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Go for the best from the North. A Canadian

so good, it takes the efforts of four great

distilleries from Manitoba to Quebec

to make the superb taste of one great whisky.
(%anadians.

Lord Calvert: The Lord of the
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INTRODUCING THE
SUBARU HILL-HOLDER.
WHAT YOU ALWAYS
NEEDED IN THE CLUTCH.

You know that sinking feeling that can
come over you when you stop on a hill
with a standard shift cutomobile?

Well, now, in a Subaru, you don’t
have to hold your breath. With an
exclusive Subaru feature called Hill-
Holder, your car won't roll backwards.

Just depress the clutch and
brake, and the Hill-Holder autemati-
cally engages.

When your foot is removed from
the brake, Th& car will not roll back-
ward. g

In fact, it will remain motionless

until the clutch is relecsed and the
accelerator depressed to proéeed up
the hill.

No-drifting back. Nn white
knuckles. No sweat. You no longer go
downhill on your way uphill._

SUBARU.

TO STAY THAT WAY. -

*AVAILABLE ON CERTAIN MODELS.

[C) SUBARU OF AMERICAINC. 1981
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PS READERS TALK BACK
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Accidents happen

As a chemist, | take issue with the state-
ment in “Double-Duty Heat Pump" [PS,
Nov. ‘80] that tanks of sodium sulfide are
completely safe for transport. Many
chemicals that are “safe” in terms of pres-
sure, temperature, and flammability be-
come dangerous if they spill in a truck
accident or train derailment. Spilled Na,5
in contact with water containing even a bit
of acid could generate considerable hy-
drogen sulfide, a fairly poisonous and
extremely bad-smelling gas (rotten eggs).
And various nasty oxides of sulfur could
be generated if the accident involved a
fire. No one wants accidents to happen,
but given that they do, | don't think we
should have truckloads of Na,S cruising
the highways.

Ned Jackson, Seattle, Wash.

More on diesels

In Richard Day's informative article,
“Keeping Your Diesel Healthy' [PS, Dec.
'80], there is a reference to storing your
own fuel. Due to the availability of free
275-gallon oil tanks in the New England
area, this is something I've been consider-
ing for some time. What are the explosion
hazards? What sort of hand pump and fil-
tering system should | use? Will | run into
problems with water in the fuel due to
condensation in an above-ground storage
tank?

David P. Demers, Lunenburg, Mass.

A lot of people in my area are converting
from oil to gas heat and selling their left-
over heating oil at bargain prices. Is it fea-

sible to use home-heating oil to fuel my-

diesel car?
Robert K. Colling, Fairport, N.Y.

Author Day replies: “Diesel fuel is much
safer to store than gasoline. Keep rotating
your stock to keep it from going stale. If
you purchase an old home-heating tank,
be sure it's clean and free of water before
filling it. Best bet for pumping is one of
those new, small transistor pumps. They
work from your car’s cigarette lighter to

Ya-in. vinyl tubing. Pump with the suction
tube slightly above the bottom of the tank
to eliminate most water and debris. Add-
ing a car-type fuel filter in-line will ensure
added cleanliness.

“As for running a diesel engine on
home-heating oil, don't do it. Bacterial
growth is one problem. It's also unlfawful
for street use, since motor-fuel taxes have
not been paid on heating oil. And what do
you know about the heating oil’s cetane
rating and sulfur content?”

Breeder fallout

Edward Edelson’s article "Do We Need
the Breeder?” [PS, Nov. '80] falls short of
your customary high standards in one
critical area: objectivity. His emphasis on
anti-breeder arguments makes it evident
that his decision would be ‘no."” He dis-
misses the comprehensive and successful
French breeder-reactor program as an
outgrowth of “relentless Gallic logic” {as
if American logic in this field should be
anything else}. Then he quotes the assur-
ances of a DOE official that our supplies of
oil, gas, coal, and uranium make it less
urgent for the U.S. to perfect this technol-
ogy. It is hard for me to share his confi-
dence when | recall that environmental
considerations block the recovery of
some of our most promising reserves.
The crucial decisions to be made about
national energy policy should be based on
facts—not hunches, rumor, or irrational
fear.

Gerome G. Torribio, West Covina, Calif.

Why did you give the last word in your
otherwise balanced report on the breeder
reactor to Pierre Zaleski, official spokes-
man for the French program? | think he is
absolutely wrong when he says that, after
four or five years of conservation, U.S.
energy consumption will have to resume
its growth if our economy is to grow.
indeed, the U.S. economy will be dam-
aged if we make wasteful investments in
unnecessary technologies instead of in
energy-efficient ones. The French attitude
seems to be “Damn economics! Damn
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s Doors closed, it's beautiful furniture that takes little more Compact, computerized remote control tuning.
floor space than some TV consoles. And stereo capability with 4 speakers and 2 separate
Doors open, it's a bright, giant screen 45" diagonal color audio amplifiers, for use with existing stereo audio equip-
& TV that fills the room with action and excitement. ment. Manufacturers suggested retail price under four
e All-new, this Quasar TV includes major advances in elec- thousand dollars.
tronic technology. 105 channels, 23 ready for cable TV That's fantastic! That's Quasar!
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AFTER ANOTHER...AFTER ANOTHER...AFTER ANOTHER...AFTERANOTHER...AFTER ANOTHER...
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Component style, compo- Programmable 14-day Microwave/Convection Compact, lightweight Video World's most compact 7"

nent features, integrated Video Cassette Recorder =~ Oven that bakes and Color/Sound Cameraand  diag. TV and AM/FM radio

into one high-performance  with remole control, special browns. With 3 separate Videotape Recorder. goes where you go. Runs

stereo system. effects, high speed functions, it's like 3ovens  Instant replay, special on AC, DC or ordinary
picture search. in one. effects. D-cell batteries.

Quasar, Franklin Park, lllinois 60131.
TV Pictures Simulated. Division of Matsushita Electric Corporation ol Amarica




FREE

FACTS

Now! Earn up to $15
an hour mal:ing

popular

A Free Fact Kit tells how you can make $5,
$10, even $15 an hour ormoreinyourspare

time!

A patented, easy-to-use woodworking tool

— the Shopsmith Router Arm —

lets even

beginners quickly turn out a big volume of
beautiful wood products and gifts that sell
themselves on sight, at handsome profits.

You'll have fun making and selling dozens
of fast-selling items. You can even start a
moneymaking furniture repairand
restoration business if you like. It's the
perfect way to turn an enjoyable and
satisfying hobby into extra cash while
being your own boss!

Mail your coupon TODAY!
I N I S .

=
i

l [0 YES! Please mail me your Free Facts Kitthat
tells how | can make money in my spare time

FREE FACTS KIT

Mail the coupon
and we'll send you
information about
this profitable op-
portunity. We help
you get started with
a "Blueprint forSuc-
cess’ manual, ad-
vertising materials,
project ideas, pat-
terns, production
aids. ..and more!

Shopsmith Inc. l

The Home Workshop Company

Dept. 5774
750 Center Drive
Vandalia, Ohio 45377

understand there is no obligation.

I with the patented Shopsmith Router Arm. |

Name

Address

City

State

Zip

Cabinetmakers' and professional woodworkers'

ingquiries welcome.
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PS readers talk back

[Continued]

nuclear weapons proliferation! Full speed
ahead."”

We shouldn’t be too smug about this
French foolishness, however. It was the
U.S. Atomic Energy Commission that sold
the idea of the plutonium breeder to the
world, and it is likely that the new admin-
istration will soon be out promoting it
again,

Frank von Hippel, Senior Physicist
Ctr. for Energy & Environmental Studies
Princeton Univ., Princeton, N.J.

The first law

How's that again, Jan? Did you really
mean it when you wrote “a Btu of work
input can produce two to four Btu of heat
output”” [“Alternate-Energy Answers,"”
PS, Jan.]? If so, isn’t this a violation of the
law of conservation of energy?

G. G. Guilford, P.E., Idaho Falls, Ida.

Jan Kreider replies: “Yes | did, and no it

isn't. Maybe ‘produce’ is the wrong word,
but a heat pump does deliver more
energy than it consumes—by moving heat
from outside air to inside air.”

Improve yesterday’s train

Charles Maurer's article “Tomorrow's
Train is Running Today in Canada” [PS,
Dec. '80] simply rehashes Urban Trans-
portation Development Corp.'s promo-
tional literature. He claims that the capac-
ity of buses and light-rail vehicles—which
he refers to by the outdated term “street-
cars’'—are limited to 10,000 passengers
an hour. Not true: Buses can handle
15,000 and light rail 25,000 before things
get too crowded. At a cost of $25-$30 mil-
lion a mile, “tomorrow’s train”’ is not com-
petitive with light rail, which costs as little
as $8 million a mile. Another nice claim is
that it can climb grades of six percent. The
old trolleys could handle grades up to
eight percent.

Peter Darwick, St. Catharines, Ont.

Eggshells and oysters

| was amused by your item on the holo-
graphic process for determining eggshell
thickness ["PS/What's News,” PS, Jan.].
When | was a youngster, my father had a
large chicken farm and we encountered
egg-cracking problems, too. Solution?
Feed the hens more calcium in the form of
oyster shells. If today’s egg producers are
losing $100 million a year, it's because
they are trying to save perhaps $5 million
by cutting back on calcium. Now they
have this new, expensive process. It
seems to me to be a classic case of run-
ning around the barn to open the front
door.

Norbert Corson, Land O’ Lakes, Fla.

Return of the rotorship?

The high-tech sailing ship on the Dec. '80
cover recalls Dr. Anton Flettner’'s rotor-
ship, which, in 1924, successfully crossed
the Atlantic. The “sails” of the rotorship

were tall cloth-covered cylinders on light
wooden frames mounted on masts with
bases that were rotated by electric motors
powered from a diesel generator. The
watch officer “made sail” or ""took in sail”
by changing the speed and/or direction of
the masts. Apparently, the rotors per-
formed well in strong and steady winds,

but the ships could not be maneuvered in

_ close or crowded waters.

Unfortunately, the introduction of die-
sel propulsion engines put an end to
Flettner's experiment. But it's possible
that the rotor principle might be of value
today. The rotors could be controlled by
the experience and judgment of the watch
officer, not by a computer, which cannot,
for instance, spot an approaching squall,
and must deal with such emergencies
only after they occur. The sea is one place
where no computer programmer can
foresee every possible adverse situation.

Edmund A. Milroy, Belleville, Ont.

Fire hazards

Jim Kersten used rigid urethane foam in
his “Room at the Top” [PS, Sept. '80]—an
excellent choice from an insulating stand-
point. But he should have installed a ther-
mal barrier of Y2-in. fire-resistant gypsum
wallboard—or other material having a fin-
Ish rating of not less than 15 minutes—on
the inside of the insulation. This would
protect the occupants of the home from
the toxic fumes that can be emitted from
this insulation when it's exposed to fire.
Charles T. Fox, P.E., Chattanooga, Tenn.

Ask any amateur fireman to take a look at
your “Double-Shell Solar House” [PS,
Dec. '79], and he'll tell you it's the biggest
firetrap ever conceived. A house such as
this could become a smoke-filled crema-
torium In minutes while firemen at-
tempted to reach the house burning
inside a house.

Thomas Daoust, Schenectady, N.Y.

Double-shell houses are generally de-
signed with dampers in the airspace that
close automatically when fusible links are
exposed to very high temperatures.

Decay, not fission

The headline on your January article “Fis-
sion Battery” is in technical error. Al-
though the battery does perform as indi-
cated, it does so by simple radioactive
decay and not by fission. Fission is the
splitting of an atom into two different
atoms, and normally requires a neutron to
initiate the process. In the case of the
Radioisotope Photoelectric Generator a
gamma ray is emitted, and the atom
merely loses energy without splitting.
Robert M. Loesch, Director
Nuclear Science Labs, Bel Air, Md.

Correction: We got our manufacturers
mixed up in January's “What's New in
Home Improvement.” The Hot Wall heat-
shield system is made and sold by Epox-
on Products (929 Bransten Rd., San Car-
los, Calif. 94070). + B
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A watch that fires missiles?

If you think that's extraordinary, read
on. Discover four gifted machines that
were, until recently, technological visions.
Now they're real, and dramat-
v ically priced.

Best of all, one toll-free
phone call brings any or all of
these geniuses into your home

' —where you'll have a full 30
days to get a closer look. And a
tull refund (including delivery
charge), it you decide to return

. it. You're completely protected
by the nationally recognized
Sharper Image guarantee of satistaction.

1. Become an instant musician,
no experience needed.

Create your own music with new
(Casio VL-Tone. You combine the sound,
rhythms and tempo and VL-Tone plays it
back—beautifully.

You can move to a level of musical

ability you never thought possible. 5 instru-

ment sounds and 11 rhythm sections let
you create your own melodies, put to-
sether exciting arrangements, play
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With the paim-sized Vi-Tone, even a beginner can
instantly creatle—and playback—professional, big
sounding music.

compositions that normally take years of
musical training. The secret is LS] technol-
»gy adapted to recreation of sounds and
rhythms in electronic form. The VL-Ione is
a revelation. Play anything. Play it back.
Speed it up. Slow it down. Memorize it.
Add a rhythm. There's always something
new.

Uses 4 AA batteries. Can take ear-
phones. Also plugs into home stereo for
\arger sound. Full function memory calcu-
lator, year warranty, case, full instructions.
Now, you'll own the most amazing musical
instrument inthe world. 1" x 1134" x 3.
Casio VL-Tone #395 $69.95 (3.50)

AC adapter AD-1U #397 $7.25 (75)
VL-Tone Song Boock #403 $5.00(.75)

2. Top-rated pocket stereo.
Unbelievable price.

The new $99 Technidyne is the first
portable cassette stereo to equal or surpass

the performance specifications of the $200
Sony Walkman™ Extended frequency
range produces incomparable fidelity,
truer sound. Stronger, more reliable motor
drive minimizes wow and flutter (distortion)
—even during active sports.

Comes with shculgg strap, demon-
stration tape, and ultra*li%ht (2% oz.) col-
lapsible headphones—a Technidyne exclu-
sive. Optional nylon waist pack provides
added protection for sailing, hiking, etc.
Add a second set of headphones for tan-
dem listening. Built-in Talk button allows
conversation or singalong. Tone and slide-
volume controls for each channel. 32" X
5Va” X 1¥2" unit takes 4 AA batteries.

90 day warranty.

Now you won't leave your best listen-
ing at home. Nothing sounds—or performs
—better than the Technidyne.

Technidyne Stereo #400 $99 (2.50)
Sport Waist Pack #401 $19.95 (1.50)
Additional Headset #402 $19.95 (1.50)

3. Cordless telephone breakthrough.

Most advanced—and beautitul—
cordless telephone ever—the new Mura-
phone 600. Extended 700 foot range takes
your phone almost anywhere—even to the
neighbors.

Small hideaway base station [;::11&.!_:';51’_5l
into your phone jack; then torget it. The
remote handset recharges weekly at any
wall outlet—a Mura exclusive.

Excellent fidelity, works just like a nor-
mal extension phone. Dial out, receive
calls, even automatic one-button redial.

FCC approved, comes
with 90 day warranty,

tull instructions, base and
remote, everything needed
tor the luxury of cordless
telephoning. Now put your
phone where you are: base-
ment, yard, office, or bath.
Muraphone 600 #399 $199 (3.50)

4. Amusement park on your wrist,

Casio just put an exciting game—and
much more—into their best-sellin
calculator watch. "Counterattack” tests
your reflexes as you destroy enemy
missiles, increasing skill level as you play.
Hear each shot fired—scoreboard tallies
your hits. Complete battlefield action right
on your wrist.

Eight digit calculator is easily worked
even by large fingers. Two line display
shows day, date, time. Features 24 hour
repeating alarm, hourly chime, 12/24 time-
keeping in two time zones, stopwatch to
23:59:99. Black resin case and band,
glass crystal. Instructions, battery and year
warranty included. This genius conquers

time, finance—and boredom.
CA-90 Calculator Game Watch #396
$49.95 (2.50)

30-DAY HOME TRIAL.

N A NN S = B i
¥ Credit card holders may use our

Y toll-free numbers below. Or send

w check, including delivery charge

M (shown in parentheses at end of product
W descriptions). Add 6% sales tax in CA.
] Please mention the 3-digit product

5 number and this magazine.
r.

1 800 227-3436

ll In California 800 622-0733

THE SHARPER IMAGE

260 California St., San Francisco, CA 94111
(415) 788-888(0 & 1981 The Sharper Image
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VOLKSWAGEN BUS '61

AFTER 20 YEARS WE FINALLY GOT IT RIGHT.

Don't get us wrong.
We got it right 20 years ago.
Even then our big Volkswagen was still

the most revolutionary wagon of its time.

It could carry about twice as much as the
average station wagon.

Only one small problem:

Some people thought it was funny
looking.

Back to the drawing boards.

Over the years we came up with @
modern, aerodynamic bodly.

We also made the windows bigger.

The doors bigger. The interior bigger. Ana
more comfortable.

The aash more dashing. The engine
more energetic. And the suspension more
sophisticated.

Which led Carand Driver Magazine to
say: "What we have here is the Porsche
911 of vans. The Vanagon goes down the

oad with a car-like assurance thats never |
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existed in vehicles of this type before’”

In short, there isnt a nut or even a bolt
that we haven't refined or redesigned
since we produced our vintage ‘61 Bus.

SO, in every way, we think that our ‘8l
vanagon is the most beautiful big Bus
we've ever produced.

Alas, one small problem:

Some people still think it’s funny looking

VOLKSWAGEN
DOES IT
AGAIN




Blade
brakes

for safer mowers

-------

s
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Briggs & Stratton brake has a band that wraps around a portion

shown here in run (disengaged) position. You must hold enough
pressure on control handle to overcome the coil spring.

of the flywheel. Spring holds it engaged until you grip control
handle. White gear in foreground is starter drive.

Latest safety feature:
Let go of the handle
and your lawn mower stops

By E.F. LINDSLEY

Are you ready for a lawn mower that
stops every time you release the han-
dle? You should be, if you're shopping
for a walk-behind mower this
spring.

Release the handle to empty the bag
or pick up a bit of debris, and the
engine stops. So does the whirling cut-
ter blade—all within three seconds. To
start mowing again, you must grip the
handle and turn the starter key. (You
won'’t find a rope to pull on these new
mowers.)

The system is called a blade brake
with electric restart. It's one conces-
sion to the demand from the Consum-
er Product Safety Commission to
reduce the 70,000 accidents per year

RECHARGE
ALTERMATOR

In Briggs system, a
cable controls the
brake band, stop
switch, and battery
to starter circuit.
Unless you grip
handle, all systems
are dead. The Te-
cumseh system is
similar, except for

HAMDLE
RELEASE,
FLEXIBLE

CABLE A

4
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T aAMD BRAKE

the mechanical dif-
ference in braking. —  LEAD

— BATTERY

T

that plague rotary-mower users.

There have been past attempts to
improve blade brakes [PS, Jan. "76].
Combined with clutches on the crank-
shaft, the earlier designs stopped the
blade but allowed the engine to keep
running at idle. However, both the
mower builders and the engine mak-
ers say that the clutch/brakes, so far,
haven't proved very reliable. (One
mower maker reports he hasn’t been

h 3
+ ~, BTARTER

SWITCH

sSTOoOP .
SWITCH
INERTIA
4 DRIVE
oy
'-l‘

able to make the mechanism operate
over 200 hours.)

The clutch/brake also has starting
problems: The mass of the cutter blade
is normally used in addition to the fly-
wheel mass when starting the engine.
But that flywheel effect is lost when
you clutch the blade from the crank-
shaft. Add the fact that you must start

the engine at an idle throttle setting,
Continued
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An ounce of time.

The amazing mini travelers’ clock for under $20.

It's a space-age pocket watch...  ge -
a bedside traveler’s companion...
a car dash clock...a convenient T—
personal alarm. And it’s a tax- / .
deductible business gift
idea all year long!
Order a o
six-pack —
andsave! . =

Look . . . the perfect. one-ocunce electronic
LCD read-out traveler s alarm clock that goes i
anywhere! Gives you continuous display of hours ¢
and minutes . . . 24-hour "beep alarm . . . - s
backlight for night viewing—all in a tiny. black and
silver alarm clock with quartz crystal accuracy
to within 20 seconds a month! And it operates
on a long-life battery!

You expect $39.957 No. Its only $19.95 plus
$1.95 shipping and handling. And it s such an
intriguing gift iIdea. we re offering a six-pack
for only $99.95 plus $4.95 shipping and
handling—you save $19.75! Use your credi
card and call toll-free or send your check to
Roy Thomas & Associates at the address below e :
(Hinois residents add 6°- sales tax.) You must  INCLUDED . . . matching, slip-in-dash mount for
be completely satisfied or return tor a tull refund your car. van or boat with adhesive backing —
after 15 days. no electrical connections

CALL 800-621-5839 {‘ ROY THOMAS

(In lllinois, call 800-972-5858) & ASSOCIATES INC.

701 E. Prospect Avenue, Dept. 72-3200
Mount Prospect, IL 60056

w ACTUAL SIZE
ONLY 2916 x
114 x /16

For faster service, give this number 72-3200
when operator answers. Call 7 days, 24 hours.

Blade brakes

VISIT SOUTH
CAROLINA.

The golden beaches of the Grand Strand. Old Charleston. The Resort Islands.
The whole beautiful State is right here in our free 64-page color book. And it's
vours for the asking.

Please send me the free South Carolina vacation guide. MAIL TO:
South Carolina Division of Tourism, Room 243, Box 78, Columbia, SC 29202,

Name

Address

City State Zip

¥
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[Continued]

and it means a lot of rope tugging.

But now, both Tecumseh and Briggs
& Stratton are offering new engines
that use mechanical, spring-operated
blade brakes that don’t require the
clutch system. A deadman handle con-
trol cuts the ignition and mechanical-
ly brakes the engine almost instantly.
And for convenience each has electric
start.

In each case, the brake is mechani-
cally attached to the front handgrip
through a flexible steel cable. As long
as you're holding the grip, the cable
pulls the brake away from the fly-
wheel. Let go to do some bagging,
however, and the brake spring pulls
the brake lever into place.

The two manufacturers brake the
mowers. differently. On the Briggs
machine, a steel band tightens around
the circumference of the flywheel (see
photo at right, previous page). On the
Tecumseh, a brake pad moves up
against the bottom of the flywheel
(photo at left, previous page). On both
machines, a mechanically operated
stop switch kills the engine at the
same time that braking occurs.

When you’re ready to go, the brake
is released and the stop switch is
opened as you again grab the handle.
A starter switch kicks over the engine
with a 12-volt battery and starter on
the Tecumseh; a six-volt battery is
used on the Briggs system (which, I'm
told, costs 30 percent less).

On both engines, the starting sys-
tem and battery are substantially
more powerful than on previous elec-
tric-start mowers. Starting an engine
once or twice in the course of mowing
your lawn isn’t a very high demand on
a system. But starting and restarting
30 times an hour while bagging, as
Briggs’ engineers anticipate, requires
at least a nine-amp-hr battery and
a huskier starter. The batteries I saw
were of the sealed lead/acid type and
about the size of a four-inch cube. On
both systems a flywheel-alternator
charges the battery as you use the
machines. Also, each has a provision
for a wall-outlet charger if needed.

None of this means you won'’t see a
clutch/brake mower in the future. It

still has the advantage of not requir-
ing an elaborate and costly electric
starting system since it doesn’t kill
the engine. And, in time, the bugs
may be worked out.

Whichever way it goes, however,
you’ll pay for it. Wheeler Mfg. Co., the
first manufacturer to use the brake (a
Tecumseh), has announced a price
increase: about $50 for the device.
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Not Just Another Limited Area Motion Detectdr!

guardex

Protects Every Square Inch Of Your Building

Turns On Lights Automatically

Powerful Electronic Siren

Low Cost Computerized

Burglar Alarm System

Home - Office - Business

NO INSTALLATION

Just plug the Guardex 8000 alarm system in, make two simple
control adjustments to suit your particular building and it
works! There are no other wires to run. This totally self-con-
tained burglar alarm can completely seal off every square inch
of the surface of your building. It protects doors, windows, and
what most alarms miss...your roof, walls and floors.

HOW CAN ONE SMALL COMPUTER PROTECT MY
WHOLE BUILDING?

Guardex 8000 Alarm System works on the principle of audio
discrimination. This, put simply, is the process of electronic-
ally separating normal everyday sounds, such as voices, tele-
phones, etc. from break-in type noises such as breakinog glass,
prying metal, or forcing a door open. The Guardex 8000 pro-
tects one story homes and offices up to 2000 square feet and
open commercial buildings up to 10,000 square feet. The
Guardex 9300 with wireless remote sensor capability is avail-
able for multi-story homes and offices or single story with
more than 2000 square feet. Call the factory for more detailed
information.

TURNS ON LIGHTS AUTOMATICALLY

When the first break-in type sound is detected, the system will
instantly turn on lights, radio, or other electronic equipment
that you have plugged into the back of the alarm. These lights
of other equipment will remain on for a period of five minutes,
then automatically turn off.

POWERFUL ELECTRONIC SIREN

The Guardex 8000 alarm is equipped with a loud built-in siren.
If during the five minute period the lights or other electronic
equipment has been activated, a second break-in sound is de-
tected, (it can be only a second or two after the first break-in
sound) the built-in siren will start blasting for 90 seconds. At the
end of approximately 90 seconds the siren will shut off and the
alarm listens again. If another break-in sound is heard, the
siren will come on for another 90 seconds. If no other break-in
sound is detected, the siren will stay off and at the end of the

five minute period the lights will shut off and the alarm in-
stantly resets.

The rear control panel
contains two standard AC
plug receptacles for a table
lamp, spot lights, radio, etc.:
terminals for connecting
optional outside siren and
back-uvp battery (not

included); entry delay time
control and sensitivity control.

The Guardex 8000 Alarm System is walnut grained and dis-
guised to look like a small stereo speaker (6% " x 9%’ x 8")
and weighs less than 6z pounds.

EXIT AND ENTRY DELAY

The Guardex 8000 alarm has a built-in exit delay allowing you
approximately one minute to lock up and leave the building
before the alarm is armed. When you enter your building you
may find that just your normal entering sounds activate the
siren. You may delay it from starting for up to 30 seconds by
turning up the siren entry delay control.

BATTERY BACK-UP

Burglars rarely cut power. However, to ?ive you total protec-
tion from a burglar and possible power failure, our alarm has
provisions for a battery back-up. (Batteries not included). 12
volt lantern batteries are available at most hardware stores.

THE BURGLARY PROBLEM

The F.B.l. statistics show that at the present rate, one out of
every four Americans are going to be burglarized. That is not a
very pleasant fact, but it is true. You have a greater chance of
being burglarized than being a victim of a fire or automobile
accident. The time is now to help protect yourself and your
valuables with a Guardex 8000 alarm system.

OUTSIDE SIREN

The Guardex 8000 alarm is equipped with a loud, built-in siren,
but if you desire an additional siren to mount outside or in an
area away from the main alarm, they are available with 50 feet
of wire for $24.95. (Connecting terminals are provided on the
back of the alarm).

30 DAY NO RISK TRIAL

This is your opportunity to purchase an alarm system directly
from the factory for only $199.95. Try it in your home or busi-
ness for thirty days without risking one cent. Put our Guardex
8000 alarm to your own test. See for yourself! It will protect
every window and door from break-in. If you are not completely
satisfied, return the alarm within 30 da{s for a complete refund.
To order your Guardex 8000 alarm, CALL TOLL FREE to charge
your credit card or send your check to Guardian Electronics,
Inc. in the amount of $199.95 plus $3.50 postage and handling.
If you want the optional outside siren, add $24.95 (California
residents add 6% sales tax.)

(If you require more information,
call during California business
hours, Monday - Friday).

VISA®

Dealer Inquiries Invited

CALLTOLL FREE
(800) 423-5499

GUARDIAN

ELECTRONICS, INC.

31117 Via Colinas, Dept. PS Westlake Village, Calif. 91361

California residents:
(213) 889-1414 collect.

Price subject
to change
without notice.




THE FIRST
TRULY WATER
RESISTANT
ALARM/GHRONO

Gasio’s Mani IiEI'
You Don't Have Time To Worry About Your Watch

It's so convenient you just put it on and forget it!
Never worry about the Mariner getting wet, because
it's water resistant to 300 ft. Swim, ski and live the
active life with this durable timepiece. Even the
buttons have been engineered to prevent the loss of
water resistancy during virtually any activity you
undertake. Includes lithium batteries that won't need
changing for approx. 5 years.

Use the Chronograph Without Losing Sight of the Time
The convenient and unique 12 digit LCD display allows
you to view the time and your choice of the alarm,
chronograph, countdown alarm, or calendar. Imagine
a daily alarm, hourly chime, chronograph track
accurate to 1/100th second, an 11 hr. countdown
alarm, and self adjusting calendar at your command.
Plus one touch allows you to change between 12 & 24
hour military/European time. All this backed by the
manufacturer's one year warranty,

Buy with Confidence

We've become a leading media merchandiser by offering
advanced technology products, prompt delivery, and a
30-day, no-risk, money-back guarantee. If this product
isn't everything you expect, return it in new condition in
30 days or less for a complete refund.

Order Today

Charge customers call toll free 24 hours a day. Order pro-
duct #91 for watch in tough black case and band, only
$39.95. Order product #93 for watch in stainless steel case
and tough black band, only $59.95.

[800)854-3831 (ze0) ss27es:
DW marketing
international

350-A Fischer Avenue Dept. T0B.

Costa Mesa, California. 92626.

(714) S40-4444

Call our toli-free number for quickest service or send your check
money order or credit card info Please allow time for checks 1o
clear We accept VISA MC AE DC charge cards Add 52 50
for insured postage & handling for first product & §1 00 for each
additional product Calif residents add 6°. sales lax

[ 0WS marketing international 1981
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No-knock furbocar
runs on any gas

PRESSURE SENSOR

KNOCK SENSOR

Auto makers are moving to turbo-
charging to increase power by as
much as 25 percent without the penal-
ties in fuel consumption and weight of
a larger engine. Typically, an ex-
haust-driven turbo-compressor sim-
ply blows extra air into the cylinders
for a denser explosive charge.

But there’s a catch. That boosted
cylinder pressure may cause detona-
tion with low-grade gasoline, often
the only fuel available. Such pre-igni-
tion, or knocking, can seriously burn
exhaust valves and pistons. Saab in
Sweden solves this problem with its
Automatic Performance Control sys-
tem (APC), which allows the engine to
run safely and at peak efficiency on
any gas between 91 and 99 octane
without prior adjustment. A sensor
fixed to the cylinder block detects the
first trace of detonation—even the
inaudible type at high speeds, which
18 the most harmful.

This danger signal is fed into an
electronic processor that then opens a
solenoid valve in the air-control line
to the waste-gate valve, That instant-
ly slows the turbine and reduces the
boost pressure from the turbocharger,
holding the pressure at a critical level
just below the knock point.

APC has been successfully tested in
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the Saab two-liter engine, and will be
used in the 900 Turbocar next year. It
makes detuning the engine for an
anti-knock safety margin unneces-
sary. In fact, the compression ratio is
actually raised to 8.5:1 from the Tur-
bo's present 7.2:1, which improves
engine efficiency and gives snappier
acceleration at low rpm before the
power-boosting turbine cuts in. Fuel
is always completely burned regard-
less of the octane number. The compa-
ny claims an eight percent cut in fuel
consumption.

GM tackled the same problem in the
1977 Buick Regal with an automatic
spark-retard system for the turbo-
charged V6. This system prevents
engine damage by altering ignition
timing at the onset of knock. The
Swedes point to some weaknesses of
that method: Engine efficiency and
economy suffer; there’s a risk of burn-
ing exhaust valves; and the timing
control may not always respond rapid-
ly under hard acceleration.

Saab sees its APC as a no-snag solu-
tion that requires only simple elec-
tronics, has few moving parts, and
adds little to the cost of the car. With
growing acceptance of turbocharging,
other manufacturers may follow
suit.—David Scott



What makes Koolatron portables tick
is a tiny, space-age-efficient thermoelectric
solid state module.

Koolatrons simply plug into 12-volt lighter
sockets, or operate from house current with
our optional 110 volt AC adaptor. Very easy.
Very clean. And very convenient.

Whichever model you choose, a
Koolatron portable is light, versatile, and sur-
prisingly spacious. The Sportsman Fridge, for
instance, weighs only 17 lbs - less than a
cooler with a block of ice.

Yet it holds up to 40'Ibs. of provisions, or
48 twelve-ounce pop cans.

And with the flick of a switch, two of our
three models turn into food warmers.

Take them just about anywhere, in just
about anything.

Because of its aerospace-inspired solid
state refrigeration modules, a Koolatron
portable is unaffected by travel, vibration
or tilting.

So wherever you go, you can take your
Koolatron portable with you -
on vacation, camping, boat trips, hunting,
fishing, cottages, the office for working
lunches, the rec room as an extra fridge,
even shopping.

It's really like having a smaller
version of your home refrigerator. And
it'll do just as good a job, keeping food at
normal refrigeration temperature (40° to
45°F), even in 95° weather.

Deluxe Pﬂﬁable (P34A)

(Doubles as a bar fridge)

The Car Fridge that's also a food warmer.
$139.00 ($149.00 in Canada). (Model P10).
The Koolatron Car Fridge holds 17
twelve-ounce pop cans or about 15 Ibs. of I
provisions. With the flick of a switch, it warms
up to 150°F to keep hot foods hot.
Vital statistics: Blue Polypro plastic,
16” x 11” x 114" ext., 10-litre (11 qt) capacity,
weighs 10 Ibs., operates from 12-volt power I
or with our optional 12VDC/110VAC power
adaptor.
The Deluxe Portable with the works.
$199.00 ($209.00 in Canada). (Model P34A).
For the man who wants everything - fully
adjustable temperature control, low battery wam-
ing indicator and food warming switchover.
Vital statistics: Beige ABS case, 21" x 16"
x 16” ext., 34 litre (36 qt) capacity, weighs I
17 Ibs. (See Car Fridge above for operational

details.) |
The Sportsman Fridge that takes the |
rough out of r it. $179.00 I
($189.00 in C ). (Model P34)

The Koolatron Sportsman has the same |
dimensions as the Deluxe but does not include |

the food warmer or low battery warning HaE
indicator and has fixed temperature control. I s
Order today without obligation! | ARORESS
Write or phone. We'll rush you your unit I '
on our no risk 21-day trial basis. Each unit has } “Y T
complete instructions and a written one year SRR T

warranty backed up by Koolatron - the world's
largest manufacturer of solid state recreational

fridges. Service centres in New York, Arizona
and Canada.
Phone for immediate delivery.

terica are discoVering

_ ".-.:=: %ﬂt they'lv E h ; I
iting for is already.hes

For rush delivery, call “toll-free” by

operator-dialing us collect,

0-705-737-0842

Koolatron Industries Limited
56 Harvester Ave., Batavia, New York 14020
230 Bayview Drive, Barrie, Ontario, Canada L4N 4Y8
Or use this handy order coupon.

e ——————— —

Hoolatron oo ¢

Industries Limited

56 Harvester Avenue, Batavia, New York 14020 I
Canada: 230 Bayview Drive, Barrie, Ontario L4N 4Y8

Please send me:

— (P10) Car Fridge at $139.00 ($149.00 in Canada)

___ (P34) Sportsman Fridge at $179.00 {$189.00 in Canada)
— (P34A) Deluxe Fridge at $199.00 ($209.00 in Canada)
— Koolatron 110V adaptor at $39.95 (same in Canada)
Please add $9.00 for handling and delivery per unit.

Mo charge for shipping adaptor if ordered with unit.

Add $3.00 for shipping adaptor only.

(N.Y., Ont. and Que. residents add sales tax.)

| understand that | may return any item undamaged

within 21 days and receive a full refund if | am not

satisfied.

O 1 enclose check or money order for

§ __  orplease charge to my
O Visa OO Mastercharge O Amencan Express

Account Number
Expiry Date O Send brochure only
Signature .

( necessary to ship merchandise)
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DEALER ENQUIRIES NOW INVITED.
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So your videodeck |

won'’t pay for the
sins of your videotape.

On the surface, videotape is
the picture of innocence. But
if its microscopic oxide parti-

cles and binder are not of the
highest quality, loose oxide
particles may shed into the
works of your videodeck. And
oxide shedding has been the
downfall of a good many
videodecks.

Super Avilyn is different. It's
a super-refined videotape
especially developed by TDK.
Super Avilyn particles are

virtually inseparable from their
strong binder. They stick to the
tape as your videoheads spin
at 1800 rpm. Pictures stay faith-
ful to the original. Virtually no
drop outs or color loss. Bril-
liance and crispness from be-
ginning to end. Even during
six-hour play, when the tape
moves at a bare .43 inches

per second.

Before we told you all this,
you could have innocently hurt
your tape deck. Now that you
know all about Super Avilyn,

it would be a sin to use any-
thing else.

STDIK |

The Vision of the Future

S _—

e e E i

(© 1980 TDK Electronics Corp.. Garden City, N.Y. 11330
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NVOIORCYCLING

By RAY HILL

138 mpg on Yamaha’'s SR 250

A moped is the mileage champ for low-

speed, short-distance commuting, as
many people are discovering. Unfortu-
nately, if you must travel longer distances
at highway speeds, a moped isn't the
answer. But Yamaha's SR 250 Exciter
motorcycle can be. It's made especially
for beginning riders.

The Exciter’s single-cylinder four-stroke
power plant displaces 249 cc's. It doesn't
have great gobs of power that can get an
inexperienced rider in trouble. And it's
easy to start (electric starter) and main-
tain. The seat is low (see photo). Even
people with short legs can usually plant
both feet firmly on the pavement when
the machine is stopped. Carrying a pas-
senger is no problem.

My first mileage test was a 130-mile
run, mostly on turnpikes. | kept up with
the fastest cars, and | got just a bit under
70 mpg. The engine was new at that time.
Later, after only 250 break-in miles, |
decided to try for optimum mileage. That
meant no jack-rabbit starts, steady cruis-
ing speeds (no high speeds), and easy
braking—the same kind of techniques you
would use with any vehicle to get opti-
mum mileage. | used no tricks, such as
coasting down hills with a dead engine.

| topped off the gas tank and rode the
bike 17 miles over roads near my home.
Except when stopping for lights or stop
signs, | kept the speed between 40 and 55
mph—mostly at about 45. After the run |
topped off the tank using a calibrated con-
tainer. It took exactly one pint tofill it. That
works out to 138 mpag.

Oh yes, not only is the SR 250 a very
economical commuter—it's also a lot
of fun to ride.

Heated handgrips

Do you suffer from cold hands on those
cold-weather rides? A pair of Hot Grips
from Hi-Point Racing Products may re-
duce your misery. These special grips
have resistance-heating wires built in.
When they are switched on, the grips
heat, warming your hands. | haven't tried
a pair, but I've received glowing reports
(pardon the pun) from people who have.

Hot Grips can be used on any street
motorcycle with a six- or 12-volt electrical
system and on any dirt bike with a lighting
coil. They cost about $25 and are available
through motorcycle shops that sell Hi-
Point products.

Water jug for dirt bikes

You can work up quite a thirst on a long
trail ride. One way to solve the problem—
as many do—is to carry a canteen on your
belt. But if you fall, landing on your can-
teen is not the most pleasant of experi-
ences. A better solution is the Enduro jug,
made by Tumbleweed Enterprise in Tor-
rance, Calif. It costs about $13 and is sold
by most motorcycle dealers.

| tried the jug on a Kawasaki KDX 175
recently. The container comes with a
mounting base that clamps to the han-

—

dlebar cross brace with a couple of
screws. The Enduro jug slips over the
base and is held securely in place with a
Velcro strap. Even my most spirited riding
tactics failed to shake the jug loose. It
doesn’t leak, is made of rugged plastic,
and holds one quart. | found it mighty
handy about 50 miles down the trail when
my throat got dry. When filled, the jug
adds some weight to the handlebars. But
this did not seem to adversely affect any
of the excellent handling characteristics
of the KDX.

Continued




woma. tar, Lo ma. nicotine av, per cigarette by FIL method.

Warning: The Surgeon General Has Determined

That Cigarette Smoking Is Dangerous to Your Health.

FREE PACK

. The first ultra low tar built on taste.
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MAIL IN OFFER

We'll send you your free pack of New Winston Ultra ——
Just fill in your name and address below ; |
Only g J mg .
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Mail to: R. J. Reynolds Co., P.O. Box 1626
Winston-Salem, N.C. 27102

| certify that | am a smoker at least 21 years of age.
Check 85mm____ or 100mm

NAME

[please .';-r -rﬂ |
ﬁQDHES@

CITY

STATE :
(requirad)

CURRENT BRAND
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manufacturer OFFER EXPIRES JUNE 30, 1981

Offer good only in USA. Consumer must pay postage
= 1981 R.J. REYNOLDS TOBACCO CO to mail in coupon



Therealtest
of a lawn mower 1s

S \ hOW lt PCI for IT]1S
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In the middle of summer, when grass is sparse, just about any lawn mower can do the job.
It’s spring that separates the quality mowers from the rest. That’s when grass is at its thickest and
tallest. And that’s when you really appreciate a John Deere.

John Deere offers a rear bagging attachment that directs the grass clippings to the top
of the bag. It’s designed to prevent clogging. So the bag fills up completely, even in damp conditions.

What's more, John Deere 21-inch Mowers have powerful 31,- or 4-hp engines that
don’t bog down 1n tall grass. They have steel wheels with ball bearings so they last longer and roll
easier. And like all John Deere Mowers, they’re easy to start and built to last a long time.

John Deere 21-inch Mowers are available in self-propelled models with manual or
electric start, and a push-type model with manual start. There are other push-type models available
in 18- and 20-inch cutting widths.

See your John Deere dealer now. Before that tall spring grass gets out of hand.

For the name of the dealer nearest you, or a free folder, call 800-447-0606 toll free.
(Illinois, call 800-322-0688.) Or write John Deere, Dept. 62, Moline, IL 61265.

DOWN-TO-EARTH VALUE. SAVE $30. Buy any

John Deere 21-inch Walk-Behind Mower before Nothing Runs Like a Deere* [}-\]
May 31 and save $30 at a participating dealer. JOMN DEERE




MANUFACTURE THIS BEAUTIFUL il
CONCRETE OUTDOOR FIREPLACE s

Motorcycling
[Continued]

Tray for change, keys, etc.

Digging around in your pockets for paper
money, change, keys, and other such
items can be a hassle when you're on a
motorcycle—especially if you have a lot of
heavy clothing to work through first.
Cycle-Tray is designed to eliminate this
problem. It measures three by six by 2%
inches and mounts on the handiebar. A lid
that's held closed by spring tension keeps
items from blowing away. It's $4.50, ppd.,
from Cycle-Tray, Box 74, Guilford, Conn.

A brand-new old motorcycle

Therig below is scheduled to go on sale in
the U.S. at about the time you read this. It

Right In Your Back Yard

$10.00 Worth of Sand and
Cement Produces This
Attractive Fireplace.

Sells on Sight from
$250 to $300. Easy to
start your own Profit-
able Business.

The RPT Mfg. Fireplace
Molds and Process are
the most amazing and
foolproof ever invented.
Simple to operate.

BIG DEMAND!!
Sell all you produce to

Department Stores,
Homeowners, Parks,
Nurseries and Picnic
Groves. Fireplaces sell
on sight. No experience
necessary. We supply
full operating instruc-
tions and equipment
plus the know-how that
spells BIG PROFITS.
This is an outstandin
opportunity for men o
vision and small capital
to get in a busy rich pay- I Name

| RPT MFG. DEPT. Ps-1
| 3537 Limekiln Pike, Chalfont, PA 18914

is almost an exact duplicate of a motorcy- ing field. Don’t delay, | acuress
cle-sidecar combo built by BMW in the Mail coupon at once for l
full details. City

1930's. Made in Russia, it is imported into
the United Kingdom by Neval, modified,
and then brought into the U.S. by Sidecar
Imports, Ltd., 490 Skokie Highway, High-
land Park, Ill. 60035.

A 650-cc, overhead-valve, horizontally
opposed twin-cylinder engine churns out
a mild 36 bhp. Mileage is claimed to be in
the 50-54 mpg range under normal driv-

ing conditions. If its reliability is anything
like BMW's, the Neval should last forever.

A reverse gear is standard. All three
alloy wheels are interchangeable. A spare
wheel and extensive tool kit are included.
Two versions are available: the MT-12,
which costs about $5,300 and has a driven
sidecar wheel, and the MT-10, about
$4,300 with an unpowered sidecar wheel.
The MT-12 is said to work very well in
snow and rough or muddy terrain.

The Neval meets all EPA and DOT stan-
dards, weighs 700 pounds, and holds five
gallons of gas. Tires will not have the
block tread-pattern shown in the photo.
They will probably be street tires made by

FOR GOMPLIGATED
FASTENING JOBS...
RIVETS ARE FASTER,

SIMPLER THAN NUTS, |
BOLTS, SCREWS.

No home should be
without the Pop Brand
Rivetool. Faster fastening
of metal, leather, canvas,
vinyl. Easier fastening
because it fastens from

one side. Surer fastening-
rivets can’t shake loose

like nuts, bolts, screws.
Great for hobbyists, too.

Bostik

POP_RIVETOOL

Dunlop. CONSUMER DIVISION 4
| to be sold \
naI:iI::fui;il for the Neval to s Reading, PA 19605 EMHART \ b

&PEN 185 | §a



We're one of the largest makers of
automotive gaskets. And we have
six booklets that will tell you what
you need to know about gasket in-
stallation plus torque specifications.
Learn about exclusive Teflon-coated

PermaTorque/Blue® head gaskets
that never require retorquing,
Fel-CoPrene® - the all-rubber valve
cover gasket, and much more.

FEL-PRO INCORPORATED

7450 N. McCormick Blvd,
Skokie, Ill. 60076

Yes! Please send the gasket booklets.

| enclose $1.00 to cover postage and handling.
Mail couponto: Fel-Pro Inc., Dept. PS-381

7450 N. McCormick Bivd., Skokie, IIl. 60076

Name
Address
City
State Zip

v BN EENNENDDE NN N -.-1
‘- s s s B R R R O F 0 R 0 0 0 1 0 3 0 1 |

'Ir‘ Teflon is a registered Trademark of DuPont Co. e

‘.----------.-II--’
20 | POPULAR SCIENCE

Solar water heater
— NO puUMPps, NO tanks

Heating water with solar energy isn’t
difficult or expensive: Just fill a buck-
et, put it in the sun, and wait. The
money comes in when you want to tie
your bucket (collector) into your
household water supply. That usually
means pumps, storage tanks, heat
exchangers, thermostats, and a lot of
plumbing—which costs  $2,000-
$3,000 when installed in your home.

A new solar water-heating system
that dispenses with much of that
hardware yet is claimed to perform
about as well as a conventional sys-
tem should be on the market in about
a year. Solaron Corp., makers of solar
space- and water-heating systems, re-
cently acquired the rights to market
the simplified system developed by W.
Peter Teagan of Arthur D. Little
Inc., Cambridge, Mass.

Solaron has not yet announced a
price for the heater, but Teagan says
the installed cost should be about 40
percent less than units now available.
If so, the shortened payback period
could make solar water heating at-
tractive to many homeowners.

“I realized that the cost of solar
water heaters wasn’t going to come
down without some fundamental
changes,” says Teagan. His solution:
Connect the collector directly to an
existing hot-water system and use
city water pressure for circulation.
Result: The device needs no solar stor-
age tank, circulation pump, or differ-
ential controller, and uses less piping.

The collector consists of an absorber

tank containing water and a heat
exchanger. An intake pipe brings
water by line pressure through the
exchanger and then into the domestic
hot-water tank, where it may be fur-
ther heated to supply adequate tem-
peratures at the tap.

The mystery of the system is why
the water in the absorber doesn’t
freeze or boil. It contains. no anti-
freeze, and it is in direct contact with
outdoor conditions. Solaron claims
that insulation around the sides of the
tank and the large mass of water in it
prevent freezing. To eliminate over-
heating, a finned tube on top of the
collector passes excess heat to the air
and keeps the water temperature just
below the boiling point.

The unit was field-tested through
three New England winters without
any freezing or overheating, says Tea-
gan. On a clear day, the temperature
of the absorber climbs 20-25 degrees
F an hour. Due to the storage capacity
of the unit, preheated water can be
delivered well after sundown.

Because the storage is not isolated
from ambient temperatures, collector
performance is somewhat worse than
with conventional units in cold
months, but it may be somewhat bet-
ter during hot months. How much of
your water-heating needs could it sup-
ply year-round? Up to 50 percent, says
the inventor. Solaron (1885 W. Dart-
mouth Ave., Englewood, Colo. 80110)
will market the system for do-it-your-
self installation.—Ed Moslander




Good deals for you

for Good Times Outdoors
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There’s never been a better time to head
outdoors—where so many of the best things in
life really are tree.

And the best way to go is the Coleman
way. You can equip yourself with all the gear
you need for years of fun, at a price you used
to pay for a few nights in a hotel or resort. [

Send in this coupon for your
Coleman Good Times
Outdoors Catalog™. Or pick
up one at a participating
Coleman Dealer. Coleman
Good Times Outdoors offer
is good on purchase of
couponed items from March

15, 1981 to June 30, 1981.

Mail to: The Coleman Co., Dept. Good Times,
Wichita, KS 67201

To make it even easier, we've put together —
the Coleman “Good Times Outdoors Catalog” .
—loaded with coupons for rebates, premiums i Address
and other values from Coleman and other i iy
g E?It TS y_ | i State and Zip |
outdoors. 4 ala i
' (oleman,, ﬂ ;

OUTING PRODUCTS - WICHITA, KANSAS
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Coleman « Shakespeare « Wolverine Boots « O’Brien Water Skis « AMF Voit




Ford Granada 1981.

Built for a changing world. Designed

with a commitment to quality.

In a world calling for change,
no American-built sedan has
changed more for 1981 than the
new Ford Granada. Count the
ways:

(Granada is smaller than last

year.

(Granada has more interior

room than last year.

(Granada has rack-and-pinion

steering this vear.

Granada has a new type

of suspension for

this year.

And, best of all, Granada’s efhi-
cient 4-cylinder engine for 1981,
combined with its new sleek
aerodynamic styling, gives it
the best mileage in its history—
21% better than last year!

EPA EPA
EST EST
HWY | MPG
|
il

For comparison. Your mileage may differ, depend-
ing on speed, distance and weather Actual high-
way mileage and California ratings lower

Granada is built with Ford’s
attention to detail. Every
seat is fitted by hand

and every door is adjusted by .
hand. Every car is examined
during assembly by no less than ™
38 quality-control inspectors.-
That'’s attention to detail you _,
can see, feel and hear. '
Your Ford Dealer can dis-*
cuss buy or lease arrangements |,
and tell you about Ford’s Ex-
tended Service Plan. =L

FORD GRANADA ..
FORD DIVISION



Typecorder

Paperless typewriter
fits in a briefcase

Typecorder is just
1.5 by 85 by 11 in.
Keyboard has
good tactile re-
sponse for touch-
typing. Microcas-
sette (inset) saves
text or takes dicta-
tion. When you've
finished typing,
completed text can
be put on paper by
connecting a print-
er to the Typecord-
er. Other attach-
ments are also
available (see text).

It puts up to 120 pages of
text on a microcassette

By WILLIAM J. HAWKINS

You type on it. That’s the only simi-
larity between Sony’s Typecorder and
a conventional typewriter. The differ-
ences: It's silent; it doesn’t use paper;
and it runs on internal batteries, so it
goes where you go. It is a typewriter.
But it’s completely electronic.

The Typecorder has a standard key-
board. But as you type letters appear,
not on paper, but on a 40-character
LCD display line. Special edit keys let
you correct errors instantly and add or
delete words as you go. There is also a
special “steno” function key. Press it,
and every other key now represents
an entire word. Press STENO and A, for
example, and the word ABOUT instant-
ly appears on the display.

When the line is full, it is stored in
the unit's internal memory while you
go on typing. When you’'ve completed
your work, you simply press a button:
Up to 120 pages of text are stored on
magnetic tape through a built-in mi-
crocassette recorder (which also dou-
bles as a dictation recorder using a
built-in microphone). Now you can
pop in a fresh cassette or insert a pre-
viously recorded cassette to finish up
something old. When you’re finished,
the unit is ready to give you a first
“draft” of your work. You can have
this in a variety of ways.

With a printer connected to the
Typecorder, you get a permanent
paper copy. Or the Typecorder can be
connected to a paper punch—a unit
that punches holes in a paper tape
that can be automatically read by
teletypewriter systems.

A special typewriter-actuator unit
is also available. It’s a clever, flat box
that mounts above the keys of a stan-
dard office electric typewriter. The
output of the Typecorder controls the
internal solenoids of the actuator.
These, in turn, press down the keys of
the typewriter to produce the work.

An acoustic coupler can also be con-
nected. This allows you to send the
data from the Typecorder over a phone
line (to a remote office printer, for
instance). And the Typecorder can be
connected to a word-processing com-
puter (directly, or by phone line using
the modem), which would add special
text controls such as formatting (lines
per page) or justification (left and
right margins).

Battery or AC-powered and weigh-
ing just three pounds, the Typecorder
goes anywhere: library, classroom,
hotel, home, office—or your briefcase.

Price: $1,400. i

APRIL 1981 | 23



DETROIT REPOIRT

By JIM DUNNE

Here comes the P-car

GM management has given final approval
for Pontiac's exciting P-car (above), and
that means the midship-engine two-seat-
er will be ready for production a year from
now as a 1983 model. A number of code
names have been assigned, including
Sunfire, but it's expected the official chris-
tening will come later this year. The Fiat X
1/9 look-alike will use an X-car engine/
transmission moved rearward, but not, as
we reported earlier [PS, Feb.], turned
around. By keeping the orientation intact,
the same combination that powers the
front-drive X-cars will drive the rear axle
of the P-car—and create the desired mid-
ship layout.

Escort bucks trend

Instead of a hatch opening, the Ford
Escort four-door model to be introduced
this fall (below) will feature a conventional
trunk compartment. This layout—the bus-
tle trunk tacked on the rear—is contrary to
just about every other subcompact design
of the last five years. The four-door joins
the two-door coupe and sedan and four-
door station wagon in Escort’s 1982 line-

up.

A man’s job?

GM plans to have as many as 2,000 robots
on the job by 1984—each one costing

24 | POPULAR SCIENCE

$70,000. The company pioneered assem-
bly-line robot use in 1969 when it installed
one in Chevrolet's Lordstown, Ohio, Vega
plant. Since then other auto makers, in-
cluding those overseas, have added ro-
bots to their assembly plants—but none in
the large numbers GM now plans. Robots
improve quality, say the auto companies.
But there are other reasons for the
changeover: You don’t have to pay a ro-
bot for overtime or vacations. What will
happen to workers replaced by machines?
The four-day work week is a solution
being pushed by the unions.

From A to X

GM'’s A-body sedans—Malibu, Century, Le
Mans, and Cutlass—will switch to front
drive and smaller size next year, and in
doing so will nearly duplicate the design
of the X-cars. In fact, the two car lines will
share many major drive-train parts, in-
cluding engine, transmission, and basic
floor pan. The new A-cars will be built in
only two body styles: two- and four-door
sedans. Wheelbase will be 104.9 inches
(the same as the X-cars), but overall
length will be about 10 inches greater, giv-
ing a huskier look. Curb weight will be 500
pounds less than the older designs. Look
for fuel economy to approach that of the
X-cars.

Pickup race is on

Chevy and GMC will be ready this fall with
half-ton, compact pickup trucks, but Ford
and Chrysler aren’t far behind. Both will
have versions ready for 1982 introduc-
tions, about a year from now. Ford's entry
will be called Ranger. "It just might be the
most important truck ever built by Ford
Motor Co.,"” says Ford Truck General Man-
ager James A. Capolongo. Like the GM
minis, the Ranger will have a four-cylinder
engine and rear-wheel drive. Its chassis
will be built on a separate frame,
Chrysler's compact will be similar to the

VW pickup; unit body, four-cylinder en-
gine, and front-wheel drive. While the
trucks are designed to compete with
imports, the Ford and GM models will be
sold alongside Courier and LUV, giving
both companies three different vehicles
in the half-ton-pickup market. Chrysler’s
truck is expected to sell directly against
the smallest imports, so Dodge may
decide to drop its imported Colt pickup.

Mini utility truck

GM is planning to build four-wheel-drive
utility vehicles based on the compact pick-
up being readied for 1982. The mini,
which will be out the following year, will
offer big fuel-economy gains over the cur-
rent GM utility trucks—Blazer and Jimmy.
No name has been selected for the vehi-
cles, but it's known they'll be built for
Chevrolet and GMC divisions and be pow-
ered by a four-cylinder engine. GM will
take a wait-and-see approach to the future
of the Blazer and Jimmy. |f the new vehi-
cles are a hit with customers, the others
will be dropped.

Turbine on deck

After GM gets its electric car into produc-
tion in 1985, the next major engine project
will be a new small turbine. GM, of course,
has been working on turbine engines
since the late 1950's. The last design, the
AGT-5, has the power of a small V8.
Unfortunately, it also has comparable fuel
economy—and that's not good enough.
So asmaller engine is the answer, but that
project is behind the electric in GM's
scheduling. Advantages of the turbine are
less weight, cleaner exhaust, and the abil-
ity to operate on a variety of low-cost
fuels, including synthetics.

Ford drops turbo—for now

Emission problems with the turbo-
charged 2.3-liter four offered in Ford Mus-
tangs and Fairmonts have led to a deci-
sion to drop the engine. But that's not the
end of turbocharging at Ford. Within three
years, the company will begin importing
four- and six-cylinder turbodiesels from
Europe. The relatively tiny 2.1- and 2.4-
liter engines will go into Ford's luxury
lines first, then into smaller cars.

Paying by the mile

You won’t be surprised to learn that it
costs more to operate your car this year
than last. But the size of the increase—an
average of 6.4 cents per mile—is a record.
Here are the per-mile costs, according to
Hertz: subcompact cars, 38.1 cents; inter-
mediates, 44.0 cents; standards, 48.1
cents. The figures are for normally
equipped cars driven 10,000 miles a year
for three years. Major causes of the 18
percent increase are higher sticker prices
on new cars and higher interest rates on
car loans. Note that the costs are for new-
car owners only. The average operating
cost for all cars on the road is far lower,
about 26 cents per mile. The Hertz survey
also shows that the prices of new cars
have almost doubled since 1973. i
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Removes water—

At today’s prices, drivers are | Cleans carburetors and

demanding more and more from| keeps them clean.

their gasoline. And more and | \5ma| engine heat and oxidation

more from their gas additives. | ;5o gum and varnish to build up.
STP Gas Treatment delivers | 11,50 denosits can clog openings,

what r.!rwers ask for. It’s the reduce tolerances and harm engine

Driver’s Edge. It provides pro- efficiency.

tection for your fuel system. STP Gas Treatment cleans your

Removes water thatcancause | ..}, o161 And works two ways to

problems. Inhibits rust. Cleans | .. o these harmful deposits from

:?:;:?;l:‘::::: :;::EEPE "t | accumulating again. First, it coats

STP does it all. That’s why it
outsells them all.

fights gas-line freeze.

Water gets into your gas tank through
condensation and, sometimes, by
contamination at the pump. This
water can cause poor engine perfor-
mance and, in cold weather, gas-line
freeze.

But the special-action formula of
STP Gas Treatment used regularly
works to protect your fuel system. It
surrounds water droplets and helps
carry them through your engine. And
the less water in your fuel system, the
less chance of a problem.

Inhibits rust.

Even a little rust can cause serious
fuel system problems. Itcanclog your
fuel filter, or block your carburetor jet.
This can mean
hard starting,
plus stalling
and sputtering.

But STP
Gas Treat-
ment has a
special rust '
and corrosion UHTHEATED THEATED
inhibitor designed to prevent these
problems, Boththese steelbarswere
soaked in gasoline plus water. But
the bar on the right —the one without
the rust— was protected by STP
Gas Treatment. No wonder it's the
Driver's Edge.

STP Carporation, an ESMARK Company, Fort Louderdale, Florida 33310
[E31981 5TP Corporalion

metal surfaces which works to pre-
ventgumandvarnish molecules from
getting a toehold. And second, it sur-
rounds these molecules with a stick-
proof coating so they can pass harm-
lessly through the fuel system.

’A

UNTREATED TREATED

The carburetor sleeve on the left
shows fouling and deposit accumula-
tion. The one on the right— the one
that still looks like new — was pro-
tected by STP Gas Treatment. Which
would you want in your engine?

Savesgas. =
A dirty carbu- 78
retor lessens 4
your engines
operating
efficiency,
reduces
mileage,
wastes gas. :
But STP Gas Treatment cleans
carburetors. Intake valves and mani-
folds, too. And, usedregularly, keeps
them clean. Net results: improved
engine efficiency and important
gas savings.

Get the Driver’s Edge.

If you demand more from your gas—

and more than many gas additives

even promise — join the millions of

smartdriverswhodemand STP Gas

Treatment.Keepit on the job—every
mile, every fill, every season.
Because STP Gas Treatment
delivers. Satisfaction guaranteed
or your money back.

STP Gas Treatment does it all.
Removes water, fights gas-line
freeze, cleans carburetors, saves
gas. Thatswhyitoutsellsthemall.

driver’s




Andersed \Windowalls <

—

E LILLIE R 'qr_l.-r:-gh[ 7 15] & nilerssn r'nr-p“ Ha'ul_'rplll'l. MM,

26 | POPULAR SCIENCE

THIROUGH TH

V]

-VWHNDER

By EVERETT H. ORTNER

1 oy 3
1. L &
el A . o
. P
¥ o ; ] e __
F : 1
LR '-:‘ F
B g "
A B TS

Light pipe for close-ups

The careful portrait photographer will
usually take his exposure reading right off
his subject’s face to reduce the chances of
light from other areas affecting his final
judgment. Just so, in close-up photogra-
phy, the photographer would prefer to
take his reading off the central object—
say, a flower or a butterfly—than have the
background affect his reading. The need
for a close reading is even more critical
with flash, when additional reflections
that often cannot be anticipated affect the
judgment of even an automatic flash as to
when to quench its light.

Now there's an ingenious device, de-
signed to be used with flash, that limits
the area from which it takes its reading.

The Vivitar MFS-1, for Macro Flash Sen-
sor, mated with the Vivitar 2500 electronic
flash, enables you to take accurately
exposed close-up photographs over a
continuous range from eight inches to
eight feet. The MFS consists of a tiny sen-
sor at the end of a light pipe—a fiber-optic
cord—that runs back to the flash unit. A
swivel unit that locks into your camera’s
shoe enables you to swivel the flash
downward and aim its light. A PC cord (be-
hind the flash and not visible in the photo
above) connects the flash to the camera’s
X-synch contact.

With the MFS-1, you use an aperture
four stops smaller than the flash automat-
ic-exposure guide recommends. For ex-
ample, if the guide recommends a lens
opening of /2, you'd set your lens to /8.
An advantage to the system is the
increased depth of field, especially valu-
able in close-ups with their shallow depth
of field.

List price of the
MFS-1: $39.95; the
2500 flash: $99.95.

All-range zoom

One lens | used
with the MFS-1 is
the Kiron 28-85
f/2.8/3.8 varifocal
macro zoom (pho-
to, bottom). That
mouthful says that
the focal length of
the lens goes from
a wide-angle 28
mm to a telephoto
85; that the maxi-
mum aperture of
the lens decreases
from f/2.8 at its
wide-angle 28 to /3.8 at 85; that the point
of sharpest focus shifts as you zoom,
requiring refocusing when you've settled
on the focal length at which you intend to
shoot; and, finally, that you can focus
close enough to shoot at 4 life size.

It's an enormously handy lens, a true
full-range zoom. At 28 mm, you can catch
the whole party in your living room: a
shower, a sweet-sixteen party, or the fam-
ily gathered for Thanksgiving. Pull the out-
er sleeve back to the 85-mm mark, and
you have a perfect focal length for head-
and-shoulders portraits.

The Kiron 28-85 is a one-touch zoom,
which means that one hand on the sleeve
both frames the picture as you pull or
push the sleeve, and focuses the lens as
you twist the sleeve. Most photographers
prefer one-touch lenses; they enable you
to support the camera and shoot with one
hand while zooming and focusing with the
other. | prefer two-touch zooms, with sep-
arate rings for zooming and focusing. In
my plump hands, the sleeve tends to slip
forward slightly just as I'm about to shoot,
and | have to pause and correct.
Continued
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"Hot Diggity”

Telephone Listening Device What ZaL
d i c-ér-%dfu frrareri vy
Thermometer ! ~“—A§

Remembers Daily Temp Extremes, Temperature Alurm, & More!

Computemp II, the modern digital thermometer/clock is design-
ed around a unique microcomputer chip. Touch a button &
you'lll know the day's high & low temperatures & exactly
when they occurred! There's a unique temperature alarm & a
time alarm. Computemp |l alternately displays time & current
outdoor or indoor temperature, either F® or C°. An important
accessory or a very special gift.

Order today! Only $79.95 + $3.00 shipping. Check, Visa,
Mastercard, or write for Free Information.

Rodco Products Company
P.0. Box 944 Phone: 402-563-3596

Columbus, Nebraska GBG01

Super Powerful

10 times more powerful than other mics.
Transmits up to % mile to any FM radio.
Easy to assemble kit. 15V battery (not incl.)
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Mow 3 acres in an hour. Plow 8" deep. Front load }-ton bucket loads into a pick-up.
Till, cultivate, bulldoze, blow snow...get your tough jobs done fast!

Power King's dependable cast iron engine provides high-torque workpower,
Rugged, all-gear drive delivers nearly 100% of engine power to big, ground-gripping
drive wheels...squeezes more work out of every drop of fuel. Ground clearance
up to 19" lets you cultivate tall crops and work in rough ground.

Get American-made PowerKing in12, 14, 16 and 18 hp models and over 20 man-sized
attachments. See your Power King Dealer for a test drive or write for free catalog.

ONE TOUGH TRACTOR
ENGINEERING PRODUCTS CO., INC. 1005-A4 ANOKA AVE., WAUKESHA, WI 53186
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Through the viewfinder
[Continued]

The changing aperture of the lens has,
usually, little practical effect with an auto-
matic-exposure camera. Occasionally the
slightly smaller aperture (f/3.8) may mean
shooting at a marginally slow speed. If
your camera has manual exposure con-
trols, however, the varying aperture will
mean a change whenever you zoom from
one focal extreme to another. And the
varifocal nature of the lens requires con-
stant checking for sharpness of focus.

All in all, there's a little more fussing
with such lenses than many spoiled pho-
tographers are willing to put up with.
However, they are miracles of modern
optical technology, and if you want a lens
of this kind that will suit the laziest or least
knowledgeable snap-shooter, you may
have to wait another 10 years. If you're not
prepared to wait, the Kiron 28-85 will set
you back (list price) $449.

Handy accessories designed to go with
the lens are a set of three Macro Mate
close-up accessory lenses that give you
half-life-size pictures and a 1.5X Match
Mate teleconverter that increases the
maximum focal length from 85 mm to 128
(and the maximum aperture to f/5.6). The
close-up lenses list for $35, the telecon-
verter for $79.

Any day now, too, there'll be a smaller
brother to the Kiron 28-85. It's the Kiron
30-80 f/3.5/4.5, 1.7 inches shorter (at 2.5
inches) and about $100 less.

The crystal ball

As the largest manufacturer of photo-
graphic products anywhere, anything that
Eastman Kodak does rocks the photo-
graphic world—camera makers, film mak-
ers, movie makers, photo dealers, photog-
raphers. And in 1980, the hundredth anni-
versary of the founding of the company,
that photo world waited for a super rock-
er. Which never came. Did something go
wrong to upset the centennial timetable?
We may never know. At any rate, the
rumors concerning Kodak activities
(much of which was previously reported
here) now sort themselves out something
like this:

® Definitely coming: A new darkroom
color-printing system in which you would
project your color negative or slide onto
an “image-transfer material” in an enlarg-
er. Processing in a single chemical solu-
tion would yield a print of excellent quality
in minutes. When? Possibly right after you
read this, at the Photo Marketing Assn.
(PMA) show in April.

® Strong possibility: A new film car-
tridge that would automatically set your
camera for the right film speed and, at the
end of the roll, automatically shift the
camera into rewind mode. It would offer
35-mm-camera users a system compara-
ble in convenience to the 110 system.

® Mild possibility: A photo-disc system
that would use a sensitized disc instead of
a roll of film. The disc would spin horizon-
tally in the camera, and exposures would
be made along the edge. Advantages:
easy manufacturing, easy processing, and
a convenient, easy-to-hold camera. M




910000 CASH

One week from now you can have $10,000

deposited in your checking account.
And

The best part is you won't have to do any Sell-
ing of any kind, Buying of any products, or in-
vesting any of your own money to receive it.

Not a Mail Order or Real Estate Scheme !

No, it is Not a mail-order scheme. No, it has
nothing to do with buying or selling of Real
Estate. It is not gambling (remember | said No
Investment of your own money). No, it is Not go-
ing to make you a millionaire overnight, But it
can put $10,000 cash in your checking account
next week (for you to use for ANY purpose you
desire).

As incredible as this may sound, there is a
way to have $10,000 CASH next week without
working twenty-four hours a day for the next
seven days. But because of this bold statement,
| would like you the reader to be the judge .

| promise you won't be disappointed.

| know you are skeptical and you have a right
to be. | know you have been promised instant
Money in the past and when you ordered the
plan, it didn't work,

Let me start by telling a little about myself
and how | discovered how you can put $10,000
cash in your hands in one week.

My name is Bob Shindler and | have lived in
Herndon, Virginia for the past four years. | own a
$100,000 home, three cars and have an income
of over $100,000 a year. (My CPA has a financial
statement to prove it.) My children go to school
locally and | have a professional business
license issued to me by the Supervisor of the
County of Fairfax, Virginia. (You can check it!)

| am telling you this so you will know that | am
going to be right here in Herndon, Virginia
tomorrow, next week and next year to back up
these statements.

If you are still with me this far, and | hope you
are, | would like to share with you how |
discovered this plan for putting $10,000 cash in
yvour checking account in one week.

Now | know you expect me to tell you about a
“secret formula" | found in the attic of some old
mansion or | spoke to and studied the richest
and most powerful men in the country.
| didn't do any of these things.
| wouldn't insult your intelligence.

Only a Select Group of People Know About It !

What | learned, by accident, was quite the op-
posite from any formulas or methods you may
have heard or read about. It's Brand New and on-
ly a select group of people in this country know
about it.

It was 9:00 AM Monday morning about two
hours before | was to open my small business. |
was desperate! | was just informed | was broke,
because the bank reneged on my loan at the last
minute and if | didn’t raise five thousand dollars
in Twenty-Four hours, | would be out on the
street and my investment in the business would
be down the drain. | couldn’'t believe it! All the
years | had saved to have this small business
and now, to have it taken away before | even
opened the doors.

Believe me when | tell you it's a terrible feel-
ing being broke. If you have ever been in this
situation, you know exactly what | mean.

THEN IT HAPPENED! Like a miracle from
heaven a man appeared at the front door, knock-
ing as hard as he could, trying to get in. He look-
ed like a salesman and at that very moment a
salesman was about the last person in the world
| wanted to talk to. But, | let him in anyway. | had
to talk to someone about my delimma. Besides,
he seemed to have more interest in my business
than my banker or anyone else did. He told me
as soon as he entered he was not a salesman,
He informed me he represented a company that
was interested in helping entrepreneurs get
their new ventures off the ground. He said he
had noticed that | was opening a new business
and if | needed any assistance or extra cash, his
company was willing to write me a check for up
to $10,000 and deposit it in my checking ac-
count tomorrow.

| TOLD HIM TO GET OUT! | didn't know who put
him up to this joke, but to me it wasn't very fun-
ny. | told him that | was in serious financial trou-
ble and | had no time for him or his practical
joke,

He assured me he wasn't joking and his com-
pany was indeed willing to write me a check for
$10,000. And if | was willing to listen, he would
show me how | WOULDN'T have to pay back the
$10,000 out of any of the profits | made with it or
out of any personal income | may earn with it.in
the future.

| still didn't believe him! | asked him to leave
the premises immediately. He said he would
leave, but he would like to leave his card so |
could check out his company and his offer. | told
him | would be more than happy to check out his
company.

What did | have to lose?

He left me his card, phone number and detail-
ed information on how his company program
worked.

While investigating the company, | found
several people in the Washington, D.C. area who
were, until recently, working at meaningless
jobs just trying to make ends meet. They all told
me the company | was inquiring about was a
very reputable corporation and that it had
helped them start very profitable businesses, by
using the corporation’s financial assistance
program. They also informed me that with this
program they did not have to take any of the pro-
fits that their businesses earned to pay back the
money nor did they have to invest any capital of
their own to get started. It was theirs to keep
and use in any way they deemed fit.

The Concept This Company Is Using
Is New, Different and Unique!

| found that these cases were not isolated by
any means. From one end of the country to the
other | talked to men and women from all walks
of life (all using the same program). They all
started without any capital (except for the finan-
cial assistance from the corporation) and all
became successful businessmen in a matter of
a few years.

The man and the company with the $10,000

check is “For Real” and so is the check.
The concept his company is using is New, Dif-
ferent and Unique. Who ever heard of a company
giving you a check for $10,000 and asking you
NOT to pay it back out of any profits or money
you may earn with it.

No gimmicks! No luck! No investment of your
money! No hassle from bill collectors! (It is NOT
a loan.) Just $10,000 cash to do with as you
wish, on whatever you wish.

What's The Catch? There Isn’t Any.

Stop! Don't Rip Up this MAGAZINE. What |
am telling you is the truth!

| know by now you are probably wondering
what the catch is. LISTEN TO ME CAREFULLY.
There isn't ANY. | checked. And | checked again.
Everything | have told you is legal and above-
board. This unique program is offered to anyone
who is over twenty-one, in every state in the
United States. There is NO special training or
schools you must attend. There is NO age limit!
It doesn’t require “talent”. It has nothing to do
with any Federal Government or State Govern-
ment loan program. Nor do you have to live in
any particular part of the country or have ex-
perience to receive it.

What do | have to do to get the $10,0007 On
page 52 of my report | will show you. Believe me
there is no hard work involved. In fact, being
employed is Not one of their requirements to
receive it.

| know this is contrary to anything you have
heard or read about in the past. But | will tell you
this: anyone who does what the report tells him
to do can make a substantial income every year
by starting with this program and it would be
foolish not to take advantage of it. Things are
tough for people living on salaries. Tomorrow
they'll be even tougher.

So there is no misunderstandings | would like
to go over this important part again. This pro-

gram is NOT a Loan! There is NO gambling in-
volved! It is NOT a pyramid game! There is NO
buying or selling of any real estate OR products!
No Investment of your money! It has absolutely
NOTHING to do with mail-order! And there is no
risk, because | won't cash your $10 check or
money-order for 30 days AFTER I've sent you my
report.

| Guarantee it!
Warning: This Opportunity May Not Last Long !

| am not going to try and kid you and tell you
this program will always be available, It won't
be! Like everything else in life, circumstances
change, people change and companies are
bought-out by large corporations. This kind of
company with a program that benefits them as
much as it benefits you won't be around long
before the word gets out and a big conglomerate
buys it.

My advice to you is to order the report.
You've got NOTHING TO LOSE and
EVERYTHING TO GAIN. There is ABSOLUTELY
NO RISK!

My report is 174 pages long and will take you
about two hours to read. It will show you more
than how to get the $10,000. It will show you how
to make a substantial income with it.

The program is available to EVERYONE no
matter what financial situation you may be in.

| have already received many letters from
housewives, businessmen, factory-workers and
people from all walks of life who have thanked
me and profited from the information in my
report.

The only difference between them and you is
their use of this program shown in “The Get
Rich Report"” and a solid lifetime income. In just
one week from now you can know and have what
they have.

The report is written in plain English to make
it easy to read and easy to follow. You will find
after reading it that you don’'t need any formal
education with this program. Nor do you need
any special experience. Both men and women,
all ages, are acting on this information. And
believe me when | say it does not require you to
leave your present job, business or location.

What If | Don't Like It ?

That's OK. Whatever your reasons. If you feel
the Get Rich Report is not worth at least
$10,000, send the report back. | will send you a
complete refund in the next day’'s mail. No Has-
sle! No Questions asked! | guarantee it!

For those who are still skeptical!
| will go one step further: POSTDATE YOUR
CHECK FOR 30 DAYS FROM NOW. (That will
give you plenty of time to receive the report and
find out what |I've been telling you is true.)
| won't cash your check or money-order for 30
days after I've sent you my report. Use the pro-
gram and information for that period, and if you
are not satisfied, just send the report back and
I'll return your check UNCASHED.

This report is NOT available in libraries or book stores.
€} Bob Shindler 1981

| Bob Shindler

Kingston Chase Estates
| pept. AB-2, P.O. Box 607
| Herndon,Virginia 22070

| OK Bob. I still have serious doubts that
| your plan will work for me, but what do | have
| to lose. Send me a copy of The Get Rich
| Report, only with the understanding that you
| will not deposit my check or money order for
30 days after the report is mailed to me. If |
am not satisfied for any reason, | simply
return the report and you will return my
check Uncashed. On that basis here is my
ten dollars.

Name
Address
City

State Zip
All reports are mailed the same day received. s e




SCIENCE NEWSHRONT

By ARTHUR FISHER

INSERTION
WEIGHT

Sea-floor earthquake probe

With the inevitable proliferation of off-
shore-drilling efforts, there is ever-height-
ened concern over safety and the possibil-
ity of damaging oil spills. Earthquakes and
other seismic disturbances obviously rep-
resent one source of risk. But until now,
geophysicists had no precise picture of
how the ocean floor itself reacts to such
shocks.

Now, however, there is SEMS, short for
Seafloor Earthquake Measurement Sys-
tem. Shown in the drawing above, the
device is being tested in three locations in

oS i oADIl AD SPIERSE

N ACOUSTIC
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——ELECTRONICS

BATTERY
PACK

the Santa Barbara Channel off the coast of
Southern California, all near drilling plat-
forms in 165 to 500 feet of water. Each of
the prototype units consists of a 26-inch-
by-30-inch pressure vessel surmounting a

" seven-foot-long probe that is pushed into

seabed sediments as the SEMS is lowered
to the bottom. Once implanted, the sensi-
tive instruments in the tip can be isolated
from the rest of the system: a housing is
retracted, leaving only a data-transmis-
sion wire, which connects to the pressure
vessel. The vessel houses a microproces-
sor, solid-state memory, batteries, and an
acoustic telemetry system that relays seis-

mic data to a portable command system
aboard a ship.

Prototypes of the SEMS were devel-
oped by Sandia National Laboratories as
part of a Department of Energy/U.S. Geo-
logical Survey project. Part of the money
for the program came from five oil com-
panies—ARCO, Chevron, Gulf, Mobil, and
Shell.

Wood from bottles?

The carpenter in the photo above is test-
ing the workability of a wood-like material
that actually comes from soft-drink bot-
tles. Work in Goodyear's Akron, Ohio, cab-
inet shop shows that the wood substitute
can be drilled and sawed, and that it
accepts nails and screws just like the real
thing. It's made from polyester that has
been recycled from the plastic bottles.

Second-hand smoke

The air has been clouded recently by con-
troversy swirling around the question of
so-called ''second-hand smoke.” Some
experts have contended that nonsmokers
can be physically damaged—not just dis-
comfited—by the fumes generated in their
vicinity by smokers. These contentions
have led to moves to ban smoking in all
public places, and even in work places.
Other experts, the tobacco industry, and
smokers’ defense leagues have tended to
pooh-pooh such allegations, claiming that
the increased risk to nonsmokers is either
nonexistent or infinitesimal.

Now, however, a major scientific study,
conducted in Japan, has provided strong
evidence that second-hand smoke, at
least over long periods and in confined
spaces, is not merely harmful but life-
threatening. The study followed 265,000
men and women for 14 years. It found that
nonsmoking wives of heavy smokers
were twice as likely to die of lung cancer
as nonsmoking women married to non-
smokers. The contrast in rural areas,

Continued
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OK. You've got my attention. Please send
me more information about the 1981

Coachmen products and the Good Life
Sweepstakes.

Mame
Address

City State Zip

Phone ] ) PS 2-81




WALLPAPER

Here's your big chance to be
the decorator you've always
wanted to be. It’s fun, it's
easy and if you do it your-
self, it's inexpensive, too.
Red Devil makes most of
the tools you need to get pro-
fessional results. And Red
Devil shows you how to use
them all in it's free illus-
trated brochure, “"How To
Beautify Your Home With
Wallcoverings™ if you send a
stamped, self-addressed,
business-size envelope to:
Red Devil, Inc., Box 155W,
Union, NJ 07083,

Red Devil, Inc., Union, NJ 07083

WE'RE SOLD
ON QUALITY.

232 | mO@ill 8@ ECICHCE

Science newsfront

[Continued]

where there are fewer contaminants to
play a role in the disease than in smoggy
Japanese cities, was even more chilling.
There, nonsmoking women married to
heavy smokers died of lung cancer four
times more often than their cleaner-
breathing counterparts.

Open-cycle OTEC power plant

Westinghouse Electric Corporation has
been awarded a $737,000 contract by the
Department of Energy’s Solar Energy
Research Institute (SERI) for research on
an OTEC plant something like the one
shown in the drawing above. It may look
familiar, but there's a significant differ-
ence between this one and others you've
seen recently in these pages. Most current
research on OTEC (ocean thermal-energy
conversion) plants concentrates on a
closed-cycle system, in which the temper-
ature differential between sun-warmed
surface water and colder bottom water is
used both to evaporate a working fluid,
such as ammonia, and to condense the
fluid after it has driven a turbine. In the
open-cycle system, sea water itself is the
working fluid. It flashes into steam in a
very-low-pressure turbine, but then es-
capes to the atmosphere.

The open cycle is far less efficient than
the closed cycle, and requires a turbine
with enormous rotor blades, but its advo-
cates believe it has engineering advan-
tages over closed-cycle systems [PS, June

"75]. Westinghouse will design a proto-
type 300-foot-diameter, 100,000-kilowatt
plant with 40-foot-long composite con-
struction turbine blades.

Lasers monitor St. Helens

This crash-helmeted person is a scientist
with the U.S. Geological Survey who is
planting a reflector inside a moon-like
crater at Mount St. Helens. The reflector
will bounce back a laser beam sent from a
station five miles away, in a program to
monitor earth movements within the still-
dangerous volcano. B
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Now NRl takes you inside the
. new TRS-80 Model lll microcomputer

totrainyouat home as the
new breed of computer specialist!

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and

service state-of-the-art

microcomputers...

It’s no longer enough to be just a
programmer or 4 technician. With micro-
computers moving into the fabric of our
lives (over 200,000 of the TRS-80™
alone have been sold), interdisciplin-
ary skills are demanded. And NRI
can prepare you with the first
course of its kind, covering the com-

plete world of the microcomputer.

Learn At Home
in Your Spare Time

With NRI training, the program-
mer gains practical knowledge of hard-
ware, enabling him to design simpler,
more effective programs. And, with ad-
vanced programming skills, the techni-

Training includes new TRS-80 Model III micro-
computer, solid state volt-ohm meter, digital

frequency counter, and the NRI Discovery Lab

with hundreds of tests and experiments.

(THS-80 is a trademark of the Radio Shack division of Tandy Corp.)
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cian can test and debug systems quickly
and easily

Only NRI gives you both kinds of
training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn at
your convenience, at your own pace. Yet
you're always backed by the NRI staff

| and your instructor, answering questions,

giving you guidance, and available for
special help if you need it.
You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on training,
with practical experiments and demon-
strations as the very foundation of your
knowledge. You don’t just program your
computer, you introduce and correct
faults...watch how circuits interact. ..
interface with other systems...gain a
real insight into its nature.

You also build test instruments and
the NRI Discovery Lab, performing over
60 separate experiments in the process.

You learn how your trouble-shooting tools
work, and gain greater understanding of

e
G o i
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the information they give you. Both mi-
crocomputer and equipment come as part

of your training for you to use and keep.
Send for Free Catalog. ..
No Salesman Will Call

Get all the details on this exciting
course in NRI's free, 100-page catalog. It
shows all equipment, lesson outlines, and
facts on other electronics courses such as
Complete Communications with CB, TV
and Audio, Digital Electronics, and more.
Send today, no salesman will ever bother
you. Keep up with the latest technology
as you learn on the latest model of the
world’s most popular computer. If card
has been used, write to:

NRI Schools
N McGraw-Hill Continuing
C“ I Education Center
3939 Wisconsin Avenue

N

Washington, D.C. 20016.




There’s ‘ultra’...
and then there’s ‘ultra’ KOOL.

Every ultra low ‘tar’ gives you less ‘tar. But only one
gives you the coolness of KOOL, for more smoking
pleasure. KOOL SUPER LIGHTS delivers a refreshing

sensation that goes beyond the taste of ordinary ultra ;
low ‘tars’ —every time you light up! KOOL hasitall.
20 CLASS A X
CIGARETTES t_

KQDL
SUPER

E1981 B&W T Ca

Warning: The Surgeon General Has Determined
That Cigarette Smoking Is Dangerous to Your Health.

Kings, 7 mg. “tar”, 0 .7 ma. nicotine av. per cigarette by FTC method.




that heat loss through the windows is
now as low as through the walls.
Besides being far cheaper than glass,

ADVENTURES IN ALTERNATE ENERGY

A bimonthly sampling of projects PS readers have

storm windows

By PAUL BOLON

Jack Stephenson knew he would have
to find a way of reducing the heat loss
through his large picture windows—or
he’d have to burn a small forest to
keep his big New Hampshire home
warm in winter. His novel solution
was to create many %-in. dead-air
spaces in each window jamb by adding
layers of clear Mylar film between the
old window and a new inside pane.
Most of Stephenson’s windows now
have five or six layers of Mylar film
between the panes. A test with ther-
mographic photography has shown

B devised to conserve orreplace fossil fuels Mylar is a much poorer conductor of

heat; so each layer of the film was

v more effective than typical storm-
2 ed window glazing.

I MU ”1 Icyer Myldr Since Stephenson has warm-weath-

< er ventilation from the basement

through the house to an attic peak,
most of his windows are fixed. Thus he
did not have to make sturdy frames
for the Mylar that could withstand
frequent opening and closing. He
installed the Mylar in three different
ways, but in each case he used %-by-
%-1n. wood strips as frames. At first,
he simply nailed a frame together,
attached the one-mil Mylar to it with
double-stick tape, and nailed it in the
window jamb. This method worked all
right most of the time, but because the
jambs were not perfectly square the
Mylar was sometimes pulled and
wrinkled a little when nailing the
frames. And even though the wood
was well sealed, condensation some-
times collected. He had to vent those
frames to get rid of the moisture.

Stephenson next tried tacking sev-
eral of the covered frames together
and setting them in the window as a
unit. This worked well and, besides
sealing the wood strips, he also
wrapped the outside of the frames
with thin polyvinyl packing tape to
keep moisture out.

His final construction method was
the easiest, he reports. First the win-
dow jamb was sealed with polyvinyl
tape. The Mylar was attached to only
one vertical member of the frame,
with extra Mylar overlapping the oth-
er sides. The frame was put in the win-
dow jamb and the side with the Mylar
already attached was nailed. Excess
Mylar on the other sides was pulled
gently from the inside until the film
was taut within the frame. After the
other sides were nailed, excess Mylar
was trimmed off.

Stephenson will answer reasonable
queries accompanied by a self-
addressed, stamped envelope. He also
sells Mylar at cost (via his $3 mail-
order camping catalog) in quantities
convenient for glazing. His address:
Hook Road, RFD 4, Box 145, Gilford,
N.H. 03246. - B

Your idea may bring you $200

Every other month, we present a project developed by a
PS reader and pay the inventor $200. To enter, send us
black-and-white glossies (one photo should show you
demonstrating the device), plus a description and
sketches. Include your name, address, and social-secu-
rity number. No material can be returned unless you
enclose a stamped, self-addressed envelope.

Since space won’'t permit us to present projects in
detail, we’'ll expect inventors to answer any reasonable
query from readers, if it's accompanied by a stamped
envelope.

Mail entries to Energy Adventure, POPULAR SCi-
ENCE, 380 Madison Ave., New York, N.Y. 10017.
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Discover the latest
In color TV’s, fine
stereo components,

home security,
weather instruments,
car tune-up aids,
computers — all

In easy-to-build,
money-saving kits.

Send today
for your

FREE
Heathkit

If coupon is missing, write
Heath Co., Dept. 016-762
Benton Harbor, M| 49022

.I} Benton Harbor, Ml 49022

Send my free Heathkit Catalog now.
' | am not currently receiving your

| catalog. :
I

5 Name I
I Address "

|

1| City _____ State.

| CL-744 L

|
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Now you can buy it:

RCA’s video-
disc player

It's easy to set up, use,
maintain—and features a
reasonable price, to boot

By WILLIAM J. HAWKINS

If you've been following the videodisc
evolution in PS for the past few years,
you know there are three major sys-
tems: Philips optical, RCA capaci-
tance, and Matsushita’s VHD. Mag-
navox and Pioneer are already selling
players using the Philips system (both
units tried by PS [Sept. '79 and Jan.
’81]). And now the RCA system is
available.

But that’s not all. At a recent Elec-
tronics Industries Assn. dealer trade
show, about a dozen different brands
were shown, all using one of the three
major formats. All should be available
within a year. And 1981 isn’t just
the year for video—it's promising to
be the year for the videodisc,

I've been living with the RCA sys-
tem for some time now. It’s simple to
use and easy to hook up. One control—

Disc and jacket are inserted into player.

a three-position lever switch—does
most of the work. Push it down to the
LOAD position, and a front door opens
wide so you can insert the disc—jack-
et and all. You never touch the record.
The machinery inside the player
extracts the disc, and you pull out the
empty plastic jacket. Then you just
slide the switch up to PLAY.

This player is different from the pro-
totype I saw a few years ago. It has
additional buttons for special effects:
Reverse and forward VISUAL SEARCH
buttons let you scan for a scene at
about 16 times normal speed. Reverse
and forward RAPID ACCESS buttons let
you leap through the hour-long side.
You can’t see the picture in this mode,
but a digital display counts up or down
to show how far you've gone. The last
button is PAUSE, and it temporarily
holds the show and blanks out the
screen.

When the first side is through, you
insert the disc jacket into the loading
hole again. The disc is placed back in
the sleeve and you pull it out. Turn it
over, place it back in the hole, and

Continued

Jacket comes out, but the di.';.‘.' stays in.




It's easy to re-side it yourself

. They did with Masonite Colorlok’ Siding

BRAND

any upkeep! So, beautify your home and increase its
value this fast, easy way.

Your Masonite brand siding dealer offers Colorlok
and other lap and panel sidings in a wide variety of

Built-in lap spline

lets you link up colors and styles. Available in easy handling sizes—
siding 16' lengths, 8" and 12" widths. To get you started,

send for these free re-siding installation guides!
fast and easy Masonite Corporation, Central Hardboard Division,

P.O. Box 1048, Laurel, MS 39440

Masonite and Colorlok are registered trademarks of Masonite Corporation.

Colorlok” Siding proves that re-siding doesn't have
to be a big deal, or an ordeal.

— Sl I S —— —— — — S T R S . SRS S — — — — — —

It's been made so easy for you that it requires no “ _IZ‘JT:!T’
unusual skills, no special tools. Colorlok has an in- NN | -;m
tegral spline that self-aligns and supports the siding MASONITE

CORPORATION

laps. Quickly. Efficiently. It's a complete re-siding
system with every accessory needed for a profes-
sional looking job!

Colorlok is not a thin skin of metal or vinyl plastic,
but dense, thick hardboard siding that comes in two
surface selections—textured or smooth. Textured
Colorlok sides your home with a natural wood-
grain embossed texture. Smooth Colorlok, too, has
a flattering surface gloss that restores your home to
new richness.

Colorlok siding is also your investment in the fu-  1oun
ture. Because unlike wood, Colorlok has no knots
and won't dent, chip, split or crack. It also has a super  state Zip
tough acrylic finish that puts years between you and

Please send me your free
re-siding guides on easy-to-
install Colorlok and other
Masonite brand sidings, plus
the colorful Re-Siding Styling
Guide.

Name

Street
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j “There’s practically nothing you can’t do on one of the
solidly engineered machines.

“Of course, a Wheel Horse will do quite an efficient job mowing
the grass. But that's only the beginning. You can also sweep, aerate,
roll or landscape your lawn with a Wheel Horse. Remove snow. Even
till your garden.

“Wheel Horse lawn and garden tractors are dependable and
hardworking as well as versatile. With quality engineering details that
put it way in front of the competition. An excellent value, really.

“And, believe me, value is something a Scotsman like me
can appreciate. I think you will, too.”

‘‘DON'T BUY A LAWN AND
GARDEN TRACTOR, INVEST IN ONE.”’

%

515 West Ireland Road ¢ South Bend, IN 46614
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RCA'’s videodisc player

[Continued]

remove the empty jacket. Another
hour of play is ready to go.

The RCA system uses a stylus to
track the record. It will wear out
eventually (after several years of
normal play, according to a spokes-
woman for RCA). To replace it, you
lift the plastic cover from the top
of the machine to expose the stylus
unit. Push a lever to remove it, and
drop in a new one. The whole thing is
done at home in about 30 seconds.
Cost of a new stylus will be approxi-
mately $70.

Connecting the player to your TV is
also simple: It goes between your
antenna (or cable) and the TV-anten-
na terminals. The player does all the
switching automatically. My only
criticism: There are no video- and
audio-output jacks. These would pro-
vide cleaner signals to TV’s that
accept them.

Nevertheless, the quality on my
Heath projection TV is excellent, and
audio reproduction is good. I did see an
occasional glitch on one of the discs |
watched. (Fast search sometimes
caused a frenzied picture, cured only
by turning off the player and restart-
ing.) This may have been a disc prob-
lem and could be attributed to an ear-
ly pressing. But it emphasized
one important point for disc players:
The quality of the programs—techni-
cally and artistically—will be the key
to the players’ success.

RCA has done an excellent job of
keeping its player simple but useful,
and reasonably priced at $499.95.
(Discs will cost between $15 and $25.)
Still, its success, I think, will depend
on deals signed in Hollywood. Hs

Top door on player pops off to expose
stylus holder. Changing the stylus is easi-
er than changing an audio cartridge.




SpeCIal Clarion offer

on in-dash
AM/ FM stereo cassettes

Three good reasons to invest in quality now!

"7 Buy any of the twelve Clarion in-dash AM/FM Free

stereo cassette combinations before May 16 and T "
get Clarion quality backed with a FREE THREE- “l,‘ree ol ) [ ai
" YEAR WARRANTY and a FREE ALLSOP 3 arranty ¥ <c9lion
« CASSETTE DECK CLEANER. <o M,
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Clarion backs up 0z
its product reliability by 3
picking up the tab for the Clarion ’
warranty extender on tape/radio com-
binations (parts and labor) for a total of three years.

You save $7.50 on the extender, but the real value
1s Clarion’s commitment to your trouble-free
listening pleasure.

Free Allsop 3

Cassette Deck Cleaner

We'll pay you to take good care of
your Clarion with the Allsop 3
Cassette Deck Cleaner.

Clarion Quality
All Clarion stereo cassette

combinations are precision engineered
to fit shrinking in-dash spaces
and incorporate advanced audio Its patented action gently and
technology to bring high fidelity sound alive effectively cleans the head,
In your car. i, capstan and pinch roller 51mul

The Clarion line goes from simple self-contained
units to high-powered, ultra-sophisticated models

nates dust, dirt and oxide bmldup

with electronic scanning or computerized, fully by S/ on the pinch roller, reducing

f programmable capabilities. | ' ._.h":ﬂ’-- B “tape eating” and slippage.
Many models feature Clarion’s Magi-Tuné' FM (S ' | You save another $6.95 and
with improved Signal Actuated Stereo Control 13} gain added insurance for your

* (SASC) that locks into stations even in the worst
. reception areas.

| The options are yours...Dolby®noise reduc- .y
tion, separate bass and treble controls, loudness ~ Hurry— Offer limited!

Clarion’s optimum performance.

~control, auto reverse, tape equalization, sendust This special offer will be available at participating
 alloy heads...you name it, Clarion’s got it. Clarion dealers™ for only 60 days...from March 16
. Clarion systems are priced to fit every pocket, through May 16 (inclusive). Save money and protect
, from less than $100 to over $1,000. your investment by taking us up on our offer now!

| *For the name of your nearest Clarion dealer call toll free (800) 421-2119; in California (800) 272-1721.
! 800 numbers will be discontinued after May 16, 1981.

'~ Clarion

It’s a great deal




PScar test & driving report

Three cla
oupes

SSY

— opulent and stylish
(out don't ask about mileage)

By JIM DUNNE and ED JACOBS
PHOTOGRAPHS BY JOHN KEATING

Rich people are different, they say.
True or not, many of them drive cars
that are different from the ordinary—
cars that pamper, comfort, inform,
and serve them beyond the limits of
more mundane machines—and, quite

naturally, at prices that are anything

America’s top status symbols include Chrysler Imperial (foreground), Cadillac Eldorado (left), and Lincoln Continental Mark VI.
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but mundane. This month we exam-
ine three of the high-priced coupes in
which the more affluent cruise the
streets: Cadillac Eldorado, Chrysler
Imperial, and Lincoln Continental

Mark VL
Finding rich interiors, posh seating,
excellent ride comfort, and high qual-
ity in fit and finish wasn’t surprising—
Continued
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PS ratings—

test report in a nutshell

The ratings are based on test results
and measurements. Results should be
read with the understanding that they
reflect tests only on our sample cars.
An excellent rating is 5 points; very
good, 4; good, 3; fair, 2; poor, 1; very

poor, 0.

Acceleration
Braking
Handling
Maneuverability
Quietness
Roominess
Vision

Entry/exit ease
EPA economy
Ride comfort*

*Authors' opinion
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Lincoln
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Mark Vi
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ONLY QUAKER STATE

: GUARANTEES NEW CAR
: ENGINE LUBRICATION
.* FOR A LIFETIVE.

IN WRITING!

Introducing Quaker State’s Lifetime Engine Lubrication
Protection Program.

Now Quaker State, the motor oil refined from Pennsylvania
Grade Crude Oil, announces the most daring Protection
Program available in the oil industry. It's the Lifetime Engine
Lubrication Protection Program, the only program to cover
your new car’s engine for as long as you own it.

This exclusive program is brand new. So take a few minutes
to read the following. Once you do, you'll see just how much this
program can mean to you. We're sure you'll want to take
advantage of it. ..and keep your new car staying on the road
with Quaker State.

Q. Just what is Quaker State guaranteeing?

A. We're not only guaranteeing the quality of our motor oil, but
we're guaranteeing that Quaker State will protect so well, if
your engine is ever damaged because our oil fails to protect
it, we'll pay for repairs or replacement of any or all of these
parts: Pistons & rings, crankshaft & bearings, timing chain,
rocker arms and pivots, rods and rod bearings, wrist pins &
bushings, camshafts & bearings, valve stems & guides
(grinding & adjustments excluded), oil pump, push rods,
valve lifters, cylinder heads, cylinder lining or bore, distribu-
tor drive gear and timing gears or sprockets.

Q. What do I have to do to get this protection plan?

A. When you buy a new car, light truck or van from a
participating dealer, you'll get the protection plan. To keep it
in effect, all you have to do is follow these 4 steps:

1. Have all services performed by your new car dealer or

other auto service center.

2. Have the oil changed according to manufacturer’s recom-
mendations, or at least every 6 months or 6,000 miles,
whichever comes first.

3. Have oil filter and air cleaner
replaced, and emission control
system maintained, according
to manufacturer’s recommenda-

Q. What won't the guarantee cover?

A. It won't cover defects in manufacture, vehicles used in
competition such as racing, damage caused by negligence,
collision or abuse, improper installation, or engine parts not
lubricated by motor oil.

Q. Suppose something goes wrong and I'm covered. What do I
have to do, and how long will it take for me to collect?

A. All you have to do is notify Quaker State of a claim, by
writing or calling collect. (Address and phone number are on
the warranty.) Our claim representative will contact you
within 24 hours. Provide the claim representative with a
copy of your warranty, copies of your service records, and a
statement of damage and repair cost from the dealer or any
repair shop you choose. If everything is in order, the claim
representative will approve the claim and make the payment.

Q. If I don't have a brand new car, can I still get the Protection
Program?

A. If your car has under 6,000 miles, you can switch to Quaker
State and qualify for the Protection Program at a participat-
ing new car dealer’s service department. But if your car has
more than 6,000 miles, it can’t qualify.

Q. If I buy a new car now, and keep it for 100,000 miles or more,
will this Quaker State Protection Program be good for that
long?

A. Yes. Lifetime really means for as long as you own your new
car—even if you keep it for a lifetime. After all, thousands of
people are already driving over the 100,000 mile mark using
Quaker State without this protection program. Now, you can
do it with Quaker State and have this extra protection for as
long as you own your new car.

Q. Why is Quaker State the only
motor oil with a written Lifetime
Engine Lubrication Protection

Program?

QUAKER STATE GLUARANTEES
TOUR MEW CAR EMGINE -

¢ PGAINST LUBRICATION FARLURE &
FOR AS LOMNG AS TOU OWNIT &

tions. A. We've been making quality motor
4. Keep all service records. These i v e 5 v oil since 1910. In all that time,
must indicate that only Quaker ; _f;.i".":;;:.i.'f onastplsbolll millions of people have depended
State Motor Oil was used with 3w}1«m}: i on our ability to help them stay on
date and mileage indicated. 0 e b oo e | the road. All that “on-the-road test-

That'’s it. Now when the manufac-
turer’s warranty ends, your Quaker
State limited warranty protection
begins...and continues for as long as
you own the vehicle!

MOTOR Iﬁ"
OIL

 NED FROM P puauS L VANIA GRAD -':HJDE':"

ing, plus our own laboratory tests
through the years, are all the proof
we need. Quaker State has the con-
fidence in its pmduc:t to put our
promise of quality in writing.

STAYIN’ ON THE ROAD
WITH QUAKER STATE
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produced handling and maneuverability
far superior to that of the other cars. Here,
it easily gets a top rating in the slalom.

at these prices, they should be there.
Neither was it surprising to find the
high-tech gadgetry that abounds in
these cars. What was surprising,
though, was their uniformly poor
braking performance, the low fuel
economy delivered by two of them,
and the recurrence of a transmission-
induced braking problem that we dis-
covered last year—one which we were
told then would be fixed.

Braking

In last April’s car test we pointed
out what we felt was a potentially
dangerous flaw in Ford’s otherwise
fine four-speed Automatic Overdrive

44 | POPULAR SCIENCE

Throttle-body fuel injection is used in all three cars. In the Mark
VI's system (shown), two injectors are mounted atop the throttle
body for more thorough fuel-air mixing, better performance.

Transmission (AOT). (See PS, April
'80 for a full description of the prob-
lem, how it occurs, and what Ford offi-
cials had to say about it.) Briefly,
here’s what can happen:

If the brakes are engaged fast and
hard enough during panic stops made
in fourth gear (only), it is possible to
lock up the rear wheels and, because
the coupling is 100 percent mechani-
cal, stall the engine. If that happens,
the power-steering assist is immedi-
ately lost; if the brake pedal is
pumped to modulate stopping, the
boost for the power brakes is lost as
well. The net result is a car that can
simultaneously become both difficult

o]

rge bulges on the Cadillac’s valve covers make room for the
special solenoid-controlled valve-train apparatus that selectively
deactivates two or four cylinders for better economy.

to steer and hard to stop—in fact,
requiring as much as 40 percent more
space to stop, based on last year’s
testing.

The problem seems common to all
Ford products with the AOT transmis-
sion; we've experienced the difficulty
at least once with each model line
we've checked. Ford officials told us
last year that they would fix the prob-
lem on 1981 models. They now admit
to PS that they didn’t. We still consid-
er it potentially serious.

Aside from this problem, the brak-
ing performance of all three cars was
dismal. Their stopping distances of
200+ feet make the worst showing
we've ever seen in our 13-year test
program, which has included more
than 500 cars and light trucks.

Fuel economy

Yes, even rich folks are concerned
about miles per gallon. And despite
much more stringent emissions
standards, they’ll be getting better
fuel economy this year—although per-
haps not that much better.

The EPA ratings for our group are
impressive for cars of their size. Both
Eldorado and Mark VI have posted
sizable improvements in recent years.
Mark VI's highway rating, for in-
stance, has jumped a whopping 40 per-
cent since 1979, from 17 mpg to 24.
Eldorado’s highway rating is also up
to 24 mpg for '81. But the new Impe-
rial, making a comeback in 1981 after
being out of production for several
years, edged them both out at 26
mpg.

Few cars actually meet their EPA
ratings in real-life driving situations,
but we were startled at the magnitude
of the shortfalls served up by Eldorado

Continued




live with
pleasure!
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.Y 7 JAfterall,if smoking
isn'’t a pleasure,
why bother?

Warning: The Surgeon General Has Determined
That Cigarette Smoking Is Dangerous to Your Health.




CHEVY IMPALA. America’s lowest-priced full-size diesel wagon.

Full-size room, comfort and ride are yours along with impressive fuel economy. The Impala Diesel Wagon

holds over 87 cubic feet of cargo, or up to eight people when you order the . EPA
available third seat model. For families on the go, it's an ideal way to get there. EST. 21 m“
Chevrolet Impala and Caprice: America's favorite full-size wagons. No wonder. With available diesel engine.
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MALIBU. America’s lowest-priced mid-size V6 wagon:

Mid-size means right-size for many families today. You get room for up to six plus good mileage in a size

that's easy to handle in traffic and parking. A peppy V6 engine, power steering, _— EPA
power brakes, radial tires all yours at no extra cost. Chevy Malibu:It's alot of 28 Y 20 L
wagon for not alot of money—a real value in the true tradition of Chevrolet.

A pair of family wagons
long on mileage,
short on price.

UP AHEAD

*Based on comparison of Manufacturers' Suggested Retall Prices. Level of standard equipment will vary. Destination charges may vary
and affect price comparison. Diesel engine is optional equipment on Impala and Caprice models.

**Use estimated MPG for comparisons. Your mileage may differ depending on speed, distance, weather. Actual highway mileage lower.
Impala highway estimate lower in California, Malibu higher. Chevrolets are equipped with GM-built engines produced by various
divisions. See your dealer for details.




Mark VI's engine stalled twice during our
panic-stop testing, eliminating power-
steering assist and power-brake boost. As
a result, the car became both hard to con-
trol and difficult to stop. In this sequence,
the engine stalls and the car’s tail comes
around to the right as the driver corrects,
then starts back to the left in the fourth
shot. The fifth shows the car's final atti-
tude. Braking began at the far end of the
double rows of pylons.

PS car test & arnving report

and Mark VI in our steady-state test-
ing at 35 and 55 mph.

Although its advanced-technology
V8-6-4 engine [PS, Oct. '80] performed
well otherwise, at 556 mph on the high-
way Eldorado couldn’t even beat its
California city rating of 16 mpg. Mark
VI, with its Automatic Overdrive
Transmission, was two mpg better.
But it still lagged 4.5 mpg behind
Imperial, which uses a lock-up torque
converter and a low final-drive ratio
to achieve its higher economy.

Engineering

Each of these cars employs sophisti-
cated technology. Cadillac’s unique
V8-6-4 engine was of special interest
to us, and ran as slickly as expected.
The 368-cu.-in. V8 is set up to run on
eight cylinders up to about 35 mph
under normal conditions. Approach-
ing cruising speed, it shifts down first
to six, then to four cylinders as power
demand slackens. Should more power
be needed for passing or hill climbing,
additional cylinders are automatical-
ly reactivated. We found little notice-
able reaction in the drive train when
cylinders cut back in.

The idea, of course, is to run the
engine on as few cylinders as possible
to maximize economy. In effect, the
car runs with a smaller engine much
of the time and should deliver good
fuel economy. We were disappointed
with the economy results, however.

Mark VI's special feature is its four-
speed Automatic Overdrive Trans-
mission. Ford pioneered this type of
transmission last year, but General
Motors now has a similar transmis-
sion available in its larger rear-
wheel-drive cars. The advantage of
these units is that the top gears have
overdrive ratios that allow their en-
gines to turn slower at a given road
speed and, therefore, burn less fuel.

Imperial, like the others, has elec-
tronically controlled throttle-body
fuel injection. Instead of mounting
one injector on the intake manifold at
each cylinder, two injectors are
mounted in a carburetor-like “throttle
body” atop the manifold. The system
combines the simplicity of a carbure-
tor with the improved economy, re-
duced emissions, and crisp throttle
response of fuel injection.

Handling is generally mediocre in
domestic luxury cars, but our Eldo-
rado was surprisingly good. Its option-
al Touring Suspension package
turned it into a sure-footed, flat-cor-
nering wonder for a car of its size, and
did it without detracting from the
comfortable ride you'd expect. At $95,

EPA fuel mileage (mpg)

o - g
8% .8 &5
58 2 8E3
0
O SE 58%
Highway 24 26 24
City 17 16 16
Calif. city 16 15 16
PS fuel-mileage tests
(steady-state mpg)
35 mph 21.3 27.3 23.5
55 mph 15.8 21.3 17.8

no Eldorado should be without it.
While the handling and maneuver-
ability of Mark VI have been signifi-
cantly improved in recent years, the
car isn't in the same league as Eldo-
rado. We think it should be. Imperial
is tough to make a judgment about,
since it was clearly limited in both
areas by its tires. For whatever rea-
sons, the tires our car came with just
did not work well with the car’s sus-
pension. It's seldom so noticeable, but
the tires obviously reached their lim-
its before the car reached its own.

Inside story

All that need be said about comfort
is that it’s as good as you'd expect.
Imperial’s front-seat cushions could
extend forward a bit more for better
support. You'll find the usual extrav-
agances in all the cars, though, such
as luxurious carpeting, multiposition
steering wheels, and power assists for
everything from mirror adjustment to
trunk closing. Even electrically heat-
ed exterior mirrors are available.

All three cars were equipped with
state-of-the-art dashboards bristling
with digital readouts and graphic dis-
plays. Each of these was linked to a
multifunction computer, whose nu-
merous readouts included such things
as speed, instantaneous mpg, distance
remaining to your destination, and
even checkouts of many other on-
board systems. We are impressed with
these systems, but still doubt you can
assess several digital displays as
quickly as conventional gauges.

Our picks

The smaller outside dimensions and
daring V8-6-4 engine make Eldorado
my favorite.—J.D.

The contest here is between Eldo-
rado and Imperial, and it's a tossup.
Eldorado is a bit more comfortable and
handles better. Imperial delivered su-
perior economy, but handling was lim-
ited by its tires.—E. J.

For specs and test results, turn page
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Distinctive styl-
ing visually sepa-
rates these posh
coupes. Cadillac
Eldorado (top)
has squarish, up-
right design and
iIs a foot shorter
than Mark VI.
Chrysler Imperial
(center) tends to-
ward a longer,
more tapered
and aerodynamic
look. Lincoln
Continental Mark
VIl (bottom) is lon-
gest and has
squared-off lines
that are reminis-
cent of its prede-
cessor, Mark V.
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PS serviceability ratings s$ 33 c8s
28 : 2=
.. 8 EhEE
How easy is it to ser- w = Joz
vice our test cars? For ~ Ehaeking fluid levals A
example, is that heater mnﬂur cylinder 5 4 4
: indshield washer 5 5 5
hose clamp out in the Engine oil 3 2 3
open where it can be  Coolant 5 5 5
reached easily? To sch-lcf:]n? the engine ; 3 5
- X ark plugs
give you an approxi- it 3013
mation of how difficult  Carb adjustment FI.  Fl  Fl
it is for a typical per- 3 fitter AN
son to !::arfnrm vari- Replacing hoses r
ous service operations Upper radiator hose 3 5 5
on the cars, we exam-  Ower fadiator hose > & 3
ine each vehicle. Changing bulbs
Here's what the num- I_;_Ianndhﬁhts 3 2 4
: - aillights 3 2 3
I:gers mean. :l* FEW dif- Frﬂn'{grunning lights 3 3 a4
ficult; 2, difficult; 3, Emm garking lights 3 3 4
| ront directionals 3 3 4
F average degree of dif- Rear directionals 3 2 3
ficulty, no worse or Rear running lights 3 2 3
better than most other  Checking fuses 2 4 4
cars; 4, easy; 5, very  Spare-tire accessibility 3 4 2
I easy. Changing belts 3 1 3
Performance "
comparison 2* : g -
&  — .
with selected 23 g8 3¢ . % 88
1979 and $f 8 53 52 31 %
-E (= _= =] b~ E e E : [ =1
1980 models g §F 3% 5% 5 3F|
1980 Chevrolet Caprice VB 17 130 167 610 269 65
1980 Lincoln Continental Mark VIVB 15 121 194 563 276 71
1979 Cadillac Eldorado V8 14 115 183 582 276 64
1979 Mercedes-Benz 450SEL VB 12 128 163 600 276 69
1979 BMW 633CSi in-line 6 13 103 140 600 291 68
1979 Jaguar XJ12L V12 10 100 159 624 286 67
1979 Buick Riviera V6 16 141 140 624 281 B3
1979 Oldsmobile Toronado V8 Diesel 21 178 134 600 253 68

Cadillac Eldorado, Chrysler Imperial,
and Lincoln Continental Mark VI—
dimensions, specs, and test results

DIMENSIONS (inches)
Wheelbase. . . .

Overall length . . . ... ...

Overall height . ... .....
Overallwidth . . . .......
TroeK, FIR. .« .o vvmiene
Ground clearance . . . . ...
Front head room. . . ... ..
Front hip room .
Front legroom . . . ... ...
Rear head room . . . . . . ..
Rearhiproom . ....... ;
Rear leg room (min.}. . . ..
Rear knee room (min.), . . .
Couple distance . . .. . ...

SPECIFICATIONS

Enginetype. ..........
Displacement (cu. in./L). . .
Compression ratio. ., . .. ..
Carburetion. .. ........

Nethp@rmpm.........

Net torque @ rpm

Transmission . . . .. .... .

A TEEID i e
T MBER . . v v v vnivnss

Tiretype. . ...........

Tiresize . ............
Steering . . .

Overall steering ratio . . . . .

Turns, lock to lock
Turn diameter (ft.)
Front suspension

Rear suspension . . . . .. ..

Front stabilizer-bar

diameter (in.) . . ......
Rear stabilizer-bar

diameter (in.) . . ......
Trailer towing (max. Ibs.) . .
Trailer tongue weight

(max. 10%.) . .. civ 00
B . 5 e h b fe

Brake swept area (sq. in.). ,
Fuel tank (gal.)
Trunk space (cu, ft.) . .. ..
Liftover height (in.). . . ...
Curb weight (lbs.). . ... ..
F/R weight distribution (%).
Basicprice . ..........
Price as tested ., ., . . ... ..
Major options on test car . .

TEST RESULTS
Acceleration (sec.)

0-60mph..........

25-70mph. . ...

Brake test (cool) 600 mph

Stopping distance (ft.) . .
| pressure (Ibs.) . . .
Brake test (hot) 60-0 mph
Stopping distance (ft.) . .
| pressure (Ibs.) . . .
Interior noise @ 60 mph
RERRY - . i i 5%
Handling test (mph) ... ..
Maneuverability test *
111 (1) Wl A

Cadillac
Eldorado
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Lad

VB

368/6.0

8.2:1

F.l

140 @ 3,800
265 1,400
Three-speed
automatic
2.4]1:1

G

radial

P225/70R15
Recirculating-
ball. power
14.0:1

2.9

38.4
independent,
control arms,
torsion bars

Independent,

trailing arms, coil

Springs

1.10

0.87
2,000

200
Disc/disc,
power
395.8
20.3
15.0
28.9
3,930
61/39
$16,492
$18,776

Power seat $172,

rear defroster

$175, cruise con-

trol $151, tilt

wheel $147, wire

wheel covers

$328, theft de-
terrent $157, dig-
ital instrument

nel $200,
iremist paint

$208, vanity mur-

rors $116

27.6+

r
Custom Polysteel

:H

Pl
s
It G ER A CN LA LIS O 6 T P bl

Winlu =Nl OM=Iin
iﬂtht]%”ﬁihﬂﬂmhﬂgahdﬂﬂﬂ‘d
Ln
o
Ln

Lad

V8
318/5.2
8.5:1
Bl
140 @ 4,000
240 @ 2,000
Three-speed
automatic
gﬂ;l

r
Arrivaﬂr:dia!

P205/75R15
Recirculating-
ball, power
18.7:1

35

24.7
independent,
control arms,
torsion bars

Solid axle,
Hotchkiss, semi-
elliptical leaf
SPrings

none

1.00
2,000

200
Disc/drum,
power
355.2
18.0
16.1
n.a.
3,968
59/41
$18,311
$18, 311
None

15.8
18.0

194
85

233
100

69
60.0

27.4

Lincoin
Continental
Mark Vi

114.3
216.0

un
o
b

=
oo
-

62.2/62.0

Lad
=~
oW

BrRAINLS:
MWw=~Iooouwwum

g LN L
Lad Pl (TN ~J =J Lud

V8

302/5.0
8.4:1

F.l.

130 @ 3.400
230 @ 2,200
Four-speed
automatic
3.08:1
Uniroyal

Royal Seal
steel-belted
radial
P205/75R15
Recirculating-
ball, power
16.4:1

3.4

40.0
independent,
unequal-length
A-arms, coil
SPrings

Solid axle, four
control links,
coil springs

0.97
n.a.
3.500

500
Disc/drum,

power
385.8
18.0
22.4
23.1
4,051
57/43
$16,B58
$20,419
Defroster group
$135, keyless
entry system
$123, head-
lamp conve-
nience p
%149, Fé:mr:n-
ing seats
$138, wire
wheel covers
$342, premi-
um sound Sys-
}.‘.EaTt $160,

ier group
$2.031

16.0
21.1

196*
100

205
110

72
59.0

27.0

TEST CONDITIONS: Ambient temperature, 25°F; relative humidity, 60 percent;
barometric pressure, 30.0 inches Hg

*Measured manually.

**Maneuverability-test results given as 27.6+ indicate that the car exceeded our mini-

mum for a *'5"

rating in the slalom. Testing at higher speeds was not

performed. l
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Send your kids on a 10-day
- trip into the computer age.
Or send yourself.

+ Someday cemputers will be a common household item.
But you don't have to wait for the future. Your family can
take a trip into the computer age now, at no risk and no obliga-
*  tion. Because for 10 days, you can have your very own Sinclair
.y ZX80 computer. To play with, experiment with, learn with. It
will give your children a valuable headstart in life.
And if you don't have kids? Then take the trip yourself,
+ because it’s your chance to keep up with a changing world.
™ ANYONE CAN USE IT.
You'll find the Sinclair ZX80 is incredibly easy to use for any-
one 10 years or older. You don't have to know anything about
% computers when you start out. We'll send you a complete 128-
page guide that takes you step-by-step into the world of com-
puting. In one day, you'll be writing your own programs!
L The ZX80 will absorb you and your children for hours asyou everYTHING YOU NEED. For Just $199.95, you get

i everything you need to operate your ZX80. You just
~ find new ways to use it. You can create games. Home budgets.  £veryt A \oir T (sithier Blach & white e :nljnr

Math lessons for your kids. Almost anything, N fact. Then to store your programs, you can use any urdlnal}r
THE ZX80 IS YOURS FOR 10 DAYS. Sond you o 126 fsgy Gitde to 519 995
THE COMPUTER GUIDE IS YOURS FOREVER. computing that's yours to keep

For your 10-day home trial, just call our toll-free number and ~ *re® 9"

order with your Master Charge or VISA. Or send the coupon along with a check or money order for the

*  remarkably low price of $199.95, plus shipping. (Other personal computers cost two or three times as muchl)
S And we'll send you the Sinclair ZX80 personal computer.

It's yours for 10 days. If you decide you don’t want to keep it
then send it back. We'll give you a full refund. Either way, the
128-page guide to computing—a $5.95 value —is yours to
keep as a free gift.

Why not take advantage of this unique offer today?

¥ For an extra $49.95, you can also have the Sinclair Computer And send your farnn‘y on 4a ]U—dayjoumey thE'yI”
| Learning Lab - a set of 100 experiments and lessons on cassette
tapes that make the ZX80 itself your teacher. never fo rget.

- 10-DAY MONEY-BACK HOME TRIAL
| CALL TOLL FREE 800-543-3000.

* Ask for operator #508. In Ohio call 800-582-1364. Phones open 24 hours a day, 7 days a week.

r Mail to: Sinclair Research Ltd. Po41 |
l One Sinclair Plaza, Nashua, NH 03061 |
| Checkone: [ ZX80 Personal Computer $199.95 |
| [02x80 Personal Computer $199.95 Computer Learning Lab S 49.95
' Shipping $ 4.00 Shipping $ 4.00 I
] Total $203.95° Total $253.90* [
| If I'm not fully satisfied with my purchase | can return it in 10 days for a full refund. |
| The 128-page guide is mine to keep.

' Name l

I Address I

— = — || |
*U.5. dollars.

SINCLAIR RESEARCH LTD., EIHEHHELMHFLAIH.WUAHHMIL ————————————————————————— —J



. that work, too!

| o FUN TO BUILD!
Z-\. ® FUN TO RIDE!

- These rugged off road vehicles §
are powered by 5 hp to 16 hp
e American-made engines.
; Engine is comple -
sembled, frame is welded TR
and painted. You just bolt ki L

- everything together i
gl
pric om
6 BIKE 479.95 to 999.75 MODELS l

MODELS For a FREE color SUPERTRYKE o
brochure with complete detalls, write today to:

.Carl Heald, INC.pept. rs.5: Po. Box 1148, Benton Harbor, M 0022 g
From the largest Maker of Blke lnd o Kits In the World — Cari Heald, Inc.

Bl BN BN BB BN BN BN Bm = Bl BN BN BN Bm BE BN BN am

'THE FUN MACHINES

TRYKE

-J.
2l
5

| Ff”filiiﬂg in those cracks
‘ﬂu W '@gry spring drives you up a
A s -%wali there's a great way to
4 ﬁmwe your sanity and
“ your goncrete—Dow Corning®
ﬁilccane Concrete Crack Sealant.-
s{tforms a lasting, waterproof,
- ~fleRible seal that worl't crackor -
5hr nk regardless of the weather.
- Becduse it's 100 percent
_ Sullcr:mﬁ* rubber, Dow Comning
> Silicone Concrete Sealant
«adhenes and protects longer
- Afan Other crack repair materials,
1. ﬂ@@lt& the constant expansion
¥+-and.contraction of most
mamrf surfaces.
~All this plus a handy,
f&+sealable cartridge that
feamrefs acap for short-term
S storage and a removable
*mzzle foriong-term
; torage and easy cleanup.
. Stop the cracks from
C::}mmg back next spring.
B Start sealing them with
,DQW Corning Silicone
- Cmﬁete Crack SE.aLaﬂt

1 gl
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Wood-fired

boiler
holds the heat

Until now, you wouldn’t mix water
with a wood stove unless you wanted
to put out the fire. The Jetstream
heating system, however, has turned
the unlikely combination into a new
way to keep your home fire burning.

To get the most heat energy from
the wood, and to release it when and
where it’s needed, Hampton Technolo-
gies has paired a wood stove with an
insulated water-storage tank.

According to the maker, Jetstream
combines fuel and air in a turbulent,
high-temperature combustion cham-
ber that consumes wood solids, tars
(creosote), and gases. Hampton claims
the burning process is virtually 100
percent complete.

The Jetstream wood stove weighs
1,050 lbs. and sells for $2,400. For the
entire system, which includes the
storage tank, plumbing, electrical
controls, hot-water-heating equip-
ment, and installation, Hampton says
you’ll pay $5,000-$6,000.

Hampton Technologies, Box 2277,
Charlottetown, Prince Edward Island,
Canada.—Marita Begley

HEAT WATER OUT TO HEAT STORAGE
EXCHANGER /|
& = /'#-’ =¥
- ?- § F?
?
#il
i
. 1T =TUBULAR
? =] ? HEAT
EXCHANGERS
Ll U L
: WATER BACK
FROM
HEAT STORAGE
PREHEATED,

7 PRESSURIZED
. COMBUSTION AIR

&3

Jetstream consumes wood in a refractory
combustion chamber where, the maker
says, temperatures range from 1,200 to
2,000 degrees F. The resulting gases are
sent through a heat exchanger that trans-
fers the heat to piped water. The heated
water passes out of the stove to a storage
tank and, when needed, automatically
transfers its heat to the home's existing
heating system.




oal Tub & Tile C aqll(

ans favorite tmn

and joints iniwalls,
nad trim. Drie} £ st.

@ 1980 DAP Inc. DAP and K!@T'E-Seal are trademarks of
DAP Inc., Dayton, Ohio 46401, Subsidiary of Plough, Inc.

Compact Totem co-generators are 42" high, 41" wide, 46" long.
Size will differ on U.S. version to fit through average door.

Totem generates 131,000 Btuw/hr. That’s enough heat to
supply hot water for 16 apartments or heat four medium-
size apartments.

With a price tag of about $10,000, Totem is well suited to
apartment buildings, restaurants, hotels, hospitals, and a
variety of industrial applications. Fiat hopes to introduce
the Totem concept to the U.S. by selling 100—-200 units.

For more information, write to Totem Project, Bob Ritac-
co, Brooklyn Union Gas, 195 Montague St., Brooklyn, N.Y.
11201.—Jeanne McDermott

Co-generator

produces heat
and electricity

Co-generation—burning fuel to produce both heat and elec-
tricity—is an old conservation idea that has recently been
revived and hailed as an energy-saving alternative. Now a
small co-generation unit, developed and marketed by Fiat
in Europe and called the Total Energy Module, or Totem
[PS, Aug. '77], is available in the U.S. through Brooklyn
Union Gas Co. i1. New York City.

The heart of Tatem is a 903-cc, four-cylinder internal-
combustion engiiie—the standard engine in the Fiat 127
automobile. But ' 'otem’s engine has been modified to burn
a variety of fuels, including natural gas, biogas, and pro-
pane, as well as 1nethanol and other alcohols. The engine
drives a 15-kW induction generator, producing electricity
that can be fed nto a utility grid or can supply power
directly to a user's own circuits. Heat is extracted from the
combustion process by circulating water through four pri-
mary and second ary heat exchangers, drawing heat from
the generator, engine coolant, crankcase oil, and exhaust.
The recaptured heat is used for domestic hot water, space
heating, or, with the help of absorption water chillers, for
air conditioning.

Totem has a fis ed output ratio: Two-thirds is heat, one-
third is electrici:y. Besides a 15-kW electrical output,

COLD RELIEE

Popular DAP Acrylic Latex Caulk
quickly and easily fills
amrgy wasting gaps around window

W&iﬁor ﬁames and seals I1.15'}::,11:1ts
tween ;.' ding the 1’165 fast

R :_' ‘%E m? not havacto g | |
Because it comes_ i soves pgpular

E.



POWERTO
CAMP OUT OR SHIP OUT.

When you're in
the great outdoors,
you never want to get
In a position you're
powerless to control.
And that's where
Honda comes in.

PORTABLE
POWER.
The new EM-500
portable generator
Is the ideal compan-
ion for campers and —
hunters. It gives you e =
a maximum 500 B
watts of power in a Z2Z
lightweight 40 Ib. ZZ
package about the =>
size of a portable TV. '
Whether you . e
need to power your - - o QNI S
camping accessories, charge your tion because there'’s less oil and
RV battery or just warm-up under an NAUTICAL POWER. smoke discharge. i
electric blanket, the EM-500 does it Honda has power for boaters These engines are ideal for
quietly and economically —about and fishermen, too. A line of 4-stroke  trolling. They have the power to keep
4 hours on a tankful of gas. outboard engines that come in 7.5 from drifting at low RPM's without
It's great for small power tools, and 9.9-hp models, both with short fouling the plugs.
barbecue motors and electric fans, or long shaft. Before you head out on your
too. And it can really light-up a Honda's 4-stroke design means  next trip, let your nearby Honda
camp site. quiet operation. Quick response and  dealer tell you about Honda power.
In addition to the EM-500, Honda  powerful acceleration. Maximum fuel  Just look in the Yellow Pages or call
has a full line of portable generators economy—over three hours on a toll free 1-800-228-2056, ext. 640, and
from 400 to 4,500 watts. tankful of fuel under full throttle. in Nebraska, 1-402-571-4900, ext. 640.

Smoother operation. And less pollu-

ITS A HONDA

© 1981 American Honda Motor Co., Inc. For optimum performance and safety we recommend that you read the owner's manual before operating these units,




Energy-saving

. heat-pum - ER—
i Pk Print For Profit

Print cards, stationery,
envelopes; advertising,
labels, tickets; holiday,
sympathy, bithday, QSL

Burglar-Fire Protection

Protect Your Life, Home, Business, Auto, etc.

* Qur catolog shows how. Instoll your own
olorm systems ond devices ond sove 3335, We
offer FREE write-in engineering service.

= FREE CATALOG 1=y b ok o

.» Besides winter home-heating costs, cards. Satisfying :
hot-water heating takes the biggest Evﬂgim‘;{ﬁgﬁfhgidk:f- Burdex Security Co. Box 82802-PS Lincoln, Ne. 68501
iv bite out of your i1ome energy budget. use your imagination, l ersay
But now the Fedders Corp. offers a | | zeeresyis ) R
wn a Printing Business.

money-saving possibility: a heat- i
pump water heiter called the Heat
Re-Cycler. It draws in existing heat

Have your own
shop. Add to income. We supplymstruc— i

tions, hand presses and all supplies i REMC FES ¥ 'u' yin ' MO rey = ' t
i umpsan ocal Eliminator can a ua ¥y rermu most or
direct from factnry Famous since 1872. virtually all of a solo vocalist from a standard stereo record and

et
Send for catalog. Kelsey Presses, I leave most of the background music untouched! Not an equalizer! r'l

can prove it works over the phone. Send $1 fo 4
81-CD, Meriden, CT 06450. iR i IF"‘ nut I 5 oV rt st d $1 for a 24 page brochure

higher temperatures in a rotary com-

pressor, then deposits it in the hot- Yy L oy
water tank (see diagram). In effect, :
the unit uses, rather than rejects, the
unwanted heat and humidity in your
home during summer months.

What about winter when every Btu
is precious? The Heat Re-Cycler is
most efficient when installed in a
waste-heat room such as an unheated
basement or utility room. According
to John C. Adams, a Fedders spokes-
man, ' The unit may produce a lot of
coolness in the room initially. But
once it’s operating, it doesn’t cycle on
that frequently.”

The Heat Re-Cycler constantly
monitors water temperature in the
tank, and is actuated only when hot
water reaches a preset low level.
Much of the heat it supplies is actual-
ly loss from the water tank itself, The
net energy gain, says Adams, is sub-
stantial.

The Heat Re-Cycler can be used
with any electric or gas water heat-
er.—Kathleen Murphy Lord

i t AMAMA &
. THAHR ©
3#;4%_ Tools That Don’t
\ Take Early Retirement

(A L0 i CaTaqae

.. tools that stay on the job, year after year. That feel

TUBE- right in your hand, that ease the job. Tools precision
f%‘é’é made of drop forged, beautifully polished, high grade
CONDENSER steel. Tools that give you quality in every detail (at
RS no premium in price). Tools by CHANNELLOCK.
ROTARY Be sure that name is on the tools YOU buy.
COMPRESSOR
THERMAL

CHANNELLOCK, INC. - Meadville, Pennsylvania 163335

Meet The Rest of The Family. Send For Free Catalog.

LA TS,

APRIL 1981 | 61




A SPECIAL FOR THE PRICE
OF A MOTORCYCLE.

Our XS400 and XS650 Special II's are specially
priced for people who want the very most for the
very least.

Just about all that separates them from our full-
priced Specials is a little chrome, spoke wheels instead

of cast alloy and a drum brake up front on the 400.
A small price to pay for j“* )

such a small price to pay.
z

LY

THE WAY IT SHOULD BE.

Rear view mirrvor(s) standard equipment. Always wear a hebmet and eye protection.

You don’t have to be a professional..

(to be a do-it-yourself expert) _

ot
P
oy

o
.....

HEAVY DUTY & /. — F °

STAPLE GUN /~
SHOOTS A STAPLE B ]
WHEREVER YOU’D DRIVE A NAIL!
faster .. better.. cheaper...

Whej:her you're installing insulation . . . re-upholstering a chair . . . repairing a screen . . . covering a
cornice . . . securing an antenna wire — there’s no faster, easier or more efficient way to get the job
done than with a one-hand operated Arrow automatic staple gun.

T
=
S
=y S,
4

A

Arrow Staple Guns come in a variety of models,
At all leading Hardware, Home Center & Discount Department Stores Everywhere.

ARROW FASTENER COMPANY, INC., 271 Mayhill Street, Saddle Brook, N. J. 07662
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Heat pipes make
ice-free
roadways

Why put up with icy roads in winter
when free, limitless, underground
heat could keep them warm and dry?
That was the starting point for engi-
neers at Daimler-Benz in Germany,
who have sunk heat pipes 30 feet
down into the earth at an experimen-
tal project at Boxberg. At that depth,
the year-round temperature stays
above 48 degrees F. The pipes tap this
underground geothermal heat and
conduct it up to warm the paving.

A heat pipe is a sealed tube partly
filled with fluid, such as liquid sodi-
um, and lined with absorbent materi-
al that acts as a wick. Heat at the bot-
tom of the pipe is absorbed by the fluid
as it evaporates. The warm vapor rises
to the cold end, where it condenses.
With condensation, heat is given up to
the nearby roadway and the fluid
returns via the wick to the bottom of
the pipe.

The cycle continues silently, auto-
matically, and only when needed.
When the temperature of the roadway
rises in spring, no condensation takes
place and the cycle stops.

So far, the system has been tested
on small concrete slabs to prove the
principle. Engineers are studying var-
iables such as road-surface materials,
spacing and depths of heat pipes, and
soil and weather conditions for differ-
ent areas. Due to cost, only critical skid-
prone places such as steep gradients,
dangerous curves, and intersections will
have priority.—David Scott

".n. g ¥ -.'._‘,. o
'._-_-._."'.'w.q;_'.- A A N S A O A LA M e
s

5. Underground heat = .-
2= (1) vaporizes fluid in 22z
‘=52 pipe bottom. Gas IiF=|l

.. rises to roadbed (2), i
+2& where it gives off 2|
- heat and condenses

% back to fluid. Fluid 1

b s
2

.
=y

£
.‘l.'.
F

-
et

o
[V

e

I

;-h! runs down pipe and @ '_,:' '
ﬁ%‘ the cycle repeats.




Join the crowd! Over 10,000
POPULAR SCIENCE Readers

Have Fallen in Love with the
MINI CAT since we in-

>

; troduced her last year. Here
> are a few of the reasons why:
" ¢ WING SECTION MAST — Internal
- Halyard, Pivots Automatically

e KICK-UP RUDDERS — For Easy
Beaching

e FULLY BATTENED MAINSAIL AND
JIB — Easier Tacking, Higher Speeds

e HIGH ASPECT RATIO, ASSYMETRIC
HULLS — Need No Daggerboard

e NO TRAILER NEEDED — Quick and
Easy One-Man Set Up

The new simplified Hull System of the
MINI CAT means you can be sailing after
only a few weekends of building. With
super-light hulls that are easy to car-top,
you can be on the water with a minimum
of hassles and maximum fun!

The MINI CAT has proved itself to be one of the
easiest Cats on the water to build, sail — and pay
forl The 9%$450* cost includes paint, rig, sail-
— everything! Detailed construction plans show
you how to make a rugged, efficient sail in one day
from easy-to-find materials. No sewing required!
Standard lumber yard material and hand tools are all
you need to build the MINI CAT — no jigs and no
welding needed! Naturally buoyant hulls, plus flota-
tion foam, make the MINI CAT about as unsinkable
as you can get! Here’s what a few happy POPULAR
SCIENCE Readers have to say about their MINI
CATS:

— "As an engineer and hobby woodworker I'd like
to compliment you on your MINI CAT plans.
They were clear and complete. | have thoroughly
enjoyed building and sailing this fine craft, and
have received many nice compliments. . .”

— "Just thought I would let you know I enjoyed TO ORDER YOUR MINI CAT PLANS

building your MINI CAT.” Please send $7.00 check or money order to:
: Eoll e ' 2 , s STEVENSON PROJECTS, Dept. A-100,
— “Your hull design and construction techiniques Box 584 Del Mar, Calif. 92014. Please

are excellent. . . mast design. is also superb. allow 3 weeks for delivery. Money refund-

*Based on 1981 California prices ed if you're not completely satisfied.




Mine water

powers heat pump

Flooded coal mines may
provide commercial
heating and cooling for
northeastern Pennsylvania

By EDWARD MORAN

WILKES-BARRE, PaA.

In January 1959, the Susquehanna
River broke through the walls of a
small coal mine in Port Griffith, about
10 miles northeast of here, and flooded
the miles of tunnels that crisscross the
Wyoming Valley of Pennsylvania. For
years afterward millions of dollars
were spent trying to pump the water
out of the tunnels, many of which had
collapsed, damaging nearby homes
and businesses.

During the past year, however,
enterprising individuals have been
putting the flooded coal mines to use
as a vast heat sink tied in with heat-

mercial buildings. Since November
1979, a 3,200-sq.-ft. Radio Shack store
at the Midway Shopping Center has
been heated and cooled by a heat
pump using mine water as its heat
source.

I visited the store and talked with
consulting engineer John Yendrick
of A.C.S. Industries, designer of the
project. Yendrick showed me the well
he bored in a field between the Radio
Shack store and nearby Susquehanna
Dike. Water for the project is drawn
from the mine tunnels at a constant
55 degrees F. The heat pump is a con-
ventional water-to-air system. “The
heat pumps we use are not unique, but
this is the first time that mine water
has been used as an energy source,”
Yendrick explained. “The coefficient
of performance [COP] of this system
runs about 3:1. That translates into a
saving of about 66 percent over con-
ventional fuels.”

Dr. William A. Reishtein, president

shopping center, is confident the idea
can help revive the declining local
economy by making available low-
cost energy to businesses that are
dependent on oil. Yendrick agrees:
“This is only a pilot project, but the
concept would be feasible for large fac-
tories that give off much heat. An
alcohol plant, for example, could be
tied into a closed-water-loop system
that would use mine water as the
basic source of energy.”

The mine-water concept received
added impetus when ground was bro-
ken recently for the 17,000-sq.-ft.
Kingston Recreational Center near-
by. The project, supported by a federal
grant, will incorporate a mine-water
heat-pump system and use an electric
furnace as a backup during periods of
peak demand.

Richard Hardy, associate with Py-
ros and Sanderson, the engineering
firm that designed the Kingston sys-
tem, explains that "using warm mine
water in a water-to-air system makes
heat-pump technology possible with-
out the penalties associated with peak
pricing.”

Scheduled for completion this
spring, the Kingston project will em-
ploy two wells 225 feet below ground,
one for supply and one for return. Sub-
mersible plastic pipe will be used for
the wells, and stainless-steel flat-
plate heat exchangers will be in-
stalled in the heat-pump device.

If these two projects prove success-
ful, the anthracite-coal region of
northeastern Pennsylvania may get
another lease on life. What was once
looked on as a disaster may turn out to

pump technology to heat and cool com- of F.P.R., Inc., one of the owners of the be a bonanza for the area. - B
SUPPLY SUPPLY
—
— SYSTEM WATER
WATER COIL AIR COIL
(CONDENSER) A (CONDENSER) e
WATER COIL

MINE-WATER

CAPILLARY
MACHINE ON COOLING

SOURCE
8" WELL WATER DISPOSAL
il | (e e R 1 SAND AND
1351 o e : e ey
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B S —-—._:____ 4 VEIN
100
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Energy exchange within the Radio Shack heat-pump system is
diagramed above. Water is drawn from the mine tunnels through
an eight-in.-dia. well. The heat pump, inside the store, extracts
enough heat from the 55-deg.-F mine water to raise the Freon
temperature to about 125 deg. F. The system has a COP of 3:1.

CAPILLARY
MACHINE ON HEATING
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Warning: The Surgeon General Has Determined
That Cigarette Smoking Is Dangerous to Your Health




There comes a tme
we all want to sit back
oct comfortable. And t
no better way than with
fine, casy taste of SOL{I‘IC
Comfort. _
Inspired in the 1800°
old New Orleans, this

rice

1 '
h.-.d._.

famous liquor 1s dehicious®
straight, on the rocks, or
mixed any way you like 1t.
It’s onc of the real comforts
of life.

SOUTHERN

60,130 4]

Send gifts of Southern Comfort anywhere by phone. Call toll-free 800-528-6148 charge to major credit cards
Offer voud in states where prohibited. Southern Comfart Corp., B0-100 Proof Liqueur, St. Louis, Mo. © 1980
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"OAY, SIMOKEY=

A clinic on cars by Smokey Yunick, America’s most famous mechanic

Less rpm for more mpg

My father has a 1973 Pontiac Catalina with
a 350-cu.-in. engine, automatic transmis-
sion, and power steering and brakes. The
car is in excellent condition with only
32,000 miles on it. The only problem is
that it's a gas hog. Is there any way to
improve the economy by a lower rear-axle
ratio? How about changing the final drive
ratio in the automatic, or even putting in a
four-speed stick? It seems to me that there
are enough of these old cars around for
someone to come up with a way of
improving their mpg.

Kenneth W, Hirst, Louisville, Ohio

Anything you can do (that makes dollar
sense) to cut rom down to, say, 2,000 at 55
mph will help.

Pops out of 4WD

| have a 1978 4WD Subaru. The transmis-
sion shifts okay, but every time | put it in
four-wheel drive it pops back out. What's
wrong?

John Grumer, Belvidere, N.J.

Find out if the shifter goes into its full
engagement position. It should have a
positive detent. If not, you'll have to go
inside.

Fuel disappears, it seems

| have a hard-starting problem with my ‘73
Plymouth 360. It has a two-barrel Holley
carburetor. Whenever the car sits four
hours or overnight, it seems that it can’t
get enough gas. | have changed the fuel
pump, gas-line filter, and carb. | have to
pump the gas pedal and try the starter at
least three times.

Walter Knight, Hamilton, Ohio

Let it sit four or five hours, then pull the
top of the carb to check fuel level, If the
fuel is gone, check the gasket under the
bowl—or take the carb off when it's full
and set it on paper towels to see where the
fuel goes.

Car lower on one side

| am in the process of restoring a 1970
Olds Cutlass convertible, and have en-
countered a suspension problem. The
driver's side of the car is a few inches
lower than the passenger side {measured
at the tops of the wheel openings on the
fenders on both sides). | figured that after
100,000 miles the springs had just worn
out, so | replaced all four—| even went
with factory heavy-duty ones like those
that came on the 442 models. No
change.

The entire front end has been rebuilt,
including new bushings and ball joints. |
have the same size tires all the way
around. The Oldsmobile dealer in town
suggested | have the body mounts
replaced because the engine torques over
to the left side, which causes the mounts
on that side of the frame to become
depressed.

Does that make sense to you? The car
does not appear to have been severely
wrecked.

Chase Fell, Birmingham, Ala.

Something is bent, such as the lower A-
frame or rear frame. Don’t worry about It.
Shim up the spring to raise the low side.
Flace the shim above or below the spring
seat.

Backfiring and detonation

| have a 1977 Regal with a V6 engine.
Every morning after | start the car and
drive away, it backfires. After this, it's
okay for the rest of the day. The dealer has
rebuilt the carb, but the problem still
exists. Also, | must use premium gasoline
or the engine knocks. What do you
think?

Jerry Behn, Des Plaines, lll.

Backfire, as a rule, is caused by an exhaust
valve being open when it shouldnt be. A
cracked distributor cap, bad rotor, or bad
plug wires can cause it, too.

Engine detonation is usually caused by
the spark being advanced too much dur-
ing load.

Wants diesel in his van

| have a diesel Rabbit and am very happy
with it. | also have a 1976 Ford Econoline
150 van, which has only 24,000 miles on it.
| would like to keep the van but it gets only
12 mpg.

Wouid it be possible, when diesels for
vans are in production, to make a switch—
a diesel for a gas engine—and do it for a
price within reason?

Warren Bernard, Hicksville, N.Y.

No way.

Repeated water-pump failures

| have a 1976 F-100 Ford pickup with a 302
engine. The original water pump went out
at 53,000 miles. | replaced it with a new
one. It lasted 200 miles. The second new
one lasted 2,800 miles.

What gives? My fan's not bent, I'm not
tightening the belts too tight, and | used
new coolant every time. Also, the entire
system has been flushed regularly. Could
it be I'm into a bad batch of factory

pumps? But how could | ever find out?
Brian McClusky, Houston, Tex.

! don’'t know what to tell you. | hear and
see a lot of it. Pumps sometimes seem to
be short on quality these days. I'd go for a
rebuift or aftermarket pump. It can’t be
any worse.

Engine swap worthwhile?

| would like to know if it is possible to
instail a Chevrolet 260 V8 or V6 in a 1964
Chevrolet Impala that has a 327-cu.-in.
engine with a four-speed transmission
and a 3:36 rear end.

Bernie Thompson, Waukee, lowa

It wouldn't be too bad if you were able to
do it yourself with used parts. Using new
parts and paying a garage to do it would
run the cost out of sight. Also, you'd have
to up the gear ratio into the high two’s.
That’s more money. |

About front-wheel drive

You have said that front-wheel drive is
better in all ways except in a panic stop
with only one person in the car. Would
you elaborate?

J. F. Brown, Sclana Beach, Calif.

With driver only, front-engine, front-
wheel drive is nose-heavy in a hard stop.
That's because the rear wheels don’t have
enough weight to do their fair share of
work. With weight in the back —even the
weight of one passenger—the car usually
stops very well.

Front-engine rear-drives have better
front-rear weight balance and therefore
would be safer in that one bad mode. This
will not be solved any time soon. But
in weighing positives and negatives of
both types, front-wheel drive wins hands-
down in my book,

Shocks wear out quickly

| have a '73 Le Mans station wagon with
a 350 engine and no special handling
package. In the last 17,000 miles the front
end has gone through three pairs of Ga-
briel Strider shocks and now a pair of
heavier-duty Gabriel E's. The shocks start
going bad within three days to a week.
Both shocks go, and they leak oil.

At 63,000 miles the front and back
springs were replaced, heavy-duty in
front and load-leveling in back. The trou-
ble has occurred since that time. The rear
transmission mount has given way three
times, also. Any clues as to where to look
for the trouble?

Eldon Engle, Vienna, Va.

I'll -bet the shocks are bottoming out be-
cause they are the wrong length.

Bucking engine

| have a 1980 Dodge Colt RS hatchback
with the 1,600-cc engine. It is very peppy
and gets 37 mpg on the road. But the en-
gine cuts out or bucks under moderate ac-
celeration, or going up slight grades. The
condition improves if more throttle is ap-
plied.

Continued
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Yuu'll enjoy your work as a Lucksmith
hecau=e [t 15 more fascinating than a
hiohby—and highly pald besldes! You'll
gr un enjoying the [ascinaiing work,
_ year after year. in good times wur had
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] hWave already
master keyed my
Elks Lodge and
38 apartments...
SO Yyou Seemy
locksmith course
is practically
paid for."

Adelindo Orsi, Jr.
Azrusa, Calif.

hecause you'tl be the man in demand
in an evergrowing feld offering big pay
jobs, big profitz as your own boss,
What more could you ask!

Train at Home — Earn Extra $555 Right Away!

LOCKSMITHING INSTITUTE

Div. Technical Home Study Schools
Dept. 111-041 Little Falls, N. J. 07424

Mame

Addrass

(Please Print)

City/State/Zip

& [] Check hera if Eligible for Yeteran Training

T“"smmm -----------------i‘

'-l---------

o WARTENANE pate more money! Check out

« conTRAcTor | Electrician’s wages against the
. kind of money you make now!
CONSTRUGY,

ON TRAIN AT HOME IN SPARE TIME
Make exirn money in spare time while you train for a full-
time job. Do odd jobs for friends and neighbors. Save
money doing your own electrical work. Learn everything
from repairs and maintenance to complete electrical instal-
lations. No previous experience needed. Everything ex-
plained in easy-to-understand language with plenty of
drawings, diagrams and photos. Tools, materials, test
equipment included with course. Approved for Veterans
and G.1.’s. Be ready to take almost any electrician licens-
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No cost, no obligation, no salesman will calll

ing examination offered by state, city or county. = |

— JMAIL COUPON TODAY! /E'EM
Electrician School, Dept. PCO31 B i [
| ICS Center, Scranton, PA 18515 | Mowgy.

Aush free facts that tell how | can train at home I|I MAkmg _ I
l in spare time to be an electrician CARgeg | I
| name = ;
ADDRESS
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Guaranteed For
One Full Year

Weinbrenner’s “Wear-Gard”. Sole

Only Weinbrenner makes boots and shoes of this caliber
with the famous “Wear-Gard" sole. The patented non-slip
sole, with over 300 ground gripping fingers, that’s
guaranteed not to wear out for one full year. In addition,
oil tanned leather uppers provide the protection you

need for field, farm, or factory — while the cushion insole
and padded collar make 'em easy to wear all day

long.

“Wear-Gard"..

worth remembering.
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.we guarantee it's a name
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“Say, Smokey—"
[Continued]

The service manager says this is to be
expected, and any carburetor change
would decrease the high mileage.

What do you think? The car has 3,500
miles on it, has had the 600-mile service
adjustments, and another check of the
carburetor at about 1,000 miles.

John D. Hightower, Tuscaloosa, Ala.

You're lean at part-throttle. [ agree: Add
fuel and you’ll correct the problem but
lose some mileage.

Another thing that's used to get rid of a
part-load lean condition is progressive
secondary throttle. Keep air velocity up
over the fuel nozzle until fuel volume in-
creases. If you add a little fuel, it won't
drop mileage much. But | believe you'll be
out of emission limits.

About split rims

Let's have it again about those split rims—
| have a '69 half-ton Chevy with a cab-
over-camper permanently installed. |
have split rims on the back with 700x15
LT eight-ply rated tires. |I've been to Alas-
ka, Mexico City, and traveled about 28,000
miles in the U.S., and have never had a
flat. | have worn out one set of tires and
replaced them with duplicate tires.
My question is, would | be safer on the
solid wheels than on the split rims?
David McKinsey, Elfrida, Ariz.

Yup, the three-piece rim fails in use and
can be dangerous in mounting. Funny, we
used them for 30 years and | never saw
any trouble until lately. But we didn’t load
them and run sustained high speeds like
we do now.

Which oil for transmission?

My new Chevy X-body Citation has the
four-speed manual transmission. Yet it is
filled with automatic-transmission fluid,
Dexron |l, type B.

Is the Dexron |l strong enough for a
manual transmission? | thought that the
manual transmission needed a heavier
gear oil.

George Holdcroft, Libertyville, lll.

Automatic-transmission fluid is a very good
lube, and can take temperature better than
mineral oil. Weight doesn't really help
lubricity. | think it's good, and it helps mile-
age. Dontuse hypoidrear-axle lube.

Engine overheats

| have a "70 Datsun 510 with a 1,600-cc en-
gine that overheats. It all started when |
blew a heater hose and a head gasket. |
replaced the gasket and it blew again im-
mediately. | replaced the gasket again and
had the head planed. | put in the proper
proportion of antifreeze and water, but
after a day or so it all boiled out.
| have replaced the radiator, radiator
cap, and thermostat with what was rec-
ommended for the car. I've checked the
timing with car specs and it's okay.
Mike Holmes, Bradford, Vi.
[Continued on page 140]




World's First and Unl
- Solar-Powered Watch*

Guaranteed to outperform any watch sold
today. . . or costs you nothing!

The Sunwalich; acclaimed as
the most accurate, most
versatile, most rugged

watch ever made.

These features make all other
watches ohsolets:
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Space age accuracy

Now youll never worry about accuracy again. Because
the Sunwatch will keep you on time for the rest of your
life. (Accurate to within 1 sec. per month ]

Solar age efficiency

Miniature solar cells automatically convert suniight,
daylight or ordinary bulb light into usable energy for
storage. The solar cells last virtually forever. So youll
never replace a watch battery again.

Programmed for over a century

The built-in computer on a chip will always display the
correct time date and month. Also, it automatically

adjusts the watch calendar for long and short months,
leap years and its programmed until the year 2100!

Easy to read

The natural side-view display lets you tell the time, day
and date without twisting your arm into an uncomfart-
able position.

Numbers always visible

Four varying light intensities are built into the viewing
display, allowing the Sunwatch to adjust automatically
to any light. This means you can always read it, even
in the brightest sunlight.

10 Display functions

The Sunwatch is capable of displaying the following
information: hours ® minutes * seconds * months » date
*day * leap year * speed calibration * AM/PM indicator
» seconds count-off.

Exireme accuracy

Unlike other electronic watches using tuned crystals to
control timing accuracy, the Sunwatch incorporates a
unigue, programmable, microcircuit synthesizer to
make it the first watch in history that is accurate to less
than 1 second per month. That's 5 times more accurate
than the latest quartz Accutron.

The Power Source

Tiny silicon power cells, which are constantly being
energized by natural sunlight, daylight or an ordinary
light bulb keep the Sunwatch energy storage system
charged. Should the watch not be exposed to light, it
will continue to operate for months on stored power.
The most indestructible watch in the world
The workings of the watch: solar panels, energy cells,
quartz crystal, computer on a chip, etc., are all perma-
nently sealed in a Lexan module. This module is so
unique it's protected by U.S. and foreign patents.
Completely waterproof '

Leave the Sunwatch in salt water for months. Dive with
it in depths up to 750 feet. There are no openings —
magnetic slide bars activate all functions. With Sun-
watchs exclusive, permanently sealed Lexan module,
there are no "0" rings or seals to leak.

Shock resisi: § 29,000 0t
You can crash it into a rug-surfaced brick wall at 30
mph with no noticeable effect. Wear it while doing
heavy work, exercise or any strenuous activity.
Temperature resistant ’

Put the Sunwatch in boiling water for 30 minutes,
freeze it in a block of ice for a year. Extreme tempera-
tures will not damage your Sunwatch.

Pressure resistant

There are no air spaces inside the Sunwatch. There-
fore, it is not susceptible to high pressures such as
might be encountered diving to great depths.
The periect watch for a lifetime

Imagine split-second accuracy for the rest of your life.
Sunwaich is a wvirtually indestructible, beautifully
styled, space-age timepiece, and it's available in three
exciting finishes: Brushed stainless steel, Gold tone
stainless steel, or a Durable black finish on stainless
steel. All Sunwatches come with a matching stanless
steel band with removable links and adjustable clasp.

Made in the United States

The Sunwatch, designed by Hoger Hiehl, was being
worn by its inventor nearly a year before the first
electronic digital watch was even available to the gen-
eral public. Since that time constant engineering evalu-
ations and design improvements have been made on
the Sunwatch to incorporate the latest in digital micro-
circuit and solar power technology. Thus the Sunwatch
today represents state-of-the-art electronics technology.
It is built to the same rigid standards practiced by the
manufacturer in creating sophisticated computer micro-
circuits for the U.S. Government and other major
users of these components.

# A word about other "Sclar Watches”

Hoger Riehl, designer of the Sunwatch, states that
there is no other completely solar powered watch on
the market today. Claims of solar power by other watch

manufacturers are based on the use of a small solar
cell. Due to their limited size, these cells can be proven,
in technical terms, to be of virtually no significant value
in extending the life of a watch battery. For this reasaon,
all other so-called "solar watches” must have replace-
able batteries. The Sunwatch’s power storage system,
however, need never be changed and is, in fact, perma-
nently sealed to withstand abuse and the elements.

Mick dalbm dimncet fFrom tha maniuifachimar

STAINLESS STEEL CASE
— SEALED MICRO

ELECTRONIC
MODULE
) (NO OPENINGS
OF ANY KIND)
CONTAINING:
SOLAR CELLS
POWER
STORAGE SYSTEM
A VISUAL DI
/7857 EXCLUSIVE SUNWATCH
7477 MIGRO-CIRCUIT
K" MAGNETIC SENSORS
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TNETIC SLIDE SWI
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Available in a special gift box (see order form) the
Sunwaich makes an ideal gift for special holidays,
birthdays, graduation, Fathers Day etc. Perfect for
business people, commuters, teachers, athletes and
sporstmen, who reguire split second accuracy

Free custom engraving

At your request, each Sunwatch will be hand-engraved
with the name you specify.

Limited Warranty is your protection

The Sunwatch is covered by a 2 year limited warranty
issued by Riehl Time Corporation [manufacturers of the
prestigious Synchronar 2100) and included with your
watch. A copy of the warranty may also be obtained
free of charge by writing to Riehl Time Corp., 53 5.
Jefferson Rd., Whippany NJ 079B1. This warranty
gives you specific legal rights, and you may have other
rights which vary from state to state.

15 Day no risk trial offer

Order your Sunwatch today and use it for 15
days. Then, if you are not completely satis-
fied return if for full money back.

CREDIT CARD ORDERS CALL
TOLL FREE 800-228-2626

NEB. Residents Call 800-642-8777
OR MAIL THIS NO RISK COUPON

r--——--_—__-
RIEHL TIME CORP
I 53 S. Jefferson Rd., Dept. 7B, Whippany, NJ 07981.
Plaass sand me:
Brushed Stainless Steel Sunwatches
at.$139.95 each

______Black Finish on Stainless Steel Sunwatches
at $159.95 each.

— BGold Tone Stainless Steel Case Sunwatches

at $159.95 each.
— 24 Hour (Military Time) $10.00 Additional.
Gift Boxes at $4.95 each.
Please add 33,35 per watch shipping and insurance.
Enclosed is § Check or Money Order

(N.J. Restdents add appropriate sales tax'

CHAREE IT (Check One)
[J Master Charge [ VISA (BankAmericard)

Bank#

Credit Card#
Issue Date
Signature
Name to be engraved
Name
Address
City/State/Zip

Exp. Date
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CREW CHIEF SAYS:

‘| demand top quality
tools, soluse S-K.
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USER SAVES $37.81 —-0ver 49%

20 pc. %" dr. 6 pt. Socket Set = S-K Cold Extruded
Sockets Means More Strength, Durability and
Thinner Walls... A Great Plus in Close Situations

« Chamfered Ends Mean Socket Slips Quickly and
Easy Over Nut Head = Ball Detents For Positive
Locking To Ratchet = Micro-Accurate Fit Nickel
Chrome Plated ... Rust and Corrosion Resistant.
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Giant color screen
replaces bulbs with tubes

'P“-‘—m == m——-_-'a_ s ll'iﬂlil-ll#lm L

Instant replays are clear and lightning-
fast on Dodger Stadium'’s color video dis-

When is a color television worth three
million dollars? When its screen, mea-
suring 20 by 28 feet, is the world’s
largest.

The giant screen was installed
last summer at Dodger Stadium in
Los Angeles by Japan’s Mitsubishi
Electric. Among other things, it re-
plays big plays immediately
following each inning and sums up
the game with video highlights after-
ward. Other systems in other stadi-
ums provide similar game coverage,
but the picture quality of this giant
screen sets it apart from the rest. In
fact, its picture is roughly comparable
to home color sets, but on a much
grander scale.

Until now, when outdoor systems
such as matrix boards presented
movement, it was in the form of car-
toon figures, moving graphics, or
brown-and-white video images. Fast,
clear color video was impossible, be-
cause matrix boards use incandescent
light bulbs. The bulbs, which glow
milliseconds after power is turned
off, are incapable of producing the
lightning-fast movement inherent in
live-action video. Mitsubishi made
live-action giant-screen color video
possible with the development of an
electron-beam tube suitable for giant
TV display.

The tube works like a small TV,
complete with electron gun in back
and phosphor coating up front. Each
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play board. It will be expanded to 25 by 33
ft. for the 1981 baseball season.

tube corresponds to a single, tiny, col-
ored phosphor dot on a TV screen. And
each produces only one color—red,
green, or blue—albeit in 32 levels of
brightness. On the giant screen,
24,576 tubes are clustered in red/
green/blue groups of three. A comput-
er directs the various colors to light up
and form the picture. From a distance
of 200 feet, the thousands of red,
green, and blue tubes resolve on the
giant screen into a sharp, brilliant pic-
ture.

“The screen looks spectacular at
night,” says Barry Stockhammer, the
Dodgers official in charge of running
the mammoth screen. “And we're
especially pleased with its clarity and
brilliance during the day, even when
the sun shines directly on it.”

One reason for such a brilliant pic-
ture is that the light from an electron-
beam tube shines 10 times brighter
than an ordinary TV screen. And
because it’s not a giant version of a
home video projector (like the one at
King Dome in Seattle), it doesn’t suf-
fer a color shift, even when it's viewed
from an oblique angle. Furthermore,
each tube consumes only two watts of
electricity, one-tenth the consumption
of a display-board bulb.

Will the screen replace the umps?
Says Stockhammer: “We don’t run
replays that involve close judgment
calls. That’s not our business.”
—Danny King
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AMC Select Dr

ply stop and flip a sw
dash—no need to get o1
locking hubs, as you w
time 4WD systems. Als
time system, you car
highway in 4WD wit]
the drive train. That's

SLIDING-SPLINE CLUTCH F
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Drive is basically the ¢
system now in use on /

The difference is a no
apparatus that allows t
drive train to roll fre
needed, thereby boosti:

/e:
WD

ch under the
and reset any
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unlike a part-
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ut damaging
ecause Select

INT-AXLE
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me full-time
IC vehicles.
2] disconnect
» entire front
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" Credit American Moto ; with another ‘

| first in four-wheel dri' 2. AMC’s new |
two-wheel/four-wheel Select Drive

¥  system provides more lexibility and
fuel economy than fu -time or part-

¥ time 4WD systems.

With Select Drive, > can switch

¥  from full-time four-wh: :ldrive to two-

: wheel rear drive simp - and without
leaving the driver’s s« it. When con-
ditions call for a chang >ver, you sim-

Now you can lighten your workload
anywhere you work.

With a Canon PalmPrinter.

It gives you clear, legible printout on

One right for any pocketbook,

any purpose.

The popular P5-D and feature-
packed P7-D, both with rechargeable

NiCd batteries. The cost-efficient P3-D

f a vacuum- | plain paper tape—easy to read and write

L‘:j};ﬂg;‘: lz;;;“;:ﬁfi e on. Plus a highly visible 10-digit display.  which runs on regular penlight

shato and cdtaways cop itcllad by fhe A live memory, too. Even a protec-  batteries. Or the new super-compact
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PS|Whats News

“l knew | had a lot of reading to do ’_:when
they wheeled that 40-pound carton into
my office on a dolly,” said POPULAR SCIENCE
Senior Editor John Free. “That carton™
contained more than a dozen hefty publi-
cations—technical reports from just one of
the large research laboratories with gov-
ernment-funded subcontracts to help de-
velop solar panels and other hardware
associated with photovoltaics. As readers
of PoruLAR ScieNCE know, photovoltaics is
the general term covering the techniques
(and arts) required to turn sunlight direct-
ly into electricity. That carton of reports
was only a small part of the avalanche of
documents that has since descended on
John, reflecting the enormous activity in
the field.

Much of the activity has been generated
since he last wrote a major report on the
subject back in December, 1974. That was
just before the U.S. Energy Research and
Development Agency (ERDA—remember
it?) began its program to pinpoint and
develop the most promising solar-cell
concepts. In 1978, ERDA's successor, the
Department of Energy, initiated a 10-year
program to explore the social, technical,
environmental, legal, and other issues
that will arise with widespread use of
photovoltaics.

What can you expect in the future? One
possibility (mentioned to Free during a
Westinghouse briefing): Some electric
utility companies are thinking in terms of
sharing the solar-cell electricity produced
on the rooftops of private homes rather
than setting up their own arrays of panels
at one location. That would make possible
an interesting variety of ownership ar-

rangements. For other glimpses into the
future of photovoltaics, read John Free's

article starting on page 76.

Problems with gasohol

Must there always be a tunnel at the end
of the light? Cynical E. F. Lindsley, our
Senior Editor for Engineering, notes the
depressing conclusions of several new
studies concerning gasohol that appeared
in Automotive Engineering, the publica-
tion of the Society of Automotive Engi-
neers:

® “A Comparative Assessment of Cur-
rent Gasohol Fuel Economy Data,” by
W. J. Shaddis and P. W. McCallum, Muell-
er Associates, Inc.—A summary and anal-
ysis of all currently available comparative

gasohol fuel-consumption data, from 16
different test programs by both public and
private organizations. Ten programs used
chassis dynamometers; six used road
tests. “Results . . . indicate that in closely
controlled tests, gasohol use yields a sig-
nificant decrease in fuel economy.”

® “Gasohol: Technical, Economic, or
Political Panacea?’’ by Thomas C. Austin
and Gary Rubenstein, California Air Re-
sources Board—"'. .. a systems analysis of
the gasohol production processes indi-
cates that gasohol is increasing rather
than decreasing the nation’s dependence
on crude oil . . . At the present time, every
gallon of oil ‘'saved’ by substituting etha-
nol for gasoline results in need to import
approximately two gallons of crude oil.”

® "Gasohol: Laboratory and Fleet Test
Evaluation,” by M. D. Gurney and J. R. All-
sup, U.S. Dept. of Energy, Bartlesville
Energy Technology Center; and C. L. Mer-
lotti, Southwestern Bell Telephone Co.—
“No difference was detected in vehicle
fuel economy at actual load weights ... . A
larger quantity of copper was found in the
crankcase oil of the vehicles operating on
gasohol when compared to the vehicles
operating on gasoline. Drivability was
poorer with gasohol, especially during the
winter and summer seasons.”’

Differences in black doughnuts

“Some tires may vary in price by as much
as $30 apiece, yet offer the same perfor-
mance, as measured by the tire-grading
system,”’ said Joan Claybrook, head of the
National Highway Traffic Safety Admn.
at the Dec. '80 news conference when the
new federal Uniform Tire Grading List
was introduced. The latest list deals with
radial tires. Previous lists dealt with bias-
ply and bias-belted tires, and were pub-
lished in PopuLAR Science in April last year
(“Grading Tire Quality”). The big U.S. tire
companies, who held up federal grading
standards for years through court action,
now appear to be doing a turnabout and
welcoming the new standards, particular-
ly when their products score high. “What
people really want to know,” said one tire-
company vice-president to PS Executive
Editor Herbert Shuldiner, who prepared
both our current and last year’s tire-grad-
ing articles, "is what makes one black
doughnut different from another.” Our
article on page 107 will help you find out
what makes one radial different from

another. It is part of our special section,
“Car Care News,” which covers those
items you buy for your car after you have
bought the car.

Honors for PS

Sharp-eyed readers of this page may have
noticed that the signature at the bottom,
beginning with the July 1980 issue, bore
a new title: Editor-in-Chief. Yes, C. P. Gil- -
more, an occasional author of “What's
News' when he bore the title of Editor,
had been promoted to Editor-in-Chief,
succeeding Hubert P. Luckett, who sat in
that chair of authority for nine years.

Ken Gilmore, as he is universally
known, has long been one of the nation’s
leading science writers and TV journalists.
His articles have appeared (and still
appear) in a wide range of leading maga-
zines. He has written several books. And
New York-area TV watchers may be sur-
prised to learn that C. P, Gilmore of Popu-
LAR Science and Ken Gilmore of WNEW-TV
(Channel 5) are one and the same. Ken
was science editor of WNEW-TV from
1967 to 1971, when he came to POPULAR
SCIENCE as executive editor, and he occa-
sionally still appears there.

Ken has won many awards. Among
them: Albert Lasker Award for Medical
Writing, Blakeslee Award of the American
Heart Assn., American Institute of Physics
Award for Writing in Physics and Astron-
omy, Special Commendation of the Amer-
ican Medical Assn. (twice), Regional
Award of the Aviation and Space Writers
(TV), etc., etc. i

Now Ken has won the nation’s most
prestigious science-writing honor: The
1980 American Assn. for the Advance-
ment of Science-Westinghouse Science
Writing Award for an article in a general-
circulation magazine. We are proud that
the Editor-in-Chief won this award, and
we are doubly proud that the article
appeared in POPULAR SCIENCE. It was “After
63 Years, Why Are They Still Testing Ein-
stein?” in PS, December 1979.

&, 4. Qe

Editor
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Sunshine info

electricity

New research brings
solar-cell power closer

to your roof

A flood of new devices
and technology points
the way to sun-powered
rooftop systems

during the 1980’s

By JOHN FREE
LARGE, Pa.

Growing crystalline solar-cell ribbons
that convert sunlight directly into
electricity is an wunexciting, slow-
motion process. At Westinghouse's

advanced energy systems division
here, I peeked into a small furnace
containing white-hot silicon. A gray-
ish, one-inch-wide ribbon was emerg-
ing from it and a row of other furnaces
at a barely perceptible four inches per
minute.

Westinghouse’s ribbon-pulling pro-
cess, called dendritic-web growth, was
a laboratory curiosity several years
ago. But the snail-pace ribbon growth
at this pre-pilot production line near
Pittsburgh belies the excitement
among photovoltaic (solar-cell) re-
searchers about recent advances in
dendritic growth. Westinghouse be-
lieves these new developments can
eventually cut solar-cell costs—cur-
rently a major stumbling block to
large-scale cell use—enough for prac-
tical power generation.

But Westinghouse can expect in-
tense competition from other photo-
voltaic technologies. As a result of the
1978 solar photovoltaics act, the De-
partment of Energy has undertaken a
10-year, $1.5-billion effort to develop
various solar-cell systems. Contracts
to dozens of institutions and firms
have produced an explosive growth in
research: Announcements of signifi-
cant advances and “breakthroughs”
occur almost every week.
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Automation of production, for ex-
ample, is trimming the costs of tradi-
tional circular cells sliced from ingots
of silicon, such as the Arco device
shown on the cover. Another very
promising technology I observed re-
cently at RCA Laboratories in Prince-
ton, N.J. is concerned with thin films:
cells with layers so skimpy you can
see through them.

Still another approach uses concen-
trators (instead of flat panels of cells):
optics to focus solar energy and boost
cell efficiency. And other technologies
rely on exotic, costly cell materials or
construction methods that capture
portions of the solar spectrum that are
usually wasted.

How significant are these develop-
ments? Can solar cells be counted on
by the turn of the century—as experts
hope—to supply a substantial portion
of the energy this nation will need?
I've just visited solar-cell research
centers around the country to learn
about recent advances and the future
outlook. And it is becoming clear that
those in the field are bristling with
new optimism. They are confident
that they will soon reach the old, elu-
sive goal of producing solar cells that
can turn solar energy into electricity
at a cost that makes it practical.

Ribbons vs. wafers

Today, the high cost of solar cells
makes them practical only for applica-
tions such as powering isolated
communications stations or producing
electricity in countries with limited
conventional utility power. That’s be-
cause almost all such cells are made
by slicing thin wafers cut from so-
called Czochralski silicon ingots. This
produces reliable, high-efficiency so-
lar cells of the type used by space sat-
ellites and in a few specialized land-

A Motorola researcher uses a pair of focused

based applications. But a lot of expen-
sive single-crystal silicon is wasted as
wafers are cut from ingots, polished,
and cleaned. So the cells produced are
expensive—perhaps 10 times too ex-
pensive to compete with conventional
forms of electrical generation.

The Westinghouse dendritic-
growth approach promises to bring
down the production cost of solar cells
drastically.

The present, essentially hand-oper-
ated line is really a learning tool. This
year it's expected to turn out cells
capable of providing 27 kilowatts
(kW) of power—about half its full
capacity.

Raw material for the ribbons is a
nearly (99.999 percent) pure polysili-
con that costs about $100 per kilo-




gram. The gray, metallic polysilicon
ingots are sliced into tiny pellets and
fed continuously into furnaces. A seed
filament crystal fixed to a belt on a
large spool is lowered into the vat of
molten silicon. Then, with controlled
movements and temperature changes,
the crystal magic starts.

The filament crystal widens as it
“grows,” and narrow filaments or den-
drites at its edges poke into the hot
silicon. As the seed pellet is pulled up,
the dendrites continue to grow. A
smooth web of single-crystal silicon
six thousandths of an inch thick also
forms between the dendrites—like
soap film between a pair of wires.
From 1977 to 1980, Westinghouse
researchers accelerated by 10 times
the maximum rate at which this crys-

tal ribbon can be grown—to 10 inches
per minute.

Was there a key development or
technique responsible for this major
gain in ribbon growth rate? "It was
the computer,” Dr. Dan Muss, head of
Westinghouse’s silicon-cell research,
had told me earlier in New York. “It
was our ability to model the growth
process by computer and optimize the
temperature shields.” These metal
shields just above the molten silicon
regulate ribbon cooling. Using ordi-
nary cut-and-try design methods,
Muss said, would have taken signifi-
cantly longer.

Once a long silicon ribbon is pulled
from a furnace onto a spool, several
additional steps are required to make
a solar cell. I watched a technician use

carbon dioxide laser beams to melt polysilicon. A large-grain ribbon of silicon (upper right) is pulled for use with solar cells.

a laser to cut off the dendrites from
ribbon sections. Next, the mirror-like
pieces of crystal silicon undergo a

chemical diffusion and baking pro-
cess.

This diffusion step creates two dif-
ferent semiconductor layers—silicon
“doped” with phosphorus on the front,
silicon with boron on the back of the
ribbon. Light striking the front frees
electrons near the junction of these
two layers.

Instead of the diffusion step I saw,
which involves baking the cells in an
oven, semiconductor impurities can
be added to the silicon much faster
with a high-energy ion beam. Slam-
ming boron or phosphorous ions into
the silicon is more efficient, but it

Continued
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Rooftop solar-cell system on Phoenix, Ariz. home, which is one’of many under test by the DOE, has a seven-kilowatt capacity.

damages the cell surface. This re-
quires a baking stage for repair.

But for later mass production, Wes-
tinghouse could adopt a new tech-
nique discovered by the Dutch that
doesn’t involve delays for baking. The
Institute for Atomic and Molecular
Physics near Amsterdam revealed
that a low-cost laser can quickly re-
pair the surface of silicon crystals af-
ter bombardment with ions. This bom-
bardment/laser-healing process could
take place in one vacuum chamber, pro-
viding the required semiconductor lay-
ers for development of electron charges.

Add cell electrical contacts, and
these electrons can flow through a
load and perform work—just like a
chemical cell battery lighting a
bulb or running a DC motor. Westing-
house coats the rear of its cells with a
metal contact and etches a computer-
designed, fan-shaped metal grid on
the front. The cells are also coated
with an anti-reflection layer to cap-
ture more sunlight and boost sun-
light-to-electrical conversion efficien-
cy by 50 percent.

Cell efficiency is critical. The cost of
cells is only 15 to 20 percent of the cost
of a complete system. So low-efficien-
cy cells (under 10 percent) require
more cell area and costly panel
materials; this makes them uneco-
nomical. Westinghouse has achieved
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spectacular efficiency results: 16 per-
cent, with 18 percent conversion effi-
ciency expected shortly.

“In production, with cell efficiencies
up to 18 percent, overall solar-panel
efficiency should be about 16 percent,”
said George Hardigg, vice president of
the firm's advanced power-systems
division. "That exceeds the DOE goal
of 12.9 percent by a significant mar-
gin.” A square foot of panel could
deliver about 16 watts (peak) of elec-
tric power on a clear day at noon.

When 1 visited Westinghouse's
small pre-pilot line, technicians were
preparing to build their first large
panel. It contains 196 cells, is 16 by 48
inches, and produces 60 watts at 30
volts DC. The small cells are matched
for electrical properties and hand-
wired into place.

But by 1984 Westinghouse is com-
mitted to building a new semi-auto-
matic line for annual production of
panels that can deliver one megawatt
(1,000 kW) of electricity. In 1984 the
firm will also start designing a fully
automated production line with a 25-
MW capacity. By then, the company
hopes to be using a low-cost grade of
polysilicon (about $10 per kilogram).

“Considering the high efficiency
achieved and lower production cost for
dendritic web, the DOE 70-cent-per-
watt goal (in 1980 dollars) may be

achieved or improved upon by 1986,”
said Hardigg. “By the late 1980’s den-
dritic growth is not going to be a tech-
nological curiosity, but a real source of
electricity,” says Bob Maxwell, direc-
tor of division solar programs.

That 70-cent-per-watt figure quoted
by Hardigg refers to cell-module cost.
The DOE 1986 goal for a complete
solar-panel system is $1.60 to $2.70
per watt—figures experts believe are
practical for some residential uses. In
the 1990’s, DOF’s goal is for a 15- to 50-
cent-per-watt module and $1.10- to
$1.30-per-watt completed-system
cost. While estimates vary, at these
reduced costs solar cells might supply
six to 12 percent of residential electri-
cal power by the year 2000 and up to
four percent of the nation’s total
demand for electricity.

What would it cost you to build a
complete home solar-cell system to-
day with commercial components? Dr.
Muss, using a $12-per-watt figure for
modules (big-volume purchases would
be less), estimates $120,000 just for
cells. A complete, wired, 10-kW sys-
tem (including a solid-state power
conditioner to convert the DC output
of cells into AC for appliances) would
cost $150,000 to $200,000, he esti-
mates.

Workers at the production facility
here have a frequent reminder of a
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similar but competing cell technology:
wafers cut from Czochralski silicon
ingots. To monitor the quality of poly-
silicon shipments, an ingot is “grown”
from each order. Then silicon wafers
are prepared with the same methods
used by the semiconductor industry
and 95 percent of solar-cell firms. An
inescapable disadvantage of this cell-
preparation method is the waste of
precious single-crystal silicon as wa-
fers are cut from ingots, polished, and
cleaned.

Thin-film cells

At RCA’s Princeton, N.J. research
laboratories I saw cells being made
that require far less silicon—which is,
incidentally, the second-most abun-
dant element on earth (after oxygen).
RCA and researchers elsewhere are
devising ways of depositing incredibly
thin layers of silicon—under one mi-
cron (millionth of a meter)—on metal
and glass substrates.

Walk into several equipment-
packed RCA labs and you’ll detect the
acidic, darkroom odor of development
chemicals. You’'ll also hear the peri-
odic click of relays, followed by
whooshes of compressed gas. The gas
comes from tanks labeled silane, phos-
phine, and diborane. As it’s needed,
the gas is precisely metered into
chambers and subjected to either a
strong radio-frequency (RF) field or a
high DC voltage.

The ionized plasma created forms
ultrathin layers of so-called amor-
phous silicon [“Semiconductors Made
from Glass,” PS, April 78] on a sub-
strate. This silicon has a chaotic atom-
ic structure like that of glass instead
of the orderly arrangement of atoms
in single-crystal silicon. The most
important gas is silane (SiH,), a com-
bination of silicon and hydrogen. By
varying how the silicon is “doped”
with the other gases and how it's
deposited, a tremendous variety of
solar cells can be made.

So far, both RCA and Energy Con-

version Devices (in Troy, Mich.) have
made cells with conversion efficien-

cies just over six percent. Dave Carl-
son, who has pioneered amorphous-
silicon work at RCA, seemed confi-
dent that efficiencies can be pushed
steadily higher. One advantage to
making amorphous-silicon cells, Carl-
son told me, is that less energy is
required: Gases need be heated only to
between 200 and 350 degrees C versus
the 1,410 degrees C needed to melt
polysilicon. Also, of course, far less
silicon goes into thin-film cells.
“Research in the field of amorphous
semiconductors is presently in a dy-
namic phase involving a succession of

new discoveries and concepts,” Carl-
son notes. He said the Japanese are
moving quickly to produce this new
type of cell. To dramatize the point, he
handed me a new, light-powered
Sanyo calculator with an amorphous-
silicon cell.

Later, in Dr. Joseph Hanak’s RCA
lab, I discovered other advantages to
thin-film technology. 1 was curious
how large the cells could be made.
“We intend eventually to go to this
size,” Hanak said, gesturing to the
surface of a medium-size table before
us. Moreover, mammoth cells like this
could be formed in an automated oper-
ation requiring only six minutes.

Hanak passed me a pocketbook-size
version of these huge silicon cells of
the future. Formed on a glass sub-
strate, its thin translucent layers
appeared orange when held up to a
window. Instead of a metal grid on its
front surface, this cell had a translu-
cent metal oxide layer. Hanak then
connected a portable radio to the cell
and operated it with sunlight.

- Conventional single solar cells can’t
produce the voltage necessary for such
a demonstration. But the amorphous
silicon can be deposited as a series of

€ £ One 12-cell module

uses Fresnel lenses to
focus the equivalent of
400 sunson cells §§

parallel, connected strips, created
with photolithographic techniques
such as those used to make complex
integrated circuits. This produces a
solar-cell panel in one fabrication
sequence.

Another potential advantage to
thin films is that several types of lay-
ers can be “stacked” one atop the oth-
er, Hanak said. "The idea behind
stacked cells is one of matching differ-
ent ranges of the solar spectrum to
band gaps of the cell.” But so far,
anticipated gains with this technique
have not materialized. RCA is also
looking at a technique of capturing
sunlight that passes through thin-
film cells with parabolic reflectors,
then using it to heat fluids.

Many other organizations are in-
vestigating thin films. Last summer,
the University of Delaware’s Institute
of Energy Conversion announced that
it has produced a thin film with 10
percent efficiency using different
materials: cadmium-zinc sulfide and

copper sulfide. The institute, with
financial help from Chevron Research
Co., is developing the technology
needed to mass-produce these thin-
film cells.

Yet while many researchers are
struggling to achieve 10 percent con-
version efficiency, several contractors
for DOE are working on advanced cell
designs for a spectacular 30 percent
efficiency. Varian Associates (in Palo
Alto, Calif.), for example, devised
a lab setup that uses a selective filter
to break sunlight into red (long wave-
length) and blue (short wavelength)
components, Selected silicon and gal-
lium arsenide cells then achieved 28
percent conversion efficiency.

Under a Sandia National Laborato-
ries contract, Varian Associates also
built a 12-cell solar module that uses
Fresnel lenses to focus the equivalent
of 400 suns on cells. The gallium arse-
nide cells achieved a 16.4 percent con-
version efficiency and delivered an
impressive 100 watts of DC power. A
side benefit is the thermal energy
from water used to cool the cells in the
67-pound module, which is designed
to track the sun.

Meanwhile, Bell Telephone Labora-
tories in Murray Hill, N.J., which
invented the first practical silicon
solar cell in 1954, has made signifi-
cant improvements in liquid-junction
cells. These devices, which combine
liquids and solids, promise easier con-
struction, less-expensive materials,
and potentially longer cell life. But
most liquid-junction cells tend to be
destroyed by surface corrosion caused
by intense light. With the Bell Labs
device, sunlight actually enfiances its
longevity.

“Our cell uses indium phosphide as
a photocathode, and with future
materials specifically designed for lig-
uid-junction cells, these devices could
cost much less than single-crystal sil-
icon cells,” says Klaus Bachmann, a
member of the research team.

“We are very excited about this new
cell,” says Adam Heller, head of Bell

Labs' electronic materials research
applications. But he adds a cautionary
note voiced by other researchers: “It
should be emphasized that even major
research breakthroughs today could
not be expected to make a significant
contribution to the nation’s energy
needs for some time.” > B

FOR FURTHER READING

Solar Energy in Review, issued by the Solar Energy
Research Institute, Golden CO (has a gocd photovol-
taics overview chapter by David Redfield of RCA Labs).

Solar Energy Technology Handbook, William Dickin-
son and Paul Cheremisinoff, eds., 1980, Marcel Dekker,
Inc., 270 Madison Ave, New York NY 10016 (has three
chapters on solar cells in Part Al. Price: $85.

Edmund Scientific, 101 E. Gloucester Pike, Barrington
MN.J 08007 {(offers basic books on solar cells, hardware).

APRIL 1981 | 79



GM’s
J-cars

First look ot a new class
of subcompacts

The dream: sports-car
spunk with high mpg. Do
these cars make it?

By JIM DUNNE

Must a car be stripped to bare essen-
tials to provide top fuel economy?
General Motors thinks not. Next
month the industry giant is introduc-
ing a new line of subcompacts with
sporty styling outside and a higher
level of trim inside to prove the point.
GM hopes that its J-cars—Chevrolet
Cavalier, Pontiac J-2000, and Cadil-
lac Cimarron—will cut into import
sales in the one-step-up economy-car
market.

Although the basic design of the
cars is fairly predictable—transverse
four-cylinder engine and front-wheel
drive—many of the components are
new designs. The new 1.8-liter engine
provides more power and speed than
you would expect from a pushrod
valve train. The steering mechanics
and geometry are different from any-
thing GM has ever built before. And
the modified X-car rear suspension
uses a unique “twisting” axle for
improved ride and handling. The inte-
rior holds four passengers, period—
with no compromise in comfort to
squeeze a third passenger into the
rear seat. I drove a prototype Cavalier
and found it smooth and amply power-
ful, though unexciting. (I'll talk more
about handling later.)

The most interesting mechanical
system is the engine. It’s a pushrod
type, but the Chevy engineers who
designed it say it has all the high-
speed capability of an overhead-cam
without the added cost.

“We have a rigid valve train with no
big angles in the valve area,” said
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staff engineer Joe Bertsch. “That lets
the valve train maintain dimension at
high speed.”

Because the valve train is held
tightly in place, the engine can run up
to 6,000 rpm with no problem. In com-
parison, the 2.5-liter, four-cylinder
engine used in the X-cars peaks out at
about 4,500 rpm.

Close to the best

Why shoot for more engine speed?
More power. In the J-car, engine out-
put is 88 hp at 5,100 rpm, or just over
48 hp per liter—on a par with the
high-output V6 used in the Citation,
one of GM’s most efficient engines.

“We figure that 50 horsepower per
liter of displacement is close to the
best we can expect out of an engine,”
said Bertsch. “When we come up with
48 in a standard production engine
like the 1.8, we feel we've done a good
Jjob.

“Another key is cross-flow breath-
ing. That’s a necessity to get the fuel
in and the exhaust out quickly. It’s not
new—our 2.5 engine has it—but we
couldn’t do the job without the flow
layout.”

Under the hood, the four is set side-
ways, with the carburetor in the rear
and the exhaust manifold in front—
similar to the X-car layout. Like all
GM engines, the 1.8 is controlled by a
computer, which ensures smoothness
and helps deliver high economy and
low emissions.

Fuel-economy results are not ready
for release yet, but Russ Gee, Chevy’s
chief engineer for engines, believes
the J-cars will get better highway
economy than the Chevette, or more
than 42 mpg in the EPA test.

“We're learning more about fuel
economy each time we design a new
engine,” said Gee. “That’'s why a

2,340-pound car like the Cavalier will
test so efficiently. We can also get
away with a 9:1 compression ratio on
this engine and still meet the stan-
dards for hydrocarbon emissions.
That helps fuel economy a lot and is
directly traceable to our ability to con-
trol the air-fuel feed and ignition tim-
ing with a computer.”

Improving economy with new con-
trol techniques allows the designers to
avoid risks elsewhere: Chevy sticks
with iron castings for the engine block
and cylinder head. But a fairly new
technique, room-temperature vulcan-
izing, is used for sealing the engine.
Instead of gaskets, a bead of plastic
sealant is squeezed where major parts
come together. “"That means we get
virtually no leakage of oil or coolant,”
said Gee, "and we get that right from
the first production job.”

Changes in steering geometry for
the J-cars produce a more positive feel
and stronger steering-wheel return.
The rack and pinion are mounted high
up on the fire wall, extremely close to
the steering wheel. The effect is a
direct connection—no universal
gears—between the steering shaft and
the gear, so there’s less play in the
steering wheel.

Also, the high-rack system is rigid- .

ly connected to the fire wall, where it
[Continued on page 148]

J-car vs. Chevy's other small sedans
Cavalier Chevette Citation
Wheelbase (in)  101.9 97.3 104.9
Length (in.) 170.0 1649 176.7
Weight (Ibs.) 2,350 (est.) 2,002 2,508
Capacity 4 1 5
{passengers)
Engine 1.8-liter 4 1.6-liter 4 2 5-liter 4,
2 B-liter V&
Drive train Front engine,  Front engine,  Front engine,
front drive rear drnve front drive

4
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Designed for sporty handling and
four-passenger comfort, the J-car is
still expected to top 40 mpg on the
highway. Phantom photo reveals a
conventional front-drive layout with
new 1.8-liter four-cylinder engine
mounted sideways. Pushrod engine
sits two or three inches lower under
hood than camshaft type, allowing
sleeker profile. Note absence of steer-
ing linkage; it's hidden behind engine
on fire wall. Mock-up of drive train
shows unique rear suspension with
trailing-twist axle, conical springs.
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No overnight plug-ins for
this electric-car cell. Just
change the metal plate

By TOM JOHNSON
- DRAWING BY RAY PIOCH

LIVERMORE, CALIF.

The sign on the door of Room 1868 at
Lawrence Livermore National Labo-
ratory made me hesitate: “Caution.
Eye Protection Required. Sodium Hy-
droxide Solution.”

Yet the cluttered tables and
benches beyond the door gave the
benign appearance of an electrician’s
shop. Scattered about were clear-plas-
tic tubes and sheets, electrical testing
equipment, mini-computers, and
ribbed plastic trays that looked like
the shelves in my refrigerator.

But this wasn’t the workbench of a
neighborhood fix-it man. I was visit-
ing the lab of research chemist Dr.
John Cooper, who is making encour-
aging progress in developing a new
kind of battery that promises the
energy density and power to make
electric cars competitive with those
powered by gasoline engines.

Cooper’s aluminum-air cell is just
one of many batteries under develop-
ment in what has become a race to
make electric autos practical [“Exotic
New Batteries,” PS, Feb. '79]. General
Motors has announced plans to have
an electric commuter car powered by
zinc-nickel oxide batteries on the mar-
ket in 1985. Gulf & Western is work-
ing on a zinc-chlorine system, which,
it says, will power a car at 55 mph for
150 miles between charges.

Pound for pound

Those two batteries, and most oth-
ers on the horizon, have specific ener-
gies (which determine the distance a
car can go on a charge) ranging from
30 to 90 watt-hours per pound. The
aluminum-air battery puts out about
200 W-h/Ib.

Since it packs so much energy into
comparatively little weight, enough
cells could be put in a five-passenger
car to drive it 3,000 miles at 55 mph
before the aluminum would need to be
replaced. That’s sufficient range, Coo-
per believes, to serve everyone from
child-shuttling housewives to Texas
ranchers. And his battery would do
this without using exotic materials, so
the cost would be competitive with
petroleum-based fuels.

More watts from less weight: Dr. John
Cooper checks the aluminum-air cell on
its test stand at Lawrence Livermore
Lab. Pound for pound, it produces 10 to
15 times the energy of lead-acid cells.

Perhaps the Livermore device
shouldn’t be called a “battery,” be-
cause it doesn’t store an electric
charge, as does the six- or 12-volt lead-
acid battery under the hood of your
car. Cooper prefers to call it a “fuel
cell,” a device that converts the chem-
ical energy in a substance to electrical
energy by exposing it to oxygen and
hydrogen in the presence of a current-
carrying electrolyte.

In this cell, the fuel is aluminum
and the reactant is humid air. When
the two are placed in close proximity,
with electrolyte in between, both give
up ions to the electrolyte—and electri-
cal potential is created. The electro-
lyte is a solution containing sodium
hydroxide (the same caustic lye that’s
in Drano—hence the warning).

“Aluminum, water, and oxygen

tend to react spontaneously,” Cooper
told me. “In the cell, this tendency cre-
ates a negative-charge buildup on the
aluminum anode plate and an equiva-
lent positive buildup on the cathode
collector screen. When the aluminum
and screen are wired together exter-
nally to the cell, a flow of electricity
results, which can be put to work, say,
driving an electric motor.”

During the reaction, the aluminum
plate slowly dissolves into the electro-
lyte, so when it leaves the cell after
performing its electrochemical
sleight of hand, the sodium solution
contains oxides of aluminum. The
solution is routed to a crystallizer
where crystals of aluminum trihy-
droxide—commonly called hydrargil-
lite—settle out.

[Continued on page 145]

Inside the aluminum-air cell
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Power from the Dead Sea vid _m‘v:._ &

_solarponds

"l"'."' - _'* R, —— e T e

e o e—— —

- - e — .
= S —— —
Looking across the solar pond at Ein Bokek {above), you can
see Ormat's low-temperature turbogenerator on the far
shore. Floating plastic netting on top of the pond damps (
wind-induced waves, which could cause mixing. Solar ponds
maintain three distinct layers of water (diagram below). The
top zone (blue) is fresh water about 12 inches deep. The salt-
gradient middle layer (yellow) is about three feet thick; its
salinity and temperature increase steadily with depth, sup-
pressing convection until at its lower boundary the water is as
hot and briny as the bottom layer (red)—20 percent salinity
and over 90 deg. C. Convection currents in the top and bottom
layers are confined within each zone. The middle layer pro- )
vides insulation, about equal to 2% inches of plastic foam.
Ormat’s turbine (right) is a single-stage type with an organic
working fluid. Hot brine from the pond boils the fluid. The
high-pressure vapor then spins the turbine before being

cooled and condensed by water from the pond’s top layer.
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Israel harvests power from
the desert with briny
ponds and a new low-
temperature turbogenerator

By PAUL BOLON
DRAWING BY ADOLPH BROTMAN

“To stand on the shore opposite Isra-
el’'s newest generating plant is an
unusual, even unnerving, experi-
ence,” says Bob French of Caltech’s
Jet Propulsion Laboratory. "It’s still—
almost perfectly quiet. No men about,
no tall stacks spewing smoke, no sign
of activity. You can’t even hear the
whine of the turbine from over
there.”

At Ein Bokek on the shore of the
Dead Sea, surrounded by the desert
hills of the Negev, the power plant is
nothing more than a square, shallow
pond with an odd assemblage of tanks
near the water’'s edge. Large pipes
stretch out into the pond and disap-
pear below its surface. And since there
are none of the usual telltale hints of
mechanical motion or burning, it
becomes evident—if you didn't know
beforehand—that the generator some-
how draws its energy from the pond.

“If you walk to the top of the small
mound of desert that was scooped up
to make the pond’s dike and stick your
hand in the water, it feels warm—nor-
mal enough,” says French. "Putting
your hand in deeper, say up to your
elbow, the water gets pretty hot. If you
plunged your arm in all the way, your
hand would be badly scalded. The
water a meter down is about 90
degrees Celsius [195 F].”

This new power system is based on
two concepts originally developed in
Israel: solar ponds and the low-tem-
perature, Rankine-cycle turbogenera-
tor made by Ormat Turbines, a
research and development company
in Israel. Solar ponds have been built
and studied by Israeli and American
scientists, working independently, for
years [“Solar Ponds,” Dec. "77]. Israel
is the first to generate electricity from
the enormous quantities of heat that
solar ponds can store. American scien-
tists have focused their efforts on
direct use of the ponds’ thermal
energy, as for space heating and
industrial process heat. But Israel and
Ormat Turbines have begun a pro-
gram to construct enormous pond sys-
tems in the desert for central-station
generating plants. This tantalizing
idea has already spawned U.S. plans
for similar projects in several western
states. Some American scientists,
however, doubt whether generating
electric power is the best use of solar

ponds—or even economically viable.

About solar ponds themselves there
is basic agreement: They work, com-
bining the functions of solar collector
and storage medium in one. They can
be maintained with little upkeep and
can be incredibly cheap to build.

Solar ponds were discovered in
1899, in Transylvania, by a scientist
named A. V. Kalecsinsky, who was
puzzled by the unusual temperatures
in Lake Medve. Water up to 70
degrees C (150 F) could be found at the
bottom of the lake. Kalecsinsky ana-
lyzed water samples and found that
the lake was stratified into three non-
mixing layers, with each deeper zone
having a higher temperature and
salinity. That temperature profile
was the opposite of a normal pond, in
which less dense, warmer water is
convected to the surface. Kalecsinsky
also determined the cause of the
inversion: Although water in the mid-
dle zone gradually became hotter with
depth, it also became saltier—or dens-
er. The result: no convection. That
salt-gradient, nonconvecting middle
zone blocked convection from the hot
bottom zone to the surface, trapping
its sun-generated heat. That's what
makes a pond a solar pond.

Since Kalecsinsky’s discovery, a
few more natural salt-gradient ponds
have been found: in the state of Wash-
ington, in Venezuela, one even in Ant-
arctica trapped beneath a permanent
cover of ice. But little work was done
on solar ponds until the 1950’s, when
Israel embarked on an ambitious pro-
gram of solar research. One of the
projects was solar ponds, another was
the development of a low-temperature
turbine to produce electricity—the
forerunner of Ormat’s generator.

In 1959, Israel built the first man-
made solar pond, and scientists there
worked out a theory of the pond’s
structure and equilibrium (see sche-
matic). The turbine project produced a
working model of a self-contained
turbogenerator that used an organic
compound, like Freon, as the working
fluid. Both the solar-pond project and
turbogenerator were dropped in the
late 1960’s. O1l was just too cheap to
make them feasible.

Unique generator

However, when the Israeli govern-
ment ended work on the turbine,
Lucien Bronicki, who headed the tur-
bine group, did not give up. He formed
his own company, Ormat Turbines, to
produce the machine. “Bronicki began
by making and selling turbines for
solar-powered pumping of water in
arid lands,” Haim Hershman, mana-
ger of research and development at
Ormat, told me. “The generator at the

time was quite small, but it had two
unique features: It needed only 90-
degree-C water to produce electricity,
and the generator was very reliable. It
was designed with just one moving
part: the turbine. The bearings were
lubricated with the same organic fluid
that powered the turbine. It could run
for thousands of hours without main-
tenance.

“But Bronicki sold only one solar-
powered turbine. However, another
market was soon found where, instead
of a shortage of skilled men and water,
there might be no men at all. Several
thousand generators have now been
sold to power remote weather sta-
tions, emergency systems, microwave
relay stations, even areas along the
Alaska pipeline. These turbines were
adapted to run on fossil fuels.”

After the Yom Kippur War in 1973,
Israel’s uncertain supply of oil and
skyrocketing crude prices threatened
the strategic and economic stability of
the country. The solar-pond project
was resurrected and linked with the
development of much bigger turbo-
generators from Ormat. The project
was made a national program.

Ponds for the future

At Ein Bokek, a 150-kW turbine
has been running almost continuous-
ly since December 1979—although at
an output well below its rating—feed-
ing off the heat stored in the 7,500-
square-meter pond. But that’s just a
small, intermediate step in the de-
sign. Here's the timetable for the
future:

® 1982—-0Ormat will build a %-
square-kilometer pond with a five-
megawatt (MW) generator.

® 1983—a one-square-kilometer
pond with a 20-MW generator.

® 1985—a pond of four square kilo-
meters with a 50-MW generator.

And once the optimum size of solar
ponds and generators is found (expect-
ed to be between 20 and 50 MW), mod-
ular pond-and-generator units will be
added near the Dead Sea, up to a total
capacity of 2,000 MW (Israel’s present
use) by the end of the century. The
solar ponds necessary to power that
capacity will total an estimated 500
square kilometers (190 sq. miles). But
by that time, the Dead Sea itself may
be used as a “solar lake” with many
separate ponds floating on top of its
briny, lifeless water. And water from
the Mediterranean Sea will be cours-
ing through a tunnel and canal to sup-
ply water for the ponds on the Dead
Sea (1,200 feet below sea level) while
generating 200 MW of power.
Brine in the Dead Sea is so concentrat-
ed (20-25 percent salinity) that sea

Continued
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In the Ormat generating unit at Ein Bokek,
the condenser is the tank at upper left.

water (three percent salinity) can be
used as “fresh” water for solar ponds.
Intriguing. The sun shines, the

pond warms, and the turbine spins—
making electricity. Day and night
power from a solar collector and gen-
erator that 1s practically mainte-
nance-free. “Free’” electricity
—no fuel costs—once the pond is built.

Is this concept applicable to the
U.S.? Maybe. In California, the state
government and Southern California
Edison are planning a five-MW gener-
ating plant near the Salton Sea, a
salty terminal lake in the Imperial
Valley. If that unit is successful and
economically viable, capacity may be
extended to as much as 600 MW. The
ponds will also be used to concentrate
salts away from the Salton Sea, which
otherwise will soon become too salty
to support marine life. Congress has
appropriated $1.2 million for a pond
and generator at the Great Salt Lake,
but it’s not yet certain whether it will
be built.

Bob French is a member of the
JPL group that’s responsible for the
first phase of the Salton Sea design, a
feasibility study. So far, the project
appears to be technically sound.
About the cost, French says: “Our
report estimates that the first proto-
type five-MW plant will produce pow-
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Large pipe in the foreground feeds hot
water from the pond to the boiler.

er for 15¢ per kW-hr. For commercial-
size plants we estimate the power
would cost in the range of seven to 10
cents per kW-hr, nearly competitive
with other types of plants.” Ormat’s
predictions have been even lower.

The cost of the pond has the greatest
effect on the price of electricity. Build-
ing a pond requires several ingredi-
ents: land, water and salt (or brine),
excavation, and a plastic liner that
keeps water from seeping into the
ground. If the soil is an imper-
meable clay needing no liner and a
source of free brine is available, then
large ponds may cost as little as $5 per
square meter. The upper limit for
large ponds is estimated at about $35
per square meter.

U.S. scientists say that even though
solar ponds seem very promising,
applied research on ponds is still in its
early stages. Scientists here also
believe that estimates for electricity
production may be over-optimistic,
but they can’t be sure because data
from Israel’s basic pond research are
not available to scientists here.

And other types of solar ponds are
being investigated: saltless ponds,
saturated salt ponds that have no
fresh top layer, and ponds that have a
cover such as a plastic membrane or
gel layer (see the following article on

gel ponds). Perhaps because solar
ponds are unglamorous, low-technolo-
gy collectors, U.S. funding for pond
research has been low and sporadic,
scattered among many agencies.
However, a coherent national pro-
gram is now being planned by DOE.

American scientists are much more
enthusiastic about applying pond
heat directly to thermal end-uses.
Miamisburg, Ohio, has a solar pond
that heats the city’s public swimming
pool. At Ramapo College in New Jer-
sey, a solar pond will be built to heat
hot water for a new dormitory.

Electricity and heat?

Peter Fynn, who does research on a
pond project in Wooster, Ohio, had
this to say about the possible applica-
tions of solar ponds: “The big strength
of solar ponds is that they produce
low-grade heat, and lots of it. As a
source of heat, ponds could have a far
greater impact than a generating sta-
tion in Southern California.

“If you are going to take the heat
from solar ponds and convert it to elec-
tricity, and then use that electricity to
heat homes, you don’t use 90 per-
cent of the heat energy available.”

Ormat has reported a pond efficien-
cy of 17 percent at Ein Bokek, taking
heat out of the pond on a daily basis.
However, the efficiency of the turbine
is limited to eight to 10 percent due to
its low working temperatures. So the
Ormat generator converts only about
1.5 percent of the total insolation into
electricity. Direct thermal application
can use much more of the pond’s
stored energy. Researchers believe
that eventually ponds will be built
with an efficiency of 30 percent.

“You have to get a perspective of the
problem Israel faces,” explains Fynn.
“All of its oil is imported—50 percent
from Egypt. That’s why it is very
aggressive about alternate ways of
making electricity—even if the effi-
ciency is low.”

Bob French also sees room for both
kinds of solar-pond applications. “I see
a large application for ponds in pro-
cess heat in the thermal applications,”
he says. “And the efficiencies of ponds
are such that an industry can afford to
build a pond anywhere if it has the
land. But you cannot take that pond
and economically generate power. If
you move out into areas of land that
can’t be used, it makes sense to use
that land to generate electricity.

“In order to generate electricity, the
cost of the solar pond has to be much
lower than you’d be willing to pay for
thermal energy. You have to have
some conditions occurring naturally,
then take advantage of them.” W&
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Gel ponds

frap heat

under a blanket of plastic

A polymer surface ““glaze”
increases performance of
small solar ponds

By ROB PHILLIPS

What do gelatin desserts and innova-
tions in solar energy have in common?
Quite a bit—for Dr. Ebtisam Wilkins
at the University of New Mexico. She
has just built the first solar pond with
a gel top layer. But she couldn’t have
done it without inspiration from the
bouncy dessert.

Scientists have sought for years to
“glaze” or cover the surface of solar
ponds to make them more efficient.
But what material—or structure—

Clarity of her pond’s polymer gel (top half
in the cylinder) is demonstrated by Dr.
Wilkins. Gels are still being tested for
durability in ultraviolet light.

could do the job cheaply and last? Dr.
Wilkins got her idea one day at lunch-
time while eating her gelatin dessert.
Years of trial and error followed in
pursuit of the right polymer.

To build her solar pond, Wilkins
mixed the polymer with water and
pumped the resulting viscous mix-
ture—almost solid, she says—over the
top of brine already in the pond’s bot-
tom. The gel is lighter than brine; so it
floats. Sunlight now passes through
the transparent gel and heats the
brine, with the gel layer both insulat-
ing the brine and stopping its convec-
tion currents from reaching the atmo-
sphere. Heat will be extracted by cir-
culating hot brine through a heat

Gel ponds may represent a signifi-
cant advance over the salt-gradient
solar pond (see preceding article).
Evaporation from an open pond can be
substantial, and salt from brine mi-
grates slowly to the fresher layers.
Open ponds thus need periodic addi-
tions of fresh water and reconcentra-
tion of their brines. Open ponds also
have environmental drawbacks—
dust, algae, and wind-generated
waves—although these have largely
been overcome.

Gel ponds, on the other hand, need
no infusions of brine or water. Dust
can easily be washed off, and waves
don’t form at all. Although the gel
pond is initially more costly than a
salt-gradient pond—the polymer for
the test pond cost $200—its operating
costs should be less. But still more
important is that the gel layer may
produce much higher pond efficiency.
In a salt-gradient pond, the top two
zones (about four feet thick) absorb
over half of the incident radiation.
With a thinner, clear gel layer over
the brine, Wilkins says that about 30
percent more sunlight will penetrate
to the storage zone.

After trying hundreds of polymers
for the gel, Wilkins found just three
that were clear, less dense than brine,
and viscous enough to suppress con-
vection from below. She estimates
that the gel will last at least three

exchanger. years in the pond. s
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THE GEL POND: HOW IT WORKS

Albuquerque gel pond (schematic above)
is 16 feet across and about four feet deep—
sized to heat an average home. Dr. Wilkins
keeps a few inches of fresh water on top of

the gel to wash off dust and debris. She
expects the storage layer to reach near-
boiling temperatures by late summer.
Optimum depth of gel is about one foot.
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The tantalizing quest for

gravity
waves

When scientists finally detect a form
of energy they have never seen,
they will open a new era in astronomy

By ARTHUR FISHER

In the vast reaches of the cosmos, cataclysms are a com-
monplace: Something momentous is always happening.
Perhaps the blazing death of an exhausted sun, or the col-
lision of two black holes, or a warble deep inside a neutron
star. Such an event spews out a torrent of radiation bearing
huge amounts of energy. The energy rushes through space,
blankets our solar system, sweeps through the Earth . . .
and no one notices.

But there is a small band of experimenters, perhaps 20
groups worldwide, scattered from California to Canton,

determined that some day they will notice. Pushed to the
edge of contemporary technology and beyond, battling the
apparent limits of natural law itself, they are developing
what will be the most sensitive antennas ever built. And
eventually, they are sure, they will detect these madden-
ingly intangible phenomena—gravity waves.

Even though gravity waves (more formally called grav-
itational radiation) have never been directly detected, vir-
tually the entire scientific community is convinced they
exist. This assurance stems, in part, from the bedrock on
which gravity-wave notions are founded: Albert Einstein’s
theory of general relativity, which, though still being test-
ed, remains untoppled [PS, Dec. '79]. Says Caltech astro-
physicist Kip Thorne, “I don’t know of any respectable
expert in gravitational theory who has any doubt that
gravity waves exist. The only way we could be mistaken
would be if Einstein’s general relativity theory were wrong
and if all the competing theories were also wrong, because
they also predict gravity waves.”

In 1916, Einstein predicted that when matter accelerat-
ed in a suitable way, the moving mass would launch ripples
in the invisible mesh of space-time, tugging momentarily
at each point in the universal sea as they passed by. The
ripples—gravity waves—would carry energy and travel at
the speed of light.

In many ways, this prediction was analogous to one
made by James Clerk Maxwell, the brilliant British phys-
icist who died in the year of Einstein’s birth—1879. Max-
well stated that the acceleration of an electric charge
would produce electromagnetic radiation—a whole gamut
of waves, including light, that would all travel at the same
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constant velocity. His ideas were ridiculed by many of his
contemporaries. But a mere decade after his death, he was
vindicated when Heinrich Hertz both generated and
detected radio waves in the laboratory.

Why, then, more than 60 years after Einstein’s bold fore-
cast, has no one seen a gravity wave? Why, despite incred-
ible obstacles, are physicists still seeking them in a kind of
modern quest for the Holy Grail, one of the most exciting in
the whole history of science?

To find out, I visited experimenters who are building
gravity-wave detectors and theoreticians whose esoteric
calculations guide them. In the process, I learned about the
problems, and how the attempts to solve them are already
producing useful spinoffs. And I learned about the ultimate
payoff if the quest is successful: a new and potent tool for
penetrating, for the first time, what one physicist has
called “the most overwhelming events in the universe.”

A kiss blown across the Pacific

The fundamental problem in gravity-wave detection is
that gravity as a force is feeble in the extreme, some 40
orders of magnitude weaker than the electromagnetic
force. (That's 10*", or a 1 followed by 40 zeros.)

Partly for this reason, and partly because of other prop-
erties of gravity waves, they interact with matter very
weakly, making their passage almost imperceptible. And
unlike the dipole radiation of electromagnetism, gravita-
tional radiation is quadrupole (see drawings, p. 92).

If a gravity wave generated, for example, by a supernova
in our galaxy passed through the page you are now read-
ing, the quadrupole effect would first make the length
expand and the width contract (or vice versa), and then the
reverse. But the amount of energy deposited in the page
would be so infinitesimal that the change in dimension
would be less than the diameter of a proton. Trying to
detect a gravity wave, then, is like standing in the surf at
Big Sur and listening for a kiss blown across the Pacific.

As for generating detectable waves on Earth, a la Hertz,
theoreticians long ago dismissed the possibility. “Sure, you
make gravity waves every time you wave your fist,” says
Rainer Weiss, a professor of physics at MIT. “But anything
you will ever be able to detect must be made by massive
bodies moving very fast. That means events in space.”

Astrophysicists have worked up whole catalogs of such
events, each associated with gravity waves of different
energy, different characteristic frequencies, and different
probabilities of occurrence. They include the supposed con-

Continued
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Cryogenic bar detector (above)
gets check by Prof. David
Douglass at University of
Rochester. Aluminum cylinder,
inside windowed shield, has
been rolled out of red cryostat,
which cools system to a few
degrees above absolute zero. If
a gravity wave passes through
the bar, its length will change
by a minute amount, a change
that will be detected by super-
conducting devices at each
end of the bar.

Early test-bed, left, for a low-
noise laser interferometer
detector was built by Robert L.
Forward, Gaylord E. Moss, and
Larry Miller at Hughes Re-
search Labs. First such anten-
na, built in 1972, had an effec-
tive length of eight meters.
There are now plans to build
laser detectors more than a
kilometer long.




First bar-type gravity-wave detector
(above), developed by Joseph Weber at
the University of Maryland, appears at
Einstein exhibit in Smithsonian Institu-
tion. Robert Forward’'s proposed free-
space laser antenna to detect gravity
waves from the Crab Nebula is shown in
artist’'s rendition, right. Central satellite of
three has laser and beam splitter. Two
outer spacecraft have reflectors.

Massive cryogenic aluminum-bar de-
tector now operating at Stanford Univer-
sity (above, at right) was built by team
neaded by Willlam Fairbank. Photo shows
large cryostat with end removed, giving
view of five-ton bar within, with instru-
mentation and suspension. (Details and
dimensions are given in drawings, oppo-
site page.) Use of liquid nitrogen and lig-
uid helium cools detector.
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State-of-the-art aluminum-bar detector at Stanford University is isolated from all external noise by special mechanical filters.

tinuous background gravitational radiation of the “big
bang” that began the universe [PS, Dec. ’80], and periodic
events like the regular pulses of radiation emitted by pul-
sars and binary systems consisting of superdense objects.
And then there are the singular events: the births of black
holes in globular clusters, galactic nuclei, and quasars;
neutron-star quakes; and supernovas.

Probably the prime candidate for detection is what Wil-
liam Fairbank, professor of physics at Stanford University,
calls “the most dramatic event in the history of the uni-
verse’—a supernova. As a star such as our sun ages, it
converts parts of its mass into nuclear energy, perhaps one
percent in five billion years. “The only reason a large star
like the sun doesn’t collapse,” explains Fairbank, “is
because the very high temperature in its core generates
enough pressure to withstand gravitational forces. But as
it cools from burning its fuel, the gravitational forces begin
to overcome the electrical forces that keep its particles
apart. It collapses faster and faster, and if it’s a supernova,
the star’s outer shell blasts off. In the last thousandth of a
second, it collapses to a neutron star, and if the original
star exceeded three solar masses, maybe to a black hole.”

One way of characterizing the energy of a gravity wave is
the strain it induces in any matter it impinges on. If the
mass has a dimension of a given length, then the strain
equals the change in that length (produced by the gravity
wave) divided by the length. Gravity waves have very, very
tiny strains. A supernova occurring in our galaxy might
produce a strain on Earth that would shrink or elon-
gate a 100-cm-long detector only one one-hundredth the
diameter of an atomic nucleus. (That is 10~ !° cm, and phys-
icists would label the strain as 10717.) To the credit of tire-
less experimenters, there are detectors capable of sensing
that iota of a minim of a scruple.

But there is a catch: Based on observations of other gal-
axies, a supernova can be expected to occur in the dense

center of any given galaxy roughly about once in 30 years.
That is a depressingly long interval. Over and over again,
the scientists I spoke to despaired of doing meaningful
work if it had to depend on such a rara avis. Professor
David Douglass of the University of Rochester told me: “To
build an experiment to detect an event once every 30
years—maybe—is not a very satisfying occupation. It’s
hardly a very good Ph.D. project for a graduate assistant;
it’s not even a good career project—you might be unlucky.”

Gravity waves: powerful astronomical tools?

What if we don’t confine ourselves to events in our own
galaxy, but look farther afield? Instead of the “hopelessly
rare”’ (in the words of one researcher) supernova in our
galaxy, what if we looked for them in a really large arena—
the Virgo cluster, which has some 2,500 galaxies, where
supernovas ought to be popping from once every few days to
once a month or so? That'’s Catch-222. The Virgo cluster is
about 1,000 times farther away than the center of our own
galaxy. So a supernova event from the cluster would dis-
patch gravity waves whose effect on Earth would be some
million times weaker (1,000 times 1,000, according to the
inverse-square law governing all radiative energy). And
that means building a detector a million times more sen-
sitive. “There is no field of science,” says Ronald Drever of
Caltech and the University of Glasgow, Scotland, “where
such enormous increases in sensitivity are needed as they
are here, in gravity-wave detection.” Trying to detect a
supernova in a distant galaxy means having to measure a
displacement one-millionth the size of an atomic nucleus.

Paradoxically, it is this very quality that gives gravity
waves the abilty to be, as Kip Thorne says, “a very powerful
tool for astronomy. True, they go through a gravity-wave
detector with impunity. But that means the gravity waves
generated during the birth of a black hole can also get away

Continued
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Dipole electromagnetic waves and quadrupole gravity waves

ELECTROMAGNETIC WAVE GRAVITY WAVES

A

CHARGED PARTICLE MASS

When electromagnetic wave (light, etc.) strikes a charged parti-
cle, the particle oscillates in a simple, back-and-forth dipole
mode, perpendicular to the direction of the wave.

When gravity wave strikes mass, one dimension will contract,
the other expand, in a plane perpendicular to direction of the
wave. These quadrupole motions reverse on next half-cycle.

Three kinds of gravity-wave detectors
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Laser interferometer bounces light beam
between mirrors mounted on masses.
Gravity wave changes distance between
mirrors, producing interference pattern.

Bar detector changes length when gravity
wave passes. Ultrasensitive transducers
along or at ends of bar translate minute
motion to electrical signals.

Doppler tracking uses radio signal be-
tween spacecraft and Earth. When gravity
wave passes, distance between them
changes, introducing Doppler shift.

through all the surrounding matter with impunity.” And
neither light, nor gamma rays, nor radio waves can. Dur-
ing a supernova we can see the exploding shell via showers
of electromagnetic radiation, but only hours or days after
the initial massive implosion—the gravitational collapse.
During the collapse, while a neutron star or black hole is
being formed, nothing but gravity waves (and, theoretical-
ly, neutrinos) can escape.

“We've opened, at least partially, all the electromagnetic
windows onto the universe,” says Thorne. “With gravity-
wave astronomy, we will open a unique new window onto
fascinating, explosive events that cannot be well studied
any other way—births and collisions of black holes, star
quakes, collapses to neutron stars. This is the real bread
and butter of modern high-energy astrophysics.”

But first, as the cookbooks say, you must catch your
gravity wave. Until the 1950’s, no one presumed that the
task was even feasible. Then Joseph Weber, a physicist at
the University of Maryland, began to ponder the problem
of building a gravity-wave detector, and proceeded to do so.
It is no exaggeration to say that he fathered the entire field.
By 1967, he and his assistants had built the first operating
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gravity-wave detector—a massive aluminum bar, isolated
as well as possible from external vibrations and girdled by
piezoelectric crystal sensors, which translated changes in
the bar’s dimensions into electrical signals. Weber report-
ed a number of events recorded on this and a twin detector
at Argonne that he concluded were gravity waves [PS, May
"72]. His report stimulated a host of other experimenters to
build their own detectors. Designed by such investigators
as J. A. Tyson at Bell Labs and David Douglass at Roch-
ester, the detectors followed the same principles as Weber’s
pioneering bar detector, but with greater sensitivity.
These and subsequent experimenters were unable to con-
firm Weber's findings; in fact, at the level Weber’s bar was
capable of, theoreticians believe it was impossible to have
detected gravity waves. “Either Joe Weber was wrong,”
one told me, “or the whole universe is cockeyed.”

Today, three basic kinds of gravity-wave detectors are
being developed. One is basically a Weber resonant-bar
antenna, much refined; the second is the laser interferom-
eter; and the third is a space-based system called Doppler
tracking. Each has its advantages, and each its own dev-
ilish engineering problems.
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Farthest along is the resonant bar, mostly because it has

‘been in the works longest. The more massive such a bar is,
‘the better (because it will respond to a gravity wave bet-

ter). And its worth depends on the quality of resonating, or
“ringing,” for a time after it has been struck by the wave.

'The longer it rings, the better an experimenter 1s able to
‘pick out the effect of the wave. That quality is measured by

the value called “Q”—the higher the Q, the better. For a
while David Douglass and others, including Soviet scien-
tists, have been seeking to make detectors out of such very-
high-Q materials as sapphire-crystal balls. But Douglass,
for one, has returned to aluminum. The reasons: New
alloys of aluminum have been found with very high Q’s;
sapphire can’t be fabricated in massive chunks (one of his
detectors has a six-ton aluminum bar); and expense: “A
60-pound pure sapphire crystal,” he told me, “would cost
about $50,000.”

Like virtually everyone else developing bar antennas,
Douglass has abandoned room-temperature detectors and
turned to cryogenic detectors, cooled down as close to abso-
lute zero as possible. That includes groups at Perth, Aus-
tralia, Tokyo, Moscow, Louisiana State University, Rome,
Weber himself at the University of Maryland, and William
Fairbank and colleagues at Stanford University.

Fairbank told me why the low-temperature route was
essential: “At room temperature, the random thermal
motion of the atoms in a bar is 300 times as big as the
displacement we're trying to detect. The only way to
approach the sensitivities we're after is to get rid of that
thermal noise by cooling the bar.”

When I visited the Stanford campus, the detector’s five-
ton aluminum bar was sealed inside its cryostat, a kind of
oversized Thermos bottle. The whole assembly looked like

£ £/n about fifteen years, we will want
big, space-based laser systems, using,
say, a 10-kilometer frame § 9§

something you could use if you wanted to freeze Franken-
stein’s monster for a few centuries. And the environment
was suitable, too: a vast, drafty, concrete building that
could have been an abandoned zeppelin hangar.

This antenna, and others like it, is designed to respond
to gravity waves with a frequency of about 1,000 Hz, char-
acteristic of supernova radiation. Obviously the antenna
must be isolated as far as possible from any external vibra-
tion at or around that frequency. This the Stanford group
does by suspending the cylinder with special springs, con-
sisting of alternating iron and rubber bars in what is called
an isolation stack (see drawings, p. 91). “Otherwise, with
our sensitivity,” Fairbank says, “this detector would make
a dandy seismograph—just what we don’t want in Califor-
nia.” The Stanford suspension system attenuates outside
noise by a factor of 10°°, enough so that you could drop a
safe in its vicinity without disturbing the detector.

At LSU, William Hamilton, who is building an antenna
very similar to Stanford’s (eventually it will become part of
a Rome-Perth-Baton Rouge-Stanford axis looking for grav-
ity-wave coincidences), takes another route toward seismic
isolation. The very low temperature of the device allows
him to levitate the bar magnetically; it is coated with a thin
film of niobium-tin alloy, a material that becomes super-

conducting near absolute zero. If electromagnets are
placed under the bar, the persistent currents running
through its coating will interact with the magnetic field so
that the bar literally floats in air.

Superconductivity is also the key to one of the most per-
plexing of all engineering problems: designing a transduc-
er capable of sensing the tiny displacements of these anten-
nas and converting them to a useful voltage that can be
amplified and measured. “You can’t buy such things,” says
David Douglass, “you have to make them, and go beyond
the state of the art.” Both Douglass and Fairbank use
superconducting devices whose elegant design makes them
exquisitely sensitive—orders of magnitude more than the
piezoelectric crystals originally used—although their ap-
proaches differ in details.

Superconducting devices may also one day—a day far in
the future—allow gravity-wave astronomers to perform a
feat of legerdemain called “"quantum non-demolition.” To
oversimplify, this means evading a fundamental limit for
all resonant detectors, one that is imposed by the laws of
guantum mechanics as the displacements become ever
smaller. That problem will have to be faced if bar antennas
are ever to be sensitive enough to detect gravity waves
from supernovas in the Virgo cluster.

An alternative: laser interferometers

“One of the reasons we're turning to laser detectors,”
says Ronald Drever, “is to avoid the quantum-limit prob-
lem. Because we can make measurements over a much
larger region of space, we effectively see a much larger
signal. We don’t have to look for such minute changes as in
a bar antenna.”

Laser interferometers bounce an argon-ion laser beam
back and forth many times between two mirrors. (A gen-
eralized approach to the scheme appears in the drawing on
page 92.) As a gravity wave ripples between the mirrors,
the length of the light path changes, resulting in a change
in the interference patterns that appear in photodetectors.
Numbers of such detectors are in the planning and build-
ing stages, including ones at MIT, designed by Rainer
Weiss, a pioneer in the field; at the Max Planck Institute of
Astrophysics in Germany; at the University of Glasgow;
and at Caltech.

“The one in Glasgow has 10-meter arms,” Drever told
me, “and is working now. The one were working on at
Caltech also has 10-meter arms, but will be stretched to 40
meters as soon as a building for it is ready. This will serve
as a prototype for a much larger version—a kilometer to
several kilometers long.”

Of course, laser interferometers have engineering prob-
lems, too, problems that become exacerbated as they grow
larger. The laser beams must travel through- vacuum
pipes, and isolating pipes a kilometer long will not be sim-
ple. But Drever is convinced it can be done. "Maybe we’ll
put it in a mine, or in the desert,” he says. This device may
be ready by 1986, and has, Drever thinks, a chance of even-
tually detecting supernovas in the Virgo cluster.

One additional advantage of such laser detectors is that
they are not restricted to a narrow frequency range, as are
the resonant antennas, but would be sensitive to a broad
band of frequencies from a few hertz to a few thousand
hertz. They could therefore detect some massive black-hole
events, which have lower frequencies than gravity waves
from supernovas. To detect gravity waves with much lower
frequencies, such as those from binary systems, you need
very long baselines. “In about 15 years,” says Rainer
Weiss, “we will want big, space-based laser systems, using,
say, a 10-kilometer frame in space. That way we could
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Two indirect proofs for the existence of gravity waves

The first evidence of any kind for the exis-
tence of gravity waves comes not from
sensing them directly but from observing
their effect on the behavior of a bizarre
astronomical object called a binary pulsar.
A pulsar, believed to be a rapidly spinning
neutron star, emits strong radio signals in
periodic beeps. But pulsar PSR 1913+16,
discovered by a team of University of
Massachusetts astronomers in 1974 with
the world’s largest radio telescope (at Are-
cibo, P.R.}, is unigue. Its beeps decelerate
and accelerate in a regular sequence last-
ing about eight hours. From this, the
astronomers, led by Joseph Taylor, de-
duced that the pulsar was rapidly orbiting
around another very massive object—per-
haps another neutron star,

Einstein's theory of general relativity
predicts that this binary system should
produce a considerable guantity of gravity
waves, and that the energy radiated
should be slowly extracted from the orbit
of the system, gradually decreasing its
period as the superdense stars spiral clos-
er to one another. Einstein's equations
predict a decrease of one ten-thousandth
of a second per year for a pulsar like PSR
1913+ 16. And after four years of observa-
tions Taylor's team announced, in late
1978, that ultraprecise measurements of
the radio signals gave a value almost
exactly that amount. The closeness of the
match not only provides good—even
though indirect—evidence of the exis-
tence of gravity waves, but also further
bolsters Einstein's theory of gravity
against some competing theories.

As Taylor said of what he called “an
accidental discovery originally,” the as-
tronomers had an ideal situation for test-
ing the relativity theory—a moving clock
(the pulsar) with a very precise rate of tick-
ing and a high velocity-—some 300 kilome-
ters per second. “It's almost as if we had
designed the system ourselves and put it
out there just to do this measurement.”

Another indirect indication that gravity

waves do indeed exist came more recent-
ly, and more dramatically. It stemmed
from an event that still has astronomers
reeling. At exactly 15 hours, 52 minutes,
five seconds, Greenwich time on March 5,
1979, a gamma-ray burst of unparalleled
intensity flashed through our solar system
from somewhere in space. It triggered
monstrous blips on detectors aboard a
motley collection of nine different space-
craft throughout the solar system, which
form, in effect, an international network
maintained by the U.S., France, West
Germany, and the Soviet Union.

Once-in-a-lifetime event

“This March 5 gamma-ray event was
extraordinary,” says Thomas Cline of
NASA Goddard Space Flight Center, who,
with his colleague Reuven Ramaty and
other U.S., French, and Russian astro-
physicists, has been analyzing it ever
since. “It was not like the gamma-ray
bursts that have been seen a hundred
times in the last decade. it's a first and
only, like something that's seen once in a
scientific lifetime.”

Because the surge of gamma rays was
detected by so many satellites separated
In space, astronomers were able to trian-
gulate the position of its source and iden-
tify it with a visible object—-the first time
for such a feat. The object was a superno-
va remnant dubbed N49 in the Large Mag-

_elianic Cloud (LMC), a neighboring galaxy
.roughly 150,000 light-years away.

Ramaty, Cline, and colleagues posit that
the genesis of the gamma-ray burst was a
quivering neutron star—the ultradense,
ultracompact object that many theorists
believe is left over from a supernova
explosion, “"We believe,” Cline told me,
“that a neutron star can undergo a trans-
formation analogous to an avalanche.
Snow falls on a mountain until there's a
slide. Similarly, dust and other material
collect on a neutron star until itcan’tstand
being as heavy as it is. Then there's a star

quake, either in the crust or in the core,
and the star shakes itself at a frequency of
about 3,000 Hz, a note you could hear if
you were listening to it in an atmosphere.
The surface of the star—only five to 10
miles in diameter—is heaving up and
down several feet, thousands of times a
second. Its magnetosphere is shaken, and
that's what produces, indirectly, the gam-
ma rays. But that's secondary, in our mod-
el, to the gravitational waves caused by
the oscillation of the neutron star.

“Could we detect these? The answer is
no. After all, this is only a kind of after-
gurgle, thousands of years after the star’s
original collapse—the supernova. It's like a
tremor after a major earthquake, maybe
only one percent as big.”

Mevertheless, Cline called all the U.S.
gravity-wave experimenters who could
have been “on-line” during the gamma-
ray burst to learn whether they had seen
anything. Of them all, only Joseph Weber
had an antenna working that March day,
and he had observed nothing.

The gamma-ray detectors aboard the
satellites were not capable of sensing the
3,000-Hz frequency predicted by the star-
quake model. If they had, says Cline, it
would have been "a very direct link’ to the
existence of gravitational radiation.

But the star-quake model makes anoth-
er prediction: The gravity waves generat-
ed should carry off an enormous amount
of energy, far more than that in the gam-
ma rays, and thus snuff out the star's
vibration very quickly. “The nice thing,”
says Goddard’'s Reuven Ramaty, "is that
the damping time predicted for gravity
waves in this event exactly corresponds to
what we observed: The main part of the
burst lasted just 15 hundredths of a sec-
ond, and that's what we calculate from
our model. So we now have for the sec-
ond time indirect evidence of the exis-
tence of gravity waves. But both have
problems, as do all indirect checks. They
won't replace direct evidence."—A. F.

avoid all seismic noise.” (One early proposal for a laser
system in space is illustrated on page 90.)

The third kind of gravity-wave detector already exists in
space, after a fashion. It has been used for spacecraft nav-
igation for 20 years. It is called Doppler tracking, and is
very simple—in theory. Here’s how it’s described by Rich-
ard Davies, program leader for space physics and astro-
physics at Jet Propulsion Laboratory in Pasadena, Calif.:
“You send a radio signal from Earth to a spacecraft, and a
transponder aboard the craft sends the signal back to you.
If a gravity wave passes through the solar system, it alters
the distance between the two, and when you compare the
frequency of the signal you sent out to the one you get back,
you see that they are different—the Doppler shift. Howev-
er, the contribution of the gravity wave to this shift is
minute compared to that of the spacecraft’s own velocity.

“We want to detect gravity waves with very low frequen-
cies, maybe a thousandth of a hertz, using interplanetary
spacecraft and the Deep Space Net that is used to track
them. Such waves could be emitted from a collapsing sys-
tem with a mass of a million to ten million suns, or from
double stars that orbit each other in hours.”

A gravity-wave experiment had been planned for the
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International Solar Polar Mission. But, according to MIT’s
Irwin Shapiro, who chaired the Committee on Gravitation-
al Physics of the National Academy of Science’s Space Sci-
ence Board, the experiment was dropped by NASA because
of budget cuts.

Which of these methods will vield the first direct evi-
dence of gravity waves? And when will that first contact
come? No one really knows, and the gravity-wave seekers
themselves are extremely diffident about making claims
and predictions. But some time within the decade seems at
least plausible.

In the meantime, gravity-wave research is paying unex-
pected dividends. “It has opened up,” says Kip Thorne, “a
modest new chapter in quantum electronics. Because it is
pushing so hard against the bounds of modern technology,
it 1s inventing new techniques that will have fallout else-
where; for example, a new way to make laser frequencies
more stable than ever. This will be useful in both physics
and chemistry research.”

In the long run, however, the search for gravity waves is
propelled by the basic drive of all scientists, and all man-
kind: to see a little farther, to understand a little more
than we have ever done before. -8
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Versatool

furns your chain saw
intfo a workshop

Mount an adapter, and
your chain saw
does eight other jobs

By A. J. HAND
PHOTOS BY THE AUTHOR

Why pay for another gas engine every
time you buy a new piece of power
equipment? Now your chain saw’s
engine can power them all. The Ver-
satool system turns your chain saw
into a power source to run shop and
yard power tools, plus two pumps, a
portable generator, and a lightweight
outboard motor.

The heart of the system is the Ver-
satool adapter, which bolts to your
saw 1n place of the cutting bar to pro-
vide the mount for the other attach-
ments. It fits a wide variety of small
homeowner saws with %- and Ys-in.-
pitch chains. Even a small saw pro-
vides plenty of power.

I recently put the system through
its paces around my home. Overall, it
performs quite well. Changeover from
one tool to another takes only a
minute or two, though mounting the
adapter takes longer because you
must adjust tension on the cutting and
drive chains and drain the oil if your
saw has automatic chain oiling.
Piece by piece, here’s what I found:

Adapter ($19). Since this will re-
ceive the most wear of any part in the
system, I took it apart to see how well
it’s made. Inside the heavy cast-alu-
minum housing is a right-angle drive
with well-cut bevel gears. Both shafts
ride in twin ball bearings, and the
gears are packed with grease. The
adapter should give good service. One
complaint: Though the instructions
call for the use of lock washers with
the wing nuts that hold the attach-
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Eighty-gallon-per-minute pump can quickly drain flooded base-
ments if power shortage knocks out electric sump pumps.

ments to the adapter, flat washers
were supplied in the parts bag.

Drill ($69). Bolt this attachment to
the adapter and you own a husky drill
with a “.-in. chuck and the power to
bore large holes in wood, steel, or con-
crete. Used on a Stihl 010AV, it per-
formed flawlessly. Balance was good,
drill speed was just right, and the
chuck ran true. -

Weed trimmer ($69). This tool’s
Duraflex cutting head will handle
everything from grass to light brush
with ease. It uses pivoting plastic
blades, which handle heavier work
and provide better wear than string
blades do. I've tested weed trimmers
for PS in the past, and for cutting per-
formance this one matches the best of
them. Vibration is a problem, though.
After only a minute or so of use, my
hand holding the lower grip began to
itch and sting.

Hedge trimmer ($99). A chain saw’s
power is more than adequate to send
this tool’s chrome-steel blade zipping
effortlessly through a thick hedge.
One small problem: The nuts connect-
ing the reciprocating blades must not

96 | POPULAR SCIENCE

be overtightened or the blades bind,
but if undertightened they fall off. A
drop of liquid thread-locking com-
pound solved the problem.

Pumps (335 and $130). Two are
offered: a little six-gallon-per-minute
model with inlet and outlet fittings
sized for a garden hose, and a large
one that takes 1%-in. pipe and can
move a whopping 80 gpm. The small
one, which is self-priming and will
pull fluid eight to 10 feet vertically
(once pumping, it can pull it 20 feet),
is handy for use at a wilderness cabin,
filling gravity-feed water tanks, wa-
tering the garden, and so on. The big
one, ideal for serious pumping situa-
tions, is equipped with synthetic rub-
ber parts so it can also be used for
pumping kerosene, fuel oil, and diesel
oil. Both pumps performed well for
me, although the large one came with
undersize mounting bolts. 1 had to
replace them before I could mount the
pump onto the adapter.

Outboard ($99). While this little rig
will certainly move a canoe or light
rowboat around on the water, it has
drawbacks: no tiller handle, no hands-

— —T—

o F? ) o :"-. T 1{!;,'-2;" A
t_.tl' T r b

- o Rt i
A = - 3 o P R

i § g - B ] iy T i
A T R e A T e

i 4 '*7:1'&' e ¥ i B, WL I S ':‘. L
S NG A e RS i B BN pr L W

; B r AR R SO o U ol W M T

Hedge trimmer has extra-long, 30-inch chrome-steel blades.
Chain-saw engine has ample power to handle dense hedges.

Generator delivers 500 watts, has outlets for 115-volt AC and DC,
as well as 12-volt jack and cables for charging car batteries.

off open-throttle position, and it’s
noisy. I'd rate the outboard functional
but not fun.

Generator ($175). I couldn’t test this
attachment, said to put out 500 watts
of AC or DC power, because the drive
shaft on the one I received was too big
to fit the female drive receptacle in
the adapter.

Reciprocating saw ($79). This tool
wasn’t ready for testing at the time we
went to press but should be available
by the time you read this.

The problems 1 found—oversize
shaft on the generator, undersize bolts
on the pump, and lack of lock washers
for the adapter wing nuts—have since
been corrected, says Abe Doctolero,
Versatool’s plant manager.

How much can you save by using
Versatools instead of single-purpose
power tools? You'll have to compare
the cost of any single-purpose tool
you're considering against the cost of
the equivalent Versatool. Versatools,
manufactured by Versatool Inc. (7420
San Fernando Rd., Sun Valley, Calif.
91350), are sold through hardware
and power-equipment outlets. - B
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PEAK lets you do it yourself

to carburetors to chokes to hinges Y

Now there’s a full line of do-it-yourself products
from the makers of famous PEAK® antifreeze &

coolant. Everything from carb/choke cleaner
to diesel fuel treatment.

And all with the trusted PEAK name.

Petrochemical
Company




-

T-J‘h

For the

'8l breed of cars,

fough new

SF oils

Today's high-revving
little engines need a
new, hard-working oil

By E. F. LINDSLEY

Unless you've changed the oil in your
car recently, you may not have noticed
that top-grade motor oils are now
marked “SF” rather than “SE.” That
seemingly tiny change hides sizable
differences.

It also prompts many questions:
Why the change? What do the letter
designations signify, anyhow? Are the
new SF oils really improved? Are they
important only for '81 cars, or will
they also help older cars? And, turn-
ing to a different but related subject,
do those so-called fuel-saving oils
really save gas?

To get the answers to these ques-
tions, I talked to engineers at testing
laboratories, car makers, and the tri-
umvirate that sets standards for oils:
the Society of Automotive Engineers
(SAE), the American Society for Test-
ing Materials (ASTM), and the Amer-
ican Petroleum Institute (API). From
them I learned that the new standards
were developed to keep pace with the
increasingly rugged demands placed
on oils by contemporary engines, and
that while the new oils are superior to
the older SE-type oils, they have not
been able to deliver all of what was
first hoped for.

If you’re not sure what those cryptic
letters on the top of an oil can mean,
you're not alone. Actually, the letters
SF aren’t abbreviations or acronyms
for anything. They simply indicate
that a lubricant has passed a rigorous
sequence of carefully conducted tests
for corrosion protection, deposit for-
mation, viscosity stability, and anti-

wear characteristics in meticulously
monitored laboratory engines.

The old SE standards were estab-
lished in 1972, at just about the zenith
of big cars, big engines, and high-
speed turnpike driving. In those cars,
the engines were so big and under-
worked, with such enormous power
reserves, that they could tolerate
abuse, poor maintenance, high usage,
and maybe even marginal lubrication
with little or no damage.

Today’s engines are smaller,
lighter, higher-revving, harder-work-
ing, and vastly more sophisticated.
They have catalytic converters, ex-
haust-gas recirculation, and comput-
er-directed fuel-economy and emis-
sions-control systems. On top of that,
leaded fuel has been phased out. All of
these factors influence wear, scuffing,
deposits, and oil life.

Because of the changes in engines
and fuels, SE oils caused problems in
newer-type engines. So a tougher-rat-
ed o1l was needed, which led to SF oil.

Passing the test

As with SE-rated oils, tests for
qualification as an SF-rated oil are
incredibly complex. Briefly, test en-
gines standardized to the last detail
are run in precisely timed and varied
load cycles on calibrated dynamome-
ters for specified periods. Hundreds of
pages of instructions detail every-
thing—right down to cleaning sol-
vents, wiping rags, and gasket seal-
ers—to give the absolute control and
elimination of variables.

Three sequence tests are used to
qualify an oil as SF-rated, and they
are run under controlled conditions
designed to accelerate service trou-
bles that might ordinarily develop
over long periods.

Sequence II-D evaluates the rust-
and corrosion-inhibiting characteris-

tics of the test oil. If you drive short
trips during winter in the upper Mid-
west, this test was designed for you.
Its combination of temperatures, hu-
midities, engine loads, and warmup
and cooling conditions effectively sim-
ulates starting your car on a cold,
damp morning and driving to the sta-
tion or taking the kids to school. The
standard engine is a 5.7-liter (350 cu.
in.) Oldsmobile V8. It is run on leaded
gasoline, because leaded gasoline
presents more severe rust and corro-
sion potential and because there are
still many V8 engines using it.

Sequence ITI-D checks high-temper-
ature oil thickening, sludge and var-
nish deposits, and engine wear. It is
intended to relate to turnpike driving
in hot weather, as in the South and
Southwest. The standard engine is
again the Olds 5.7, run on leaded fuel.
The former SE specification allowed a
certain acceptable viscosity increase
after 40 hours. The new SF standard
sets the same limit, but extends the
running time to 64 hours, a much
more severe demand. So an SF oil is
more likely to hold an acceptable vis-
cosity between changes. That, accord-
ing to one engineer, means that the
new oils should save you some fuel
just by holding down the friction
increase.

Sequence V-D is most changed, now
being run on a more representative
engine, Ford’s 2.3-liter four, which is
fueled on unleaded gasoline. This is
the part most important to you if you
own a car with a smaller engine, since
it is aimed right at your engine’s spe-
cial problems. The test checks primar-
ily for protection against the forma-
tion of sludge and varnish, as well as
valve-train wear. It also investigates
the plugging of PCV valves, sticking
and clogging of critical parts, intake-

Continued
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valve deposits, and piston-ring and
bearing wear.

What does all this mean to you?
First, since SF oils are thoroughly
tested in V8 engines running on
leaded fuel, they are perfectly suited
to your older car. (The SF designa-
tion, however, may have to appear in
conjunction with a suffix like CC or
CD. Check your owner’s manual.)

Second, if you have a new car with a
smaller engine and also have some SE
oil on hand, it might be a good idea to
give away the SE and buy some SF-
rated oil. (The same qualification
standards apply to synthetic oils as to
conventional mineral types.)

No promises

Despite the superiority of SF oils
over SE types, you won'’t be seeing car
makers lengthen oil-change intervals
dramatically. "The inadequacy of the
V-D test rules that out,” I was told by
Dick Cable of General Motors Re-
search. He feels that the standard
needs more development in that area.
S0, while you can buy lubricants that
claim to be safe for extended periods,
remember that there are no official
qualification tests to back them up.

Procedures are being formulated to
rate oils according to their ability to
reduce friction and thereby save fuel.
While there is no question that cer-
tain modified oils can show a fuel-
economy improvement (although not
all the time or under all conditions),
there are no officially recognized stan-
dards to define the mpg gains. That
leads to considerable pressure from
the auto makers, who want to use the
oils in developing their EPA economy
ratings. But the government has tak-

Today's smaller, higher-revving en-
gines—such as Ford’s all-new 1.6-liter
CVH—plus lead-free gasoline combine to
tax oils beyond what was required of
them just a few years ago. Tough new
lubricants had to be developed to deal
with these special problems. Rigorous
testing is required for an oil to attain the
new SF rating, and careful examination
of test engines is an important part of
the qualification. Sludge buildup in the
rocker-arm cover (top left) is obvious,
and is a quick disqualifier. Wear on criti-
cal parts, such as the camshaft (top
right), isn't necessarily as easy to spot,
so precise measurements are taken to
qbtain accurate evaluations. Damage to
such important parts could cause expen-
sive repairs or even a complete engine
replacement. Sludge buildup on the oil-
cﬁlmp inlet screen (bottom left) can have
the same results. Pistons (bottom right)
are examined for varnish deposits, ring
freedom, gap increase, clogging of the
oil-ring slot, and scuffing.

en the stand that until such firm def-
initions and performance criteria are
established, economy figures must be
based solely on tests run with conven-
tional oils.

Developing these tests isn’t as easy
as it might seem, however. To under-
stand how oils can be modified to
reduce friction, you have to look at the
types of friction within an engine.
Rubbing friction is the actual contact
between high points or rough areas,
such as piston rings on cylinder walls
or rocker arms on valves. It is also
called boundary friction, and occurs
when the oil film is extremely thin.

£ EDespite the superiority
of SF oils, you won't
see car makers lengthen
oil-change intervals¥§

Viscous friction comes from the oil
film’s resistance to shearing force
while it prevents metal-to-metal con-
tact. This would occur in crankshaft
bearings, for instance.

One countermeasure to these two
friction sources is lower-viscosity oil.
[t gets moving faster when the engine
starts up and is more easily sheared in
a well-lubricated bearing.

This thinner-oil approach has been
tried—often to help cold-weather
starting, as well as economy—but the
results aren’t all desirable. Among
the problems are increased engine
wear, oil leaks, high oil consumption,
carryover of phosphorous additives
that can ruin catalytic converters, and
the vaporization of the thinner compo-
nents of the oil blend, which causes
such problems as viscosity change and
o1l loss.

To avert these problems, low-viscos-
ity synthetic oils have been blended
with mineral oils, and show worth-
while friction reductions. Even more
improvement has been shown by add-
ing friction modifiers such as graphite
and molybdenum disulfide to these
blends.

Some challenges still remain, how-
ever, almost as with a new medical
discovery. Certain side effects and
incompatibilities show up when the
new additives, detergents, or modifi-
ers are blended in.

The trade-offs and occasional sur-
prises definitely justify the extensive
testing before you can feel safe about
putting any and all oils labeled “en-
ergy-saving’ in your car. - B

Plastic winch
IS an easy lifter

[ had doubts when I looked at the Easy
Tugger. Its plastic case weighs about
five pounds, yet the winch is rated at
1,000 pounds, the same as my heavy
chain hoist. A brochure from the man-
ufacturer showed it being used to
hoist a car engine and load a boat on a
trailer—but I decided on a more cau-
tious trial.

I latched the husky hook overhead
and ran a chain sling through the
open eye at the winch’s other end and
around my test load—a 450-pound
generator, Next I flipped the winch’s
control lever from 1:1 back to 42:1,
gave the handle a tentative turn, and
heard the high-ratio drive drop in.
Cranking took so little effort that at
first I thought nothing was happen-
ing. Then I discovered that the heavy
generator was already an inch off the

floor.
Easy Tuggers come in half-ton

($82.50) and one-ton ($99.95) versions
with a variety of accessories. Tool
Master, Box 2190, Boulder, Colo.
83036.—E. F. Lindsley

Upside-down winch works fine—unlike
many chain-type hoists. There are no
chains to tangle or gears to pinch—case
encloses all moving parts.

B ROTOR

POWER
OUTPUT

Axrsj:a A\
=

SPINDLE

Novel wobbling gear gives giant torque
increase. For teeth to mesh, stator must
be driven at an angle. Thus, when crank
turns, the larger gear does not turn on its
vertical axis. Instead, it wobbles around
the rotor, which revolves around stator.
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Squeeze-
ana-spray
car care

It takes more than tools
for good car care. You
need tubes and cans, too

By RAY HILL
DRAWINGS BY RAY PIOCH

When should you use a gasket sealer?
If a belt is properly tensioned but still
squeals, how can you eliminate the
noise? What’s an easy way to remove
stubborn carbon deposits from a cylin-
der head? How do you stop disc brakes
from chattering?

The answers to these and other
tough questions are resting silently
on shelves in your local autn—parjch
supply store—in tubes and cans that
contain gasket sealers, adhesives, lu-
bricants, cleaners, and other com-
pounds. Getting to know them can
greatly improve the quality of your
auto maintenance and repairs. Let’s
take a closer look.

Products for gaskets

An auto engine has many gaskets.
When any item with a gasket is
replaced, a new gasket is needed.

Removing the old gasket may or
may not be easy. Gaskets that don’t
use a sealer, such as the carburetor
gasket, may lift off in one piece. Oth-
ers may stick to tiie metal as if they're
part of it. With these, a gasket remov-
er can be a tremendous help. Spray it
liberally on the gasket and let it set
for five minutes or so. Then scrape off
the gasket.

Permatex gasket remover can be
used to remove carbon deposits. Say
youre cleaning a cylinder head in
preparation for a valve job. Spray the
stuff liberally on the carbon, let it set,
and scrape off the deposits (which
should now have turned into slush).
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Nozzle tube on choke-and-carb cleaner
lets you direct spray accurately. Spray is
also useful for jobs such as removing dirt

and grime when you're searching for a
fluid leak where two parts join. It can be
useful for cleaning small parts, too.
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For a new gasket to seal properly,
both surfaces that it will mate with
must be scrupulously clean. Not even
a speck of old gasket material should
remain. With the surfaces clean, the
next step is to use a gasket sealer, if
needed. Some gaskets come with
instructions that tell you whether a
sealer is required. No instructions?
Then ask the salesman who sold you
the gasket. The sealer, if needed, is
usually applied to both sides of the
gasket. Two major exceptions are the
valve-cover and timing-chain-cover
gaskets. They require a sealer only on
the sheet-metal cover side.

Never use a gasket sealer on a car-
buretor gasket or on an automatic-
transmission pan. (Sealer that acci-
dentally gets inside the transmission
can cause expensive damage.)

Professional mechanics generally
use two types of gasket sealers—a non-
hardening all-purpose sealer (Perma-
tex No. 3 1s an old standby with many
pros) and a high-tack type (when the
sealer must hold the gasket in place
while a component is installed, as
with a valve cover).

For the do-it-yourselfer, a good
choice is a new gasket sealer recently
introduced by Permatex. It is both a
high-tack material and a nonharden-
ing sealer similar to No. 3. It’s called
Tack & Seal, and its part-number des-
ignation is 9A.

It has a couple of advantages over
No. 3, too. It’'s white (No. 3 is dark
brown), so it's easier to see where
you're putting the sealer and how
much you've applied. And it can be
removed from your hands with soap
and water. No. 3 is difficult to get off
your skin.

If you don’t need a high-tack sealer
to hold a gasket in place during instal-
lation, a spray gasket sealer is handy.

Handy helpers like these should be in
every well-stocked do-it-yourselfer’s sup-
ply cabinet. They'll enable you to do a
variety of jobs, from keeping your car's
gas line from icing up to removing carbon
deposits from a cylinder head.

For head gaskets and other metal-
faced gaskets, 3M’s Super Head Gas-
ket Adhesive works well. There are
similar aerosol gasket sealers for oth-
er types of gaskets available at auto-
parts stores.

When no gaskets are used

Some late-model cars don’t have
gaskets in places where gaskets are
traditionally used: the oil pan and
valve cover, for example. In these
cases, use a rubber-based adhesive
sealant such as Permatex Form-A-
Gasket. Follow the directions on the
tube.

Cleaners

Choke-and-carb cleaner, engine de-
greaser, and brake cleaner are the
three most common cleaning solvents
you'll need.

Choke cleaner. For binding choke or
carburetor linkage, spray a liberal
dose of cleaner on each pivot point and
work the linkage back and forth with
your hand. Never use motor oil or oth-
er petroleum-based lubricants in
place of carb spray. Oil can collect
dust and dirt and eventually make the
problem worse than before.

Brake cleaner. Spray liberally to
clean brake parts and brake pads or
shoes that have grease or other for-
eign matter on them.

Engine degreaser. There are vari-
ous brands available. A good one I've
tried is made by 3M. Spray it on dirty
engine parts, wait a few minutes for it
to penetrate, then flush away the dis-
solved deposits with water.

Disc-Brake Quiet comes in a handy appli-
cator. You squeeze it out and use the flat
end of the tube to spread it evenly on the
metal on the back of the brake pad. It
should be used only on the outboard pad,
not on the piston pad.

Eliminating noises

Squeaking belts, chattering disc
brakes, and squeaking hinges are
three common and troublesome
noises.

Chattering brakes. Permatex Disc-
Brake Quiet, or a similar product, will
often cure this problem. Remove the
brake pads from the calipers and clean
the back side of each pad with brake-
cleaning spray. Then apply an even
layer of Disc-Brake Quiet to the back
side of the outboard brake pad. Let the
pad air-dry a few minutes before rein-
stalling it.

Squealing belts. If a belt is properly

Continued
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Dirty hands from using these tubes? Not if
you use the tube at top center. Rub Pro-
Tek on your hands before starting a dirty

Thread-locking adhesive goes on easily
and sets up quickly. Threads must be
clean for it to work. If they're dirty, clean

tensioned yet still squeals, apply
spray belt dressing to the belt accord-
ing to instructions on the can.

Belt dressing should not be thought
of as a belt-life extender, though.
Belts should still be replaced every
two years. If this is done, it's unlikely
you’ll ever be the victim of a broken
belt (assuming you keep the belts
properly tensioned).
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job., When you're done, the dirt and
grease will wash off merely using soap
and warm water.
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them with carb-and-choke cleaner. The
adhesive will not prevent easy removal of
the fastener with a wrench.

Squeaking hinges. Door, trunk, and
hood hinges often develop squeaks.
Silicone spray lubricant will quiet
these hinges and make them operate
freely.

Adhesives

Thread-locking adhesives. On nuts
or bolts that have a tendency to
vibrate loose, Loctite Lock N’ Seal or a

similar thread-locking adhesive is the
solution. Threads must be clean and
dry before it’s applied. Squirt some of
the liquid adhesive on the threads,
then tighten the fastener.
Weatherstrip adhesive. Loose
weatherstripping can quickly be
made tight again with a glue such as
3M’s Super Weatherstrip & Gasket
Adhesive. It sets up quickly and holds
the weatherstripping securely.
Rear-view-mirror adhesive. This is
the best stuff for reattaching a rear-
view mirror to a windshield. A good
one is made by Loctite; follow the
instructions on the package.

Stopping leaks

Gas tank. For sealing small leaks in
a gas tank, Loctite’s Instant Gas Tank
Repair works well. It seals immedi-
ately and doesn’t require removal or
draining of the tank. First, clean the
area around the leak. Tear off the
amount of patching material needed,
knead it with your fingers until it
becomes a uniform gray color, and
push it in and around the hole, follow-
ing the instructions on the patching
kit. It sticks to metal wet with gas.

Leaks around windshield and
through body cracks. A clear sealer
that’s thin enough to get into small
crevices and then harden is the ideal
solution here. A product like 3M’s
clear sealer will do the job. First be
sure the crack and the surrounding
area are clean and dry. Then flow or
brush the sealer along the crack.

Other useful items

® (Cooling-system cleaner—helps
get rid of corrosion when the cooling
system is flushed. The system should
be flushed each time you change cool-
ant. (A good rule of thumb for replac-
ing coolant is to drain and flush every
two years. Install new hoses every two
years, as well.)

® Anti-rust and water-pump lube—
helps fight corrosion and keeps the
water-pump seal from hardening, de-
creasing the likelihood of a water-
pump leak.

® Starting fluid—highly volatile,
should be used with caution, following
directions on can. Useful for getting a
cold engine started when ambient
temperature is low.

® Penetrating oil—great for loosen-
ing frozen nuts and bolts.

® Anti-seize compound—designed
to eliminate galling and seizing where
metal fasteners are exposed to ex-
treme heat or corrosion.

® (Gasoline antifreeze—keeps fuel
lines from icing up in cold weather.

® Graphite lock fluid—frees wup
sticking car locks, helps guard against
rust and wear. s
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A little something to heltpb“low away inflation.

It'll take more than Gabriel blasting 40% the way, they're now computer tuned

to your car. For better control at higher

4 off Red Ryder prices to blow away - all the way. To your tires.To the road. And
inflation. Even so, it's a healthy puff in N
the right direction. speeds, greater comfort at lower speeds.
Now you can save $9.98 off* So here's to the 409% Off Sale. May it
Gabriel's $24 .95 regular suggested - explode the myth that you can't give inflation

retail price—on each Red Ryder shock + a good shock.
absorber you buy:. :
If you were to buy all four Red

i
;&

Ryders, you'd stash away close to $40. -
Besides giving your car Gabriel's best- G abrlel
selling shock absorbers. A

Not only are Red Ryders heavy duty all On the road ahead.

Gabriel Shocks & Struts are products of Maremont Corporation.

*Based on Gabnels suggested retail sale price ol $14 97 and the regular suggested
- & r} l‘ i 5 s - ’

retail price of $24.95 [nstllatian nal melided. Poses may ary a4} satceatng dealers. |
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burned away as youdrive. So,in nor-
mal drivingwitha properly tuned en-
gine, you'll get improved mileage.

Motorcraft Spark Plugs. For the
future of your car. For sure.

Sooty carbon. It's the enemy of your
spark plug. It robs gas mileage.
Motorcraft Spark Plugs fight the
enemy. In fact, with Motorcraft’s ex-
tended tip design, carbonis actually
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Rating radials

for tfread life,
fraction, and speed

New U.S. quality scores
may help you get the most
for your tire dollars

By HERBERT SHULDINER

Government shoppers recently
bought eight radial tires in Washing-
ton, D.C. The most expensive in the
group, Michelin X, had the lowest
tread-wear score in the federal uni-
form tire-quality-grading ratings. In
fact, the ratings reveal many sur-
prises. “Some tires may vary in price
by as much as $30 apiece yet offer the
same performance as measured by the
tire-grading system,” a government
spokesman said.

The relatively new ratings—molded
into the side of every tire—are de-
signed to give buyers a reliable mea-
suring stick when shopping. The rat-
ings reveal tread life, wet-traction
capability, and high-temperature re-
sistance—the latter indicating high-
speed capability. Tread-wear ratings
are scored on an open-ended scale
ranging upward from 10 in incre-
ments of 10. Each 10 points means
3,000 miles in tread life, as measured
on a government test course. Trac-
tion-rating and temperature-resis-
tance scores are A, B, and C [“Grad-
ing Tire Quality,” PS, April '80].

Recently Uniroyal became the first
major tire company to advertise
grades. Uniroyal’s competitors have
still not joined in, but there are indi-
cations that tire grades may soon be-
come as important in selling tires as
EPA mpg figures have in selling cars.
On the following pages, PS lists all
radial passenger-car tire ratings.

Continued
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quality grades for radial passenger-car tires
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STP OILTREATMENT ADDS AN
ANTI-WEAR AGENT AND VISGOSITY

| E
P
MEANS IMPROVED N i s |
* | LUBRICATING QUALITIES. by 8 &. 00
! Today's multi-grade oils begin to lose i o i,
their effectiveness as you drive.
la STP Qil Treatment, the world'’s best
selling oil treatment, is an exclusive

formula which contains temperature-
activated long-chain polymers.

In Winter or Summer, as engine
temperatures rise, these tempera-
ture-activated polymers “uncurl”

to actually improve your oils
viscosity and therefore its lubricating |
qualities. Plus it contains ZDDP | §
(zinc dialkyl dithiophosphate), an L1
anti-friction, anti-wear, anti-oxidant
agent. This special formula:

1O Ol AQ¥

* Increases viscosity and anti-wear WHEN TO USE STP OIL The first time you need oil and every
properties TREATMENT. time you change oil add STP Qil

* Promotes lubricating qualities Use STP Qil Treatment year round. Treatment. It blends with all

* Reduces oil consumption in Always change your oil at manu- petroleum base, graphite and syn-
many cars facturers recommended intervals. thetic oils or greases.

WHERE PEOPLE USE STP
OIL TREATMENT EVERYDAY. /J{
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AROUND THE TRAGK, AROUND THE WORLD...
STP OIL TREATMENT IS NUMBER ONE.




Federal quality grades for radial passenger-car tires

1N

import Metric, 15° 180
Seville Dual Malwear 080
Seville Dual, 13" 090
Seville Dual, 14" 120
Seville Dual, 15" 140
Supreme Dual, 13" 160
Supreme Dual, 14" 180
Supreme Dual, 15" 200
Supreme Dual, Malwear 130
Supreme Steel. 13" 160
Supreme Steel, 14" 180
Supreme Steel, 15” 200
Supreme Steel. Malwear 130

Made in Canada 170
P Metric, Made in Canada 180

All Season, 137 140
All Season, 14"-15" 170
Metric 170
Steel Belted 160
Solar Steel Belted, 13" 130
Solar Steel Belted, 14-15" 170
Special, all sizes 150
Special, P155/80R13

Steel, all dia.

Super Cat 60, 13"

Super Cat 60, 14"-15"

Super Cat 70, all dia.

Belted Malwear

Glass Belted P75, 13*
Glass Belted P75, 14"
Glass Belted P75, 15°
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Made
Deluxe Champion, 13°-14"
Hﬁlnm Champion, 15"

Brougham, 13"
Brougham, 14"-15"
Perennial, all dia.
Twin Belt, all dia.

Toyo Steel Belted 215

Toyo Steel Belted 1706

Toyo Steel Beited 27086,
P205/7T0R14
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STOP The

“Service Station
Vacation”
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Insure against overheating — don't leave home without the low
cost protection of a Hayden Transmission and Engine Oil Cooler.

Heat — Your Car's Greatest Enemy. Quick, Do-It-Yourself Installation.

Today's down sized cars run hotter due to emis- [f you can change the oil in your car, you can
sion controls, smaller engines and higher RPMs. make the installation yourselfin a half hourusing
Heat problems develop when you Hayden's patented Quik-Mount and Quick
carry exira passengers. .. e Connect. Complete illustrated
extra baggage ... drive et EEE—— installation instructions

come packaged with
every oil cooler.

Act Now, Free

Offer. Purchase any
Hayden Trans-Cooler™

_ - or Duo-Cool™ at your auto parts
Over 11 Million store and receive a Trans-Gard™

Transmissions failed last year™. Automatic Transmission Fluid Inspec-
9 out of 10 were caused by overheating. tion System absolutely FREE ($7.95 value. Offer

ends Sept. 1, 1981).

r-—-—._—q ———————————————————

Limited Offer**

Purchase a Trans-Gard directfrom i e
Hayden for only $5.75 prepaid.

in stop-and-go traffic . . .
drive on ice or snow . . .
drive in hot temperatures L m——" =5
ot e _ _ _
= S

...climb steep grades e . :
... and do towinag. ‘__E_,

)

o,

%)

gt

Low Cost Protection.
You wouldn't think of owning a home without

|

i

insurance and yet the risk of burning up your :
car's transmission and engine is greater. Repairs | Name

I

|

!

can run as high as $600-$1500. You can buy Address

transmission and engine insurance by installing City State

. ; O ires December 31, 1981. CA residents add 6% sales tax.
a Hayden Qil Cooler for as little as $29.95. O o s ol e Tl by Bl sashidbsblnenint o)
*Courtesy ATRA For free product brochure, write:

S HAYDEN .

1531 Pomona Road, Corona, CA 91720
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" than comparable Goodyear

e

k.

A comparison of projections from manufacturers’
treadwear ratings under the new government Uniform Tire Quality
Grading System indicates that on a government-specified course:

Uniroyal Steeler projected
to last 15,000 more miles

or Goodrich tires.

Clip and take this to vour Uniroyal dealer;

The U.S. Department of Transporta- 7 S P S R R P -
tion recently gave the public a standard i MANUFACTURERS RATINGS FOR PROJECTION |

yar ek by compare h b}’. [ U.S. GOVERNMENT QUJ?LITY GRADING SYSTEM %% {'r{élﬁ% ‘E’ ENQTI:“
Now, each tire company is required by : | Traction and SPECIFIED §
law to grade its tires in three areas. Traction. g Manufacturer/Tire: | Tostesr ) TESTOUURSE: §
Temperature resistance. And treadwear. I UNIROYAL :
And then to emboss the resulting 1 Steoler B/C 220 66,000
grades on the side of the tires. I neranas "
When compared, most of the similarly B/C 170 51.000 1
priced steel-belted radials in the chart fared g Custom Polysteel ’ 3
equally well in the traction test. Same for 1 FIRESTONE & 1
temperature resistance. 1 721 (13" & 14" sizes) B/C 170 21,000 i
But one tire pulls ahead of the pack P CENERAL i
when it comes to the important grade that | Dual Steel II B/C 170 01,000 1
indicates the relative wear rate of your tire. : §
That tire: the Uniroyal Steeler. B.E GOODRICH B/C 170 51,000 !
. I Life Saver XLM i
In fact, when you translate its 220 rat- ¢ ,

ing into projected miles on the government- y MICHELIN
specified course, you see it was no photo L AWW A/B 140 42,000 |

A N N N I I D B D N S S e e B O . ----‘J

finish. “Most 15" Firestone 721 tires rated 200 which projects to 60,000 miles.
On that course, the mileage projection Source: U.S. D.O.T., 12/19/80.

for the Uniroyal Steeler is 66,000 miles. E?fir?;ﬁﬂ?f “Tire "p.ﬂiﬁiﬂ Hﬁaﬂﬁ ﬁ:ﬂ?ﬁiﬁ ur;f?naﬁfei?fﬂsﬁéﬁa

That’s 15,000 miles longer than the O1681 Lnitoyal, nc
Goodyear, Goodrich, General and most
Firestone ratings in the chart would project.

And 24,000 miles longer than Michelin’s
rating would project.

These mileage projections (including
those in the chart) should be used for com-
parison only. You will probably not achieve
these results. Actual treadlife will vary
substantially due to your driving habits,
condition of vehicle and, in many sections
of the country, road condi-

tions and climate.
UNIROYAL See your Uniroyal dealer
for details.
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Treasury
Treasury
Treasury
Treasury

Triumph
Triumph
Triumph
Triumph
Triumph

TSC Industries
TSC Industries

TSC Industnes
TSC Industnes

Ultissimo
Ultissimo
Ultissimo
Ultissimo

Unian
Union
Union
Union
Union
Union
Union
Unian

Union
Union

Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal

Uniroyal
Uniroyal

Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Uniroyal
Vanguard
Yanguard
Vanguard

Vanguard
Vanguard

Veltro
Yogue
Vogue

Vogue
Vogue

Vogue

Yogue

Vogue

Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto
Western Auto

White

Model and

s
-
E
-
=

Steel Belted Z702 HR

Steel Belted Z706/70
R14-R15

Steel Belted 7709/70 HR

Steel Belted 2711/70
SR13 & Z8-112-1702
SR 27095R

Mach Sixty & Seventy
Steel Belted
Sun-N-Snow
Twin Steel Belted LRR

All Season. 13"
All Season, 147
All Season, 157
Steel Belted All Metric
Steel Belted P Metric

All Season Steel Belted, 13"

All Season Steel Belted,
14°-15"

440 |l Steel Belted, 13"

440 1| Steel Belted, 14"-15"

P Metric 75 Series, 14"-15"
SBR P Metnc 75, 13"-14"
SBR P Metnc 80, 13"
SR365, all sizes

Five Star Metnc

Five Star Steelbelt, 13"

Five Star Steelbelt, 14"-15"

Four Star All Season, 13"

Four Star All Season, 147

Four Star All Season, 15”

Four Star Steel Belted, 13"

Four Star Steel Belted,
14"-15"

Three Star, 13"

Three Star, 14”-15"

Fastrak Fiherﬁlass Belted

Fiberglass Belted

Royal Seal Steel Belted

Steel Belted

Steel Belted

Steeler Steel Belted

Tiger Paw All Seasons, 13”

Tiger Paw All Seasons. all
other sizes

Tiger Paw R-60

Tiger Paw Steel/Glass
Belted

180, 165/70SR13

180, all other 70 series

240, 165HR13-14

175HR14

240, all other sizes

280, P155/80R13

280, 1455R13

280, 1555R13-15

280, all other sizes

Mach Sixty & Seventy
Steel Belted
Sun-n-Snow

Twin Steel Belted LRR
XR Steel Belted LRR

Veltro, except 1653R14

Custom Buift Aramid,
P215/75 R15

Custom Built Aramid,
P235/75 R15

Custom Built

Steel Belted all season.
PZ35/75 R15

Twin LR78-15

Twin All Seasons, 13"

Twin All Seasons, 14"-15"

American Spirit All Season
P Metric

LFSI:EIEH Belted P Metric,

LPS Steel Belted P Metric,
14"

LPElﬁﬂteeI Belted P Metric,

LP‘EislﬂtuI: Belted R Type,

LPS Steel Belted R Type,
14"-15"

Macho GT 60 Senes Alpha

Sentry P Metric, 13"

Sentry P Metric, 14"

Sentry P Metric, 15"

Sentry 13 R

Sentry 15 R

Solution Steel Belted P75
JR78-15

*Diameter given where available
**See end of table for mfrs.” names and addresses

130
180

180
180
220
200
220
220
180
200

190
220

150
160
130
130
160
170
130
150
160

180
170

160
160

150
220
180

220
210

170
120
170
220
150
170
180
180
190
200
140
160
170
180
190

200

w>x= @> Traction
mE= =% Temperature
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‘Mir. code®”

F401
F401

Fad]
F401

D081
D081
D081
Doal

D061
0061
D061
D061
D061

0109
D109

0109
D109

D151
D151
D151
D151

DOgl
D061
D061
D061
D061
D061
D103
D109

DO61
D061

171
D171
D171
D171
D171
D171
D171
D171

D171
D171

D171
0171
0171
D171
0171
D171
D171
D171
D171

DOE1
D081
DOB1
DOEl
DO81
F231
D109
0109

0109
D109

0109
0109
D109
D109
D036
D036
D036
D036
D036
D036
D036
D036
D036
D036
D036

D036

AR

i s
% 2 . % g 2
iy IE = £82°
S % & E 2 sSg
- White Eniil'émn Steel Belted P75, 170 B C D036
" White wﬂwn Steel Belted P75, 190 B £ D036
 White Solutian Steel Belted P75, 200 B C D36
' 15" & P235:75RI
- White Whisper Jet |} Belted, 13" 140 B C D036
“ White Whisper st Il Belted, 14" 160 B C D36
. White Whisper Jet Il Belted, 15 170 B € D36
.« Widetrack Ripha &0 Series 200 B C D36
- Widetrack Alpha 70 Series 20 B f 0036
. Widetrack Aipha 70 Series 150 8 C . DG36
Winston All Season, 13° 10 8- £ D061
Winston All Season, 14715 130 B C Di61
- Winston ANl sizes except 1655R14 150 B B F251
= Winston Caldornian i B C DRl
 Winston Gas Stretcher 150 B C BO61
© Winston Glass R R DOkl
- Winstan Metric Fabric R Type 130 B B Fi4l
* Winston Metric Fabric 165R15 120 B B Fi4l
. Winston Metric Fabric 175814 120 B B Fi4l
~ Winston Metric Glass, all dia. 120 B ¢ D11%
- Winston M&Hic B0 Steef, all other 150 A B F251
4 type
' Winston Metric B0 Steal 165R14 150 B B F25]
. Winston Metric 70 Steel 170 Series 150 A B F251
- Winston hle;[;;ﬂkiﬂ Steel 19570 150 A A F251
© Winston 185/ 70HRI4, 19570 R14 150 A A F251
< Winston B0 Series R-R. all sizes 180 B € D19
+ Winston B0 Series Rayon-Ravon 180 B C 081
- Winston 70 Series Polystee] 20 8 C LB
Winston 70 E&;rms Rowl Gran-Trak, 200 B C D118
© Winstan 70 &ﬁ?gﬂﬁﬂﬂi Gran-Trak, 220 B € DII9
© Yokotiaima Alpha B0 Series. alt dia. 200 A B F9
. Yokohama Alpha 78, 13"-14" 160 A B Fi91
- Yokohama Alpha 78, 147-15" 180 A C F19]
Yokohama Metsﬁﬁclgp lﬂ:ﬂrms SRYBB!, 1e0 A B Fi491
_ Yokohama R Type SR all dia. 160 A B F391
 Yokohama Steel Belted 1435R13, 160 B -8B F39]
¢ 1655R13, 165/705R13,
185/705R13-14,
1 1755R14, 195/705R14
- Yokohama 165/ 705R]3 e F391
" Yokohama 175/705R13. 185/705R13, 160 A B F39]
: 195/705R 14
+ Yokohama 60 Series YB8S Alpha 180 A B F33l
. Yokohama 70 Series Y351 Y867 160 B B F391
2 Yokohama 70 Series YREZ Y885 166 B B F33]
~ Yokohama 70 Series Y887 160 & 8 F191
Yokohama 15 Series Y58 P Metne 180 A C F391
Yokohama 78 Series Y850 Alpha 160 B B F34l
- Yakohama 78 Series YR58 Alpha 186 A C F3al
- Yokohama g2 "E’SEEHEE Y865 YBGT 166 B B F331
3
Yokohama B? Series YB3 60 A B Fi91
Lenith All Segson, 137 140 B C DO3g
. Jenmith Alf Season, 147 150 8. C D036
Zenith Alt Season, 157 180 8 € D036
' WHO MAKES THEM

' Domestic tire manufacturers by code (see table):

D011 Armstrong, New Haven CT 06507; D021 Cooper,
Findlay OH 45840; D036 Dayton, Akron OH 44319; D051

 Dunlop, Buffalo NY 14240; D061 Firestone, Akron OH

44317: D071 General, Akron OH 44329; D081 B.F. Good-

- rich, Akron OH 44318; D091 Goodyear, Akron OH 44316;

- D109 Kel

' D141 Michelin, Box 1007,

Springfield, Cumberland MD 21502; D119
Lee, 1100 E. Hector St., Conshohocken PA 19428; D121
McCreary, 1600 W. Washington St., Indiana PA 15701;
ew Hyde Park NY 11043;
D151 Mohawk, Hudson OH 44236; D171 Uniroyal, 6600

* E. Jefferson Ave., Detroit M| 48232; D181 International
: ﬁzhéh;r Industries, 2500 Grassland Dr., Louisville KY
. Fnrﬂﬁﬂ tire manufacturers and distributors:

" F211 Avon, Peterson Associates, Inc., 587 Summit Dr.,

 Ora
-~ ison Ave., New York NY 10017; F231 Barum, Bomon

e CT 06477; F221 Alliance, Solcoor, Inc., 415 Mad-

- Automotive Ltd., 1855 Boul. Industriel, Chomedey,

. Laval, Quebec, Canada H7S 1P5; F241 Bridg

astone,

- 2160 W. 190 St., Torrance CA 90504; F251 Ceat, 5.p.A.
- Pneumatici, Casella Postale 509, 10100 Tarino, Italy;

" F261 Continental, 1200 Wall St. W., Lyndhurst NJ 07071;

- F271 Gislaved, Products-From-Sweden, Inc., Rt. 22, Pat-
- terson NY 12563: F281 Kleber, The French Tire, 615

Franklin Turnpike, Ridgewood NJ 07450; F311 Ohtsu,

' 9.1 Kawaharacho, lzumi-Ohtsy Osaka, Japan; F321

. Phoenix, Meon Inc., 221-26 Merrick Bivd., Jamaica NY
* 11413; F331 Pirelli, Six Ram Ridge Rd., Spring Valley NY

- 10977; F341 Semperit, 156 Ludiow Ave, Northvale NJ

07647: F391 Yokohama, 1530 Church Rd., Montebello
CA 90640; F401 Toyo, 3136 E. Victoria St., Compton CA
90221; F421 Okamoto Riken, J. N. Ceazan Co., Carson
CA 90743; F432 Hankook, Aurora Tires, Hyosung Inc.,
One Penn Plaza, New York NY 10001; F433 Fulda, 1100

 E. Hector St., Conshohocken PA 19428,

Car transmitter

sends digital data
to speed servicing

Dread waiting in long lines of cars for
maintenance at your local dealer? A
miniature radio transmitter installed
in your car and a computer at your
dealer’s service center may cut wait-
ing time in the future. The transmit-
ter-computer concept, besides helping
you get to work on time, may also be
used to help pinpoint problems in your
car, operate ticketless parking sys-
tems, or alert police that a vehicle is
stolen.

GM’s service-development center
has been testing small, fist-size elec-
tronic modules that would be installed
by dealers. As a car approached the
dealer’s service entrance, the radio
module would activate a computer at
the dealership with a coded digital sig-
nal. By the time you drove in, the com-
puter would have printed out your
name, the vehicle identification num-
ber, a repair order, your car’s repair
history, a maintenance “menu,” plus
possible recall modifications needed.
Instead of waiting for someone to look
up all that information about your car
and write out an order, you could be on
your way 1n minutes.

“We're also working on a number of
systems to improve a customer’s abil-
ity to explain the symptoms his car is
exhibiting so they can be properly
diagnosed, as well as new equipment
to help in the diagnosis,” said S. Ted
Parker, director of service research at
the center.

One of these slightly more complex
systems would tie the transmitter
module into the C-4 microcomputer
now standard on GM cars. Service per-
sonnel would then also have data on
existing engine conditions, mileage,
and emissions. The modules for the
tests are built by Symtec, Inc. (South-
field, Mich.), and can be made “smart-
er’ by altering their digital circuits.

Symtec believes its hardware would
also work with ticketless parking sys-
tems. Instead of looking for a parking
stub (which you might have mis-
placed), you would tap a confidential
code into a keypad to raise the exit
gate, thus preventing unauthorized
persons from using your car. The sys-
tem could provide automatic billing,
too.

With the ignition on, your car would
transmit its identification number
constantly. If you reported your car
stolen, sensors monitored by police
could identify it.—John Free
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FS leisure-home plon

Heal-
capiuring
house

has solar collectors built in

By AL LEES

The south wall of this snugly designed lodge that we com-
missioned from architect Samuel Paul is almost entirely
glass, to capture solar heat: What isn’t double-glazed win-
dow area is filled with a dozen homemade, built-in air col-
lectors, set between the 2xX6 studs. And when winter’s
past, the system isn’t mothballed: through thermosiphon-
ing action, it cools the house in hot weather.

But as a winter retreat this house is especially shrewd.
Those big south-facing windows yield direct heat gain,

Half-scale model was built by
architect to demonstrate the
vent system: When room-side
upper vent (above) is pushed
shut, outside vent (top right)
opens. Bottom vent (right)
takes in room air near floor;
its louvers are closed at
night during the winter.

How to order your plans

One set of detailed, professionally drawn blueprints for this
house is $85; five sets (for construction, financing, obtaining per-
mits), $115; materials list and specifications included at no extra
cost. An additional mirror-reverse print can be ordered for $10.
Address orders or queries to Homes for Living, Inc. (specify
Ridgewood Plan), 107-40 Queens Blvd., Forest Hills, N.Y. 11375.
Add $3 to all orders for postage and handling.
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while the collector panels that flank them encourage cir-
culation of sun-warmed air throughout the house. Win-
dows are kept to a bare minimum in other walls, where the
2x6 framing (24" o.c.) allows for a full 5'%2" of fiberglass
(R-19). Ceilings are insulated to R-30.

The wall collectors are easily made on the spot from ordi-
nary building materials. Or you could prefab them in your
home shop and truck them to your country site, Only the
mechanically linked upper vents would have to be fabri-
cated by a sheet-metal shop. The other components are
stock items or easily made from the detailed plans. W3
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1) Exterior vent has
hinged flap linked to
one inside. 2) For
heat, outside flap is
shut, inside open; for
cooling, the reverse.
3) Adjustable louvers:
open for heating or-
cooling but shut to
prevent loss of room
heat on winter nights.
4) Exterior glazing. 5)
Air space. 6) Absorb-
er plate—black-painted
sheet metal. 7) 2" rigid
insulation. 8) Sheet-
rock or other interior
finish. 9) Cool-air flow.
10) Warme-air flow.




Slick bus stop

Graffiti writers will find it
hard to deface this modular
bus shelter. The glazing is
GE’'s Margard sheet, a super-
hard plastic. With its new
coating, the plastic has a
glass-like finish that keeps
stickers, paint, and other
graffiti from permanently ad-
hering to its surface.

Bike hang-up

No place to park your bike?
Put it on the wall—or on the
ceiling. The 20-gauge-steel
Bike-up rack is a simple
channel with a special lock-
ing pin that holds the bike
securely. Tires up to 1% in.
wide fit in the $17 rack. La-
maca Enterprises, 28 Round-
hay Dr., Ottawa, Ont.

K2G 1B5.

World traveler

The aluminum coating on
this laminated-nylon balloon
reflects up to 80 percent of
the sun’s rays—important be-
cause overheating would en-
danger the 60-ft.-high, heli-
um-filled balloon. The British
craft is being readied for a
nonstop, 20-day, globe-cir-
cling flight.

Safety knife

Pressing a button releases
this hunting knife from its
safety sheath. The index fin-
ger slides easily into the but-
ton hole as the user with-
draws the knife. The pistol-
grip handle protects the hand
and steadies the blade.
Hanses, Borganasvagen 20,
781 00 Borlange, Sweden.

Speedy tractor

Trantor's newest dual-duty
tractor not only hits 60 mph
on the highway but can also
haul a 12-ton trailer. An 80-
hp Perkins diesel and a 10-
speed transmission with auto
torque-sensing differential
lock make it possible. Tran-
tor, Sandford Lane, Manches-
ter M19 3FX, England.




Heat-loss meter

Using direct-contact instru-
ments to measure heat
losses from outside can be
tricky. The R-value meter
uses infrared energy for no-
contact readings of surface
temperatures, and converts
the data to R-values. Barnes
Engineering, 30 Commerce
Rd., Stamford, Conn. 06904.

39 mpg at 155 mph

To shatter the diesel-car
speed record, the Aerody-
namic Research VW hit 215.4
mph—and it's been clocked at
225 mph. The car has retract-
able wings to balance high-
speed lifting forces. The
engine is a turbocharged 2.4-
liter VW diesel. Mpg is 39 at
155-mph cruising speed.

Bike computer

The dual-display Cycomp
gives bikers speed, distance,
and time data. An electronic
sensor clipped to the fork
monitors two spoke-mounted
magnets and feeds data to a
microprocessor inside the
unit. It's about $60. Maker:
Halfords Ltd., Redditch,
Worcs. B98 ODE, England.

Competing trainers

Twin turbine engines power
these two planes, designed
to replace the Air Force's ag-
ing Cessna T-37 jet trainer.
The competing designs also
have side-by-side seating for
instructor and student. The
Vought design (left) features
a T-tail and has the distinc-
tive ducted fans first used on
Germany's VFW Fantrainer
[PS, Mar. '77]. The ducted
fans give fuel economy and
reduce operating noise lev-
els, says Vought. The Rock-
well design (below, left) has
a mid-mounted elevator and
turbofan engines. Rockwell
has conducted three wind-
tunnel tests and built a full-
scale, engineering mock-up
of this design.

Sky crane

The hybrid Cyclo-crane has a
helium-supported body stud-
ded with T-shaped airfoil/ro-
tor assemblies. The foils pro-
vide lift when hovering, then
swivel to give forward thrust
in flight. The craft lifts twice
as much as a helicopter but
is much cheaper, says DC As-
sociates, Inc., Bozman, Md.




Double dome

When completed, Monterey
One will be the world’s most
energy-efficient home, claims

Monterey Domes (Box 5621-

A, Riverside, Calif. 92517).
The double-dome house has
advanced passive and active
solar heating systems. Rigid

foam insulation gives walls
an R-value of 30.

Mini-planetarium

To chart the stars with the
Bowl of Night, adjust inner
and outer rims so your star-
gazing time matches the
date. The inner bowl rotates,
displaying the stars you
should see. The 14-in.-dia.
blue acrylic bowl costs $63
from GL Ent., 185 Main St.,
Port Washington, N.Y. 11050.

Sub shooter

A new antisubmarine torpe-
do shoots out of the triple-
tube launcher aboard a Navy
torpedo test ship. The Ad-
vanced Lightweight Torpedo,
made by McDonnell Douglas
Co., can also be launched
from helicopters and planes.
The tests took place off Key-
port, Wash.

Pitted mitt

Hundreds of tiny pits in the
palm of the Dimple Pocket
Glove brake a spinning ball
to a quick stop, says the
maker. The dimples also
make the glove more supple,
so it conforms better to the
hand. SSK America, 17101 S.
Central Ave., Carson, Calif.
90746.

Electric doormat

Stride across this mat and
moving belts of bristles
brush dirt off your shoes—
without tripping you. The
belts are looped over sepa-
rate pulleys alternately
mounted on counterrotating
drums on each side of the
mat. A. Schmidt (2214 Ho-
henlockstedt, Postfach 40,
Germany) developed it.

i T ol

Elegant electric '

The sleek sports-car exterior
hides a 19-hp electric motor
and 24 six-volt lead-acid bat-
teries. A microprocessor reg-
ulates power flow aboard the
prototype Exar-1 car, which
has a cruising range of 75
miles at 55 mph, says its
maker, Amectran (900 Twin
Towers S., Dallas, Tex.
75247).




-

\Nhat's New

IN BOATING

BY SUSAN RENNER-SMITF

Comfy canoe

Want to explore wilderness
waters in comfort? The Dol-
phin’s concealed, foot-con-
trolled electric motor scoots
the craft along at & silent 10
mph. Swiveling bucket seats
and wide sunshades help ca-
noeists relax. $995. Dolphin
Products, Box 230, 'Wabasha,
Minn. 55981.

P —

Portable alarm

No wires or sensors needed—
the M-300's transceiver gen-
erates microwaves to detect

motion within a 15-ft.-wide
area. Once tripped, the alarm
sounds for four minutes,
then resets itself. $395. SDC,
33 Rustic Gate Lane, Dix
Hills, N.Y. 11746.

Talking navigator

“Good morning, Captain,"”
says a brisk male voice when
you turn on Texas Instru-
ments’ Loran C 9900. Then,
at preset intervals, the Loran
announces its navigational
readings. Tl's add-on Speech
Option module comes with
speaker (left), costs $695.

Flying board
Engineered for racing, the
Typhoon's unique, one-piece
hull encloses a molded foam
core. The combination gives
the board minimum drag and
maximum flotation, accord-
ing to Surf-sailing Interna-
tional, 9 Davies Ave., Toron-
to, Ont. M4M 2A6. $1,150.

Practical dinghy

For extra stability, the new
Harbormate dinghy has a tri-
hull design with a flat aft sec-
tion for easier towing. For
safety, the eight-ft. fiberglass
dinghy has more foam flota-
tion than the Coast Guard re-
quires. $477. Howmar, 29
Mack Dr., Edison, N.J. 08817.
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IN TOOLS

BY PAUL BOLON

Spline cutter

Minilo’'s carbide-tip, four-inch
blade accurately cuts sloped
grooves for joining boards,
cabinets, or furniture. Dried-
beech, elliptical-shaped
splines are sold in three sizes
to match the depth of cut.
Price of the cutter: $580.
Colonial Saw, 100 Pembroke,
Kingston, Mass. 02364.
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Versatile vise

No room for a workbench or
regular vises? The Zyliss vise
(at left and above) could be
just what you need. Weigh-
ing just 10 pounds, it's porta-
ble, stowable, and mounts
quickly on most tables. With
separate turning centers and
an extra end stop, the Zyliss
can hold long pieces for saw-
ing, planing, or gluing. The
basic vise can be used off the
table like a C-clamp, or con-
verted to a bar clamp, carv-
ing hold-down, or even a
jack. The Swiss-made alumi-
num-alloy vise is uncondi-
tionally guaranteed by Clark
Products (173 W. Arrow
Highway, Glendora, Calif.
91740). Price: $135.

Nose grinder

You can sand curves and
hard-to-reach spots on cars,
furniture, or castings with
Makita's open-end sander.
The double-insulated Model
9030 lists for $120, including
10 1'%-by-21-inch abrasive
belts in five grits. Makita, 650
Hadley Rd., So. Plainfield,
N.J. 07080.

—_—

Bit keeper

Drillminder clips onto your
drill’s cord to keep drill bits
handy. To get a bit, you ro-
tate the hole in the top to the
desired size and tip the case.
Bits range from '4s to %4 inch
by 64ths. It's about $17. Mak-
ér: Hanson Inc., 220 Brooks,
Worcester, Mass. 01606.

Saw rasp

You can’t clog this rasp, says
Woodline (1004 Central, Ala-
meda, Calif. 94501). The Jap-
anese cutter, made of hack-
saw blades, has two cutting
sides, coarse and fine, that
cut and clear debris from soft
metals and plastics as well as
wood. A locknut secures the
handle to the rasp. It's
$10.95.
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\Nhat'sNew

IN HOME
IMPROVEMENT

BY PAUL BOLON

Stylish barbecue

Watch your meat sizzle
through the tempered-glass
window on Charmglow’s Av-
anti grill. The LP grill also
has a heat indicator and a
fuel gauge. Twin-burner
Maodel 824E sells for $400.
Maker: Charmglow Products,
Box 127, Bristol, Wis. 53104.

Environment

Water jets sprinkle you, sun
lamps tan you, and fans cre-
ate warm breezes to dry you
in Kohler’'s Habitat, one of its

new enclosures [PS, May
"77]. All weathers, plus ste-
reo, are push-button con-

trolled. It's $5,285 without a

steam option,

Reusable caulking

Dow'’s silicone sealants now
come in resealable cartridges.
For storage, the nozzle un-
screws and is replaced by a
threaded cap for a fresh,
tight seal, Dow says. Sealant
that remains in the nozzle

Is easily removed after it

cures.

Carrying apron

Save your arms for better
things—the shoulder straps
on this carrying apron from
R&R Canvas (429 S. Wilbur,
Syracuse, N.Y. 13204) trans-
fer the weight of firewood or
other bulky items to your
body. The apron is heavy ny-
lon duck with seat-belt web-
bing straps. It's $10.95.

Gazebo kit

Two hours is all it takes to
assemble a prefabricated red-
wood gazebo kit with screws
or bolts, claims California
Lattice Co. (616 N. Eckhoff,
Orange, Calif. 92668). There
are three styles to choose
from in eight-, 11-, and 13-
foot diameters. Price: about
$900 for an eight-foot model.

;
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\\Nhats New
IN

ELECTRONICS

BY WILLIAM J. HAWKINS

Dual use

Push a button and this DC to
10-mHz triggered scope be-
comes an in-circuit compo-
nent tester as well. It's good
for bench work, but, at just
4.5 by eight by 12 inches, it's
useful for field service too.
And, at $405, it might fit your
budget. Hameg, 88-90 Harbor
Rd., Port Washington, N.Y.

Weather watcher

Forecast the weather wrong
just once and you're consid-
ered an amateur weather-
man. Do it all the time, and
you're a meteorologist. To
help you, here's the Heath
digital barometer kit. The dis-
play shows pressure in
inches or millibars and plots
rate of change. It's $240 from
Heath, Benton Harbor, Mich.

Easy writer

Just type. The Zenith word
processor does the rest: Line
centering, justification, and
formatting are automatic; on-
screen editing 1s simple. The
final document can be saved
on disk or put on paper with
an optional printer. It's
$3,290.

Auto deck

The microprocessor inside
the Akai GX-F95 cassette
deck makes it easy to use;
Bias, equalization, and sensi-
tivity levels are set automati-
cally. And the unit will start
at a preset time, rewind, and
replay, without your help. All
you do is select the music—
and pay for it: $1,195.
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Gentle waker

At last, a clock radio with
compassion: GE's Grad-U-
Wake starts your day with
music or an alarm, but softly,
and slowly builds up to nor-
mal volume. The keyboard
lets you program snooze
times and a second alarm
time for weekends when
even s/low is too fast. It's $80.

Built-on amp

Mount this 13%4-inch-deep by
92-inch-dia. dual-cone speak-
er in your car door or kick
panel and you won’t need an
amplifier to power it—a 30-
watt amp is already attached.
The two-speaker system
costs $138 from Sound Barri-
er, East Dominguez St., Car-
son, Calif. 90746.
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Two views

Look into the electronic view-
finder of the Zenith VC1600
video camera and you get
the whole picture—and more.
A CRT shows the scene and
special waveforms, allowing
you to precisely set light lev-
el and color. It comes with
6:1 macro-zoom lens, mike,
and power supply. $1,150.




Back supporter

The Mark-Fore Back-Aide
seat is designed to counter
lower back pain and fatigue

\Nhat's New

FOR YOUR CAR

i caused by poorly designed
' VLRSS automotive seats. It's adjust-
-~ able for curvature, firmness,
4 height, and tilt. Price: $49.95.

- Nepsco, Inc., 53 Jeffrey Ave.,

Holliston, Mass. 01746.
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All-season tire

The unique “interior bloc”
tread design is said to give_
the JCPenney Mileage-maker
XP steel-belted radial extra
performance in all kinds of
weather. It comes in sizes to
fit most domestic cars, plus
many imports. Prices start at

$39.

Jeep/Toyota top Shifty clock
Husky’s Panorama Surveyor You could have time in your
convertible tops for Jeep and hands with the Time O’ Day
Toyota 4WD vehicles have gear-shift clock. Its hand-
wrap-around windows, are rubbed black walnut body in-
mildew-resistant, and are corporates a quartz clock
available with a tinted sun- with LCD display for time,
roof and windows. Prices date, and month. $30. Cre-
start at $325. Husky Products ative Products, Inc., 1426-B
Co., Box 1119, Longmont, Ritchey, Santa Ana, Calif.
Colo. 80501. 92705.

Mpg/fuel monitor

Maximiser observes road
speed and fuel flow o give
continuous readouts of mpg
or fuel consumption for a
complete trip or any portion
of one. It automatically
switches off in stop-and-go
traffic so it won't distract
you. Mobelec Ltd., Oxted,
Surrey, England.

Datsun cap

Ayr-Way's cap for long- or
short-bed Datsun pickups has
a fiberglass body and door,
screened sliding windows,
dome light, insulated roof,
and molded-in rear spoiler.
Price: $642. Ayr-way Ind.,
Inc., Box 426, Kendallville,
Ind. 46755.
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Solar

wood
dryer

quick-cures two coras

Sun-bake your logs for
early-season fires

By JEFFREY MILSTEIN

If you gather and split wood this
spring, will it be dry enough for your
stove or fireplace when the first cold
snap hits? Probably not. Even short,
split logs need up to six months to
reach an acceptable moisture level
(less than 25 percent).
- But there’s a way to accelerate the
process: Put the sun to work by build-
ing a shed from clear FRP. A solar
wood dryer can cut your drying time
by 50 percent or more.

In my design, dry air enters the
shed through the gap between the
walls and ground, picks up heat and
moisture as it circulates around two
cords of sun-warmed logs, and exits as
moist air through the top vents.

I used Filon’s Type 416 Standard
Clear corrugated panels in the six-oz.-
per-sq.-ft. weight. You could use
lighter material if snow loads aren’t a
problem; for very heavy loads, frame
the roof with 2x4’s. My panels cost
about $200, and I spent an additional
$125 on lumber and hardware.

The hinges on the walls let you fold
the shed for storage or relocation. The
two cross-buck doors hang from an
aluminum track. Treat or paint all
wood before attaching Filon. When
fastening the panels, I didn’t use the
customary filler strips. This allows
greater air circulation, but it means
you must nail through the corruga-
tion bottoms. Common nails are okay
for walls, but on the roof use nails
with neoprene washers to prevent
leaks. Follow the panel overlap pat-
tern (drawing) for a proper fit. W&
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Six stakes hold dryer
walls three to five inches
above ground. After po-
sitioning them, move
frame away so you can
swing clear (above). To
fasten panels (right),
predrill holes at bottom
of corrugations; carriage
bolt makes good nailset.
if you overdrive, Filon
will craze, so practice on
scrap. Space nails every
other corrugation along
edges, every third one
across center. On verti-
cals, nail every eight to
10 inches. For roof pan-
els, use Filon nails with
neoprene washer for a
tight seal.
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- Nowit'seasier than ever o

Cut to fit precisely, Armstrong’s Villa Italia
pattern vinyl flooring goes down without
trauma. Perfect cut is due to the new Trim
and Fit kit. It works with all Armstrong DIY
flooring, including the Premier Sundial
Solarian (about $16.50 per square vyard)
shown here and Tredway (about $10.25).
Both flooring lines need fastening only at
the edges. The $6 kit is available from
Armstrong dealers.

Elegant Congoleum Contempora flooring
needs no tacking at the edges. The flexi-
ble, easily handled flooring is designed
especially for do-it-yourself installation.
Branham Crest (the pattern shown)
comes in five colors, as do two other pat-
terns: Emerald Glen, a natural stone look,
and Legacy, a ceramic-tile-like design.
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Two major manufacturers
offer a clever new kit
and flexible flooring

By SUSAN RENNER-SMITH

A gleaming expanse of sheet vinyl can
revitalize the appearance of a room. It
can also unify two adjacent areas such
as a kitchen and family room. Today’s
deep-cushioned, no-wax sheet floor-
ings offer the added bonuses of com-
fort and easy maintenance. And in-
stallation no longer means wrestling
with adhesive and trowel-many

sheet-vinyl floors need cement (or sta-
ples) only on the perimeter to keep
edges from rolling. (Seams, of course,
must be cemented, too.)

With all these Lkenefits, why have
many homeowners chosen self-stick

vinyl tiles over the often more elegant
and comfortable sheet-vinyl floors?

Fear of messing up—and of messes.
Do-it-yourselfers dread the wrong cut,
the slip of the knife that leaves a gap
where vinyl is meant to flow smoothly
around cabinet or stove. They’re also
fearful of a bungled cement job, or
even of undertaking an arduous sta-
pling job.

Now both Armstrong and Congo-
leum have introduced products that
can help allay these fears—and make
laying sheet-vinyl flooring easier
even for the most timid among do-it-
yourselfers.

Armstrong’s Trim and Fit kit sup-
plies a number of simple tools to solve
some nagging installation problems.
It can be surprisingly difficult, for
example, to find or piece together
enough paper to make a room-size pat-
tern. Trying to tape wrapping paper or

newspapers into a large enough piece
is frustrating and almost ensures a
sloppy pattern—and probably a cut-
ting mistake. So one of the most
important components of the Arm-
strong kit is a giant, 12-by-15-foot
sheet of paper for pattern-making.

Both tracing and transfer tools also
come with the kit. These unique tools
make it easy to use the paper pattern
as a guide for final cutting (see pho-
tos). The kit also includes a pen, a
blade that converts the transfer tool to
a utility knife, and instructions.

Flexible flooring

By eliminating even the steps
needed to secure the edges, Congo-
leum has broken the last barrier to
easy installation of sheet-vinyl floor-
ing. Contempora, Congoleum’s new-
est line of sheet vinyl, needs no edge-

Continued

. 4 3 . ﬂﬁ-wf : _:w__,__,:*‘": _-:‘.- oy m&%*;;
Room-size paper pattern from Armstrong's kit (top left) need be  lined up with the line marked on the paper. Tracing along the
cut only to within ¥% in. from walls and protrusions. Running the  outer edge of the transfer tool makes up for the missing inch.
tracing tool (top right) along the walls creates an exact outline of  Attaching its blade converts the tool to a knife designed espe-
the room, minus one inch. With the pattern laid on top of the cially for following the room outline drawn on the vinyl (above
flooring, the inside edge of the transfer tool (above left) is then  right). Once cut, it's a simple matter to lay the floor.
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stapling or cementing (except at
seams).

The new flooring, says Congoleum,
lies flat without adhesive and neither
curls at the edges nor shrinks after
being laid. Its construction prevents
cracks and ridges from showing
through the vinyl and gives a smooth,
flat fit that floats over most subfloor
irregularities. For this reason, claims
Congoleum, little or no preparation of
the subfloor is needed—it simply must
be dry and structurally sound. Suit-
able subfloors include all grades of
concrete, and even cushioned vinyl
floors.

Though strong and durable, the
flooring is also flexible. Contempora
can even be folded or bent for short
periods of time without damage. This
makes it easier to handle during
installation. In fact, says Congoleum,
you need not precut Contempora—just
lay it in a room and cut to fit (see pho-
tos on this page).

This convenience, of course, adds to
the price. The new Contempora costs
about $18.95 per square yard—but
you do save the price of cement and
the time spent using it. - 8]
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flooring down, allowing edges to lap up
onto the walls (1). With a straightedge and
utility knife, trim excess flooring one-
guarter inch away from the wall to allow
for subfloor expansion (2). (Cove molding
can be added for a finished look.) At cor-
ners, make diagonal cuts until the flooring
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to place. At doors you can
make a series of slits in the excess mate-
rial, then press the vinyl flat against the
floor and trim off at the crease (3). Or you
can first undercut door trim with a hand
saw (4). (A sheet of cardboard will pro-
tect flooring.) Then simply shove the
rough-cut vinyl under the door trim (5).
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What Makes the Shopsmith MARK V

a Better Buy for a Serious

Craftsman than a Whole .
Workshop Full of Costly |

Single Purpose Tools?

Here are seven reasons that
make the MARK V a better

buy:

REASON 1. With the MARK YV
you can have the complete

home shop to do accurate
woodworking for considerably
less than you would expect to
pay for comparable single
purpose tools. That’s because it
gives you the five most needed
woodworking tools—a 10” table
saw, a 16%” vertical drill press, a
horizontal boring machine, a 34”
lathe and a 12” disc sander—all in
one compact unit.

REASON 2. You can do more
with the MARK V than you

can with single purpose tools.
It lets you “‘share’’ features of one
tool to enhance the capabilities of
another. Because of this
advantage, you can perform jobs
with precision that’s just not
possible with individual tools.

REASON 3. The MARK V takes
up far less room than
individual tools. In fact, it takes
up less space than a bike (2'x 6”).
So you can have a lot of shop even
if you don’t have a lot of space.

REASON 4. The precision’s
built right into the MARK V.

The control is built into your unit.
So you make fewer mistakes. . .
waste less materials. . . have more

successful projects in less time.

REASON 5. Your MARK V
workshop grows with you. As
vou learn more skills and develop
more needs, you can add other
Shopsmith tools and accessories
to your system. . . and they all run
off your MARK V motor. So they
cost less than buying individual
tools.

It's a vertical
drill press.

It's a disc sander.

It's a lathe.

REASON 6. The Shopsmith
MARK V is easy to learn and
convert. It comes with home
study manual and text that makes
it simple to use. . . even for a
beginner. And after only an
hour’s practice you'll be able to
change from function to function
in only 30 to 90 seconds.

REASON 7. Over 250,000
MARK V’s have been
purchased since the machine
was introduced. . . and nearly
all are still in operation today.

The Shopsmith
MARK V —
the tool to start with. . .

the system you grow with!

It’s a horizontal
boring machine.

It's a table saw.

The Shopsmith MARK V is built
to last a lifetime.

Send for FREE Information
We’'ll send you all the

information you need on the
amazing 5-in-1 MARK V
absolutely FREE and without
obligation. We’ll also tell you
how you can actually test-use this
remarkable machine in your own
home for 30 days without risking
a penny! Just mail the coupon for
the free facts today!

FILL IN, DETACH AND MAIL

r‘--------—-_---- ---------------------- L 1§ ¢ % & 40 ¢ § § § § § |

o

Name

Shopsmith Inc.

The Home Workshop Company
750 Center Drive, Vandalia, Ohio 45377

Dept. 352E

O YES! Please mail me your FREE Information Kit on the
Shopsmith MARK V, and facts about Shopsmith’s exclusive 30-
day Money Back Guarantee. | understand there is no obligation.

Address

Clity

State

Zip




Roof tile paves this .

siate-tile .
pano

Setting salvaged tile in a mortar bed
produces a low-cost, one-step patio

By ALDO P. BIAGIOTTI

Like many homeowners, I had always wanted a patio.
What better place to relax on summer evenings? Since |
was afraid a mason would trowel my wallet as flat as the
mortar, I decided to try the job myself.

I checked on the possibility of flagstone, and the price
sent me scurrying for a reasonably priced substitute. An
acquaintance had a stack of red slate roof tiles, eight by
four by % inch thick, and suggested I use them. I did, and
the results have proved practical and pleasing.

After determining the size and outline of the new patio, I
removed soil behind the house so when the tiles were set in
a three-inch mortar bed they would finish about even with
the threshold of the cellar door. I dug out enough earth to
ensure a pitch of about one inch across the patio’s width to
carry off the rain. I also dug a narrow trench about 1Y% feet
down at the outside edge of the patio to reach below the
frost line.

Next I built a perimeter frame of 2x4’s with another 2 x4
down the middle to divide the frame, since I planned to lay
only half of the patio in a day. I used a level to set the pitch
of the frame and braced it with stakes. The frame and mid-
dle board would serve as a guide to keep the tiles straight
on the pitch away from the house.

After the form was in place, I made the mortar by mixing
Portland cement with sand, then adding water. I mixed 40
shovelfuls of sand with each 94-1b. bag of cement, a ratio of
about two or three units of sand to one of cement. Mixing in
a flat-bottom mortar tub was a little easier than in the
wheelbarrow, which I used to move the fresh mix.

I dumped the first load of mortar in a lower corner and
distributed it roughly with a shovel, tamping it firmly into
the perimeter trench as well. Then I used a trowel to bring
the mortar flush with a guide board laid across the frame. I
set the first tile in the mortar, tapping with the trowel
handle until it was settled firmly and flat under the guide
board. I took advantage of the two holes in the tile to anchor
it firmly with a couple of galvanized nails tapped into the
mortar, If it was too difficult to settle a tile low enough, I
picked it up and removed a little mortar; if the tile was too
low, I added mortar. Another way to lay tile is to pour a
concrete slab or lay a gravel bed first, and set slate, brick,
or stone in a thinner bed of mortar on top. I decided to do the
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Smoothing the mortar between tiles with a jointing tool is
author Biagiotti (above). The finished patio can be seen on facing
page. The red slate tiles used were salvaged from roofs of older
homes in Ridgefield, Conn., where author lives. Salvaged tiles
are often advertised in local weekly papers. Although the author
did not use reinforcing wire (since his patio wouldn't carry heavy
weight, as a driveway would), it's best to include six-by-six-in.
wire mesh, or other reinforcement, in any mortar or concrete
base to help prevent cracking and frost heaving.
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job in one step, spreading my mortar directly over the
scraped earth.

In areas that did not take a full tile, I made the tiles
smaller by chipping away slowly and carefully with a mor-
tar hammer. Whenever I tried to whack off a large chunk,
the result was shattered, unusable fragments.

After laying several tiles, I used a jointing tool to smooth
the mortar in the one-inch joints. After the tiles were laid
on one side of the patio, I removed the 2x4’s next to the
house and filled the voids with mortar.

| allowed the first half to cure overnight, sprinkling it
very lightly with water a few times to aid curing. The next
day I filled the rest of the frame with tile, For an invest-
ment of $50 for 12 bags of cement, | constructed a patio that
will bring many years of enjoyment. a:
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TAKING CARE OF YOUR CAIR

Got a useful car tip? Send it (with Social Security No.) to Car Care, Popular
Science, 380 Madison Ave., New York, N.Y. 10017. We'll pay you $25
if we use it. If two or more readers send in the same usable tip, the one

By RAY HILL

with the earliest postmark will be chosen. Sorry, but tips can’t be returned.
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Two likely causes of engine stalling when driving away

A cold engine that stalls when the auto-
matic transmission is placed in gear may
have a misadjusted or bad choke kickoff.
Remove the air-cleaner top. Watch the
choke plate when the cold engine starts. It
should open slightly. If not, adjust the
kickoff until it opens the plate the small
amount specified in the shop manual.
(Some cars have two kickoffs. One opens
the choke at start-up; the other opens it a

I. 1\:I..'

e gty

Bad pickup leads

An engine that turns on and off during
acceleration may be cloing so because of a
faulty pickup. On some cars, the pickup
leads touch the cistributor housing.
Breaker-plate movement can eventually
rub the insulation from the wires, allow-
ing them to ground to the distributor
housing. To check for a short, disconnect
the distributor-advance vacuum line, then
accelerate the engine. If the problem dis-
appears, the leads are probably faulty.

little more, shortly thereafter.) If the kick-
off linkage doesn’t move and the kickoff is
getting vacuum, the kickoff is bad.
Replace it. If the choke is okay, check fast-
idle speed with a tachometer. It may be
too slow. Position the fast-idle cam as
instructed in the shop manual, and note
engine rpm. If you find that fast-idle
speed is wrong, adjust it to the speed
called for in the shop manual.

b g

L
[

Rough idle

A bad EGR valve can cause an engine to
idle roughly. Disconnect the vacuum line
to the EGR valve and see if the idle
smooths out. If it does, the problem is in
the vacuum system leading to the EGR
valve. If the idle remains rough, shut off
the engine and remove the EGR valve.
Inspect it for carbon buildup, and be sure
it seats properly. If the valve can’t be
cleaned and/or doesn’t seat correctly,
replace it. Be sure to use a new gasket.

An often-neglected item under the hood is
the battery hold-down. If it's loose, the
battery can bounce around excessively
and its life may be shortened. Whenever
you check the battery-fluid level, try to
move the battery with your hand. If you
can move it, tighten the hold-down until
the battery is secure. If the hold-down is
missing, as it sometimes is with used
cars, install a new one.

Sinking brake pedal
Your car’s brake pedal slowly goes to the
floor while you're stopped at a light.
Releasing the pedal and depressing it
again results in the same thing. If this hap-
pens to you, an external leak or a bad
master cylinder could be the cause. Check
the brake-fluid level in the master cylin-
der. If the fluid level is okay and there are
no external leaks (at hoses, wheel cylin-
ders, etc.), the master cylinder is probably
defective. Replace it.
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By ROY DOTY

$50 to Allen Hancock of Portola Valley, Calif., for this idea. Send yours
(with Social Security No.} to Wordiess, PopuLar Science, 380 Madison
Ave., New York, N.Y. 10017. Only purchased ideas will be acknowledged.
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_SPREAD BAG,
[VACUUM, MULCH,
{SHRED, DE-THATCH
...YOUR CHOICE
ITH ASNAPPER.

LA AF T R - b e DR LRULL L = FWAIT LB TS ALY

NAPPER walk mower, depending on how equipped, wili mow, oio
bag, vacuum, shred and muich. Every self- propelled will ala'c:- de-thatch.

A Mulchenzer ™converts a SNAPPER to a mulching mower so your cuttingg
become lawn food and you don't have to rake or empty a baq. But unlike
one-function mulching mowers, when your grass gets too tall or lush for
mulching, your SNAPPER can be returned to a superior bagging mower.

By adding a Snapperizer ™to your SNAPPER, you convert it to a leaf
shredder and lawn vacuum 50 you can go over four times as far wathout
emptying the catcher.

With a Zip Kit ™, you can empty cuttings directly into plastic trash bags.

A Thatchenzer ™converts SNAPPER self - propelled models for removing
thatch which prevents your lawn from getting the air,
water and food it needs for healthy growth. Even
more bime-saving when used with a grass catcher.

You also have the choice of trimming closely withsa 7
a large -capacity rear catcher; six forward speeds on
rear-wheel-drive, self - propelled models; 19" or 21"
cutting width; and, 3, 3)4, 4 and 5 HP engines.

See your local SNAPPER dealer,

the Yellow Pages or write:
McDonough Power Equipment | __ 7
gTah:Ehnm@qESAp-IEDEEJ ! %ﬂ* MUWBI’S Tllers Tractnrﬁ
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ISING
FUELCOSTS
MAKE YOU
DLUE,
THINK PINK.

Cheer up, things could get worse.

The cost of fuel, for instance. It may double In the &
next ten years.”

But you can fight back. With an extra layer of pink
Owens-Corning Fiberglas® g insulation in your
attic. Pink Owens-Corning ® is Americas --
best-selling insulation. Add ¥ a little extra.

Insulate your attic, walls | exposed
to heat and cold, and floors
over unheated garages and
crawl spaces. The way things are,
it could be more expensive not to.

Savings vary. Find out why
in the sellers fact sheet on _
R-values. Higher R-values mean
greater insulating power. [

* Source: Data F-'Ies-::nurr:es Inc I
rdlh 110 eq-SetutalblE i WS




OHOP TALK

By PAUL BOLON
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SOLARIUM

New wrinkle in loop houses

Passive-solar homes have always had one
nagging limitation: Gathering more heat
inside during the day requires increasing
the area of glazing, 'which, in turn, results
in increased nighttime heat loss since
glass is a poor insulator. The SunScoop
concept may be an answer to this dilem-
ma. The SunScoop modifies the simple
overhang, considerably increasing the
“window" area of solar collection without
increasing the area of glass.

The SunScoop eccomplishes this by
adding low-angle mirrored surfaces in
front of a window and making the under-
side of the overhang reflective, too (see
drawing above). In winter, when the sun is
low in the sky, the window receives direct
light plus sunlight reflected from the sur-
faces in front of the window. The window
and glass are also set at an angle to min-
imize reflective losses when the sun
shines directly on i in winter.

If the mirrored surfaces are optimally
aligned to the sun (a function of the lati-
tude at the site), the SunScoop almost
doubles the amount of solar energy that
would normally erter the window, says
Gerald Kitzmann, president of Salgary
Corp. and originator of the SunScoop
idea. According to Kitzmann, this extra
energy gain is enough to meet the total
heating needs of a home or other building
throughout the entire year. As you can see
in the graph (right) from Salgary Corp.,

SUMMER
SUN

OVERHANG -

WwWIiNDOW

e

UPPER FLOOR

the curve of the solar input from the Sun-
Scoop closely follows and exceeds the
heating needs of a house, slowly turning
off in warmer months.

Salgary Corp. has applied the Sun-
Scoop exclusively to double-shell, or
loop, houses [“Double-Shell Solar
House,” PS, Dec. '79]. In these designs the
SunScoop is in the top floor or attic along
the entire length of the house and func-
tions as a ‘‘solar amplifier,” says Kitz-
mann. Air heated by the sun behind an
all-glass south wall (a solarium or green-
house adjacent to the living space) rises
up and over the inside shell. In the Sun-
Scoop design, this current of air draws
even hotter air from the ““solar amplifier”
as it circulates down the north side of the
house, through rock storage in the base-
ment, and returns to the south wall.

The SunScoop’s mirrored surfaces are
produced by bonding 3M’s reflecting film
FEK-244 to a special grade of hardboard.

SOLAR GAIN
FROM
SIMPLE

SOLAR GAIN
L WITH
4 SUNSCOOP

ENERGY NEEDS

T T
WINTER SPRING

A metalized film, FEK-244 isn't degraded
by long exposure to ultraviolet light—it's
used extensively by the solar industry as a
reflecting medium.

Salgary Corp. has completed design
work for several different styles and sizes
of homes and is presently building a
house in New Paltz, N.Y. This will be a
demonstration model open to the pubilic.
Construction of four homes is scheduled
to begin soon, Kitzmann reports. Salgary
Corp. intends to control construction of
houses and other buildings incorporating
its concepts. For the present, use of these
concepts will be restricted to franchised
contractors chosen on the basis of experi-
ence and reliability in the solar field, the
company says. Kitzmann explained that
proper quality control is essential in loop
houses. Some builders may try to substi-
tute for materials that are not available
locally, and loop houses require rigorous
adherence to design specifications and
materials to ensure that the passive sys-
tem will function as planned. For more
information, write to Salgary Corp., 7
innis, New Paltz, N.Y. 12561.

Solar information

The answer to the often-heard question,
“Where can | find information on solar
energy?” is the 71980 Solar Information
Locator. The 58-page book, published by
the Solar Energy Research Institute (often
recommended to PS readers), is a handy
and complete reference to state energy
agencies; private organizations with ac-
tive research programs; federal agencies;
regional and university centers of re-
search and publication; and periodicals
{like POPULAR SCIENCE) that regularly report
on the solar field.

In all, the Locator lists over 300 organi-
zations. A limited supply of copies of the
1980 Locator is available free from the
SERI Document Center, 1617 Cole Blvd.,
Golden, Colo. 80401,

Once SERI's supply is exhausted, cop-
ies can be obtained from the Superinten-
dent of Documents, U.S. Government
Printing Office, Washington, D.C. 20402. It
helps to mention the book’s catalog num-
;:gn stock #061-000-00454-8. Copies are

.50.

Notes from underground

Underground Plans Book-1 by architect
Malcolm Wells and co-author (and son)
Sam Glen-Wells is a follow-up to Wells’
earlier Underground Designs. This new
book is devoted to larger sketches and
plans for underground homes with siting
constraints (a north slope or a flat area, for
example) and some new ideas (Truss
Home, Terrasolarium). It aiso includes
drawings of construction details common
to mole-level homes and cursory discus-
sions of such topics as room layout, land-
scaping, and waterproofing. The plans
themselves are purposely incomplete—
the authors are only "“idea generators.”
So don't look for wiring details and other
practical information you'll need to com-
plete a house. The 44-page book is $13
postpaid from Malcolm Wells, Box 11489,
Brewster, Mass. 02631. B
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DO YOUR OWN CONCRETE

WORK AND GET PRO {9@ 5 B
RESULTS EVERY TIME TO FIND @)lz, Say, Smokey—
Build cement floors, patiusf. w#\la, .gcfggéralar e ANYTHINE [Continued from page 70]
?Jg:wvﬁ?trﬁ {.IE di?:ﬁgg, qsta?a-h;t Book BY MAIL Look for coolant leaking under operating
step plans in HOW TO WORK S . S ) e pressure. It doesn’t take much of a leak to

Direclory of over 2000 -of the besl
mail order catalogs, what's in them decrease the coolant supply enough to

and how 1o get them . . . most cause overheating.

FREE! 176 indexed pages. If not The system should be liquid-tight to at

?:;‘,‘;f;,*,‘;t;* i:;ﬂr,'f, i least 15 psi. Also be sure when you fill the
Order Now. Send $9.95 check or Master Charge/Visa no. and system that it is full. It's easy to have air
expiration date to: pockets and think it is full.

PINKERTON MARKETING INC. L : .
1375A Oak Terrace. Lake Bluff. IL 60044 Try drilling a %-in. hole in the thermo-

It you order within the nex! fitteen days, we will send stat for a constant bypass.

you absolutely FREE a three month subscription 10
‘“The Best to You by Mail,"" a fascinafing monthly news-

etter. Each issue brings you details on al least 20 new |5 hﬂlf a V8 gﬂﬂd?
catalogs, special offers, histing changes, bargains = . . and

much more, Send In your order today! I've seen articles recently on how to
change a V8 to a V4. It sounds attractive at
first glance and I'm considering it. But |
have several concerns. For example,
wouldn’t this put quite a strain on the
head gaskets due to the temperature dif-
ferences? What would happen to the un-
used cylinders, the distribution of oil, etc.?
Is this conversion truly practical?

Steven C. Hayes, Greensboro, N.C.

WITH CONCRETE AND
MASONRY.

Learn to build strong,
level forms. Find out how
to buy, mix, cure, pour and
trowel cement, plus how
to get interesting designs
and textures. Much more!
Over 200 photos make it
easier than ever.

To order, send check or
money order for $3.95 to:

POPULAR SCIENCE BOOKS | b8

.Pl14¢ Box 2018
Latham, N.Y. 12111

Your concerns are valid. The real trouble,
though, is in driving it up a hill on four cyl-
inders. Yes, | know lots of folks say no
sweat. If you think so, go ahead and try it.
But be sure you leave the door open to
come back. .

In flat country, in no hurry, with no load,
you can get by—but not very well. Here's
where a cheap blower kit would really be
great. But blower kits can’t be cheap.

There's no magic. Weight and cu. in.
have got to go down, but within reason.
You have to keep a balance.

White stuff in oil

| have a ‘78 Maverick with a 250 six-cylin-
der engine and about 57,000 miles on the
meter. During the last several thousand
miles | have noticed a whitish gel-like sub-
stance at the top inside of the oil dipstick
tube. There are also little globs on the
dipstick as well as on the underside of the
valve cover.
| took a three-week vacation trip this
past summer to Florida and then to Okla-
. homa before returning home, and never
noticed this. There doesn’t seem to be any
problem with the cooling system leaking,
nor is the car using any oil.

When Buck designed the first lock-blade folding hunt- A. N. Geary, Taunton, Mass.
ing knife in 1963 .it literally revolutionized the field. Sounds like water in the oil. Maybe not a
Imitated by many, it's never been equalled. Now Buck leak, but condensation mixed into the oil.
introduces The Classic. This magnificent new knite Eﬁ;ﬁi‘ﬂfffﬁﬁpﬂ:ﬂe T;ﬂ::hnegff ;;r;r:ﬂé
offers all the inherent advantages of the Folding Hunt- heat it to about 200 degrees F with no
er, but 1s much lighter in weight with its beautifully open flame and no lid. | bet you go-back to
patterned aluminum handles. The Classic comes in its ” E’;Tﬂﬂ”’; gﬂ’i’;ﬂ R —_—
own natural brown leather sheath with matching en- bard oricaina while or add hieat 1o the oil
graved look. See The system. |

Classic (Model 111)
now at your favorite

dealer. It's a classic Ei ['

you'll want to own! KNIVES ———— -

Famous for holding an edge!

Water from tailpipe

An excessive amount of water comes out

of my car's exhaust pipe. It is a 1936 Cord.

How can | find where it's coming from?
John McGowan, White Pigeon, Mich.

For free booklet, KNIFE KNOW-HOW write: A cylinder-leakage test and dye in the
Buck Knives, Inc., Dept. PS-481, PO. Box 1267 El Cajon, CA 92022 coolant will show where the ff%t;iﬁ ;L 3
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You Missed it Long Enough . ..

] Fabulous FOLBOTING Now
s for greater Sport and FAMILY FUN

unlike any other . . . now preferred by thousands of SENSIBLE Outdoor folks

America's NEW joyful adopting GRACEFUL Folbot action for vital recreation,
CAREFREE Recreation and gladly abandon motor boating’s complex aggravation.

Economy-smart Folbot IDEAL around home waters
and most travel-smart everywhere Worldwide !
- SAILING _ SRR TR Sl WNES /-

—

HANDY 1472 foot ‘GLIDER’

Yacht-smart

-
Superior HIGHPEAKED Folbot sallrig *
GLIDES gently in zephyrs and fairly flys you 6
pointing up or cruising down wind, Added NEW m '
any time. beautiful Dacron sail and all gear ECDI‘IDmiE

-

e o FXCLUSIVELY Folbet Relawed

\ . & ;- Prefab Kits Comfortably relaxed in deep-seated Folbot and
- - gL FromS17e WITHOUT mechanical clutter, YOU command a
"J — / “ F"““g Bi:"‘ gracefully dipping blade or sail about in glorious
_ 'E':, .8 a F?nm$2gg style. Enhanced by Folbot's IDEAL pace, YOU
i - — Folding luxuriate in Quiet Folbot splendor or else, frolick
. ° From $549 with good companions amid delightful Folbot
e Sailrigs oacroN Fun and Beauty all around YOU for Carefree
From $249 and most beneficilal Recreation afloat
AMERICA'S Ship-shape Small Craft since 1935 _ Easy
Top National safety records ¢ PREFAB
Avoid the risks and discomfort of tippy canoes, skimpy

! - : kayaks, wobbly inflatable rafts! NOW, you GLIDE securely
Wlld“fe StUdY, Huntlng, in perfected Folbot, completely relaxed in EXCLUSIVE

F|SH|NG is TEHHIF'C swivelback COMFORT. America's foremost small craft in

various styles and colors from 1 to 4 seaters, GLIDE

I ]
e -.
. ]
s
¥ P -
i r'l“-
o gk
v E I

ur:dl.!mﬁ Ay*r ﬁTHEIF!.“F::hhﬁ;rful FFI."‘phrt:JuI:'rsl_J:pnn smoother, faster with EASIER lightweight double blades,
unusual explorations in "Fabulous Folbot Holidays' efficient yacht-smart sails, small motors. Perfect for ==
. . 308 fun and fact packed pages with 280 beautiful ; e i
e { SENSIBLE Folbot Cruisi nature study, scouting, float cruising, supreme in White
magnificent_ waterlanes from he_ Arctic fa the Water, Surf, Marsh and Sea. Most INEXPENSIVE in EAsy ~ EDUCATIONAL HOBBY
;rﬂ:;ﬁ&nalung charming crysiafl runs, sprightly PREFAB Kits or ready FACTORY BUILT; also travel-smart saves half your money
alloring M‘f:’;;:;“ﬁ-l ;E?:gl::t:. St ok ::3 FOLDING types to fit inside trunk or aircraft. bly With
n&‘f&‘ﬂf&“‘i’ﬂ‘ you are guided tth;mmm FLOAT- BRILLIANT COLORAMA OF FOLBOT ACTION AND :fﬂfainlgfrs;:;; ian B
sailing, iti ing. hunting, i 3
e 0. posiw fshisg g, RECREATION in huge catalog with startling facts & : 0“5;3 ke Ditvs
novice, Iﬁﬁ:ﬂl‘:r: acventurer ___ it inspires the low cost figures rushed to YOU First Class for $2— ings y vays.
u ™ H -
AR s e BBt om s Mail coupon or address with $2— 100 . -0 i '

all Outdoors, you have probably missed for so long! Folbot Corp. PS481 Charleston, §.C. 29405
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1
i
BooK _ | e R S = =
s o e o ar telephone 803 744 3483 — For RUSH incl. $1 First Class Postage — : e

: ; | ADDRESS . .. _ == '
. BEST of ALL . . Most inexpensive now ! * :
|
| — . e - — —.
"
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+ YOU SAVE on LOW FACTORY PRICES
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SHINGLE
for the LAST TIME!

Exciting new roofing beauty.
Embossed aluminum shingles.

Available in 8 colors.

® IDEAL FOR BOTH NEW HOMES AND REROOFING!

¢ ENERGY SAVING — REFLECTS 80% OF RADIANT HEAT!
e SHEDS SNOW LIKE NO OTHER ROOF CAN!

¢ LIGHTWEIGHT—46 LBS. PER SQUARE!

e WIND RESISTANT UP TO 150 MPH!

e PROVEN EXTREMELY HAIL RESISTANT!

® HUD/FHA ACCEPTED!

e UL APPROVED!

¢ 50 YEAR LIMITED, TRANSFERABLE WARRANTY!

The rugged protection of aluminum. ..
The Reinke Shake is made to last, protect
and beautify for years to come! Unlike
asphalt and wood, Reinke Shakes will not
rot, burn or warp; will not split, crack or
curl from summer heat or winter cold.
Holds tight in winds of 150 mph.

Protects against fire, hail and heat loss. . .
Our aluminum, corrugated shake protects
home or buildings against fire producing
air-borne sparks and provides rigidity
against damaging hail. Helps reduce air
conditioning/heating costs in comparison
to other roofing materials.

I Natural (unpainted). ...............
*Plus Nebraska sales tax where applicable.

Color-matched Nails & Valley; 18 inch-wide felt—EXTRA

ALL PRICES ARE F.0.B. FACTORY
Prices & specifications subject to change without notice.

...................... $69.60 sq.*

Beautiful and long lasting...The em-
bossed surface and textured ridges of the
Reinke Shake create shadow lines, rich
character and added sophistication to any
home or building—be it old or new.

DO-IT-YOURSELF

You can easily install Reinke Shakes
on most types of roofs. Your neighbor will
average putting on a new roof every 12 to
20 years. . . now that’salotof work and a
pinch on the budget too. With a Reinke
Aluminum Shake roof, you get a weather-
tight, long-life roof as attractive as it is
economical!

SAVE-BUY FACTORY-DIRECT!—,

5% discount on Factory Orders shipped prior to July 1, 1981.
Embossed Aluminum Shingles: Colors — Tile red, brown,
white, It. gray, dk. gray, It. green, tan, gold................. $99.10 sq.*

(Sq. equals 100 sq. ft.)

REINKE SHAKES

A Product of Reinke Manufacturing Co., Inc.
Telephone Area Code 402/365-7251
Dept.PS-4-81- 4th and Bryson * Deshler, Nebraska 68340
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“Say, Smokey—"
[Continued]

Bad steering pump

My 1977 Pontiac Catalina Safari station
wagon has developed steering problems.
The wheel binds only when turning to the
right, usually only in tight areas such as
when parking. The power-steering fluid
level is normal, and the wheels have been
realigned. My Pontiac serviceman says
the problem may be in the spool valve, He
has tested various elements, but has
found no positive proof of what's causing
the problem. At this point he is unwilling
to take apart the steering box because it's
a difficult and costly job.
What do you think?
Y. Azia, Hewlett, N.Y.

I'd disassemble, examine, and repair as
necessary. Sure, it can run into a few
bucks, but compared to your hide, it’s a
bargain. | have seen the problem caused
by busted-up bearings, which can be seri-
ously hazardous.

Gasket. keeps breaking

| have a 1977 Hornet wagon with a 258
engine. It has 45,800 miles on it. I've just
replaced the gasket between the header
pipe and the manifold for the third time.
Can you tell me why the gaskets keep
going bad? The exhaust hangers are all
okay, but the exhaust does drag some-
times on bumps in parking lots. Could that
be causing the breaks? -

Also, we get an awful lot of heat in the
car from the engine. I've had the solder
melt out of two different fuses. The tem-
perature gauge reads normal with just
straight water in the cooling system. Add
antifreeze, and it runs hotter. | have
replaced the thermostat and am getting
the same results.

Don Storey, Oxnard, Calif.

How the exhaust is suspended from the
vehicle is important. Stop the car from
bottoming, and check for exhaust-system
vibration when the engine is running.
Sometimes a quick fix is to add a spring or
two to dampen resonance. But this is not a
job for the average do-it-yourselfer to
tackle.

The fuse trouble could be fixed by
changing to another brand of fuse, or by
adding insulation in the fuse area.

As for the engine running hotter when
you add antifreeze, this is unusual. It
should run a bit cooler. Of course, all
brands aren’t the same. If you're under
205 degrees with water, | wouldn't worry.
Still, for optimum cooling-system protec-
tion, you should have antifreeze in there,
too.

Each month in POPULAR SCIENCE Smokey
Yunick answers questions on cars—family
cars, high-performance jobs, hot rods,
and racing cars—selected from those sent
in by readers. Got a problem? Send it to:
“Say Smokey—", Popular Science, 380
Madison Ave., New York, N.Y. 10017.
Questions cannot be answered by mail.

+

A




L
L

'y

i
)
1
!
]
]
i
;
i
:
L

55rnatal turnmg Iathe is enginaeretf fur b:ﬂ,hf

VHUED Atias lathe you can turn
your garage, shup or basement
mtn a prnf:tahla spare or part

light industrial application and home work-

shop projects. Priced to fit your budget, yet
loaded with features—a full 12" swing,
with 36" between centers. Equipped with
reversible power cross and longitudinal
feeds and a timesaving quick change gear
box. Sixteen speeds, from 28 through 2072
RPM. Available in either inch or metric,
bench and pedestal models. Made in
U.S.A. Take advantage of the special pro-
motional sales now in progress at all par-
ticipating Atlas dealers

grind
bore
Iream
knurl
drill
mill
machine
thread

_eholish
screw cut
vod turn
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Mail To: Atlas Tool Company, Dept. 500
2019 N. Pitcher, Kalamazoo, NI 49007

Please send free Atlas Catalog plus name and address of
nearest Atlas dealer.

Name
Address

City

L--—-----J

Simplicity
Tractors
Performance

Proven for
Lasting Value.

LONGER MACHINE LIFE.

S e o subbOS  DEPENDABLE RESULTS.
helps reduce vfbraﬁur; Single-belt mower designed

' to operate trouble free and

to prevent scalping; pivots

with axle to follow ground con-
STURDY CONSTRUCTION. tours for smooth, even cuts.

All-steel body helps tractor
slug it out with the tough jobs
and come back for more.

RUGGED VERSATILITY.
Simplicity-built cast iron

SMOOTH OPERATION. transmission is strong
Air-cooled twin cylinder or enough to pull a plow, throw
balanced engines. snow, till, doze, tow.
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When you wa epéndarhry look for..

Slmpln:llq

AN ALLIS-CHALMERS COMPANY

Simplicity Manufacturing Company, Port Washington, Wl 53074

SEE YELLOW PAGES FOR NEAREST DEALER.
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Customers bring their Rolls, Mercedes,
Jaguars, etc., into our shop and pay up
to $150.00 for a Power Gloss applica-
tion because the Power Gloss brilliant
shine and protection is the finest they
can find. And, we guarantee it for 18
months,

THAT SAME SHINE
IS YOURS FOR $14.95.

Now even your bug can wear the Rolls
Royce $150 shine for only $14.95 by
mail. Your shine and protection also
carries our written registered 18
months guarantee.

Power Gloss is a catalytically
hardened silicone that forms a clear,
tough, transparent shield. Once
applied, this shield seals the surface
against the sun, smog, detergent,
gasoline, saltwater air, road oils and
just about everything else.

NOTHING STICKS.

Power Gloss dries so hard and slippery
that nothing gets a grip on your finish.
Grit, tar, grease, bugs, tree sap and
ever-present bird droppings slide off
the surface with just a soap and water
washing. Then the diamond bright

shine reappears with no rubbing or
buffing.

SHINES AND PROTECTS
ANY NON-POROUS SURFACE.

Power Gloss resists scratches, restores
sparkle and cuts maintenance on paint,
fiberglass, porcelain, plastic, chrome,
and stainless steel, and practically
anything you can think of.

Enclosed find $
order for the following:

[0 1-Power Gloss at $14.95 (add $2.00 for
postage and handling).

[0 3-Power Gloss at $39.95 (add $3.00 for
postage and handling).

with my order,

P — ey
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check or money

O Send the $150.00 Shine Business opportunity plan

THE $S150% SHINE.

No wonder consumers all across
America and around the world order
Power Gloss by mail. Car owners, car
dealers and car detail shops here and
over seas buy direct from our faetory
And now Power Gloss is available
through independent direct sales
Distributors.

THE $150.00 SHINE
BUSINESS OPPORTUNITY.

Hundreds of our satisfied customers
have joined our direct marketing team
to become part time and full time
Distributors in their locality. The
Power Buffing and Polishing machine
that we use to apply Power Gloss com-
mercially is now available to any
customer who wants to cash in on the
$150.00 shine business opportunity.

If you haven't tried Power Gloss yet
send in the coupon below — or call
213-944-9229.

BANKAMERICARD, VISA AND
MASTER CHARGE ACCEFPTED

Acct. No.

POWER GLOSS « BOX 2566 « DEPT.PS14 < 11805 TELEGRAPH, SANTA FE SPRINGS. CA 90670 |

CREDIT CARD ORDERS CALL 213-944-9229
TWX NO. 910-586-1855 ANSWER BACK TORCO SFES

Exp. Date

Signature

No C.0.D.

California residents add 6% sales tax.

L_—-_—_—_“-——

FREE

COLOR CATALOG

Build Your Own

Grandfather Clock
Prices Starting Under

200

(including movement
and dial)

e Do-it-yourself case
kit, parts pre-cut

® Finished clocks

e Solid 3/4" hard-
woods: black
walnut, cherry, oak

¢ Heirloom quality

¢ Factory direct prices

e Solid brass West
German chiming
movements

e Money back
guarantee

L ® Prompt shipment

MASTERCARD and
VISA ACCEPTED

EMPEROR?®

CLOCK COMPANY
WORLD'S LARGEST MANUFACTURER

e OF GRANDFATHER CLOCKS
Dept. B24  Emperor Industrial Park
Fairhope, Alabama 36532

and PASSI VE SOLAR

GREENHOUSE

[J New System 3 - “Brookhaven” model

[] Factory insulated triple glazing

[J G.E. Lexan® Shatterproof Panels

U 40% Tax Credit & State Credits

U] Lean-To, Free Stdg. & Window units
[ Curved Eave, Bronze Tone Finish

COLOR CATALOG and TAX CREDIT GUIDE: Enclose
$1. for our catalog and price list, plus our guide to the
latest federal and state passive solar tax credits and
qualifications. All kits shipped Freight Prepaid.

SAMPLE WINDOW KIT: Enclose $5. for catalog and
tax guide above, plus actual samples of greenhouse alum.
frames, G.E. Lexan® glazing. assembly manual and
heating guide,

FOUR SEASONS
@ﬂ GREENHOUSES
910 Route 110, Dept. PS-104

Farmingdale, N.Y. 11735
Phone: (516) 694-4400

Div. Four Seasons Solar Products, Corp.
(Custom Built to Standard Sizes)
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Best battery yet?
[Continued from page 83]

Hydrargillite is the feedstock of the
aluminum industry, so the crystals—
which look much like laundry pow-
der—are washed, collected, and later
removed to be recycled into new alu-
minum plates. After the hydrargillite
is separated, more water 1s added to
the electrolyte (to replace what stays
in the residue) and it returns to
the cell stagk to repeat the process.

Electricity powers cycle

Of course, the fuel cell is not a
perpetual-motion machine: The tap
water must be replenished regularly,
and the hydrargillite doesn’t produce
aluminum for free—large amounts of
electricity power the process. But the
aluminum-air fuel cell is an extreme-
ly efficient system.

“With a stack of 60 cells weighing
about 500 pounds,” Cooper said, “we
estimate that a vehicle the size of a
VW Rabbit could travel about 3,000
miles. During the trip, the driver
would refill the six-gallon water tank
and remove the hydrargillite about
every 250 miles.

“About three or four times a year,
given normal driving, the aluminum
plates would have to be replaced.”
And that should be no more difficult,
and perhaps easier, than changing the
oil in the car you drive today.

To date, the battery has not been
tested in a car on the road, but lab-test
results of the system are promising.
“We estimate this power unit will be
roughly equivalent in energy use and
cost to engines using fuels derived
from coal [synfuels],” Cooper said. In
total cost per mile, the fuel cell would
compete favorably against gasoline
costing $2 to $3 a gallon, prices being
paid today in Europe.

The aluminum-air battery won’t be
in the Sears catalog next Christmas.
More development engineering is
needed. Subcontractors are working
on ideas to improve cathode durabili-
ty under automotive conditions, de-
velop aluminum-alloy/electrolyte com-
binations of higher efficiency and low-
er cost, adapt a continuous aluminum-
casting process to produce the anode
sheets, design the battery case for
quick removal of many aluminum
plates, and perfect the crystallizer
hardware.

“We expect to have a working vehic-

‘ular model toward the end of the

decade,” Cooper told me. If he's right,
perhaps in 15 years we’ll be pulling up
to the filling station and saying, “Give
me a tank of water and check the alu-

minum, please.” | B

Sharpen Saws

and other tools in Profitable

Business of Your Own
Be Your Own Boss!!

Turn your spare hours in the evening or weekends into
extra dollars, this proven praetical wav—start vour own
money-making sharpening business—No selling or can-
vassing—INNo experience required.
You quickly learn how to sharpen these valu- penent SR Gk
able tools and many others. Excellent profits! gt e """

We show you how to set up a business and §
keep it running profitably. Part time or full
time. No special skills needed. .

Fulltime

coupon and you'll receive, at no & e
obligation, a booklet that describes &
in detail, the opportunities available &7
to a person who owns his own saw
and tool sharpening business.

5127 Foley Building
Minneapolis, Minnesota 55418

Please send me the free booklet "Opportunities

FOI EY MANUFACTURING cO. | In A Sharpening Business Of Your Own."

5127 Foley Building I

L——_———_—

Minneapolis, Minnesota 55418 Name
Send Coupon Today or |
CALLTOLL FREE |  Address Phone
1-800-328-7140 | city State Zip
Except Haweaii or AlGski L e e mm e e s . s s s s . s s s s, s
'-
NStar View,——
Systems
H&R COMMUNICATIONS, INC.
Route 3, P.0. Box 103GS - Pocahontas, Arkansas 72455
L@t o " Introduces the
<. ___ MODEL 12K
.- SYSTEM...
i 4 A complete home satellite
receiving system that you
can assemble yourself as a
week-end project.
Why spend $7,000 to
$10,000. Why pay someone
else to install it. Do it your-
self in a week-end and save.
ONLY $3'795100
UPS -
KIT CONTAINS SHIPPABLE
-
«12' * All Miscell Cabl :
.&ié‘i‘ﬂﬂl‘.‘ﬁ; oy o c’ﬂ‘:.?n:ﬁi?ihgd.% y._Channels
24 Ch er o —
e120° :;1“1& T -H:a?;m:riﬁ T::Is ;lanudad N~
. Ifuud Horn * Complete Antenna Weight Only 125 Pounds
See Your Local Star View Dealer or Call
800-643-0102 or 501-647-2291
Dealer Inquiries Invited
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Before you buy a car stereo, video system,
personal computer, home stereo, telephone,
or home security system, you need enough ac-
curate information to make an intelligent buy-
ing decision.

Get this information by reading the inform-
ative CRUTCHFIELD Catalog. Easy to read ar-
ticles and in-depth product comparison charts
make it simple for you to buy sophisticated
electronic equipment at low discount prices!

Order your FREE copy today at no obligation!

Learn all about
personal computers

Select the ideal
stereo for your car

Save on the latest in
home stereo

Save by investing in
your own telephone

Call or write now for
your FREE catalog!

Use the coupon below or call toll free

800-446-1506

In Virginia call toll free 800-552-3961
8 4 1 %3 ¢ 4§ fF-F 7 |

Send me your FREE catalog by
Third Class Mail

Rush me your FREE catalog! I'm
enclosing $1 for First Class Mail

Name

Address

City

v o T P P S --ﬂ

State

ICRUI'CHI’IEI.D

1 Crutchfield Park, Charlottesville, VA 22906 I
Department P
T S I N O T G T S R
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HOUSEPOWEIR CLINIC

By EVAN POWELL

New heat-pump water heater

Now a major heat-pump and air-condi-
tioner manufacturer, the Fedders Corp.,
has begun marketing a heat-pump water
heater, joining the ranks of the E-Tech Co.,
whose unit | installed and reported on in
PS, April ‘80. You'll find a report on the
new Fedders heater elsewhere in this
issue.

The primary difference between the
Fedders unit and E-Tech's is the tempera-
ture-sensing arrangement. At regular in-
tervals the Fedders circulating pump
turns on for 15 seconds and circulates the
water from the storage tank past a tem-
perature sensor in the heat pump. If the
water is too cool, the compressor is ener-
gized. The E-Tech’s temperature sensor is
in the storage tank, an arrangement that
requires additional wiring.

My first E-Tech unit, installed in mid-
1979, is performing flawlessly. My moni-
toring indicates that it is delivering hot
water at a cost b8 percent less than my
previous electric water heater. The true
saving is even more, since | no longer
need a dehumidifier in the basement.
Now |'ve installed a second unit at my
new home on Chestnut Mountain and
expect similar savings there. E-Tech re-
ports that sales already number in the
thousands. Considering the relatively
high cost of the equipment ($700-$800),
that's substantial.

A heat-pump water heater is well worth
consideration by anyone who now uses
an electric or oil-fired water heater and

lives in a moderate climate, or whose
winter space heating is accomplished
inexpensively (the heat source for a heat-
pump water heater is the interior ambient
air).

As originally designed, the E-Tech unit
could not be placed where ambient tem-
peratures fall below 45 degrees F. Now
the company has introduced an optional
transfer relay ($40) that automatically
shifts the water-heating duties back to the
resistance element in the old water heater
{(which you otherwise use only as a stor-
age tank) if the temperature falls below
that. With this relay, the heat-pump water
heater can be located any place that stays
above 32 degrees (below that, the water
lines would freeze). E-Tech models made
before August 1980 must be modified
with a conversion kit that includes a “45-
degree switch’’ before the transfer relay
can be used. Later models do not require
the conversion kit. The components are
available from E-Tech distributors or from
the factory (3570 America Dr., Atlanta, Ga.
30341). E-Tech is also introducing a com-
mercial version of the unit for restaurants
and plants.

QA o

| have a General Electric self-cleaning
oven that remains soiled after a cleaning
cycle. | suspect the temperature is not
going high enough. How can | check
this?

Fred Seger, Grand Rapids, Mich.

Until recently a thermocouple-type tem-
perature tester was required to verify that
the temperature was going above the 800
degrees F required for pyrolytic cleaning.
Now a temperature-sensing pellet has
been developed that allows you to do this
test easily. You can get it from a GE Parts
Mart or through most appliance-parts dis-
tributors.

To use the pellet, fold a sheet of heavy-
duty aluminum foil in squares until it is
eight layers thick. Place the pellet on the
foil and run the oven through a cleaning
cycle. After the oven cools, examine the
peliet. If it shows signs of melting or dis-
coloration, the proper temperature is be-
ing reached. If it appears as it did before
heating, the temperature is too low. Tem-
perature can be adjusted by turning a
screw located under the thermostat knob
on models that use a dual-range thermo-
stat or on a bias board on older models.
Adjustments should be made Iin very
small increments—'/s of a turn makes a dif-
ference of approximately 25 degrees.
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Rx for hand care

My answer to lowering the cost of operat-
ing a home has been to do all the tasks
and projects myself, ranging from main-
taining my car and appliances to building
book shelves (thanks in large part to PS
information). But this money-saving—and
most enjoyable—hobby seems to be tak-
ing its toll on my hands, especially in cold
weather. |'ve tried work gloves, but | can't
handle small parts while wearing them.
Do you have any remedy for this?

Paul Baker, Denver, Colo.

My first advice would be to get a second
opinion from your family doctor, but
here’s what | do. Like many people, I'm
sensitive to certain liquids. In my case it's
darkroom chemicals and petroleum-
based products.

My solution: surgical gloves. They
reduce your “feel” very little. You can
obtain them from any hasmtaf-supphes
store. If you aren’t sure where one is in
your neighborhood, ask at you local hos-
pital. Specify nonsterile gloves—they're
much less expensive. | use the latex type
for darkroom work, and the plastic type
when working with petroleum products.

Fuse facts

| have an electric ceiling fan in my den.
Lamp-cord-type wire runs 20 feet to a five-
speed switch, then runs approximately
five feet to a wall receptacle.

The fan takes approximately 75 watts.
The fuse that protects the outlet is 30
amps. | can’t seem to find any kind of five-
amp fuse that | could plug in the wall out-
let ahead of the fan. Do you know of any
such device?

Marshall Van Winkle Jr.
Palm Beach Shores, Fla.

The wiring in your house that serves the
receptacles and lighting circuits should be
number 12- or 14-gauge, and it's that wir-
ing that determines the proper fuse size.
Number 12 is used on almost all recepta-
cle circuits, although number 14 wire was
once permitted by some codes. Your
house wiring probably has nonmetallic
sheathing. You can determine the size of
the conductors by looking at the covering
(wiring is often exposed in the basement
or attic). The size will be embossed on the
cable: 12/2 or 12/3 means that there are
two or three number 12 conductors,; 14/2
or 14/3 means that there are two or three
number 14 conductors. Number 12 con-
ductors should be protected by a 20-amp
fuse, a number 14 by a 15-amp fuse.

Proper fusing is needed for protection
in case of a short in an appliance. The
length of lamp cord usually should not
exceed six feet. Never extend the branch
circuit by adding a receptacle and con-
necting it with lamp cord. Use nonmetallic
sheathed cable instead.

Got a home-equipment problem? Write
to Evan Powell/Housepower, Chestnut
Mountain, Route 1, Box 322A, Travelers
Rest, S.C. 29690, giving appliance make
and model number. Unpublished ques-
tions cannot be answered by mail.

N ew Formula Gumout
now has-extra muscle.
Cleans deeper. Dissolves
deposits throughout the
carburetor. Flushes out

the PCV system. Cleans
deep into intake mani-
folds and valves.

With today’s emis-
sion devices, low
octane gasoline and
stop and go driving, car-
buretors and fuel systems get
dirtier than ever. To get them
clean, Gumout had to get mean.

It’s the between tune-ups tune-up.

For a smoother-running, gas-saving
engine, pour New Formula Gumout in. %
your fank. And use Jet Spray Gumout to!
clean the outside parts of the carburetor.

NEW FORMULA GUMOUT.
NOW IT'S A MEANER CLEANER.

NOWITS A
ANER

“Bull” Ramos,
the meanest man
in wrestling.

Gumout is a division of

the Pennzoil Company

PENNZOIL
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IONIZER | -
BREAKTHROUGH! | E=SallillR | oo s

PRODUCT AND SERVICE AVAILABLE RIGHT IN YOUR OWHN HOME!
NOW AT LAST YOU CAN USE THE 1 Diesel Convarsions, Driving Alds. Electric Fans, Fusl Computers does not move under high stress.
mm BIONm IN Lubricanis, Overdrives, Turbochargers, VB to V4, Water Injection E 11 . rt t t‘E tﬂk E
YOUR HOME AND IN YOUR CAR BT T = qually important, a center take-off .4\
YOU N-EED BUY_ﬁ——NLY TIE O'NE IN THE ALL NEW fﬂr tle I'Odﬂ fl‘t}m ﬂ‘lE Tﬂﬂk—lnﬂtﬁﬂd ﬂf
UNIT AND PLUG INTO EITHER Fuel EEEI’IEI‘I’I}" BI..I)"HI'"E Guide at each end—prnduces a lunger tie rod.
CAR OR HOUSE CURRENT. —Automotive Edition— That means less reaction to the posi-
Wherever top calibre ionizers have been tried, SPEEHI D::r:': Gy »Giant One of a Kind Publication tion of the front wheels in BtﬁEI:lng.
Eﬂe? have c:hadngedtmings for m;e Eettﬁr. aPI‘tEl'?pled J_"_{*EE';———-\ TS a0 IR MELS The center take-off also results in a
increased productvity, A iouzer replaces the el o firmer anchor for the rack and less
negative ions killed by metals, man-made materials, | Sustle P, Fusl Econceny play in that part of the system.
air conditioning and central heating. It restores the NN e B i s o Pontiac engineers coordinated the
natttualt?lalagc% of the air, making it fresh ?:i.tl}ci a?lasy to increase MPG rear-suspension design. The cross-
to breathe. At the same fime, an 1orzer radically Dl PR * No Special Tools or Knowledge : *
reduces airbome dust, pDHHﬁDI]., bai_:TEﬂE and _ ll ' = -_—. = \ :r.rlr-:r:::ntr ::n;:gl.::u | beam of the H.EIE, Whlf—h alsu actsas a
Eﬁ%g& gi]ggnﬁgﬁfrgﬂ;lEtEw EllmlﬂatEE OdEII'B ]].]!{E I'. == _j;__‘j powared :IIE l:larshnn&d b;rﬂEugllur Etﬂbilizer hﬂ.r, haE a tl'ﬂi].ing arm on
THE BIONAIRE 300, L Now $7.95  ORDER YOUR COPY TODAY! each side, interconnected to the beam
CONSIDER IT A SAFETY DEVICE FOR YOUR CAR. (Mall Ordef OMY) 1\ DAY MONEY BACK GUARANTEE in a ng‘ld manner. The axle is ﬂblﬂ to
S0 Thte s e o1 e i enics Bvach, rounme oo LWIEL Getring Yol WCtIOng. v eotiioal,
_Eivafding a t:!anﬁemus situation and running right g _15",,,. ogiiiias diti variahle-rate_ coil-spring d.EEl'gn al-
into it. Bionaire has perfected a unit thatis the most | f=——— o e lows each coil to compress inside the
Eﬂlmengtlgsz; ﬁféﬁﬁzl_? Cg}l mgﬁ?jkEt T_D'ig}'- 1'1].'1'118 Power Haus Publications  CREDIT CARD ORDERS —TOLL FREE! next one. |
COIT1 ionaire X9 X Wel O .0. Box 19713 ALL COL AT (714) 4470101 5 N e i
4 ﬂzsﬁ?iits on the dash without Dbauucﬁngg S Vi San Diego, CA 92119 W My first reaction sitting behind the
and will keep you calm and alert through those end- | | pesesms_____comesotrueLconowr suversune | | wheel of a Cavalier (a full driving
less rush-hour dnives. It's easy to install, has a mult 11 th t
point ion source and emits the highest ion output of total of § report will appear in the nex issue)
any self-contained unit of its size. . My payment (s enciosed was that the engineers have suc-
| prafar to charge my O VISA ] MASTERCARD EEEdEd in mﬂking an EI:UIIGIII}? car
::::ESE = sporty. The four-speed scoots from
zero to 60 mph in just over 14 seconds,
CITY i — STATE ZIP = = B H
e = . " imt :uth ttlinle :flltlal-wheel-?t[;:n-tlslen-
] Uug-aownn at s comimon wi undaer-
_ 01881 Power Haus Publications = EiZE power plﬂ.nt5¢ The gEH.I'EhiR IE?EI‘
Exec. Olfices; 454 Goulburn Court, El Cajon, CA 82020 . = F
i is about six inches long, and that
means short throws. The seats are set
LEARN low in the body for a sports-car feel,

| (with special stand and adaptor).

MEAT CUTTING and the steering-wheel position is
Train quickly in 8 short weeks at Toledo nearly “J"Ertiﬂﬂ.l, remillding me nf thEh
o i i b Al B Chevrolet Monza.

HAYE A PROFITABLE MARKET OF YOUR
OWHNI Time payment plan available, Di-

Now it's packaged to use at home orin your
office. Just unplug it from gnur car, place it in our
attractive plexiglass stand by your desk or bedside,

and with our adaptor, plug it into the nearest outlet. ploma given. Job help Thousands of suc- :

Each Bionaire unit keeps the air in an 8t radius W for & by e, e, CUR 80 YR Send Cadillac firsts

around it constantly charged with at least 10,000 Eppraved. NATIDNAL SEHO00L OF MEAY CUTTING, No. Y1:0%- & 1 i ilt:
negative ions per cubic centimeter. Full one-year 01977 Dept. 610, 33 N. Superior, Toledo, Ohiio 43604. . Four J-car bOdlEE- will be huﬂt_ 3
warranty. two-door fastback with hatch opening
THE DELUXE BIONAIRE 100A FOR Portable Steam Cleaner at the rear, two- and four-door sport
YOUR OFFICE OR HOME. i Steam in 60 seconds EEdﬂnE, ﬂﬂd a fﬂur"dﬂﬂr station wagon.

This unobtrusive, decorator-designed unit

(2-1/2" x 6" x 6") comes complete with unique out- RO AE TR LN RIS All will be offered by Chevrolet and

J year guarantee on fire box, coils. Uses

put monitor indicators, omnidirectional emission, gl liquid soap, propane fired. Weight 120 Ibs. Pontiac. Cadillac will sell Cimarron
gl;;l 1;?3 fEu.;l one-year warranty. (Does not adapt to s .;?Ex;i;ﬁrr};_pump required on low water i::d only %I:: body style, the fuurl_ FGE;
| A powerful combina . WEDCO MFG. INC., Dept. 5-9, sedan. o transmissions wi
inuj::w angmmm#m that Sl - | Scoft Lane » Box D, Jackson, WY. ““fy available: the four-speed manual and
does a whole house, even traps sub- a much slower three-speed automatic
miﬂmm&mmt. St.Helen. with lockup torque converter.
Drder?éﬁrménciﬁ%r%ﬁgénﬂect SATISFIEB HnME All three car lines will be built on

the same assembly line, and for prac-
tical purposes will be the same vehicle
except for grilles, taillights, and, espe-
cially in the Cadillac, amount and lev-
el of standard equipment.

Cadillac will use the same engine
and transmission. Its use of the four
marks the first time that type of
engine has been installed in a Cadil-
lac since 1914. The four-speed manual
transmission is also noteworthy: Cad-
illac has never used one before.

Although prices have not been set,

0-416-363-8704

e

BV DISTRIBUTORS Dept. 128
P O.Box 510 Grand Island, New York 14072

I'm sold on healthy energized aw in my car and home
Flease send me for a complete money-back 21 day mal:

Bionawe 300 (for my car only)} 57495

——— Bionawe 300 Package {with stand and adaptor for
home/office or car) S 8995

Bionawe 100A (for home/office) 511985

Bionaire 2000 (arr cleaner and ionizer for entire

house} 539900

Please add 5500 for handling and delivery for each wut ordered
Add 510,00 for each Bionawre 2000 ordered

Ontano  New York rasidents please add sales tax

l understand that | may return any item undamaged within 21 days
and receive a full refund of | am not completely satished

My check or money crder 1s enclosed for §
ot | prefer to charge this to my credit card

F—————————————

av OM/C DAMEX  ODC it is known that the Cavalier and
Account Number ExpiryDate — J-2000 base price will be around
Signature L == . $7,000 The Cimarron will list above
Name e I $111000 .il
Address - — I

City State Zip Code

148 | POPULAR SCIENCE




Lok-Backs

16y | No. 4
from Size closed:

LAMILLUS 43/4in.

Experience, skill and unparalleled pride is
clearly reflected in this NEW line . . .
each a true masterpiece. Ounce for ounce
the finest folding lock-backs on
the market today.

They come in 3 sizes, each with etched
blade of high-carbon stainless steel that
automatically locks in open position,
functional design, and hand-contoured i 8
wood handle. No. 2 bolsters are solid ' | No. 2
nickel silver . . . No. 3 and 4 are solid brass. A '1 Size closed:
Gift packaged with top-grain leather pouch. W3 3 1/8in.

Available at your local sporting goods
or hardware dealer. For complete catalog,

send $1.00 to;
CAMILLUS CUTLERY

COMPANY |
Size closed:
Dept. AN, Camillus, New York 13031 41/8in.
¥ ' 7 1 1 1 1 M 1
HENRY FORD COULDN’'T ' '
r | l
- BUILD THIS CAR i ’
. [ ] - a

| € | N I
BUT YOU CAN! l |
" = | |
“p A I 2 :
| ¥ |
v I :
v I . i }
bs | "; 1
| - s |
> I t & 21
AN

~ 2R R}
i $3553 8 % |
,L : 2 |
| g2 3 3§ |
. | g s§ 2° |
, | 35 gz g |
a I mgﬁﬁﬁ }
by Fiberfab | sx58¢ |
; | Bhigt &2 I
| 528538 4
y Not a mass produced Ford, but a detailed  Build the MiGi now—enjoy driving it for f T 33 E §§ :
: replicar of the '52 MG-TD. Complete kit years. For details: | 88ec S,
package of precision-tooled components, Call Toll Free | 2383251
/ authentic accessories. Uses VW chassis | ww g |
~ & engine, for optimal efficiency. 1'800'328'5671- | e A e
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_‘ﬂ‘___—-___--——___'__—______-____1 “ i
10 DAY FREE TRIAL COUPON P14P ;
| PoPuLAR scIENCE BOOKS
| Box 2018, Latham, N.Y. 12111 Name [ b
I Please rush____copy (ies) of COMPLETE l ' : -
BOOK OF WOODWORKING (No. 105) to me.  pddress I e Buy Factory Direct and Save —
I O! enclose $16.95 now for each copy e Thousands In Use e Free Brochure LEL_—_%
l ordered. (You will pay delivery charges.) City State 2ip | ® Easy Homeowner Installation L =2 L:___
[ Bill me later for $16.95 for each copy or- ® Immediate Shipment by UPS or PP~ B
| dered plus delivery and handling :hffgas Money back within 10 days if not fully satisfied. I HELPMATE Equipment Co. Dept. PS-481, Baroda, M1 49101

L_______—________—__-_________—

The absolute A to Z of do-it-yourself woodworking!

Everything you need to know about building techniques,
wood selection, hand and power tools and much more!

$1695¢

'I'IIRBOCHARGERS

Turbo City has the companents needed to Turbo-
charge your car or truck, including: Vans, Mini
Trucks, Tow Vehicles and Ciass A Motorhomes. UF

All at unbelievable prices. 5
Turbo City carries in stock one of the nation’s 09/
largest inventories of brand new RAJAY Turbos 0
for all engines from 40 to 500 C.1.0. Plus. . .Turbo

City offers expert technical assistance to insure ONLY
that you are ordering exactly the components 3359 85

An

original whether you own just a handful of tools
Popular or enjoy the challenge of your own fully

TAKE THIS Science equipped home workshop, you'll work won PR L Y S it
?uﬂ%i‘fg : Book ders with this fabulous 4-in-1 do-it-yourself HEP&E%"EHT ; ';J-ITEIH'I‘[']EHSI
book. ARTS: .
e Complete Book of Woodworking is so com- | [[156% a0 Aeiies | | EL i s, on
MORE THAN prehensive that even the most seasoned wood- Egﬂgnnents. accessories and | | combinations.

o workers will find inventive ideas, shortcuts
' - and shop tricks. Yet the text is so easy to
- understand, and the illustrations so clear,
PHOTOS AND | .. that even ':‘he novice can look like a pro!
DRAWINGS ! ; ; ore than 200 Hll.ll'lrl'_“ﬂl'l-l
" . 'These photographs and drawings show you
A\ % exactly how to do every step of every job.
Soon you'll be able to do all types of cutting,
shaping, jointing, fitting, squaring, beveling
and smoothing. You'll learn new tricks with

ORDER DIRECT FROM OUR WAREHOUSE AND SAVE. FOR COMPLETE INFORMATION,
SEND 5200 ALONG WITH ENGINE MODEL AND APPLICATION

Turborchargers & Accessories
1123 W. Colling , Orange. Calll. 52667

(714) 639-4833

4 handyman books in 1
1. Woodworking and Cunstructmn

An expert’'s answer book on technique . the table saw, router, jointer, uniplane, drill
2 Shﬂp Tios and Shortcuts and other pﬂﬂﬂ.hlﬂ and statiﬂnar}r tools.
Complete home shop guide filled with ideas... Order your copy today
3. Hand and Power Tools There are chapters on setting up a shop;
Loaded with savvy on every hand and power buying Iumber; wood selection; kits; buying
tool . by mail and more. It's the best book ever
4. Wood am:l Materials written for the home craftsman . . . @ wood-
Guidebook to everything in the lumberyard! worker's bible! Take advantage of this 10 day

free trial offer right away!

MAKE OR REPAIR CLOCKS

for FUN and EXTRA
INCOME!

Try Klockit’s selection of super ac-
curate QUARTZ Battery Clock Move-
ments, Dials, Hands and Numerals
- at Bargain Prices! Free Catalog &
Sectionk: Creative Clock Making for
the Whole Family!

)

Betl:er than Eahle V— Over 2()0 TV and radm
services. Why waste money? Learn the whole
story and build a video system the family can en-
joy. No commercials, FREE movies, sports and
Vegas shows—world wide, crystal clear reception
connects to any TV set. Big (8 x 11 in.) book load-
ed with details, photos, plans kits—

TELLS EVERYTHING. Satisfaction Guaranteed.

P-——-__-q

GLOBAL TV ELECTRONICS

| P.0. Box 219-A, Maitiand, Florida 32751 i
Send $7.95 Today! Add $2.00 for 1st class (@irmail)
or call our 24 hour C.0.D. Rush order line {305) 862- ﬁﬂﬁﬂ|

Name

ONE FOR ONLY $7.25, 3 FO u.m
DEPT. PS4, P.0.BOX 629  |5:300 SWEEP: ONE FOR 8.2, 3 FOR ONLY $.20 en.
LAKE GENEVA, WISCONSIN 53147 Add $1.75 for Shipping & Handling in U.S.A.

FREE HANDS WITH EACH MINI MOVEMENT PURCHASED IFu!IAddress l
We Welcome Phone Orders Call [414] 248-1150 * For 1st Class Catalog Delivery - Send 50c

e e e S W P £ T S T T N RS e ey pe s o oo oo on o o o ol

P
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- FREE ELECTRICITY !

START GENERATING YOUR OWN POWER
FROM RENEWABLE ENERGY SOURCES
BUY THIS GENERATOR — GET FREE PLANS

THE AMAZING TC25G PERMANENT
MAGNET LOW-RPM DC GENERATOR

SO SENSITIVE that it acts like a selsyn when cnnnu-ctpd
to a small dc motor! Turn the TC25G generator shaft with
your fingers and the motor rotates by the same amount
— in either direction!

SO EFFICIENT that it can produce 12 volts at under 400
rpm!

SO POWERFUL that it can deliver over 6 amperes into a
short circuit!

How did such an unusual generator get built? Here is the
story:

The TC25G began as one of many components, of a uni-
que low-cost wind generator — the TC25 Helius Rotor. It
was during the development of this new rotor that our
engineers discovered there was no inexpensive, low rpm
generator to be found anywhere, that was suitable for
small windpower converters — or, for that matter, for
water wheels, pedal power, solar engines, fuel powered
generators, or any other small energy needs.

It was tempting at the time to turn to “small” automotive
alternators — which need several thousand rpm to
generate the kind of voltage we wanted. They are large,
heavy and also require an efficiency-killing step-up pulley
to achieve the necessary rpm to generate power from a
small water wheel or windmill,

Meanwhile, the price of oil and other fuels was just star-
ting to skyrocket. Many energy-conscious people had
made up their minds not to take these price hikes lying
down. More and more people were thinking seriously of
switching to free renewable energy sources — solar,
wind, water — simply because it had n to make good
economic sense. Needing to produce exactly the right
product for the growing boom in home-sized alternate
energy products, Thermax engineers started from
scratch to design the perfect small generator. It had to be
inexpensive, light, and operate efficiently at low rpm
(which no other small generator could do).

The result was the TC25G permanent-magnet dc
generator — which may be exactly the generator you've
been looking for, if you ever tried to build a small water
wheel or windmill.

Later, at the Energy Lifestyle Show, visitors who tried our
demonstration generator were so amazed by its sensitivi-
ty that some even looked underneath to see if there was a
trick to it! Many energy buffs bought generators on the
spot.

At first, Thermax sales personnel were surprised that so
many customers were attracted by the generator alone
and didn't want to buy the whole windmill kit. Even
without advertising, inquiries kept coming from do-it-
yourself energy enthusiasts who really wanted to build
their own power systems, not Thermax's or anyone
else's,

So here you are — the ideal small dc generator, with
plans (if you need them) to build several different re-
newable energy converters. Now you can start gener-
ating your own free, natural energy!

Thermax

2641 North Main Street, Walnut Creek, California 94596

SPECIFICATIONS: TC25G GENERATOR

Two-pole permanent magnet dc generator. 1
Ten-slot armature wound with 0.4 mm (26 AWG) wire,
Internal resistance 7 ohms; heavy-duty long-life brushes.
Mounts by two 10-32 studs at shaft end of case.

New! Steel flux augmentation ring now supplied with each
generator.

Dimensions: :
Case length 4-7/8inch (124 mm)
Case diameter 3-1/2 inch (88 mm)
Shaft diameter 5/16 inch  (7.94 mm)
Weight 41b. (1.8 kg)
Electrical Performance

Rated for 12 volts dc, will generate 6, 12, 24 or 32 voits
with appropriate voltage regulator.

!
1

1T

Y

HES |
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i BT

SMOT.CIRCUIT CURRENT

FREE PLANS AND USER'S GUIDE

Order your TC25G now and receive, free with your gener-
ator, a complete applications guide: all you need to know
about wiring, voltage regulators, batteries, inverters to
step up to 110 volts ac, as well as plans for building one
of the following energy producers:

WIND POWER The TC25G is

i‘ small hydroelectric generating sta-
SPECIAL OFFER

. h already standard equipment in
B Helius rotor kits. You can build
\ | your own wind generator from
| f E plans furnished. (Plan P1)
| ‘B WATER POWER If water power is
| S& available you can build your own
| tion. (Pian P6)
PEDAL POWER Convert an old
A bicycle to generate power. pedal
your television set! (Plan P11)
BEGIN YOUR ENERGY INDEPENDENCE TODAY!
r——————___ﬂ—
YES send me_____TC25G generators and plans now I
for only $69 each (two for $130), plus $4 each for
shipping and handling in CONTINENTAL USA. Cali-
fornia residents, add 6% tax,
| [J My money order or check is enclosed.
My choice of free plans is: (Check one for each

[] P6 Water power

STATE ZIP

THERMAX CORPORATION

2641 NORTH MAIN STREET, DEPT.PS6
WALNUT CREEK, CALIFORNIA 94596

INSTANT ORDER DESK

(Credit card customers only) I

CALL TOLL-FREE 800-227-1617, ASK FOR EXTENSION 211.

(In California call 800-772-3545 — Ext. 211) ||
In Canada call 613-678-3322

NOTE: Our order desk cannot answer inquiries. I

Satisfaction guaranteed: if you are not completely l
I satisfied with your TC25G generator, return it to
Thermax within ten days receipt for a prompt

:

DIRECT FROM

U.S. OPTICS

QUALITY SUNGLASSES
AT FACTORY PRICES

Each pair features: Impact resistant
lenses * Handcrafted ¢ Polished glass
lenses * Hardened metal frames * No
non-sense guarantee.

FREE —limited time only—deluxe velour
lined case with each pair of glasses
ordered (a $3.00 value). Credit cards
accepted. Dealer inquiries invited.
NOTICE: Don't be fooled by cheap

imitations. These glasses are made
exclusively for U.S, Optics. To make
sure you get the best, order now and if
not completely satisfied return for
refund within 30 days.

World Famous Pilot's Glasses
These precision flight glasses are now
available to the public for only $7.95. lf you

could buy them elsewhere, they'd
probably cost you over $20.00. #20P
available in gold or silver frame. A $20.00
value only $7.95. Two pairs for $14.00.

Aviator Teardrop Flight Glasses
Flexible cable temples. #30A gold frame
only. A $30.00 value only $9.95,

2 pairs for $18.00.

Professional Driving & Shooting Glasses
Wide angle amberlens bnghtens visibiiity.
#30D gold lrame only. A $30.00 value
only $14.95. 2 pans for $28.00.

p— —_ =

To nrd;; m chll:k ?r munz order luﬂ u.s. -
Credit card c'ul'tm:n pluin fill in card # and Exp. date

QUANTITY | MODEL -me SILVER | PRICE
. 20P
- 30A X
30D | X
Add Postage, Handling, and Insurance
$1.00 per pair
Total
Visa or Master Charge # Exp. Date
Name -
Address
City State Zip

FREE case with each pair.
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Save up to 5'5'/.:.-..

Send for free catalog — =
all lenses—all styles. = STUNR =
As low as $14.95

complete. Your

prescription, or

BUY A BIKE ENGINE. duplcated. Money

EVEN |F lT ISNT ONE OF ouns. 333“:2?;2:?&3??

pairs. Est.1959

Prism Optical, Inc., Dept.Ps-41

We think we make the best bike engine in the world. Certainly 10992 N.W.7th Ave., N. Miami, FL 33168
it's the best selling bike engine in the world. And now that
our 1981 model has a completely automatic transmission for
only $189.95, our market share should increase. We
would of course appreciate the opportunity to
send you our free color catalog, which includes full
facts and specs, a Product Report by the Auto
Editor of Popular Mechanics, and two rather
overwhelming testimonials from real people with
real addresses.

We may persuade you to buy a BikeBug, or
we may not. If not, we urge you to buy any bike
engine, gas or electric. In light of the energy
crunch, the escalating cost of fuel, and the
probability of future shortages generated
by greed or political blackmail, any bike
engine is part of the solution.

That we think our BIKEBUG AUTOMATIC
is the best bike engine does not mean
that other bike engines are bad. Some are
just better than others. Our catalog tells you
what's important to look for in a bike
engine, and points out problems other bike
engines may have. In all honesty, there are
reasons why our bike engine may not be
best for you...and we tell you that too.

You owe it to yourself, not OPEC, tolearn
and be persuaded about the need for bike
engines...ours or theirs.

| _.- .-i-- = - Somidt)

LY wili F :f"

Cut 6" thick polystyrene panels, connect them to form a
dome, apply steel mesh and 2" cement. You can build this
beautiful dome, 33' diameter, 17° high for appr. $1900.
Usa the spacious, richly insulated, super energy saving dome
for cottage or permanent home. Let us tell you howinour -
book entitled: “BUILD YOUR OWN GEODESIC DOME"
describing various size domes. Send $4.00 to:

KEY DOME ENGINEERING Dept. PS-4
P, 0. Box 430263, South Miami, Florida 33143

= -

Clearance Sale

THERMOGRATE® |+
FIREPLACE UNITS
as low as $299... 'a

ENVIROSTYLE DIRECT
Dept. 860-104 P.O. Box 43021 |
St. Paul, MN 55164

Call Toll-Free: 1-800-328-0882

Underground

Homes

b

I AQUABUG INTERNATIONAL INC.

Dep't. PS14 100 Merrick Rd., Rockville Centre, N.Y. 11570 (516) 536-8217
Please Rush FREE Catalog!

Name

Address

City State Zip

O Thhlmﬁmmmuvhl—
24 Page Booklet gives basic information on
under, homes — ad

" GAS TO ELECTRIC CONVERSION KIT ) | | _Skkeishmhe oete Wil s

; 0 -
2 bulb fixture duplicatos the char and increases the ight output of any E EETTE?EL'WT%“ colorrenditons o
existing double mantle gas lamp. Kit includes on-at-dusk, off-at-aawn erent un hnmc:lu'lfm us
photo %untml. fixture, hﬂlbs, detailed instructions. As low as 40¢ per mﬂﬁﬂ“}ﬁﬂ;““":‘*- -95 ppd.
month to operate compared to $6.00 with gas. The ‘RELITE’ kit is avail- u““"'" y RN ‘“'ﬂ“mm
able in both 115 volts and 12 volts (with plug in transformer). Ask for the m:"‘w“ \c Bldg, “"-'". “‘H-“. A
‘RELITE’ kit at your local hardware store or write for more information. SN
Dealers and Installers Inquiries also invited.

YARDLIGHTING SYSTEMS INC. Hydraulic Log Splitter

1039 CHARLES AVE., DEPT 10 @ ST. PAUL, MN 55104 PARTS ALSO AVAILABLE 10 “BUILD YOUR OWr:

MAKE MONEY

Fast splitting cycle { 10-sec.)
WITH A MAN-SIZED CRAWLER

Splits logs up to 26°' long
5 hp BRIGGS gas engine

Powerful 2-stoge hyd. pump

Detent control volve retums

to neutral outomaticolly .«
NEW— Utility Crawler Tractor, high flotation steel cleated rubber
tracks, Buy Factory Directin KIT or Completely Assembled. Over 30
attachments - backhoe, loader, blade, garden plow. etc. Odd job & »_Split wood for your own use, split logs
resale opportunities are great! Send for 16 pg. Catalog. .75¢, or for for profit, earn money on rentals. Built
‘Build-it-yourself” plans..$7.00 (refunded on any order). eIl CATALOG from finest quality components.
DAHLCO CORP. Dept. PS41 Cedarburg, W! 53012 : "": ® “BUILD-YOUR-OWN". Sove Money! Top

L]
il Colnor Quolity components at lowest prices. See our
= Stomps COtolog. 100's of other items, BIG SAVINGS!

SURPLUS CENTER Liosaley Mbiaks
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Free!

Edmund Scientific

Astronomy, Microscopy, Biofeedback,
Weather, Alternate Energy, Binoculars,
Optics, Magnets, Magnifiers, Tools,
Unique Lighting, Lab Equipment, and
much more. Over 4,000 unique and
fascinating products. Send for our
FREE 112-page, colorful 1981
Edmund Scientific Catalog. . .Today!

C —— = =

Rush me your free catalog!

Name )

Address =

City LR _ B
State Zip

Clip And Mail Coupon Today To:
Edmund Scientific Co., Dept. 3016 N-08
Edscorp Bldg., Barrington, N.J. 08007

No. 226 ®*1981 Edmund Scientific Co.

WATER SHORTAGE?

INTRODUCING THE EXPLORER SERIES
COMPLETE SELF-CONTAINED
WATER WELL DRILLING RIG

CAN BE USED FOR:

MINING & MATERIAL EXPLORATION
BLAST HOLE DRILLING
HORIZONTAL DRILLING

SOIL SAMPLING

PIER HOLES

AUGER DRILLING

CONCRETE CORE DRILLING

The EXPLORER DRILLING RIGS can be pur
chased and operated for less than the average
cost of one commercially drilled water well.
Furthermore, the EXPLORER DRILLING RIGS
can be used to drill an unlimited number of
water wells for home or commercial use.

Gasoline powered, all hydraulic drive industrial

grade construction - one man operation - 2" to
8" diameter wells - Up to 600" depth - Fully self

contained - Pickup or trailer mounted - High
speed drilling - Complete Line of Accessories.

Send $3.50 (Refundable)
To: Piper Hydro Drilling, Inc.
P.O. Box 237
Alamogordo, N.M. 88310
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Now You Can SECURE Your Future and UNLOCK Big ﬁppnnuniﬁasi
Be Your Own Boss

“Before enrolling |
checked other courses

...IN YOUR OWN BUSINESS! |psruyhupnis
of the professional

locksmiths in my
area. They all

said Belsaw was
tops and has the

most versatile
Key Machine.

“I always
wanted to have
my own business
and now [ do, thanks 1o Belsaw.”

David Fairbrother—Dave's Locksmith Service

Hundreds we've trained have succeeded in this
fascinating and highly profitable profession . . .

...YOU Can Do It, Too!

“No more hard, nasty work for me.
Now I have my own business and with
hardly any effort I average around $50
a day. Thanks for my new start in life.”
Sam Walker Prichard, Alabama

“l opened my own business, spare
lime, seven months after 1 enrolled and .
made a profit of $329 for the first week.” . Mibwaniio, Wisconsin 53200 /

B. A. Deberry Littleton, Colorado Work Part Time, Full Time — Right at Nome.

BeaLOCKSMITH!

Get into this booming high-profit business that’s
Easy to learn — Easy to do—Easy on You!

Never before have money-making opportunities been so No Ex -
great for qualified Locksmiths, Now lucrative regular ¢l Included With Your
lock and key business has multiplied a thousandfold as Cos Locksmith Training

millions seek more protection against zooming crime. BURGLAR
Yet there's only one Locksmith for every 17,000 peop