causes the 
op -amp output to again go high, and 
the cycle repeats itself. As configured, 
U1 provides a voltage gain of 4.7 (gain 
= R4 /R1). 

By Charles D. Rakes 

C1 

.1 

TONE 
OUT 

R5 

1K 

DRIVE SIGNAL 

6 12V 

Fig. 1. This self -oscillating circuit uses 
a three -terminal piezo transducer as the 
frequency-determining component. 

There are a number of "orphan" 
piezo transducers available on the sur- 
plus market. Several three -terminal 
piezo transducer elements were tried 
in the circuit and all performed well. 
The transducer specified in the Parts 
List comes with three short colored -co- 
ded (red, blue, and black) lead wires 
as indicated in Fig.1. With the aid of the 
piezo -transducer pinout shown in Fig. 
2, you should have little trouble in con- 
necting any transducer to the circuit. 

The outer ring of the piezo element is 

usually connected to circuit ground. 
The large, inner circle serves as the 
driven area, and the small, elongated 

DRIVE IN 

(RED WIRE) 

FEEDBACK GROUND /COMMON 
(BLUE WIRE) (BLACK WIRE) 

Fig. 2. Here is the pinout diagram for the 
three -terminal piezo transducer. The outer 
ring is usually connected to ground: the 
large inner circle is the driven area. and 
the elongated section is the feedback. 

PARTS LIST FOR THE FIXED - 
FREQUENCY GENERATOR 

Ul -LM324 quad op -amp, integrated 
circuit 

RI- 10,000 -ohm, 1/4-watt, 5% resistor 
R2, R3- 2200 -ohm, %4 -watt, 5% resistor 
R4-47 000 -ohm, V4 -watt, 5% resistor 
R5 -1000 -ohm, Y4 -watt, 5% resistor 
C1- 0.1 -µß ceramic disc capacitor 
BZ1 -piezo fixed -frequency transducer, 

Radio Shack 273 -064 or similar 
Printed circuit or perfboard materials, 

enclosure, IC sockets, battery and 
battery holder, wire, solder, hardware, 
etc. 

section supplies the feedback signal. 
Resistor R5 sets BZ1's output -volume 
level. That level can be increased by 
decreasing R5 (say, to 470 ohms). To 

decrease the volume, increase R5 to 
about 2.2K, or so. 

Resistors R2 and R3 set the bias for 
op -amp U1's positive input (pin 3) to 
half of the supply -voltage level. That 
allows for a maximum voltage swing 
at U1's output. Although a quad op- 
amp is specified in the Parts List, almost 
any similar low -cost single or dual op- 
amp will work for U1 -a. 

Sound- Activated Decoder. Turning 
our attention to Fig. 3, we see a piezo 
transducer performing double duty in 

that it operates as a sound -pickup de- 
vice as well as a frequency- selective 
filter. Transducer BZ1, is connected to 
op -amp U1 -a just as in the previous cir- 
cuit, but with one notable exception - 
a gain control, potentiometer R3, has 
been added. 

By controlling the gain of the op- 
amps, the oscillator circuit can be 
transformed into a sensitive and fre- 
quency- selective tone -decoder cir- 
cuit. With the gain of U1 -a set just below 
the point of self oscillation, the trans- 
ducer becomes sensitive to acous- 
tically coupled audio tones that occur 
at (or near) its resonant frequency. 

The circuit's operation is compara- 
ble to an early and popular type of 
radio receiver in which regeneration 
was used to achieve super -high gains 
using relatively low -gain amplifying 
vacuum tubes. Regeneration is ob- 
tained by adding a controllable 
positive- feedback path between the 
receiver's input and output circuitry. 
And it was the gain obtained via re- 
generation in receivers of the 1920s 
that turned a simple one -tube set into 
a world -wide receiving station. 
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Fig. 3. In tiw Sound -Activated Decoder. the piezo transducer performs double duty, in 
that it operates as a sound-pickup device and a frequency-selective 

PARTS LIST FOR THE SOUND - 
ACTIVATED DECODER 

UI -LM324 quad op -amp, integrated 
circuit 

Dl, D2 -IN914 general- purpose small - 
signal diode 

R1, R2, R7- 10,000 -ohm, 1/4-watt. 5% 
resistor 

R3- 25,000 -ohm potentiometer 
R4-4700-ohm. 1/4-watt, 5% resistor 
R5, R6- 2200 -ohm, 1/4-watt, 5% resistor 
R8- 220,000 -ohm. 1/4-watt, 5% resistor 
CI- 220 -1.t.F, 25 -WVDC electrolytic 

capacitor 
C2- 47 -µF, 25 -WVDC electrolytic 

capacitor 
C3- 4.7 -µF, 25 -WVDC electrolytic 

capacitor 
C4-0.1-µf, ceramic -disc capacitor 
BZI -Piezo fixed -frequency transducer, 

Radio Shack #273 -064 or similar 
Printed circuit or perfboard materials, 

enclosure, IC sockets, battery and 
battery holder, wire, solder. hardware, 
etc. 

In -band audible tones reaching the 
transducer's surface cause the trans- 
ducer to vibrate in step with the incom- 
ing sound wave. The regenerative 
action of the circuit then causes the 
signal to be amplified to a 1Y2- to 2 -volt 
level. The output of U1 -a is fed to U1 -b, 
where the signal is doubled. The 
boosted signal is then fed across a 
dual -diode rectifier circuit to the input 
of a voltage follower, consisting of U1 -c 
only. 

The circuit's output can be used to 
activate optocouplers, drive relay cir- 
cuits, or to control almost any DC -op- 
erated circuit. The DC signal at the 
output of U1 -c varies from zero to over 
six volts, depending on the input -signal 
level. One unusual application for the 
Sound- Activated Decoder would be 

PARTS LIST FOR THE LOW - 
FREQUENCY CRYSTAL FILTER 

Ul -LM324 quad op -amp, integrated 
circuit 

RI- 47,000 -ohm.'/ -watt, 5% resistor 
R2- R5- 10,000 -ohm, 1/4-watt, 5% 

resistor 
R6. R7 -2200 -ohm, 1/4-watt. 5% resistor 
R8- 100,000 -ohm, 1/4-watt, 5% resistor 
Cl, C2- -0.1 -µF ceramic -disc capacitor 
C3- -47 -p.F I6 -WVDC electrolytic 

capacitor 
CX See text 
BZI -Piezo transducer. Radio Shack 

#273 -073 or similar 
Printed circuit or perfboard materials. 

enclosure. IC sockets.. battery and 
battery holder, wire, solder, hardware, 
etc. 
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Fig. 4. In this circuit. the piezo transducer Jiinctions like a low frequency. 
quartz crystal in a narrow hand, crystal filter circuit. 

in extremely high -noise environments, 
where normal broadband micro- 
phone pickup would be useless. Be- 
cause piezo transducers respond only 
to frequencies within a very narrow 
bandwidth, little if any of the noise 
would get through the transducer 

Low -Frequency Crystal Filter. 
Another interesting job that the piezo 
transducer can perform is to function 
like a super low- frequency, quartz 
crystal in a narrow -band crystal -filter 
circuit. The circuit shown in Fig. 4 is the 
piezo equivalent of a super- selective 
crystal filter. 

In a typical crystal -filter circuit, the 
crystal's internal capacitance is elec- 
tronically canceled to keep unwanted 
and out -of -band signals from getting 
through and showing up at the filter's 
output. Internal capacitance normally 
runs in the low picofarad range for 
crystals and in the 20- to 30,000 -pF 
range for the piezo transducers. 

In a quartz circuit, a small trimmer 
capacitor is used to tweak out the ca- 

a 

L2 T1 

OUTPUT 

pacitance effect, but to use the same 
approach for the piezo filter, you'd 
need to gang at least 100 broadcast - 
band tuning capacitors together to 
achieve the same effect. 

With our piezo- transducer circuit, 
op -amp U1 -a doubles the level of the 
input signal. That magnified signal is 

fed to one leg of BZ1, while at the same 
time being fed to the inverting input of 
U1 -b. Op -amp U1 -b, with a voltage 
gain of one, inverts the signal's wave- 
form, which is next fed through capac- 
itor C. and then to the other side of the 
piezo element. 

If the value of C. equals the internal 
capacitance of the piezo element, 
the transducer's capacitance effect is 

canceled out. Several piezo trans- 
ducers come with a list of their elec- 
trical characteristics, including their 
internal- capacitance figure. If the in- 

formation isn't available, it can be de- 
termined with the aid of a capaci- 
tance decade -box or a capacitance 
meter. 

(Continued on page 97) 
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Computer 
Bits 

AN ELECTRONIC ROSETTA STONE 

or many hundreds of years, the 
language of ancient Egypt had 

been a riddle to scholars. But in 1799, a 
French officer discovered a stone 
carved with a decree of Ptolemy V, the 
king of Egypt from 203 to 181 B.C.. The 
decree was carved in three lan- 
guages: ancient hieroglyphics, De- 
motic -the popular language of 
Egypt at that time, and Greek. A schol- 
ar was able to translate the Demotic 
from the Greek, which then permitted 
translation from Demotic to hiero- 
glyphics. The door to ancient Egypt 
was literally thrown wide, and scholars 
could now read the literature of an- 
cient Egypt. 

Now what has all that got to do with 
computers? Simple. At last count there 
were more than 1500 word -processing 
programs for personal computers. Of 
them all, about two dozen are biggies; 
and of the biggies, virtually none are 
interchangeable. That means that if 
you started out in personal computing 
back in the pioneer days you might be 
using WordStar -20% of the word -pro- 
cessing programs sold are WordStar; 
but your office might be using 
Multimate, your college probably uses 
WordPerfect, your child's high school 
might use PFS: Write or IBM Writing As- 
sistant, and your lab- partner might be 
using Volkswriter. 

A Tall Tower. Basically, what we have 
is a word -processing Tower of Babel, 
because the most popular, most fre- 
quently used word -processing pro- 
grams can't read the text files of the 
other programs. 

For example, I use XyWrite, the 
word -processor of choice for maga- 
zine editors. Why is it the word -pro- 
cessor of choice for editors? Because 
its text files are pure ASCII. They are 
read directly by our typesetting com- 
puter, and its files can be read by any 
program that reads pure ASCII files - 
and that's a very large list of software. 

By Herb Friedman 
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Fig. I. A WordStar file read on a different 
word-processor will produce a .screen ul 
what resembles hierogl'pltic.s. as will 
most documents that were prepared on 
11011-ASCII word- processors. 

But if I try to read an author's disk that 
was written in WordStar, I get the "hi- 
eroglyphics" shown in Fig. 1, which is 

caused by WordStar having the high 
bit set. 

While there are several programs 
that "strip" the high bit to create read- 
able text from WordStar files, a "strip- 
per" doesn't untangle WordStar's 
formatting codes for such things as 
boldface, indent, underline, etc. Just 
as with virtually any other word -pro- 
cessor, I would still have to muck my 
way through to change all the page - 
formatting commands to the com- 
mands of my word -processor -and on 
a large document, that might take an 
hour or more. 
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Fig. 2. Word For Word can be command- 
line or menu -driven. This its the (petting 
menu. You page dnttn for more. /ruuwts. 

The Electronic Rosetta. What was 
needed to untangle the incom- 
patibilities of word -processors was an 
Electronic Rosetta Stone, something 
that could translate one word -pro- 
cessed document -including the 
page- formatting commands -into 
the format used by another word -pro- 
cessor. That meant, for example, that if 

I were translating a Multimate text file 
into a XyWrite file, the Multimate 
page- formatting commands would 
automatically be converted to Xy- 
Write commands; thereby saving me 
an hour or so of dull, boring, manual 
format conversions. 

Well, we now have an Electronic 
Rosetta Stone. It's called Word For 
Word (Design Software, Inc., 1275 West 
Roosevelt Rd., West Chicago, IL 

60185), and it translates both the text 
and the major formatting features - 
such as line spacing, tabs, boldface, 
underline, etc. -of the most -popular 
word -processors. When Word For Word 
cannot make a format translation, it 

will print out a list of the non- translata- 
ble locations so that the user can step 
right to the problem(s) and key in the 
correct format command(s). 
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Fig. 3. A cheek murk appears adjacent to 
the selected soarer and target formats. 

Word For Word can be either corn - 
mand -line or menu driven. Command - 
line is what is usually called the "expert 
mode," meaning a single line of corn - 
mands gets the computer to do a se- 
ries of steps. For example, with Word 
For Word, the command -line WFW WS 
XY3 SAMPLE.TST SAMPLE.TXT is all that it 
takes to convert a WordStar file called 
SAMPLE.TXT to a XyWrite file called 
SAMPLE.TXT. 

But you can also use menu -driven 
commands until you become an ex- 
pert, or if you use the program so infre- 
quently that you can't remember the 
translation commands. 

The program comes up with the 
menu shown in Fig. 2. Both sides of the 
screen are identical, listing those 
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4. .So that you aunt get bored, or 
think something's gone trrung if the 

translation takes several seconds, Word 
For Word keeps von entertained with a 

screen display of the translator's progress. 

word -processors that you selected 
during the initial installation. (Figure 2 

shows only part of the total.) 
As shown in Fig. 3, checkmarks indi- 

cate the source and target formats. 
You then select the source file, enter 
the name you want to use for the target 
file, and you end up with the screen 
display shown in Fig. 4. 

Basically, Fig. 4 is entertainment to 
keep you amused as the translation 
takes place. A series of travelling dots 
tells you what percentage of the 
source was "read in," and a similar 
series of dots tell you what percentage 
of the translation was written to disk. 

Figure 5 is the translation of the hiero- 
glyphics shown in Fig.1. Notice that Fig. 
5 is now in pure XyWrite format, right 
down to the on- screen displays for 
boldface and underline. But there is a 
problem. Because of the original 
WordStar file's line formatting, the inter - 
word spacing vases between one 
and two spaces. But no problem. A 
quick automatic search /and replace 
of one space for two (CIA / / /) gives us 
the almost -perfect screen display 
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Fig. 5. This is the XyWrite translation of 
the WordStar Tile .shown in Fig. I. All 
fornunting is correct. but there are single 
and double .spaces between the tords. 

shown in Fig. 6. The only manual clean- 
up that's necessary is to remove the 
extra space between the second and 
third paragraph (the space in front of 
the left- pointing arrow that signifies a 
line space). 
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ig. 6. An automatic .search- and -replace 
eliminates the extra spaces between the 
tords. In less rince than it takes to read 
this caption, the "Electronic Rosetta 
.Stone" has given us a per/iect tr-an.slation 
of the WordStar file .shown in Fig. I. 

Smart ASCII. Now if you're up on 
software you know that many word - 
processors save, or can save their files 
in ASCII format, which is transportable 
to other word -processors. The prob- 
lem, however, is that either all page - 
formatting is stripped off, or the target 
computer hasn't the vaguest idea 
what the page formatting commands 
mean. Either way, the translation is nei- 
ther complete nor accurate, and 
translations can prove to be a real 
time -waster. For example you could 
probably make lunch in the time it 
would take some programs to page - 
format a 2000 -word ASCII document. 

Word For Word gets around the 
problem by having both ASCII and 
Smart -ASCII translations. Generally, 
conventional ASCII contains no page 
formatting of any kind; the file contains 
only text characters. Smart-ASCII con- 
tains ASCII text characters and the 
page- formatting commands. How- 
ever, keep in mind that a non -word- 
processed document -such as a 
spreadsheet -should be converted in 

conventional ASCII. 
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Can Be 

An Asset. 
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board layouts are included 
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DX 
Listening 

GLASNOST AND DX'ING 

DX'ers here often tune in Radio 
Moscow, or other Soviet short- 

wave broadcasters like Radio Kiev or 
Radio Yerevan. But what about the re- 
verse? Can SWL's in the Soviet Union 
listen to broadcasts from the west? 

Yes, indeed, according to a Soviet 
listener writing in the Danish Shortwave 
Clubs International's "Short Wave 
News." Listening to foreign stations has 
not been a crime since the death of 
Joseph Stalin, says Igor Sannikov, but 
neither was SWL'ing encouraged be- 
cause some western stations engage 
in what he calls ideological warfare. 

In 1982, some Russian SW enthusiasts 
sought to have DX'ing recognized by 
the Radio Sport Federation as a part of 
the amateur -radio hobby, but the re- 
quest was rejected. However, with to- 
day's official policies of 'perestroika" 
and "glasnost, " more Soviet citizens 
are discovering SWL'ing. 

Still, Sannikov estimates, there are 
only your 100 active SWL's in the entire 
USSR, with its population of 280 million. 
That's mostly due to a previous lack of 
publicity about DX'ing as a hobby. 

That, too, is changing. Sannikov says 
that in Lithuania, for example, there 
already have been two articles pub- 
lished on the listening hobby. Soviet 
SWL's also have been asked to partici- 
pate in DX'ing programs aired by 
Radio Tashkent and Radio Vilnius. 

Most Soviet listeners belong to the 
"Radio Budapest SW Club" (Hungary), 
he notes, but that there are some local 
clubs developing within Russia. As ear- 
ly as the 1970's, club bulletins were 
published by two small organizations 
known as "Baltika DX Club" and "DX- 
Club 77." There also was an English- 

'Credits: Harold Sellers, ONT: Jack Jones, 
MS; Alan Laves, TX: Ivan Grishin, ONT: Paul 
Buer, FL; Ed LeBlanc, ONT: Henry Loewer, 
OH; Tom Manley, ONT; Paul Brouilette, IL; 
Tom Laskowski, IN; Richard Eckman, CA; 
Ontario DX Association, PO Box 161, Station 
A. Willowdale, ONT, Canada M2N 5S8: North 
American SW Association, 45 Wildflower Rd. 
Levittown, PA 19057. 

By Don Jensen 

language publication called the "Uk- 
rainian DX Review Summary" in 1982. 

The problem for small Soviet clubs is 

the lack of copying equipment. Xerox - 
type machines are not for public use. 
Most bulletins are simply typed in lim- 
ited numbers, although computer 
printers are becoming available. 
Some active listener clubs are the "DX 
Circle Leningrad" (founded over two 
years ago by three SWL's from that city) 
and a newer organization, the "Soviet 
DX Club," which has published a bul- 
letin called "World DX News" since 
mid -1987. 

While those bulletins surely would be 
of interest to U.S. and Canadian SWL's, 

so far, they are intended for Soviet lis- 

teners and are written entirely in Rus- 

sian. In the future, though, look for 
greater contacts between DX hob- 
byists in the USSR and the West. 

A Fine Romansch. On shortwave, 
one can hear all sorts of obscure lan- 
guages and dialects, from the Eskimo 
Inukitut (Canadian Broadcasting 
Commission's Northern Quebec Ser- 
vice) to Pidgin (the National Broad- 
casting Commission of Papua, New 
Guinea). 

It is interesting to note, as you tune 

This gentleman is not only a .shortt+ure 
listener and a licensed han -radio oper- 
aor -9 /MC -hut is also the chief engi- 
neer far Radio Nepal. Readers who have 
received QSL'.s from this erotic Asian 
station have Krishna B. Khatry to thank 
for those replies. 

the SW bands, the many different and 
varied lingos of the world. Consider 
Romansch, for instance. Along with 
French, Italian, and Swiss -German, it is 

one of the four official languages of 
Switzerland. 

You won't find it among the 200 - 
name list of principal languages of the 
world -languages spoken by more 
than a million persons. There are more 
people in West Africa (some 2 million) 
who speak Ijaw than there are Swiss 
(about 50,000) who consider Ro- 
mansch their mother tongue. And 
each census shows that the number of 
Romansch- speaking persons is de- 
creasing. 

In the eastern canton of Grau- 
bunden, less than half of the popula- 
tion now can speak the language. 
Few visitors to the ski resorts of St. Moritz 
even realize that the native language 
of the region is Romansch, not the 
commonly heard Swiss- German. 

Romansch, linguists say, is probably 
the closest living language to the an- 
cient Latin vernacular spoken during 
the time of the Roman Empire. Clearly, 
Switzerland's curious "fourth" lan- 
guage is dying! 

Curious SWL's can get a brief sample 
of Romansch on Swiss Radio Interna- 
tional (SRI), notes Harold Sellers, writing 
in the Ontario DX Association's bulletin, 
"DX Ontario," on Tuesdays and Fri- 

days, at 0315 UTC on 6,135, 9,725, 
9,885 and 12,035 kHz. 

Feedback. Your letters are always 
welcome. Send details of your SWL'ing, 
your comments, or questions to DX Lis- 

tening, Popular Electronics, 500 -B Bi- 

County Blvd., Farmindgale, NY 11735. 
Donald Callahan, Gray, ME, writes 

to say that he's very new to DX'ing and 
uses an older Lafayette shortwave re- 
ceiver. "I hear quite a bit," he says, "but 
I am particularly interested in a signal 
I'm hearing from the Yukon." Donald 
says he'd like to eliminate interference 
from Latin America and wonders if a 
dipole antenna will do the trick. 

First, Don, I think you must be listen- 
ing to a ham on one of the amateur - 
radio bands. There are no shortwave 
broadcasting stations -that is, stations 
that broadcast programs -in the 
Yukon Territory, although there are 
hams operating from the Canadian 
far north. 

One of the commercial amateur -ra- 
dio beam antennas on a rotor could 

(Continued on page 95) 
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The fast, easy and low cost way to 

meet the challenges of today's 
electronic innovations. A unique 

learning series that's as innovative as 
the circuitry it explains, as 

fascinating as the experiments you 
build and explore. 

From digital logic to the latest 
32 -bit microprocessor, the McGraw - 
Hill Contemporary Electronics Series 
puts you into the electronic picture 
one easy step at a time. Fifteen 
unique Concept Modules, sent to you 
one every 4-6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It's a 
fast, efficient, and lively learning 
experience... a non -traditional 
approach to the most modern of 
subject matter. 

Unique Interactive Instruction 
With each module, you receive 

a McGraw -Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 

With your first 
module, you 
get this 
solderless 
breadboarding 
system. You'll 
use it through- 
out the series to 
build elec- 
tronic circuits 
and bring 
concepts 
to life. 

experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 

Perform 
Experiments 

in Contemporary Electronics 
Throughout your series, lab- 

oratory experiments reinforce every 
significant point. This 
essential experience 
...dynamic, hands -on 

demonstrations of 
theory in practice... 
will help you master 
principles that apply all 
the way up to tomorrow's Q 
latest VLSI (Very Large 
Scale Integrated) circuitry. 

In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 

For Anyone Interested in Electronics 
The Contemporary Electronics 

Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest...if you're a teacher who 

wants 
an update in con- 

temporary circuits...a 
manager or supervisor in an electronics 
plant...a doctor, an engineer, a chemist 
who fmds electronics playing an 
increasingly important role in your 
work. It's even for electronics engineers 
or technicians who feel their training 
needs freshening up. It's the quickest, 

most convenient, 
` probably least 

expensive way to '?! do it. And the 
only one that gives 
you hands -on 
experience. 

15 -Day No -Risk Trial 
To order your first module 

without risk, send the card today. 
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Ham 
Radio 

MYTHS AND MISINTERPRETATIONS 

We radio amateurs sometimes toss 
around facts, figures, numbers, 

and parameters without giving much 
thought to what they mean. As a result, 
some plain old- fashioned nonsense 
creeps into our daily language. This 

month we will devote this column to 
looking at a couple of myths, or semi - 
myths, frequently found in amateur -ra- 
dio (as well as CB) circles. 

Signal Strength Reports. Most of our 
receivers are equipped with S meters 
to indicate the strength of the received 
signal. The S meter (Fig. 1) allegedly 
measures input -signal strength in a 
rigorously defined manner. The truth, 
however, is that receiver manufac- 
turers can't even decide on what con- 
stitutes the correct definition of an "S 

unit." Note how the S meter is cali- 
brated. The lower two -thirds or so of the 
meter is calibrated in the nearly arbi- 
trary "S units." The S scale is log- 
arithmic. The upper one -third of the 
meter face is calibrated in decibels 
(dB), so it, too, is logarithmic. 

Now let's consider what some of 
those S units are supposed to mean. 
Table 1 shows the subjective meanings 
given to the signal- strength portion in 
the standard amateur -radio RST 

(readability, strength, tone) scale for 
CW, or RS system in voice modes. Note 
that "S9" corresponds to a subjective 
determination of an extremely strong 
signal. Hold that thought for a moment 
(S9 = extremely strong). 

Recently I heard a guy on 20 meters 
tell a DX station that he was "60 dB over 
S9." Wonderful report (most amateur 
receivers only go up to +40 dB -S9). If 

you work out the arithmetic for voltage 
decibels -dB = 20 log (V1 /V2) -we 
find that 60 dB is a ratio of 1000:1. In 

other words, a report of 60 dB over S9 
means that other station was one -thou- 
sand times louder than an extremely 
strong signal! 

Perhaps what he really meant was 

By Joseph J. Carr. K4IPV 

power decibels...which means that the 
other guy was a real "blazing blow- 
torch:" 60 dB over S9 means 1,000,000 
times as much signal power at the re- 
ceiver's antenna terminals as an S9 sig- 
nal. Surely, such a signal qualifies as a 
long -range death ray! The Pentagon 
should take note. 

So what is an S9 signal? According 
to some manufacturers, an S9 signal is 

a 50 -11.V signal'across the 50 -ohm in- 
put. Others require a 100 -11V signal 
across a 50 -ohm input to make the 
meter deflect to S9. In other words, 
there is at least a 2:1 ratio between 
voltage levels that supposedly qualify 
as S9. 

The S unit is traditionally given the 
subjective definition of being the mini- 
mum signal -level change that an ap- 
preciable number of standard, grade - 
A average listeners can per - 
ceive...whatever that means, or 
whoever that person is. As a result, the 
usual definition makes each S unit 
worth a 6 -dB change in voltage level, 
or a 3 -dB change in power level 
(which is the same thing mathe- 
matically). A 3 -dB power change has 
a ratio of 2:1. In other words, if you dou- 
ble the RF- output power from your rig, 
the S meter at a distant station will in- 
crease one S unit. 

SIGNAL STRENGTH 

ro 

/ ¡i . I . Most receivers are equip/red frith 
S meters to indicate the strength of the 
received signal. 

So, why is that important? What dif- 
ference does it make to know what it 

takes to blast an S meter one digit 
higher? The answer is simple: it tells us 
what to expect if we increase power. 

How Much Station Power? Most of 
us are enamored of high -power linear 
amplifiers for boosting our signal. In 
nearly 30 years of hamming, I've 
owned a one -kilowatt linear amplifier 
only in the last five or so years. Yet I only 
occasionally suffered from power lev- 
els that were too low. Even today I run 
"barefoot" more often than not, which 
is in accordance with the FCC require- 
ment to use the minimum power re- 
quired to do the job. 

High power brings problems that 
must be considered. For example, you 
can expect an increased probability 
of TVI (television- interference) and BCI 
(broadcast- interference) problems. 
Antenna tuners must be the more cost- 
ly heavy -duty types. Also, little annoy- 
ing anomalies, such as RF "bites" on 
the microphone due to poor ground- 
ing or "RF in the shack," are more se- 
vere with a kilowatt. So where's the 
benefit? 

TABLE 1- DEFINITIONS 
OF S -UNITS 

S1 Faint signals, barely perceptible 
S2 Very weak signals 
S3 Weak signals 
S4 Fair signals 
S5 Fairly good signals 
S6 Good signals 
S7 Moderately strong signals 
S8 Strong signals 
S9 Extremely strong signals 

Linear amplifiers come in three 
basic power levels (all of which are 
called "kilowatt" in advertisements): 
600 -watt CW, 1000 watts, and 1500 
watts. Let's see if running a power am- 
plifier is worth it in your case, and which 
power level is best for you. 

Assume that you have a 250 -watt HF 

transceiver. A 600 -watt linear (also 
called "1200 -watts PEP ") is little more 
than 2:1 increase, so it is about 3 dB. 
That means that a station at the other 
end will just about hear an S -unit 
change. If you were S6 before, you 
might be S7 now. But if you bought a 
1000 -watt linear, then there would be a 
two S unit change. And that begins to 
be worthwhile. 

Now consider what happens if you 
own a 100 -watt transceiver (or one of 

(Continued on page 101) 



Scanner 
Scene 

=NEW FREQUENCIES? 

I t looks as though the FCC is respond- 
ing to frequency congestion in the 

Business Radio Service by considering 
the possibilities of adding 12 new 
channels for use in the VHF "high 
band" (152 to 162 MHz). Another pos- 
sibility the FCC is thinking about in 
order to open up new frequencies in 

the Business Radio Service (BRS) is to 
create new channels offset 15 kHz 
above and below existing Business Ra- 
dio frequencies in the 152- to 162 -MHz 
portion of the spectrum. BRS channels 
presently exist on 151.655, 151.685 and 
151.715 MHz; under such a new plan (if 
approved), that portion of the BRS al- 
locations would expand to become: 
151.64, 151.655, 151.67, 151.685, 151.70, 

151.715, and 151.73 MHz. 

Questions to be dealt with relate to 
the amount of interference that might 
be expected to BRS and other service 
licensees, should those new channels 
be created. The Taxicab Radio Ser- 
vice, in particular, may be on the re- 
ceiving end of signals that will be flying 
around from transmitters established 
on such newly created frequencies. 

The FCC may also open up a nation- 
wide Automated Maritime Telecom- 
munication System (AMTS) service in 
the 216- to 220 -MHz band. AMTS has 
been in use by Mississippi River System 
tugs and barges since 1981, providing 
automated voice and data communi- 
cations similar to a cellular phone sys- 
tem. The FCC had originally been 
concerned that AMTS might cause in- 
terference to Channel 13 TV reception; 
however there haven't been any com- 
plaints along those lines. 

If approved on a nationwide basis, 
licensing of individual coastal trans- 
mitters in the service areas of Channel 
13 TV stations would probably be sub- 
ject to anti -interference precautions 
and restrictions. Just for the record, in 

case you want to get set for scanning 
those stations, there are 80 channels. 

By Marc Saxon 

Coast station channels start at 
216.0125 MHz and progress upwards, 
in frequency in steps of 25 kHz, to 
217.9875 MHz. The paired ship chan- 
nels run from 218.0125 through 
219.9875 MHz. Individual coastal sta- 
tions each operate on 20 consecutive 
channels from the overall allocation, 
with the channels numbered from 101 

to 180. 

Scanner Market. AOR scanners got 
their name after the callsign of the 
company's founder, JA1AOR. AOR has 
brought out no less than three new 
scanners within the past few months, 
giving it a well -deserved place in the 
array of monitoring equipment avail- 
able to monitoring enthusiasts of North 
America. 

T he AR -9(X0 handheld scanner offers com- 
plete public-service hand coverage. and 
features a priority channe /. RN(' anten- 
na connector, hucklii di') display: there 
are lockout, a seun delay. and other 
standard /matures along with recharge- 
able batteries. an A(' adapiorichar,er. 
und tu o antennas. all four a suggested 
retail price ut $299. 

The latest entry from AOR is their 
AR -900 handheld scanner -a small 
unit that offers complete public -ser- 
vice band coverage, including 27 to 
54 MHz, 208 to 174 MHz, 406 to 512 
MHz, and the hot -new, high interest 
830- to 950 -MHz band. The AR -900 
can operate on channels in 12.5 -, 25 -, 
and 30 -kHz increments. 

Twenty -five front -panel keys allow 
programming of five banks of 20 
channels, for a total of 100 channels. 
All information is retained in three 
state -of -the -art permanent memories 
that won't get "amnesia," even if the 
batteries are removed or become 
drained. 

Other features of the unit include a 
priority channel, BNC antenna con- 
nector, and a backlit LCD display with 
22 separate prompts to aid in pro- 
gramming and to show the status of 
channels. Of course, there are lock- 
outs, a scan delay, and other standard 
features along with rechargeable bat- 
teries, an AC adaptoricharger, and 
two antennas. The unit has a sug- 
gested retail price of $299. For more 
information, write to the sole American 
source for those units; Ace Communi- 
cations (a subsidiary of AOR), 10707 
East 196 Street, Indianapolis, IN 46256. 

Fishy Business. A newsy note from 
Alex W. Mcllwain, Lakeland, FL clues 
us into some strange goings -on that 
are probably nationwide in scope. 
Alex reports that some of the newer 
VHF -FM marine -band radios provide 
their owners with channels designated 
as 1 to 5 and 60 to 64. The 10 frequen- 
cies that correspond to those channel 
numbers are spaced at 25 -kHz incre- 
ments between 156.025 and 156.25 
MHz. 

The problem is that even though 
transceivers using those frequencies 
are sold for use in the U.S., the 10 chan- 
nels are for simplex use in overseas 
areas and aren't permitted for mar- 
itime use in American waters. 

Alex observes that the temptation to 
use those "forbidden" frequencies in 

American waters has apparently 
proven too much for some boat 
owners seeking uncrowded yakking 
frequencies. In fact, he points out that 
some frequencies among that group 
are set aside by the FCC for police 
and other public service purposes. 

In Alex's own area, illegal maritime 
use of those channels hasn't been with- 
out strange consequences. The High - 

(Continued on page 106) 
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E -Z MATH 
(Continued from page 79) 

Exercise Problem. Try this yourself to 
be sure you understand the concepts 
presented. 
4. A logic circuit has four inputs A, B, C, 
and D. Binary outputs occur when any 
three inputs are simultaneously binary 
1, but not when all inputs are 1. Write the 
truth table, develop the Boolean out- 
put equation F, and draw the resulting 
circuit. 

Answers to Exercise Problems 
1. H = ABC + DE + FG 
2. See Fig. 23. 
3. See Fig. 24. 
4. See Fig. 25. 

Fig. 23. Your solution to problem 2 should 
look like this. if not recheck your logic. 

Vo 

INPUTS OUTPUT 

A B C D F 

0 0 0 0 0 

0 0 0 1 0 

0 0 1 0 0 

0 0 1 1 0 

0 1 0 0 0 

0 1 0 1 0 

0 1 1 0 0 

0 1 1 1 1 f- 
0 1 0 0 O 

1 0 0 1 0 

1 0 1 0 0 

1 0 1 1 1 f 
0 1 1 0 0 

1 1 0 1 1f- 
1 1 1 0 1, 

0 1 1 1 1 

F =ABCD+ABCD+ ABED +ABCD 

A 

A A B B C C D 

A o--H>o 

Co 

Do i r>0 

ABCD 

ABCD 

ABED 

ABCD 

oF 

B 

Fig. 25. When solving problem 4. you should've started with a truth table, generated an 
equation (A), and drawn the final circuit (B) as shown. 

No 

Xo 
YO 

VW 

X 

VX 

(VW +X+VX) 

A 

o Z=Y(VW+X+VX 

INPUTS OUTPUTS 

V W X Y INVERTER 1 

V 

INVERTER 2 

X 

GATE 3 

VW 

GATE 4 

VX 

GATE 5 

(VW +X +VX) 
GATE 6 

Z 

O 0 0 1 1 0 1 0 

0 0 1 1 1 0 1 1 

0 1 0 1 0 1 1 0 

0 1 1 1 0 1 1 1 

1 0 0 1 1 0 1 0 

1 0 1 1 1 0 1 1 

1 1 0 1 0 1 1 0 

1 1 1 1 0 1 1 1 

1 0 0 0 0 1 0 1 0 

1 0 0 1 0 1 0 1 1 

1 0 1 0 0 0 0 0 0 

1 0 1 1 0 0 0 0 0 

1 1 0 0 0 1 1 0 1 0 

1 1 0 1 0 1 1 0 1 1 

1 1 1 0 0 0 1 0 1 0 

1 1 1 1 0 0 1 0 1 1 

B 

Fig. 24. Problem 3 .should've tested your ability to generate the circuit in A and the table in B from the equation. 



DX LISTENING ABBREVIATIONS 
(Continued from page 88) 

give you what you want (enhanced 
reception from the Yukon), while at- 
tenuating interference from the side or 
back. But such a setup will be rather 
costly. A simple dipole might help, but 
don't expect too much from it in the 
way of rejecting unwanted signals. 

Donald also has a question about 
converting Eastern Standard Time 
(EST) to the worldwide broadcasting 
standard, Coordinated Lkliversal Time 
(UTC). 

Coordinated Universal Time -which 
is based on a 24 -hour clock system -is 
five hours ahead of EST (or four hours 
ahead of Eastern Daylight Time during 
the summer months). For example, 
When it's 1 AM EST, it is 6 AM, or 0600 
UTC. At 5 AM in Maine, it is 1000 UTC; 
12 -noon EST equals 1700 UTC, and 2 
PM EST is 1900 UTC. 

If it is 8 PM EST on a Monday night, for 
instance, the UTC time is five hours later 
or 0100 UTC, but remember that con- 
version has taken it past midnight into 
the next day. So both time and date 
can be affected, Don, when you con- 
vert to or from UTC. 

The easiest way to get used to the 
time conversion is to keep a separate 
clock set to UTC, or make a simple 
reference chart. 

Down The Dial. What are you hearing 
on the SW bands? How about letting 
the rest of us know. Send your loggings 
to the above address. Now, here are 
some of the catches recently reported 
by other DX'ers. 

Alaska -6,150 kHz. KNL, a mission- 
ary broadcaster, is the only way to 
hear a shortwave station from Alaska. 
That station is reported with English 
programming, religious talk and clas- 
sical musical, beginning at 0800 UTC. 

Canada -6,000 kHz. CFCX is the 
shortwave version of one of the oldest 
broadcasting stations in North Amer- 
ica. The SW outlet relays the medium 
wave signal, which is why you may 
hear it announced as "AM radio in 

Montreal." It has been noted with a 
call -in program at 0845 UTC. 

Costa Rica -13,660 kHz. A curious 
station with a very serious mission is 

Radio for Peace International (RPI), 

which transmits from Costa Rica in 

Central America. It has been logged 
here at 2200 UTC with a talk in English 
on U.S. arms spending. 

Greece -9,420 kHz. The Voice of 

CKFX C is prefix for Canadian SW 
station call signs (CKWX, 
CKVP, CFRB, CFCX, etc.) 

DX long distance (over 1000 
miles) 

DX'er listener to shortwave 
broadcasts 

DX'ing listening to shortwave 
broadcasts 

EST Eastern Standard Time 
kHz kilohertz (1000 hertz or 

cycles per second) 
RMI Radio Mexico International 
RPI Radio for Peace 

International 
RSI Radio Sweden International 
RSM Radio San Miguel 
SRI Swiss Radio International 
SW shortwave 
SWL('s) shortwave listener('s) 
US United States 
USSR Russia (Union of Soviet 

Socialist Republics) 
UTC/GMT Universal Time Code/ 

Greenwich Mean Time 
VOG Voice of Greece 

Greece (VOG) offers some of the best 
ethnic music on shortwave, to my way 
of thinking. Tune it in at 0200 UTC. You 
can't miss it with its haunting and me- 
lodic interval signal. Programming in 
Greek follows. 

Israel- 12,077 kHz. Here is where 
you can find KOL Israel broadcasting 
from Jerusalem, with world music and 
pops, beginning at 2130 UTC. 

Mexico -17,765 kHz. The govern- 
ment- operated shortwave station, 
Radio Mexico International (RMI) has 
been reported on this frequency with 
Spanish -language programming, in- 
cluding Mexican music and identifi- 
cations, at around 0415 UTC. 

New Guinea -4,890 kHz. The Na- 
tional Broadcasting Commission of 
Papua, New Guinea's shortwave out- 
let at Port Moresby has been logged 
on this frequency at 1000 UTC, first with 
an English newscast, then the news 
read in the native language. 

Peru -4,9966 kHz. Tuning this 60- 
meter band frequency during the ear- 
ly morning hours, around 1000 UTC, 
may turn up Radio San Miguel (RSM), 
transmitting from the ancient Incan 
city of Cusco in Peru. Radio San Miguel 
has been heard in the U.S. with Spanish 
programming and rustic sounding An- 
dean music, called huaynos. 

Poland -7,270 kHz. Radio Polonia, 
Poland's shortwave service, last May 
canceled its English programs di- 
rected to North America at 0200 and 
0300 UTC. That remains the situation as 
of this writing and future plans are now 
unclear. 
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ROCKET STROBE 
(Continued from page 33) 

does not need any heatsink. Different 
types of mini transformers and compo- 
nent tolerances may necessitate a 
small heatsink on Q1 if it gets too hot to 
comfortably hold. Sometimes, due to 
winding differences, you will need to 
increase C4 to 470 p F or 680 p,F in 

order for the PWM circuit to work effi- 
ciently. A 16 -volt capacitor is satisfac- 
tory for use with a 9 -volt battery. 

Build the PWM part of the circuit first. 

You should test it before installing the 
hex FET and T1. That is easily accom- 
plished by using a small speaker with a 
10 -µF capacitor attached to one lead. 
Connect the other lead to ground, and 
the free end of the capacitor to pins 6, 
8, 10, and 12 of U1. By adjusting R4, you 
will be able to hear the volume of the 
tone getting louder or quieter as R4 

varies the pulse width. Once the PWM 
circuit works, attach the mini trans- 
former, using Figs. 2 and 3 as a guide to 
polarity. Use proper precautions to 
minimize static, and install Q1. The 
+ 300 -volt output may be tested with a 
neon lamp. Resistor R4 varies the 
brightness of the lamp somewhat. 

Put together the strobe section of the 
circuit (see Fig. 4) keeping in mind the 
high -voltage output of T2. Once you 
have all the parts assembled, it is a 
good idea to give the finished board 
and components several light coats of 
an insulating spray to prevent shorts 
and high -voltage arcing. A product 
such as "Acrylic Coating" (which has a 
dielectric strength of 2,000 volts per 
.001 inch) or other material for coating 
printed- circuit boards works well. Don't 
coat R4, or it won't work anymore! 
Also, don't spray anything on the flash 
lamp, although you may insulate the 
ends to prevent arcing outside the 
flash tube. 

Testing. Before installing the elec- 
tronics in the rocket, and gluing every- 
thing down, check to see that the 
Strobe is operating correctly. With a 9- 
volt input and using the parts spec- 
ified, you should see a flash every 4 

seconds on the high setting, and 
about every 30 seconds on the lowest 
setting of R4. You'll note the first flash 
takes quite a while to appear -usu- 
ally, about 10-15 seconds on high, and 
a few minutes on low. 

The reason for that is that C7, the 

large electrolytic that stores the energy 
to light the flash lamp, has to "polarize" 
if it has been sitting idle for long while. 
Leakage within the capacitor is max- 
imum when voltage is first applied, 
and it has to charge and discharge 
several times before leakage subsides 
and absorbs less power. If that prob- 
lem exists, run the Strobe from another 
9 -volt battery before launch, and wait 
until the flash rate goes up. Then, you 
may install your flight battery, and let 
'er rip. 

If you can get accurate specifica- 
tions, select C7 for low leakage. Most 
miniature, recent -style capacitors 
work fine. In our prototype Strobe, we 
left out an on/off switch, opting instead 
to simply install the 9 -volt battery when 
launching. You may install a switch, or 
leave it out as desired. 

Finally, remember to observe sensi- 
ble practices when flying your rocket. If 

it gets caught in a power line, or high in 

a tree, leave it! No project is worth risk- 
ing one's life! Fly in clear areas, es- 
pecially for night launches, and 
observe wind direction, launch angle, 
expected trajectory, and landing site 
to optimize your chances of successful 
recovery. Happy Flying! 

BY Brroa G. `NNs 
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CIRCUIT CIRCUS 
(Continued from page 85) 

Either a two- or a three -wire piezo 
transducer works well with the circuit. If 

a three -wire transducer is used, con- 
nect the driven and common sections 
to the circuit (see Fig. 2 for pinout), 
using it as a two -wire device. 

The filter's output is coupled to a volt- 
age follower, UI -c, isolating the trans- 
ducer from the output load. If the 
capacitance value of the transducer 
used in the circuit isn't known, sub- 
stitute a capacitance decade -box in 

place of C, and set it to about .015 
microfarads to start. 

Apply power to the circuit and a 
signal generator to the input; set the 
generator's frequency to about 1 kHz 

above the resonant frequency of the 
transducer, and its output level at 
about 500 millivolts. Connect a os- 

cilloscope or an AC voltmeter to the 
filter's output. Adjust the oscilloscope's 
gain so that the filter's output signal 
covers about 70% of the vertical 
screen. 

Adjust the capacitance decade - 
box for a minimum output signal. Re- 

move the decade box and connect a 
capacitor of the same value in its 
place. Slowly sweep the audio gener- 
ator to the transducer's resonance fre- 
quency and observe the output level 
and the bandwidth of the filter. 

The gain of UI -a can be raised or 
lowered as needed to work with just 
about any level of input signal: the 
gain is calculated: gain - R8 RI. Don't 
change the unity gain of op -amp U1 -b 
because its only function in the circuit is 

to invert the output of U1 -a. 
The output of U1 -c can be fed to a 

dual -diode rectifier circuit (as was 
done in Fig. 3) to provide a DC output 
to drive a variety of circuits. 

Encoder /Decoder. The transducer 
circuit shown in Fig. 5- consisting of a 
567 phase -locked loop (PLL), a piezo 
transducer, LED, and a few support 
components -can be operated as ei- 
ther a tone encoder or decoder by 
changing the position of Si. The oper- 
ating frequency of that dual -purpose 
circuit is determined by C3 and R2. 

Capacitors Cl and C2 are not critical 
and can be of almost any value be- 
tween 1 and 5 microfarads. When the 
circuit is receiving an on- frequency 
signal, LEDI lights. 

Although a two wire -piezo trans- 

PARTS LIST FOR THE 
ENCODER/DECODER 

UI -567 phase -locked loop (PLL). 
integrated circuit 

LEDI- light- emitting diode (any color) 
RI -1000 -ohm, 1/4-watt, 5% resistor 
R2- 25,000 -ohm potentiometer 
Cl, C2- 4.7 -p.F, 16 -WVDC electrolytic 

capacitor 
C3- 0.02 -µF ceramic -disc capacitor 
BZI -Piezo transducer, Radio Shack 

273 -073 or similar 
Printed- circuit or perfboard materials, 

enclosure. IC sockets, battery and 
battery holder, wire, solder, hardware, 
etc. 
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ducer, with a resonance frequency of 
2500 Hz, was used in the circuit (see the 
Parts List) any piezo unit should work as 
long as the values of C3 and R2 are 
selected to tune to the transducer's op- 
erating frequency. 

With power on and S1 in the "B" posi- 
tion, adjust R2 for the loudest tone out- 
put. The circuit should be tuned to the 
resonance frequency of the trans- 
ducer. In that position, the circuit can 
be used as an acoustical or tone sig- 
nal encoder. Next, switch to the "A" 
position and aim an on- frequency au- 
dible tone toward the transducer; the 
LED should light, indicating a de- 
coded signal. 

The LED can be replaced by an op- 
tocoupler or relay to control just about 
anything that's electrically operated. 
A single op -amp audio amplifier can 
be added between the transducer 
and U1 to detect weak audio tones. 
Use the U1 -a amplifier circuit shown in 

Fig. 4, and select R1 and R8 to set the 
amp's gain as needed. 
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SOUND - ACTIVATED KALEIDOSCOPE 
(Continued from page 68) 

should be somewhat diffused. Diffu- 
sion can be accomplished using a 
small piece of frosted plastic held in 

the top of the kaleidoscope between 
the flashlight and the particles in the 
tube. 

If you wish, you can take a small 
piece of clear plastic and roughen it 
with fine sandpaper. The diffusion me- 
dium is held on a triangular tube that 
just slips about .4 inch into the top of the 
kaleidoscope tube. The tube is then 
held in position with a slightly larger 
strip of cardboard glued around it. 

(See Fig. 7.) 
You may want to try is to convert the 

unit for use with a video camera. That 
requires only a few changes in the unit, 
but you'll need to do a little engineer- 
ing to mount the light source for proper 
illumination. The fleeting images of the 
kaleidoscope can be captured on 
video tape and the programs re- 
played with the assurance that it will 
be what is planned. For video taping 
or projecting the image, it is desirable 
to use two speakers-one speaker is 

used as the audio source, while the 
other is used to produce the changing 
patterns of the kaleidoscope. 

The automatic exposure control of 
the typical home video camera does 
not function properly if a black back- 
ground is used. For video purposes, 
use either a neutral gray or a pale -blue 
background. If you have some light - 
color spray paint available, use it and 
see for yourself what works to your satis- 
faction. 

For video work, illumination of the 
particles is done from above, with the 
camera mounted on a tripod at an 
angle determined by the optics of the 

A mirror mounted atop the cardboard tube 
at a 45 degree angle and fitted over the 
projection lens allows the kaleidoscope 
images to he projected on a wall .screen. 

particular video camera. Here again, 
what you have available dictates 
what you can do. I have close up lens 
attachments for my video camera 
and find that a lens with about a 2 -inch 
focal length is quite satisfactory for use 
with a kaleidoscope. 

The usual kaleidoscope pattern 
owes much of its fascination to the 
completely unpredictable patterns 
that come and go on the screen. I pre- 
fer a variety of patterns that are com- 
pletely unpredictable for certain 
applications; but for demonstration 
purposes, a pre- recorded program is 

frequently desirable. 

For video taping. a dcfu.sion panel (con- 
sisting of frosted clear plasta) can he 
fitted over the viewing window of the 
kaleidoscope. 

I am currently building a unit that will 
project the pattern on the ceiling of a 
bedroom, which is the easiest mode of 
projection. Combined with soothing 
music, it may have some therapeutic 
value. For either video taping or proj- 
ection, you will need to hold the 
speaker invariably level. That can be 
accomplished by mounting the 
speaker in a piece of /8-inch plywood. 
The plywood, in turn, has three 
threaded bolts long enough to serve 
as feet. 

I have built many variations of the 
unit described in this article since I built 
the first one in the early 1960's. I am 
always looking for improvements and 
would be very pleased to hear from 
anyone who has improvements or re- 
finements to suggest. (Write to me in 
care of Popular Electronics, 500 -B Bi- 

County Blvd., Farmingdale, NY 11735.) 
The advent of the video camera has 
given me a renewed interest in build- 
ing variations to take advantage of 
this exciting technique. 
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GRAPHER.BAS 
(Continued from page 64) 

bit), that means that each graph must 
occupy: 

89,600í8 = 11,200 bytes 

of the computer's random -access 
memory. 

Based on the above calculations, 
we see it turns out that the old cliche is 

wrong. As far as Grapher is con- 
cerned, a picture is not worth simply a 
thousand words; a picture is worth 
5,600 words! 

Printing Graphs. If you would like to 
send the graphs you generate with the 
program to your computer's printer, 
you can do so using the PC's <SHIFT 

<PRINT SCREEN keystroke sequence. 
However, because the graphs are dis- 
played on the high -resolution screen 
of the PC, you must execute the 
Graphics.Com file before you enter 
BASIC. The graphics program will 
cause the picture to be rotated by 90 
before being sent to the printer to ac- 
count for the differing aspect ratios. 

That file, which can be found on one 
of the DOS disks that came with your 
computer, gives the computer the "in- 
telligence" to use <SHIFT < PRINT SCREEN 

for graphics as well as text screens. For 
more information on using that com- 
mand, please consult your DOS refer- 
ence manual. 

TABLE 1- PROGRAM BREAKDOWN 

Line(s) Functions(s) 

1000 -1040 Clear variables, set to 80- column text mode, clear screen, 
and define Pi. 

1060 -1280 Display instructions. 
1300 -1320 Wait for key press. If E is pressed, end the program. 
1370 Place computer in high -resolution graphics mode and clear 

screen. 
1380 -1420 Draw horizontal and vertical axis. 
1440 Get graph values from subroutine. 
1460 -1560 Print graph and axis titles. 
1580 -1690 Label the axis. 
1730 Calculate the horizontal step size. 
1750 -1830 Graph both functions -one pixel at a time. 
1850 -2880 Wait for an E to be pressed, then exit the program. 

7000 
7010 
7020 YMIN = 0 'minimum y 
7030 YMAX = 10 'maximum y 
7040 'place y -axis title below 
7050 YS = "VOLTAGE - Volts" 
7060 ' 

7070 XMIN = 0 'minimum x 
7080 XMAX = 5 'maximum x 
7090 'place x -axis lable below 
7100 XS = "TIME (in seconds)" 
7110 
7120 
7130 
7140 
7150 
7160 RETURN 
7170 ' 

7180 ' 

8000 '_ = = = = =_ = == PLACE FUNCTION 
8010 ' 

8020 Y = 10 - 10 * EXP( -X) 
8030 ' 

8040 RETURN 
8050 ' 

8060 ' 

9000 ' = PLACE FUNCTION 
9010 ' 

9020 Y = 10 * EXP( -X) 
9030 ' 

9040 RETURN 

LISTING 2- GRAPHER.BAS MODIFICATION 
PLACE CONSTANT VALUES HERE 

value 
value 
(18 characters, max.) 

value 
value 
(60 characters, max.) 

'place two title lines below (60 characters, max.) 
T1S = "EXPONENTIAL FUNCTIONS" 
T2$ = "(For the second example)" 

#1 BELOW 

#2 BELOW 

FACTCARDS 

100 

Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about electronics 
from transistor packaging to substitution and 
replacement guides. FACTCARDS numbers 
34 through 66 are now available. These beau- 
tifully- printed cards measure a full three -by- 
five inches and are printed in two colors. They 
cover a wide range of subjects from Triac 
circuit replacement guides to flip -flops, 
Schmitt triggers, Thyristor circuits, Opto -Iso- 
lator Coupler selection and replacement. All 
are clearly explained with typical circuit ap- 
plications. 

WANT TO EXPAND your knowledge of 

electronics? Do it the easy way by studying 
the Electronics Fact Cards. Do you travel to 
and from your job each day? Drop a handful of 
cards in your pocket before you leave. and the 
bus becomes a schoolroom! At home, you 
can build some of the projects and not only 
have fun building and using them. but learn 
how they work at the same time. 

YOU'LL BE AMAZED both at how rapidly 
you learn with these cards, and how easy it is 

to understand. These new cards are available 
right now. Don't miss out. Send your check or 
money order today. 

FACTCARDS -Facts at your fingertips for 
Experimenters and Project Builders! 

Please send one copy of FACTCARDS at $3.50. Shipping $1.00 (U.S. and Canada only). 

Please send copies of FACTCARDS. Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 
Please print 

Allow 6 -8 weeks for the material to arrive 

P-18S 

(Name) 

Street Address) 

(City) (Stale) iZipl 

Detach and mail today: 
HANDS -ON BOOKSTORE 
P.O. Box 4079 
Farmingdale, NY 11735 

All Payment must be in U.S 
Funds' 



ANTIQUE RADIO 
(Continued from page 83) 

entire June and July 1988 columns had 
been devoted to it-and I still hadn't 
gotten to the Crosley material. Al- 
though they were interesting columns 
indeed, I felt that I should introduce 
more new material before discussing 
the remainder of the letters from the 
readers. 

The Zenith restoration, just being 
concluded, was begun in August. A 

couple of months into the restoration - 
just as I had begun to dissect the dial 
assembly to make the necessary re- 
pairs- George lost his patience. He 
accused me (writing tongue -in- cheek, 
I hope) of evading a good subject, the 
Crosley, in order to make a massive 
attack on a Zenith dial. 

Well, George, I agree with you. The 
Crosley is a good subject, and the let- 
ters I've received about it (including 
your own long one) were very interest- 
ing indeed. And finally their time has 
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come! We'll get started right now, and 
present a few more of them next 
month, and go on into the following 
month if necessary. 

Wonderful Re- Creation. I think the 
best way to get everyone back into a 
Crosley 50 mood is to show you the 
pictures Dan Damrow (Burbank, IL) 

sent me illustrating his incredible re- 
creation of that little set. And I'm also 
including matching photos of my own 
real Crosley 50 so that you can see just 
how faithful to the original this model is. 

Every major component in the repro- 
duction -with the exception of the 
vacuum tube -was built from scratch. 
That includes the "book- type" tuning 
condenser, with its hardwood leaves; 
the mica- and -bakelite bypass con- 
densers; the grid leak; the tube socket 
(made of PVC pipe sprayed black); 
the "spiderweb" coils; and even the 
filament -control rheostat! 

Dan likes building replicas because 
he feels that they have a clean, neat 
look that no 60- year -old set could ever 
attain. And when you realize that he 
retired after twenty -one years as an 
electronic technician for Argonne Na- 
tional Laboratories (the well -known 
atomic research facility), you'll under- 
stand that he has plenty of skills to sup- 
port his hobby. 

I've run pictures of Dan's sets in the 
column before. In fact, he was one of 
the first readers to respond to the col- 
umn when I first began writing it a few 
years ago. And I hope I'll have the 
opportunity to show you more of his 

meticulous recreations in the future. 

So Long. If you are one of the several 
people who wrote in response to the 
two Crosley articles, stay tuned for next 
month's column. I'll probably be quot- 
ing you then! In the meantime, keep 
those cards and letters coming. Your 
comments and ideas are always wel- 
come. Write to Marc Ellis, Antique Ra- 
dios, C/O Popular Electronics, 500 -B 

Bi- County Blvd., Farmingdale, NY 
11735. 

First -aid kits are fine for some emergen- 
cies. But what if you were choking? Haying 
a heart attack? Or a stroke'' This kit would be 
useless. 
Call the Red Cross. We'll teach you and sour 
employees how to save a life 
From work -safety to CPR. you can count on 
the Red Cross We'll help. Will you? + American Red Croce 



HAM RADIO 
(Continued from page 92) 

those 60 -watt solid -state "novice" 
transceivers). For those people, a 600 - 
watt linear is a 6:1 change, which is a 
gain of nearly 8 dB- almost three S 

units. For that person, the 600 -watt 
lightweight linear is a good bet, and 
keeps TVI at minimal levels. The 1000 - 
watt linear yields a 10:1 increase, repre- 
senting 10 dB (more than three S units) 
Such a change is surely worthwhile. 

Power is not everything in amateur - 
radio communications. Increasinç 
power enables you to communicate in 
marginal situations. But it also brings 
other problems. If you have only 
enough money to sink into either a 
good antenna or a linear power am- 
plifier (and no way to own both), then 
sink the money into the antenna sys- 
tem. Such an investment pays rich divi- 
dends. If you get an optimized three - 
element beam antenna, the forward 
gain will be around 8 dB, which is the 
same as buying a linear amplifier that 
increases power by about sixfold. 

But power increase is not the main 
reason why an amateur needs a good 
beam antenna for marginal commu- 
nications. The main reason involves re- 
ception! The directivity of a beam 
allows you to notch out interfering sig- 

nals from certain directions. On the 
east coast, we are overwhelmed with 
W6 stations when chasing European 
and African DX. 

Placing the notch on the back of the 
beam facing the west reduces the 
problem considerably. Even if the 
main lobe of the beam is not directly 
on the DX station, they'll still hear you 
loud and clear. Take advantage of the 
beam- steering capability of the an- 
tenna to null out the competition...and 
the DX is yours. 

By the way, remember the days 
when CB'ers "souped -up" their 5 -watt 
rigs to "get out better ?" A typical modi- 
fication boosted the power to an 
illegal 7 watts. That change wasn't 
even a single S unit! Not only that, they 
typically did not modify the modulator, 
so the percentage of modulation went 
down as well. 

Sadly, we've come to the end of the 
space allotted to us for this month, but 
be sure to "tune in" next time. In the 
meantime, if you have any tips, com- 
ments or suggestions for this column, 
write to Ham Radio, Popular Elec- 
tronics, 500 -B Bi- County Blvd., Farm- 
ingdale, NY 11735. 

AUDIO COUPLER 
(Continued from page 65) 

flame. Solder a 10 -ohm resistor to one 
end of the coil. Before soldering, wrap 
3 or 4 turns of the burned- enamel wire 
around the resistor lead. Solder the 
other end of the resistor to one lead of 
the wire or cable that will exit the car- 
tridge. It would be a good idea to con- 
nect the inner conductor of the cable 
to the resistor, leaving the shield con- 
ductor for the other end of the coil. That 
will protect your scanner, handi -talkie, 
etc. in the event that the coil should get 
scuffed and make contact with 
grounded metal objects. Solder the 
other end of the coil to the other wire 
lead. 

Finishing Up. You should now have a 
coil and resistor connected in series 
(see Fig. 1). At this point you may want 
to check your completed circuit with 
an ohmmeter to be sure all connec- 
tions are good. Now secure the resistor 
and wire so that they will not come into 
contact with the rotating spindles of 
the tape player. You could just glue 
them securely or wrap them around 
some of the tape guide pins located in 

the corners of most cartridges. Route 
the wire through the exit hole and 
carefully re- assemble the cassette 
cartridge. If the piece of equipment 
you wish to amplify has an auxiliary- 
output jack (such as for headphones 
or earphones), connect the appropri- 
ate plug to the end of the wire, If the 
equipment in question does not have 
such an output, you will have to con- 
nect the wire to the internal speaker 
terminals of the unit. 

Before puffing the cartridge into a 
tape player to test it, carefully examine 
the newly created coil. In particular, 
check to be sure that the ends of the 
coil (or anything else) will not get snag- 
ged on any of the mechanisms inside 
the tape player. 

To use the device, simply pop it into 
a tape player and plug or connect the 
Audio Coupler to the unit needing am- 
plification. The tape player must be in 

the play mode, just as if you were 
ready to listen to a tape. Adjust the 
volume control of the tape player and 
the volume control of the signal source 
to your liking. If you have a 40 -watt 
booster on your tape player, you can 
really bring that little handheld unit to 
life! I have made three of these de- 
vices and they all work just great. I'm 
sure your's will too! 

AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 
PLANS 
Bund Yourselt - All Parts Available m Stock 
LC7- BURNING CUTTING CO LASER 

RUM- - PORTABLE LASER RA{' PISTOL 

TCC1- 3 SEPARATE TESLA COIL PLANS TO 1.5 MEV 

1061- ION RAY GUN 

GRAT- GRAVITY GENERATOR 

EMU- ELECTRO MAGNET COIL GUN LAUNCHER 

KITS 
With All Necessary Plans 
MFT3K- FM VOICE TRANSMITTER 3 MI RANGE 

VWPM7K- TELEPHONE TRANSMITTER 3 MI RANGE 

BTC3K- 250.000 VOLT 10 -14" SPARK TESLA COIL 

LHC2K- SIMULATED MULTICOLOR LASER 

BLS1K- 100.000 WATT BLASTER DEFENSE DEVICE 

11141K- 100.000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR 

PSP4K- TIME VARIANT SHOCK WAVE PISTOL 

STAHL- ALL NEW SPACE AGE ACTIVE PLASMA SABER 

MVPIK- SEE IN DARK KIT 

PTG1K- SPECTACULAR PLASMA 

TORNADO GENERATOR 

ASSEMBLED 
With All Necessary Instructions 
0TC1G- 50.000 VOLT-WORLD'S SMALLEST TESLA COIL 

LGU4G -1MW HeNe VISIBLE RED LASER GUN 

TAT3G -AUTO TELEPHONE RECORDING DEVICE 

GVP16- SEE IN TOTAL DARKNESS IR VIEWER 

LISTS- SNOOPER PHONE INFINITY TRANSMITTER 

IPG70- INVISIBLE PAIN FIELD 

GENERATOR MUTLI MODE $74 50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR S1.00 OR USE OUR 
PHONE FOR 'ORDERS ONLY 603- 673 -4730 

PLEASE INCLUDE $3 00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID SEND CHECK. MO. VISA, MC IN 

US FUNDS 

INFORMATION UNLIMITED 
P.D. BOX 716 DEPT. HO AMHERST, NH 03031 

$20 00 

$20 00 

525.00 
$1000 
S10 00 
$8 00 

$49 50 

539 50 
$249 50 

$44.50 
$69 50 

S69 50 

$59.50 
S59 50 

$199 50 

$149 50 

$54 50 

$249 50 
$24 50 

1349 50 

$16950 

FREE! 
New Catalog of 
Hard -To -Find 
Precision Tools 

Jensen's new catalog is jam -packed 
with more than 2,000 quality items. 
Your single source for hard -to -find 
precision tools used by electronic 
technicians, scientists, engineers, 
schools, instrument mechanics, 
laboratories and government agen- 
cies. This popular catalog also con- 
tains Jensen's world-famous line of 
more than 40 tool kits. Call or write 
for your free copy today! 

JENSEN" 7815 S. 46th Street 

Tools Phoenix, AZ 85044 
INC. ( 602) 968.6231 
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