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At least the fuel injectors are clean.

It's fun to play in the mud, able power and performance.
but not so fun to get stuck in it. Plus it cleans up your entire fuel
Or anywhere else for that mat- delivery and intake systems for
ter. That's why we developed up to 2500 miles.

STP® Super Concentrated Fuel So the next time you clean
Injector Cleaner. your car, why not add a bottle of
IECTUR One bottle quickly helps STP Super Concentrated Fuel

wew K

CEEWNER
unclog dirty fuel injectors that Injector Cleaner. Make it beauti-

can rob your engine of depend- ful on the inside, too. B
AN
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EDITOR'S

NOTES

® When we decided to run this month's cover story on a plane that you ean
legally drive on the street (or is it a car that flies?), it made me wonder how
many times POPULAR MECHANICS had done similar stories since our inception
in January 1902, One night when everyone else had gone home and it was dark
and quiet in the PM offices, [
wandered back into our Reader
Service Department where all
the back issues are kept. I had
gkimmed through less than 10
years of issues and I had al-
ready found 10 articles on simi-
lar craft—ears that could fly (or
is it planes that vou can drivel).
I gave up the search at that
point, but I had already con-
firmed what 1 suspected. This is
a dream that a lot of people have
had, and so far no one has made
it work. The most famous exam-
ple of a car-plane, and the one
that came elosest to suceess, is a
resident of the Boeing Museum
in Seattle. Our cover story,
which begins on page 33, docu-
ments the latest attempt at ere-
ating an aireraft that can legally
be driven on public roads (or is
it an automobile that has been
certified for flight?). . . . They g
could have simply rented a e

ballroom in the New York J0¢Skorupa at the Guatemaian border.

Hilton, put on a hig spread of food, had a vehicle up on the stage in a blaze of
spotlights, made a couple of speeches, handed out a press kit, and let it go at
that. Yeah, the puys at Land Rover eould have introduced the new Discovery
sport/utility vehicle the same way so many other new vehicles see first light.
But that’s not the style of Charlie Hughes, Bill Baker and the gang that runs
Land Rover. Instead, they sent a fleet of Land Rover Discoverys to Belize,
invited a bunch of magazine journalists down, sat them in the Discoverys,
pointed them toward the jungle and let them go at it. The result was a new-car
preview the hard way and our own Outdoors Editor, Joe Skorupa, was right
there for us. His mogquito-hitten report beging on page 40. . .. When I think of
wood, I think natural. Organic. Pristine. The last thing I think of is high tech.
Yet, today, engineered wood rather than the natural stuff that comes from
trees might be a better choice for your next building project. The modified stuff
is stronger, more stable and, in some eases, actually less expensive than natur-
al wood. But does it smell as good? To find out, check our report on page 64....
New materials that stop bigger, more powerful slugs are finding their way
out of the laboratory and onto the backs of our law enforcement community
(see "“The Slug Stops Here,” page 50). Bulletproof vests that can cope with the
increased firepower out there on the street are now available—and not a

moment too soon. Till next time.

Joe Oldham
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IF Yourne SerTuing For A No-Name Encine,
Bt Sure You Buy NAME-BRAND SHOES.

»  There are brand names you know and trust for just about all of
°} life’s necessities. But until now, no nationally known brand name for
Pl remanufactured engines.
/' But now, AC-Delco has put its brand on reman. You get a known
and trusted name. A full line covering most makes and models. And
a limited 12-month, 12,000-mile full parts and labor warranty,
honored nationwide.
Now when you get back on the road with a reman engine, you can
have confidence you'll be driving all the way.
Call 1-800-AC-DELCO for details.

AG-Derco. Irs Like Buying TiME.
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Introducing the new Impala SS.
Maybe it’s the impolite rumble of the specially tuned 260-HP LT1
engine. Or the rotally indiscreet 17-inch BFGoodrich’ Comp TiAs

on custom-designed ‘;-qp::kr aluminum wheels. Or the CONSPICUOUS
5] 29 lack of chrome. Or the fact that you have just three color choices:
1S 1r¢&ca y black, black or black.

Whatever it is about the new Impala S8, before you even think

| I:‘II'.'II.IT IITH?.'II'I_;_’. One, wWe I'L‘L'I WO (WL Yo a {[."'n'l.' 1'-T'iL'T'ILI|}' \.'h'“fl.j?t l]j.

advice: this is not a car for those who prefer to arrive unnoticed.

Are vou sure vou can live with thatr?

IMPALA SS O F GenNuIiNE CHEVROLET®




NOW AVAILABLE!

Editorial Indexes from 1976 to 1993
Are you searching for a particular Popular Mechanics article?
Let our yearfy indexes make it easier to find. Every aricle
published in the magazine s referenced here—autamaotive,
boating, electronics, home iImprovement, ouldaors,
photography, scence and mare, Thousands of entries
cross-referenced. All years available from 1976 on, plus
1973, Price for each index i 54,95, plus $1.95 lor postage
and handling.
Order by year.

Popular Mechanics

Reader Service Departrnent

224 \West 57th Street

Mew York, NY 10019
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i With the Incredible New |
9
' Lanechanger Rear View Mirrors |
I The Lanechanger is 2 unique, easy to install, wide R e e e iy :
1 angle mirror that helps eliminate us blind | S oy il 4 } I
| spots, greatly improving your overall field of vision. 1 | !
1 o Fuevagtes Wﬂm&ﬁrwm : “'IH'““ with i |
V' changes and while backing up | g b
P " Provides better view of rear seat occupanss | f bl
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] I
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: wide angle and conventional universal fit rear : | :
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1 of retail stores or order -Fﬂfufﬂ'lj'JDfﬂﬂ. .Sma" E ::::f:;t“ﬂié::&: i::ﬁi}n E I
: $29.95 plus $4.00 Shipping & Handling 1o: b e e 4 :
|  THE LANECHANGER INC. 601 Auguste Mondoux, Aylmer, Quebec, Canada J9H 5E1 |
1 (819) 595-3054 |
I 1
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Precision Driving

Introducing Passport 5000:
The first detector with an LCD monitor for
the most advanced driving protection ever.

The first detector with an LCD monitor

IpaTenl periangy el

i .
Pascpar 5000 display mre
deiertor. Mot inivinatnr

An inpovative (CD maniod
Aprarmdin ran gy ¢
SEPTAN el it Ol e il

CEIBIATE (LIPS

IFLCD INDRCATES: T MERNS:

Dual-sigra! painters indicate that K-band signals are
orginaling from byo Separate SoUnces in your area

K-band i
e on SN

Dur patented DPR™ anti-talsing system dutomatically

Rejecting False Signal detests and rejects falee K feadings. You'llireceive
Audibde aferts for roe Ka readings only
Emergency Each Passpors 5000 meorparates the Emergency
Vehicle Alert Veehicle Warming Syitem, should the propoied wyiten

et be infroduced in W driv nQ ared

PASSPORT

5000
TRAFFIC ADVISOR

Passport 5000 is the ultimate
driving instrument. An innovative,
angled LCD monitor (patent pend-
ing) displays far more traffic in-
formation than conventional LED
detectors — information required
for total driving confidence.

Incoming signals are quickly
analyzed and then displayed on
Passport 5000's monitor, elimi-
nating the guesswork typical of
conventional LED models. And no
guesswork means you can devote
your full attention to driving.

At a glance, Passport 5000 pro-
vides the information needed for
quick decision-making, such as
the type of radar/laser used and the
signal strength. It even displays
when false signals are rejected. In
addition to easy-to-read visual
displays, Passport 5000 provides
audible warning tones.

Ergonomic design and sleek

curves let Passport 5000 look
great in any car interior.
The Passport 5000 Traffic Advisor:
Improve your ability to react with
the most advanced detector ever
invented, Only from the detector
professionals at Escort.

To vrder, call wll-Tree:

1-800-433-3487

In Edanmka. eall fodl-free 1-E00:047- 3451
Passport” 5000 $199
Shiggetng & MainBing v pkinienal OF e wfid (0% sales i
Dk Ao Ol N Bea” S0-Dhis Moy By davawisr
ESCORT
b Department 506884
200 Fielebs-Frted Hond
Cincinmati, Ohins 45249

ESCORT.

The Innovative Bedge”
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LETTERS

Just Plane Stupi

In regard to the “Dooms-
day Plane,” Hitler had one,
too—it didn't save him.
Why do we continue to
spend our lifeblood on ex-
cess defense projects and
neglect the real issues?
GEORGE W. COOK
PARK RIVER, ND

Charged Up
I am amazed at the almost
universal ignorance con-
cerning electric cars, bat-
teries, power generation
and pollution. All the ener-
gy the human race will ever
need is the untapped deep
hot-dry rock geothermal,
which is steady, readily
available, self-renewing,
totally nonpolluting, and it
requires no new technology
or equipment. Of eourse, it
wolld make the petroleam-
based and nuclear power

industries obsolete.
W. YOUNG
OKLAHOMA CITY, OK

And we'd have to dig a
hole the size of Ohio to tap
into i, —Ed.

The response vou received
to your article about the
GM Impact seemed to me
to be rather narrow-mind-
ed. While it's true that
fossil-fuel plants produce
pollution, the quantity of
pollution is far less per tiit

Letters are subject fo editing for
length, style and format,

12

d

of energy produced because
of the more efficient method
of combustion used. The
most efficient internal com-
bustion engine is less than
30% efficient, whereas an
oil burner used in a home
furnace today is more than
90% efficient. While 1 think
fossil fuels are a dead-end
propogition, the electrie
auto is, in the end, the far
lesser of two evils.
BARRY FLYNN
CAMDEN, AR

The requirement that 2%
of ears sold in California
after 1998 must be “non-
polluting” is a figment of
the California legislature's
imagination. Few or none
of them are scientists or
engineers who understand
the practical limitations in
building electric-powered
cars, Only a breakthrough
in battery technology and a
reduction in cost will make
the electric car competitive
with the gasoline-fueled
car, And scientists will tell
you that a breakthrough is
unlikely in the near future
beeause of inherent limita-
tions on materials required

to build the batteries.
JAMES E, GINGRICH
LAFAYETTE, CA

Battery systems just won't
cut it. Why is no one really
checking out alternatives
like hydrogen? Existing

Onee again the insightful
knowledge passed on to
your readers flew right
over the heads of some of
your more vocal fans. Let's
set the record straight:
First, by mandating elec-
trie vehicles, the carmakers
are being dragged into the
21st century. Second, the
technology derived from
these erash-course-in-effi-
ciency vehicles are trans-
ferable to more mainstream
vehicles allowing them to
be more efficient and re-
sponsive as well. Third, the
transference of pollution
from “the tailpipe to the
smokestack™ theme is of
limited consequence, since
it iz much easier to control
sulfur, hydrocarbons and
carbon monoxide with in-
creasingly efficient pollu-
tion-control equipment. Pie
in the sky? Consider a let-
ter to the editor 100 years
ago regarding horeeless

Deafening Fun
Your May article titled
“Rough Riders” fails to ad-
dress one thing about wa-
terbikes in general: When
are the manufacturers go-
ing to do something about
the awful noise they gen-
erate? Until something is
done to muffle their noise,
waterbikes will continue to
be one of the most intrusive

machines ever created.
LEQO KRUSACK
GLEN ELLYN, IL:

Bang, Bang

I enjoyed your article on
the Winchester 94. Smoke-
less powder, however, is not
“fast burning.” The great
advantage over black pow-
der is the controlled rate of
combustion. By slowing it
down, first the inertia of the
bullet is overcome. Then,
after the projectile is on its
way, the pressure is in-
ereased, thereby attaining

C miuch greater acceleration.
JOHN KRAMER BIRKLE ECK
COLD SPRINGS, CA CLAYTON, MO
Reader Project Of The Month

g p—

engines can be modified i

to use it, and though
storage systems may be
bulky, overall range is
much more practical. Elec-
tric batteries aren’t the
only answer.
ANDREW LaROY
LEWISTON, [D

The only downside to it is
that 1 really don't want to
have to “plug"” in my car
four or five times a day.
BRANDON WEINSTOCK
SHERMAN OAKS, CA

L e i il B, -

il s

Since | was a kid, riding on the milk crate that was our passen-
ger seat in my big brother's 1856 Ford panel truck selling snow
cones off the back, | have had a love of '56 Ford trucks and
almost bought one several times, but something always kept
ma from it. Wall, some 25 years later | spolted Mark Smith's
‘56 F-150 in your May 1891 issue and couldn't wait any longer.
By August, | had found and purchased my truck. After two
years of original frame-off restoration, it is finally done. Thanks,
PoruLan MecHanics, lor your great magazine. It ignited the
apark in me o finally fulfill my dream,

DAVID HAYES
LOMGVIEW, TH

POPULAR MECHANICS » AUGLIST 1594
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1l in one of over 250 different skills will be waihngfaﬂyﬁu when you graduate from
= ‘high school.
Imagine having a future that comes Best of all, that training is

with a guarantee. guaranteed in writing up to a
year in advance.
So, whether vour dream is to do police work or drive tanks, direct aircraft or

work in a lab, the Army can help to make it a part of your future, And that’s not
just a promise—it's a guarantee. For additional information, please see your Army

Recruiter or call 1-800-USA-ARMY. ARMY. BE ALL YOU CAN BE.




Performance.
Protection.

FE!&"’“ Quality®

AND

GUMOUT

Solutions to Engine Problems.

PRESENT

THE NATIONAL
AUTO QUIZ

1. This symbol is used by what car manufacturer?

A) Ferrari. B) Maserati. C) Lamborghini. D) Peugeot.

2. What Model Chevrolet was the first to receive the
Super Sport designation?

A) Impala. B) Camaro. C) Nova. D) Chevelle.

3. What is the characteristic of the new Miller cycle
engine that's used in the 1985 Mazda Millenia 57

A) Late intake vaive closing. B) Supercharged. C)
More power from smaller displacement. D) All of the
above.

4. Which of the following '60s muscle cars was
known as a "wing car?"

A) Ford Talladega. B) Dodge Daytona. C) Mercury
Cyclone Spoiler. D) All of the above.

WIN A FREE VIDEO

Send us your auto-related questions. If we use one

of them in a future quiz, we'll send you a free car
care video. In case of duplicate questions, the one

with the eartiest postmark will win.

Send your entries to:
National Auto Quiz
PoruLar MECHANICS
224 W._ 57th St.

Mew York, NY 10019

5. Which of these statements is true about current
Indy race cars?

A) Aerodynamics create 3 tons of downforce. B)
Standard engine is a 2.6 liter V8. C) Can attain over
240 mph on the straights. D) All of the above.,

6. Which of these cars is available through your lo-
cal dealer as a special Showroom Stock race mod-
al?

A) Dodge Viper. B) Chevrolet Corvette. C)
Dodge/Plymouth Neon. D) Mazda Miata.

7. The first car to come with a seat belt was the:

A) 1955 Hudson. B) 1956 Ford. C) 1950 Nash. D)
1857 Chrysler.

8. The first domestic front-wheel drive car since the
Cord was the:

A) Cadillac Eldorado. B) Oldsmobile Toronado. C)
Plymouth Reliant/Dodge Aries. D) Chevrolet Vega.

9. The source of high voitage energy to produce a
spark to ignite the fuel mixture in a gascline engine
comes from the:

A) lgnition coil. B) Alternator. C) Battery. D) Spark
plug.

10. Normal oil pump pressure in an engine is:

A) 3 to 7 psi. B) 10 to 60 psi. C) 100 to 150 psi. D)
180 10 210 psi.

‘d0L V6 (oo6Lla8
0.209a0sg8vae(l96llvVeE a’l
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THINK OF IT AS A
UICK CURE FOR THE HICCUPS
YOUR FUEL SYSTE.

The only gas additive you’ll ever need --
Works for 3,000 miles!

= When your fuel system becomes
clogged with deposits, engine performance can
quickly become a frustrating condition. Now you can
gel rid of the hiccups in vour fuel system -- and keep them away for 3,000 miles - with
Gumowt* Regane® Premium Gas Treatment. = Regane adds real power 1o detergent
gasolines 1o super-clean your entire fuel sysiem betier and faster than gasolines alone.
So much power — Regane cleans all the way through the combustion chambers,
helping 1o get rid of nagging performance problems like knocking, pinging
and engine run-on.. Pick some up today. Then pour it into your gas tank
during your next fill-up. In just one tankful, you'll agree --
Gumout Regane really works!




TIME MACHINE

90 YEARS AGO: AUGUST 1904

Glass Roots

Nothing exemplified turn-
of-the-century decorative
industry as clearly as cut
glass. Although mass-pro-
duction technology would
soon shatter the traditions
of glassmaking, back then
blowers still raised pipes to
their lips and shupeﬁui—
ten glass with lung power.
Then three tiers of crafts-
men—roughers, smoothers
and polishers—carved glass
blanks into finished works
of art. In places like Toledo,
Ohia, these glassworkers
enjoyed sparkling lifestyles.

Popular Mechanics

How Cut Glass is Made
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60 YEARS AGO: AUGUST 1934

Alr Tower
Bankrolled by J. Pierpont
Morgan, Nikola Tesla was
building a 185-ft. transmit-
ting tower on Long Island,
the hub of his scheme for
global wireless communica-
tions. The 8-sided pyramid
would house the central
powerplant and antenna
for sending out weather
and stock reports, pie-
tures and messages. But
when Morgan withdrew
his support during the
coming financial crisis,
Tesla had to aban-
don the project.

Gold Diggers

Fasy money always appeals,
and no more go than during
the Great Depression. Back
then, treasure seekers were
galvanized by thoughts of
galleons rotting in the
Caribbean, with Spanish
doubloons spilling out their
gides. Old ship registries
and other documents au-
thenticated these dreams.
Fortunately, subsea explo-
ration was eatching up with
gold fever, Diving bells, sub-
marines and other appara-
tus were opening up Davy
Jones's locker.

TREASLURE

HUNTING FOR LOST

POPULAR
MECHANICS

30 YEARS AGO: AUGUST 1964

Shot Lifter

The 10-year “naval vaca-
tion" etipulated by the
Treaty of Washington was
over, and America’s navy

sticks. Decked out with
nine 8-in. naval guns, the
Minneapolis-class cruiser
Astoria was among Puget
Sound's latest progenies,

yards were back
at work. The
Puget Sound
Naval Shipyard
in Bremerton,
Washington,
was home to
a titanie crane
that could easi-
ly lift and move [
six or seven 50- |08

ton guns like [
s0 many match-

Wire Hanger

Like a diabolically levitated
bedspring, a mesh of wire
floated as the proof of
principle for Maj. Alexan-
der de Seversky's lono-
craft. The principle? A
surge of electrons from
electrodes mounted above
the mesh would ionize air,
Charged particles would
rush toward the mesh, trig-
gering a downdraft that
lofted the deviee. The trick,
of course, was to shrink the
souree of eleetrie current—
something Seversky never
mastered,

OW 11 FEELS 1O DEVWE TOMORROIW T CAR
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The pride of
Yorktown
& Heights, New

York—IBM's
Model 7084 ¢com-
puter—weant

Kilobytes And Kings

head-to-head with checkers
champ Robert Nealey in a
elasszic duel of wits, Digest-
ing 100,000 mathematical
operations a second, the
computer played
Nealey to a draw
five times, losing
only once., While
the machine had
a psychological
edgre—having no
nerves to fray—
it played method-
ically and proved
viulnerable in

midgame, P
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Power O L

Idenl for home,
office or shop, Six
autlets and a 16
:'I]IIFI |'l|.I.-i|'l-1l.|-|'l"!-'\.I-|
circull breaker.

#71
MLATHE 1% THIE
=AY
vy
iy
P o Mo i
Six surge-protected out-
lets handle TV, ViICRs,
stereos and other home
electronic squipment.
LED inclicator shows
surge protector s work- 165 Joules
ing. 165 Joules of sirge 9 CapTe iy SR
dissipation. With EMURF1 [,
nokse protection. N
e
uu'.i:l.\ﬂlli
LsAT =
9 6 Every
Dy
Was 83.76
e Lights of America® U
Cabinet Light Fixture
Master® Encrgv-saving 18" fluorescent light

Combination Lock
Casp-hardened 532"
steel shackle protects
against cutling ad savw-
ing. With unconditional
Full lifetime guarantes,

fxture provides B0 watts of light
for only 15 watls of electricity
Features easy ool sliding switch
and hideaway cord. Just plug in
aivel tirm on Replaceable uores-
cent bulb is ineluded

#1500 #T000-1
“u!\.'lhflll. SAE [N THE
LSATS

“We can help you brighten a room or protect
your valuable electronic equipment.”

Wal-Mart has a full line of electrical products for your
home. And that’s just a small part

of our Hardware Department. WAL*MART | s -

Steve
Sales Associnl
Hiarchwsire



ey neuehy () juitg il s o = FEray,...mo 5y

% MO ILDDREEEN D LG T

GE Bright Stik”
25" fluorescont ||._I-I g unit puts warm, pleas 96
amt fight where vou nesd it Needs no fixtore 50
ar spe ecial wir i .||::-:1 ]I]IL]-{ ir. Was §11.96 Every
RFBSA5WX Dy
GE Shoplite
Fluorescent |
| m-. Twin-pack of 45" 40
[y wall fluorescent
bulbs for home or
GE 1} work areas
Ciathers stray light that stancdare ¥F4OSHOPZpk
foodhghts waste and redirects it
mnto the useable beam. 120 watt ﬁﬁ

bl with an average life of 2000
hioors, For dovewsys, entrances,
patios and gardens.
#ISOPARTFLA20WM

WAL N THE
Every
[y

04 |- | GE Ceiling Fan —

= he i sASS

'|‘mn | Two 40 watt bulbs with

’ o | rugged filaments that resist fan
GE Standard Night | W= vibration. Blunt tip crystal pro-
Light Bulbs I |I tects against breakage
4 watt all-purpose bulbs, > #40BMCD2
Availuble in 4-packs of v
clear or white bulbs,
#4CTW/SCD/4 g8 i —
u,_u .'I_-'l!‘:fﬂl.ll'-i Ym0 WM Moun
15 -135-15IJ 4 7
3 Every
Ly
2 B GE Soft White Security &
e 3 Way Bulb SHOPLITE
Features 15-135-100 watt _E_""

GE Medi B Glob settings. Use 135 or 150 Ty
l:wcunm'e clear or white watts for soft, pleasing
-Iuhe; e -i];r"iillilljl'l" in 25, 40 : roam lghting, 15 watt for
f_, 60 wakts. kit ﬁ‘_ﬁﬂ_.._ might light/security light

#15/150-5ec

“Just a few well-placed lights
can make your home a lot safer.”

For proper lighting, both inside and outside your home,
come to Wal-Mart. We carry just

about any kind of iight }:'.'}Li need WAL* MART
for your home. And we’ll have it :
for less. Every day. Always! W

D184 WAL-MAHRT
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Steve
Sales Associate
Hardware



TeEcH UPDATE

News C)f Tomorrow‘s Te ..l'lnology Today

Sbace Radar Shows Earth In ANew Light

PASADENA, CA—Ecologists and
geologists are gorging on a cornu-
copia of data reaped by NASA's
Spaceborne Imaging Radar (known

ag SIR-C) during last April's shuttle E

mission. And if plans hold out, by the
end of August—when a second shuttle
radar run is scheduled—they'll have
twice as much to digest. Already re-
searchers predict that they'll be
gleaning insight from the images for
decades to come.

Why so much acelaim for SIR-C?

After all, Japan and Europe are now |=
operating radar satellites, and the K

ghuttle flew a radar mission as far
back as 1981.

Unlike those single-frequency ef-
forts, however, SIR-C bounces three
distinet wave bands—each polarized
twice—off the Earth's profile. The re-
sulting pictures compare to standard
radar images as color photography
compares to black-and-white.

What radar “photographs,” of eourse,
is a subject’s capacity to reflect radio
waves, And hidden in measurements
of radar reflectivity are myriad scien-
tific tidbits. Radar can reveal the
water content in soil, the health of

ErlturM'rltﬂ'i:‘i

Reporters: Philip MHmFﬂuxSmﬂ.Gul.ﬂqr
Francis Harmit, Banni Price, Barry Rosenberg,
Bob Scheier, Richard Schrader

Uniike photo |lnp left), lmaglng radar |top
right] discerns ash [red] from mud flows

[brown) on the Philippines” Mount Pinatubo.

vegetation, distinctions in geology
and the type of snow packed in moun-
tains. What's more, it can pierce cloud

cover—and even the Earth's surface

4 —to extract this information.

Radar falls short only in resolution.
Because its wavelength is longer than
that of light, radar can't see as much
detail—nothing smaller than 100 ft.,
in the case of SIR-C. Still, in theory,
computers eould manipulate the data
to reveal individual ears, although
they cannot pick out a Pontiac from
a Porsche.

In addition, when NASA flies the
second SIR-C mission, the shuttle will
perform some precision maneuvers
to pase nearly—but not quite—over
the same sites twice. Using interfero-
metric techniques, computers will
meld the two out-of-register data sets
to create topographical maps with an
accuracy of 3 ft.—far sharper than
most ground-based surveys.

Highlights This Month
® Scope On A Rope—Observatory dangles from airship.
¢ Seeing-Eye Bullets—Smart rounds home in on targets.
® NATO’s Newest—Flying the Eurofighter 2000.
® Escape The Drill—Virtual reality in the dentist’s chair.
® Rail Cooker—Locomotive runs on natural gas.
¢ Big Wheel—Return of the velocipede.
® Good Wood—Dimpled baseball bat is a home run.

POPULAR MECHANICS ® ALIGUST 1994

(More Tech Update on page 200 19
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Dreadful Sorry, Clementine

ALEXANDRIA, VA—Despite the ringing success of
Clementing's Iunar—mapping mission (see "Beyond
The Moon," page 96, July "84}, gremlins have
scotched the remainder of the little probe’s
. adventure. On its way to meet
an asteroid last May,
Clementine inexplicably
decided to empty its atti-
tude-control thrusters' fusl
tanks. Mission controllers
are blaming the mishap on
Clementine's housekeeping
computer—oddly, one of the
most tried-and-true compo-
nents on the spacecraft.
Without directional thrust, the probe can no longer control its orien-
tation. In fact, the spacecrafti—designed to be stabilized along all
three axes—has tumbled into a spin, ruining any chance that it could
use its sensors to home in on the asteroid.
Instead, project managers have returned Clementine to Earth orbit
and will simply monitor the endurance of its sensor suite.

After malfunction crippled attitude
control, Clementine Is spinning too fast
to allow sensors to lock on to asteroid.

Telescope On A Rope

BALTIMORE, MD—Although
astronomers like putting their
telegscopes far above sea level,
parking one in space means pay-
ing an astronomical price. A nice

compromise: viewing from the
cold, dry stratosphere T miles
above the North or South Pole,

Researchers from the Space
Telescope Science Institute and
the University of Colo-
rado are proposing
such an inexpensive
setup, calling it POST,
for Polar Strato-
spherie Telescope,

The instroment it-
sell would hang from
a tethered aerostat.
But to lighten weight,
the telescope wouldn't
use a single large
mirror. Instead, an
arrangement of six 3-
ft. reflectors and one
6-ft. mirror would
gather light.

Then newly devel-
oped eomputer tech-
niques—invented to
compensate for the
Hubble Space Tele-
scope’s former flaws
—would come into
play. These modeling
programs would com-
bine readings from
the small mirrors to
simulate the resolu-
tion of a mirror 20 ft.
across—~iwice the size
__ of Hubble's primary

)| reflector.

POST would rival
airborme and orbiting

telescopes at a fraction
of their expense.
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Things To Do Today:
1. Fix Hubble...

HOUSTON, TX—Astronauts do practically
everything by written procedure,
from preparing breakfast
to performing ex-
periments. But they
find it unwieldy to
clutch a paper check-
list while out space-
walking around the
shuttle’s payload bay on
an extravehicular
activity (EVAJ).
So Johnson
Space Center has
developed an
arm-strapped
Electronic EVA
Checklist. Look-
ing like a giant
Dick Tracy TV
wrist-radio, the EVA checklist can receive up-
pages of infor- Pacewalk plans change.

mation and features a 320 x 220-pixel liquid-
erystal display—touch-sensitive so that space-
suit-fingered astronauts ean Aip through menus,

Russian Horse,
Western Rider

| Proton rocket and
Inmarsat-3 satellite are
overcoming incompatibility.
BAIKONUR, KAZAKH-
STAN—Now that Rus-
sia's Proton rockets will
begin lofting Western
satellites, engineers
must mate two mis-
matched space pro-
grams. The biggest con-
trast: Western satellites
fire apogee motors to
8 get to geosynchronous
4l orbit, but Russian ones
don't, |ui:!u.r instend on
the Proton’s fourth stage.

‘wlutmns are already occurring to Martin
Marietta, first to book a payload on the Proton.
The company's Inmarsat-3 satellite will lose its
apogee motor in deference to the Proton. And
the Proton’s fourth stage will execute a new
“rotisserie maneuver,” spinning periodically to
keep the satellite from frying in the Sun.

Io4g01a

{Mare Tech Update on page 22)



SURGEON GENERAL'S WARNING: Smoking
Causes Lung Cancer, Heart Disease.
% Emphysema, And May Complicate Pregnancy.

er. CAMELPOWER is here. Smokin' Joe's Racing Team has
Winston Cup Series. So look for it. Because when
ﬁar hits the track, things are gonna be smokin'.
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Bullets Find
Their Targets

AZUSA, CA—Always worried about
maneuverable sea-skimming missiles,
the Navy fears an increase in such -
threats now that its ships operate closer to =
shorelines in post-Cold War scenarios. By way
of defense, naval planners are hoping that ships' *
guns can down these dodgers with equally agile shells.
Aerojet is developing one such projectile under the Navy's
Gun Weapon System Technology Program. The round
guides itzelf autonomously to a moving target. To steer, the
spinning projectile fires rows of solid-rocket divert thrusters.
The shell needn't hit to kill. Rather, a bidirectional kill

Satellite Dish On Wheels

HANSCOM AFB, MA—The military works its

satellite terminals hard. Not only must they tie into
' superhigh-frequency defense channels, but they also

must use civilian bands. No wunderthey‘ve hitherto
N been sprawling fixed installations,
| rarely deployed in the field.
|  But no longer. The Air Foree
has developed a Lightweight,
| Multiband Satellite Terminal
| specifically for mobile operations.
The trailer-mounted equipment
can roll out of & cargo plane and
start working in 30 minutes,
A quarter the size of previous gear,
terminal weilghs only 6500 pounds.

J ack-In-A-Box Control Tower

HANSCOM AFB, MA—The Air date, but to transport the com-
Foree is tired of | around plete setup ties up two C-130s.
its heavy, bulky mobile air- gu a slimmer version, sized to
traffic-control tower. Not only slip into a single C-130, is now
has the equipment fallen out of wunder development,
alled the Tower
Restoration Vehicle,
or TRV, the platform
| will simply pop up
from the back of an
M-1097 “Heavy Hum-
er.” Once its roof is
raised, the TRV pro-
vides seven ground-
to-air radios. In con-
trast to the messy
eabling in the old mo-
bile tower, TRV mes-
gages route through

Homing antimissile bullets guide themselves with sensors, trigger-
Ing divert thrusters to zero in on zigzagging targets.

mechanism uses two fragmenting warheads on the projec-
tile’s flanks to destroy the target.

Prior “homi ts" have faltered because electronic
components idn't survive the g-forees associated with
ﬂa . But that challenge has been overcome. In fact,

use the Aerojet bullet weighs less than a conventional
5-in, round, it will fly faster from the gun's barrel.

Seaport Sonar’s
Intruder Alert

CORNWALL, ONTARIO—The Swedes, who
loathe submarine incursions of territorial
waters as much as anyone, are investing in a
unique harbor-surveillance sonar system.
Although Sweden won't say how many units
it is buying, the sonar can stand alone to guard
a port or can line up In a series 1o protect a
coastiine. Made by C-Tech Ltd., the CSAS-80
system boasts the sophistication of shipborne
and sub-carried sonar, yel s easily relocatable.
The underwater pingerz can detect and track
targets automatically, filter out background
echoes and zoom in without sacrificing res-
olution. Each unit has a circular range of
roughly 1.25 miles, sending
out an array of 256 rapidly
scanned acoustic beams,

g
E
5

one transmit and one
receive antenna.

Tmr ﬂmurlﬂun vumm dlplny: Instant air-
traffic-control center from the back of a Hummer.

2

Harbor-surveillance sonar provides 360" coverage
with rapidly scanned beams.

(More Tech Update on page 24)



“Qeﬁz}zy him in and oul 1's u]mp/é.
Qeff:}:_g him fo wash behind biis ears is the bhard part.”

~Samt Dowds, Starding View Chareman

Okay, so Sam's demonstrations tend

to be a li‘ll:la on T'J:m mll:l ui:lﬂ. We anmr :

that. But you have to admit, the
guy does make one heck of a
shower doar.

We call it “FreeStyle}”

and its revolutionary features
not un]:r beat other 'IIZII:I'I'I!I duuu

hands tlmm, I:l:.qv make clu.miy, :i.l'l'lpﬂiiilill!' .

. toget in and out, easier to ::|au.u. a.nﬂ, gince

to-clean curtaine obsolete.

For instance, it has no tracks. No tracks ;
above to hit your haaui, and no tracks below

to cl;l".ect water, mili:]uw or I:nac‘lcria.
And you see those four doors? The inner
two slide euily into the outer two; then

the outer two swing in or out to give

you an opening you could drive, well, a

nine-foot ginﬁe tl'lrﬂugh.
Of course, seeing that
you probably have more
children than giraffﬂ, all
that room makes it a lot casier
for you to clean them, too.
The new FreeStyle” shower door. Easier

it's from Sterling, casier Lo buy.
Which makes sense for just about every-
one. Evﬂu 1:.:]; gira:[Eun 1lr]'u:l lln:l.‘l c]:nn

|:|n|1in|! I'J:eir ears. For more information

* on Sterling products call 1-800-895-4774.

Quality faucets and fictures ot reasonalle prices.

01994 Sterng Plumibng Group, Inc. 7900 Golf Rosd Rolrg Mesdow, 1 80008
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Europe’s New
Prize Fighter

WARTON, ENGLAND—Four Euro-
pean allies are keeping a close wateh
on the Eurofighter 2000, which made
its maiden flight on March 27,

Great Britain, Germany, Spain and
Italy teamed up on the multirole
fighter, which is destined to replace
those nations’ aging jets, including F-4
Phantoms and F-104 Starfighters. Its
debut delayed by 2'% years, the Euro-
fighter remains something of a mys-

tery plane—each nation's choices of i

avionics, jammers and other internal
equipment are still up in the air.

On the outside, though, the jet is a
daredevil hot rod, with twin engines
putting out a push of 40,000 pounds.
Like the F-22 and Sweden’s new
Grippen—both of which have already
crashed in tests—the plane gains wild
agility from its aerodynamic instability.

The Eurofighter 2000 boasts a thrust-to-welght ratio greater than 1:1,

Inside, streams of information will
flow from advanced pulse-Doppler
radar and an infrared search-and-
track sensor. Software will analyze

and present this data to avoid over-
taxing the pilot. Other workload-
reducing goodies include an auto-
stabilizer and voice-recognition input.

Gnat Is Flymg Weather Station

'f' 7

| sensors, five radiometers
ride aboard the robot.

TONKAWA, DKLAHDM.&—Eeakmg
traces of global climate change, an
unmanned aerial vehicle has been
buzzing over the Great Plains.

The little Gnat-750 is the same
species of drone that the CIA lofted
last winter to reconnoiter the Balkans
(see Tech Update, page 16, April
'84). But this time, instead of spy

- The devices gauge ra-
diant energy passing through the
atmosphere at altitudes between
1500 and 22,000 f. a
Department of En- #

ergy’s ground-based

Cloud And Radiation Testbed (see

The effort dove- [P
tails with the U.S.
Tech Update, page 19, July '93).

-7

Bombproof Baggage Box

FARNBOROUGH, ENGLAND—
No sane person wants a repetition
of the 19588 disaster over Lockerbie,
s Scotland, when a terrorist bomb
o| brought down a Pan Am jetliner,
| killing hundreds. Now Royal Ord-
" | nance may have a safeguard in its
Protective Cargo Container,

The baggage container is de-
signed to stifle a blast's pressure spike. Some of the energy
attenuates into an inner lining of undisclosed nerospace ma-

Maybe The Merlin

terial, while the rest
ricochets downward
into the eontainer's
base and the aireraft’s
bilges. Finally, exter-
nal straps girdle the
container's shape as
the explosion distends

MESA, AZ—The Marines Merlin may serve as an
may have to wait 15 years ntérim replacement for
before they have a fleet of
V-22 Osprey tilt-rotors at
their disposal. Meanwhile, their venerable CH-46
Sea Knights, the double-rotored choppers they've
flown sinee Vietnam, keep

One possible stopgap: the EH-101 Merlin—

the CH=-46 untll new tit-
rotors become available.

getting older.

its sides.

Protective Cargo
Container swallows the

the big, quiet transport helicopter coproduced by
Britain's Westland and Italy's Agusta. MeDonnell
Douglas has been given the go-ahead to market the
copter in America. British and Italian navies are
already switehing to the EH-101.

{More Tech Updale on page 26)
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FORD F-SERIES.
TQE BEST NEVER REST.

Buicr Forp TouGcH

The all-new POWER STROKE™73L  Ford continues to be a safety leader A redesigned rear seat improves
DI turbo diesel outpowers the rest” with a new standard driver's airbag **  legroom and comfort.

“Bgniabie on moasn over B:500 it GYWRL *"eailatels on madais woder 8,500 B, GVWR. Always waar your silety ball. Fres 24-bour Roadude Asiatancs J years/36 000 mies 5o Saaler for detaity




Can’t Anybody Wm Thls Crazy Contest?

ATLANTA, GA—You'd think that after four years the
country’s top propeller-heads would have it figured out.
But no. Once again, a $10,000 grand prize remains
unclaimed. Such was the dismal result at the 1994 Inter-
national Aerial Robotics Competition.

Sure, the rules sound simpla. College-sponsored fiying
machinas must find and pull metal discs from one bin, fly

autonomously and find the bin. Then it crashed. From the
University of Texas at Arlington came a tailsitter vehicle,
known for its out-of-control pogo-stick antics in years
past. This year it crashed spectacularly.

Winner by default was the University of Southern Cali-
fornia, with a 28-second flight time. Frustrated organizers
say they might hold the contest underwater next year.

| Southemn Tech, USC and
Texas-Arlington [left to

right] entered machines
| In aerial robotics contest,
now a festival of futiiity.

them across a barrier
and deposit them in an-
other bin—all without di-
rect human intervention.

In previous years,
teams at least managed
parts of this task (see
Tech Update, page 30,
MNov. '92). But this time
no one even camea closa,

Georgia Tech's 4-rotor
Heliguad did take off

Biopsy Without Surgery

KNOXVILLE, TN
—Instead of snip-
_ping away tissue
3ﬂamplea to test for
cancer, physicians
Zare shmmg light
gin order to make an
* instant diagnosis.
{ Known as optical
H bmpav. the tech-
#nique has emerged
;dt the Thompson |
Cancer Survival

Center, with help Pmbtﬂm:lﬂ::r by analyzing light
from Tennessee's ®missions from tissue in question.

Oak Ridge National Laboratories. So
far, it's proved 100% accurate in de-
tecting cancer of the esophagus.

A probe made of
optical fibers trav-
els through a slim,
flexible tube that's
inserted down the
patient's throat.
Some of the fibers
emit low-energy
laser pulses. Inside
the tissue to be
tested, molecules
absorb these pulses
and radiate their
own light, in wave-
lengths that tell of
health or disease, Other fibers in the
probe carry this light to a computer
for spectral analysis—and diagnosis.

Virtual Eyeballs For The Surgeon

ATLANTA, GA—To keep their skills
honed, ocular surgeons must practice,
practice, practice. But donor eyeballs

z
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from cadavers are less than ideal for
such training, because they don't re-
tain the texture and elasticity of live
ones, Surgeons rely on these tactile
sensations to guide their scalpels.
Seeking to duplicate the touch and
feel of living eyeballs, Georgia Tech
and the Medical College of Georgia

| have developed a prototype eye-sur-

gery simulator using virtual reality.
The trainee grips a simulated
scalpel linked to three emall motors
that give realistic force feedback as
the device moves. A tracking system
monitors hand motion, and a stereo
display provides visual feedback
through an operating microscope.
Eye surgeons can stay proficient, leam
new techinlques or rehearse difficult
procedures with virtual-reality simulator,

Dental-Chair

Distractions

REDMOND, WA—What sounds like
more fun, exploring virtual reality or
listening to a dentist's drill explore
your rotten molar? If you prefer the
former, a “patient viewing svstem”
from Virtual Vision Inc. may see you
through your next visit.

Equipped with hi-fi earphones, the

Virtual Vision Rx engrosses dental patients
with videogames or TV programs.

Virtual Vision Rx visor can replace
the sounds and sights of the dentist's

office with television programming or
a videogame., Magnified color liquid-
erystal-display images appear at a
comfortable focal depth of 6 ft.

The hardware sports disposable
splash and debris guards and a germ-
resistant coating, It will even accom-
modate a nitrous-oxide mask if the TV
hasn't dulled your senses enough.

(More Tech Update on page 30)



BEYOND VIRTUAL REALITY

Amazing new technology teaches you foreign

languages, reprograms your mind for success

& launches you into virtual fantasy experiences
plugzged my mind
into the Learning
Maching™ [ was

you've mever seen the movie, an astro-

maut on the planet Krell discovers an

incredible learning technobogy — a hel

directly onto your brain cells. Impos-

sible? Mayvhe not.

A revolutionary breakthrough, the
Like magic it pours in new information
and skills. And it's super entertaining,
Plug Your Mind into

language, quadruple your reading

speed, or increase your math skalls, Or

give your children a powerful edge in

You select a spedially programmied

Learning Disc in the area you want fo

study. Plug it into any ordinary CD

phone jack. Push play and a few

maments [aber vour mind = launched

into a pre-programmed leam-

Learning Dhsc lesson

plan unfolds its pro-

gram and transfers the

BY DANE SPOTTS

reminded of the ‘5s
met hooked up to a super sophisticated
Learning Machine stimulates vour

Supersonic Leaming Power

school, leaming J00%-500% faster than
player, Then attach your Learning
ing session. In a fun, almost
knowledge into yvour

u m '
Learning Machine Breakthrough!
THE FIRST TIME |
k soi-fi classic Frfidden Planet, If
computer that downloads knowledge
mind and opens your leaming centers.
Let's say you want to learn a foreign
their peers
Machine digital headset into the head-
effortless way, the
mind,

LB e FANJUAZES & AT
syt Py pour mvid’ ido Rasic
[Fmnch, Spatsh, Ganman, s Malan
(4 CT8—8200 Ve FREL

Amazing Light-Sound Matrix
Stimulates Your Mind
How does it work? A digital program
embedded in the C0, called a Leaming
Matrixr sends o combination of ligh
and sound instructions through the
Learning Machine digital headset |
stimulabe the ophmum mind-state for

lzarning.

Di.ll'l.ng_ oL learning session yvou'll
be asked b Listen to pudio istructions
while you review written materials
While this information is still fresh in
your mind, the narrator
inskrucks you bo lowes
your Light
Pulse Shield,
and the
Learning
Dis< fires an
AMATINg
light-sound
miatrix that
instantly relaxes
you. This highly relaxed mind-state
helps lock the néw information into
YOUr memory,

Spood Reading. and Mor

Learning foreign languages, or any-
thing for that matter, at rocket speed
can be very empowering
And I'm going o include a
ton of valuable Learning
Dise software with your
Learning Machine so you can
get immediate results from this
new technology. You'll receive
4 basic language courses —
French, German, Spanish, and
Italian. A Seper Vocabulary
course, a Super Memory course,
and a Speed Reading course. And for

your kids, a SuperPhonics= reading

Over $600 Worth of Learning Discs Included...FREE!

The Teacher= [ $58 Valse) Siun
tratvn d

fmrting = Prigramnng

JH Mg Spne Libewdy | 5150
Walue| 1 1y

£ 1954 Mo st o 1B Paghts Resnen, Ly Machne. Lesrng i, Lewemg Mim . Sopefones . e e, 10 W e

Libwvary [ S1E6D Valus] 15

Supér Spead Leaming™
Baginsar's Pak | 552 Walus] 4

i ] e Lo LB, Wl Ty, Sl S0P Lty 1% TEme 1) [ eemarers

-,

Amazing digital hoadsel stimulates your mind and opens your learning centers.
Like magle it pours in new nformation and skills i a hun, effortless way.

program. (hver 535K
warth of Learr
[.II'J b ?II-ILI ||II'\- {1419
deal of the cenbury
Buat | also want bo

stow ol Its other

ALY POwWErs

3D Mind Sync
induces Virtual Fantasy

So I'll include the 3-D Mind Synce
Library, with 10 whole brain synchro-
nization programs on 3 CDs, to turn
wour Leaming Machine iibo & medita-
tiom, self-hypnosis, and virtual fantasy
computer, You'll receive the following
tithes: Creativity Booster, Cheick Energy.
Stress Zapper, Bratn Tune-Up, Virtual
Visualization, Imagination Stimulator,
Learning Accelerntor, Super Intuition,
Lucid Drearming, and Super Zem States.

A $150 value, this extensive collec-
tion is a super added bomus, But what's
even more exciting is how this same
machine can be used for habit control,
success conditioning, and climinating
self-defeating attitudes,

Zap Your Mind with Success
Let's say vou want to transform a biser
mind-set into a winning one. Or you'd
Tike tor quiit smoking or bose weight, I'op
in an InnerMind= Programming Disc.
The light-sound matrix opens a win-
dow into your unconscious mind.

Then by infusing your “inner mind"
with positive prngr.lml‘nin;. youl can
rescripd negative, self-defeating behav-
ior. I'm including 18 awesome
[nnerMind programs. From sucoess
conditioning to weight control this is
another §150 valuwe.

$200 Instant

Rebate
Flus in addition to th
Language Library, the
SuperPhonics, Super
Speed Reading, Super
Memory, and Super
18 fitkes prase fear and

Eordition i i i Sueoees.
(3 COs—5150 Vot FREE)

Vocabulary programs, the

Mind Svnc Library, and the
|||r||-r"|[||||| |I||||_;| |r|1-|1'.|||q
Library (a 600 combined

1'.|||Jl:'| I'm offering you a
SN0 instant rebate off the
fist price. | fgure vou'll be
LT impriesed

Fuper Speed Reading,
Siger biomovy, Super
Vnrabesiany, dml
Supeefhomcs (for kids K8)
el e Leaming
Machine 5 gaesorme pOWweT,
i1 CO—E359 Vake FREE}

you'll use the extra
§200 1o buy maore
Lisarming Dhiscs.

The list price for
the Learning Mach-
ine is $499.95. But
you can have it for $299.95 plus ship-
ping. Remember, in addition to the
S200 rebate, I'm inchuding hundreds of
dollars worth of free Learning Discs,
making this an incredible offer.

30-Day Risk Free Trial

Try the Learning .
Machine risk free for
30 days. Sample 4
languages, triple
your reading speed,
boost your vocabu-
lary, improve your
memary, and
FEprogram one or
two bad habits.
Mow imagrine what
you can do during
the second month! But hurry. This is a
limited introductory offer, 0 reserve
viour Learning Machine now

To order, call toll free or send your
check or maney order for $299.95 plus
$12 shipping & handling to the address

Learming Machine Special Offer
Nem #4501 .............. 5299.95 [12.00]
Meed a CD Player? Wao have an
excallant portable — ot o great price!
Portable Kemvood CD Player
Ifem #91021...............$129.85 [9.00]

FUOR FASTEST SERVICE ORDER TOLL FREE

1-800-925-3263
ZYGON

16368 Riimond Way, Redmond, WA 98051
For intormation phease call (206) RE>-0200
Fax orders o (26) 5511454

Lenming Déscs work
Magigh Ay G0 mlgees
sendng a gt sound
R WS pOUr LT
Machine, wive oncnoes
o fravalag e minma
lien il e mingt:
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| Locomotive
Cooks With Gas

BOISE, ID—Just like trucks, diesel
trains face pressure to cut pollution,
particularly in big-city switehing
yards. With that in mind, Cater-
pillar and Morrison Knudsen
have teamed to produce the
world's first locomotive fueled
only by liquefied natural gas (LNG).
Now entering service in Los An-
geles rail yards, the MK1200G fea-
tures an innovative fuel-storage and
delivery system. Superinsulated tanks
store 1400 gallons of LNG at -260° F,
From these tanks, the liguid flows
through piping to a vaporizer, which

MICRO-
PROCESSOR
COMNTROLS

TRACTION MOTOR

TRACTIOMN
ALTERNATOR

VG LIOLID
NATURAL-GAS
EMGINE

ALIXILIARY :I".LTEENﬁTOF.‘

/

RADIATOR
f

AR
COMPRESSOR

il RLLATRATION BY DOM MAMNNEY

"LIOUID MATLIRAL:
GAS TANK

MAIN AIR
TANK

MK1200G switcher locomotive burns natural gas carried In eryogenic storage tanks.

taps hot water from the engine jacket
to warm the liquid into a gas. The gas
is then injected into Caterpillar's 16-
eylinder powerplant, a spark-ignited
conversion from a diesel engine.
Although the MK1200G turns only
1200 hp, that's plenty for shuttling

cars between trains in rail yards.
More important, the locomotive puts
out one-tenth the emissions of an
equivalent diesel. Also, if railroads in-
vested in vardside ervogenic LNG
storage fucilities, the low cost of natu-
ral gas could ultimately save money.

Ohio’s Space-Age Bridgework

WEST CHESTER, OH—Instead of
bombing bridges into oblivion, the
Air Faoree is looking at ways of pro-

Decaying Inl'rasuumr such as this Ohlo bridge,
could benefit from composite reinforcements.

longing their useful lives. Materials
engineers at Wright Laboratories
hope to combine aerospace compos-
ites with low-tech conerete to save
two crumbling road bridges in Ohio’s
Butler County.

The project was born of an effort to
stiffen concrete’s resistance to bomb
blasts. Engineers are bonding panels
of carbon-{iber-laced plastic to con-
erete beams, then gauging how much
the composite materials lend in the
way of strength and rigidity. If the
panels check out, composite strips will
reinforee decking on the bridges.

The Air Foree engineers also hope
to build the country’s first all-compos-
ite pedestrian footbridge in Akron.

RICHMOND, VA—Cannons, naval
torpedoes and armor plates for the ill-
fated ironclad Merrnimac once rolled
out of this Confederate muni-
tions factory. Today, the Tre-
degar lron Works has been
transformed info a musaum
that delivers history with a
barrage of technology.

Mow called the Valentine
Riverside, the museum fea-
tures two one-of-a-kind ex-
hibits. In one building, five
large liguid-crystal screens
stand next to windows that
Restored Confederate Iron-
waorks bullding becomes
backdrop to history.

‘-Irnn Works Becomes Time Machine

offer views of Richmond's skyline.
Touch-screen controls allow visitors
to summon digitally manipulated

VALENTRE BVERLTE DR

archive photographs that
present the same views, but
in historic times.

Al night, twin 6000-watt
Pani projectors, using newly
developed image scrollers,
light up the building facade
with 60 = BO-H. images. Dur-
ing the show, subterranean
woolers rumble to enhance
Civil War battle sequences.
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| Helicopter mockup slides along

| Missile Targets Walk RT3 Khsdie bt Wb S
The Tlghtrope vide a runway for moving captive
> vehieles, made of fiberglass and

propelled either by gravity or
gmall rockets,

This technique should prove
much cheaper than building and
destroying one-shot jet-powered
scale models. What's more, the
vehicles can slide down the cable
to rain submunitions on ground-
based test articles, or serve as
| launch platforms for their own
} . missiles. The facility could even
E —— drop-test planetary landers.

WHITL SANDE MIqSILL RANFE but this 3 mile Kevlar r:ahle was Built by Nielsen's Inec., the cable-
NM—Stretching between Oscura and  strung to hang out targets for next- way will conduet 400 tests per year
Little Burro Mountains, it may look  generation missiles, Called the Aerial and should be fully operational by the

WIERERS E ALLLATRATICN AR MHOIFD

like the world’'s longest clothesline, Cable Test Range, the rope will pro- end of the summer.

Velocipede
Rides Again

DETROIT, MI—The rage of the
1880s, the velocipede often
tossed a high-riding pedaler
headtirst if (15 oversize Iront
wheel hit a pothole. Mow, a new-
fangled velocipede could revive
the big wheel's mechanical ad-
vantage—and put the cyclist
closer to the ground.

Mocked up as a concept bike
| by Center for Creative Studies

designer Michael Stapleton, the
vahicle puts the rider inside a
hubless rear wheel, Bearings
around the wheel's circumfer-
ence keep an innar seating
frame level and stationary while
an outer rim turns. A gear train
links pedals with an enormous
drive sprocket inside the wheel.
Steering and braking work the
small front wheel, via cables from
handies at the rider's sides.
Recumbent velodpede would

have no more muvrng parts than

a typical mountaln blke.

INDUCTION OIL OUTLET.
MOTOR PLIMP-CASE ——. __

-

STATOR

- -

Hydraulics Without Headaches
MAUMEE, OH—Anyone Before hitting pump, hydraulic
who's been jerked awake oll flows through motor and
at 3 am by a garbage whisks away heat, permitting
truck’s racket knows what compiete sound insulation.
a din hydraulic systems openings for airflow con-
ean generate. Now, Vick- tribute to its noise. By con-
ers Inc. has muffled the trast, in the IMP, the hy-
roar with its Integrated draulic oil itself cools the
Motor Pump (IMP), a fluid-power unit  motor. Not only does this allow com-
encased in sound insnlation. plete enclosure, but oil cooling also

Because air cools a conventional means that a powerful motor can be
hydraulic motor, whirling fans and sgueezed into a small package.

Dlm les Make
Sluggers Smile

CAMBRIDGE, MA—To get
around on a fastball, a swinging
baseball bat must battle aero-
dynamic drag. To put a little extra
mustard in a hitter's kitchen, a
Massachusetts Institute of Tech-
nology instructor has devised a way
to shave drag off a swing. The
secret: dimples.

Small indentations—pressed
rather than drilled into the wood—
work like the dimples on a golf ball.

POPULAR MECHANICS ® ALIGUIST 1994

Dimples cut drag and
boost bat speed, as
proved In wind-tunnel
experiments,

They echurn up the
boundary layer of air
around a moving bat.
Normally, this thin lay-
er hugs the bat instead
of getting out of its way.
But the dimples create
vortexes that mix this
air with faster-moving
air above the boundary layer,

The result: a 3% to 5% Increase
in bat speed, whieh translates into
12 ft. to 15 ft. of flight for the base-
ball, And the dimples nelther scuff
the ball nor send it off on a foul tra-
jectory. Batter up! LT

ER



Could this be your dog?

A new breakthrough, Radio Fence, creates a hidden barrier to keep your

dog in your yard and out of trouble. Finally, you can protect your dog
from traffic and other dangerous situations without locking him in a pen.

By Charles Anton

1l dog owners have
the same dilem-
. O one hand

they want to give their dog
the freedom o roam and
exercise. On the other
hand, they are worried
about his safety.

Lip until now the only
solution was to install a
costly conventional fence.
Mot anymorne!

Ho leashes or cages.
Mow there's Radio Fence,
the breakthrough alterna-
tive for dog owners. Radio
Fence is an underground
elecirical barrier which
works with a receiver on
vour dog's collar. It beeps
your dog when he nears
the hﬂundar:nr and gives
him a small electrical cor-
rection if he tries b0 cross
it It keeps your dog sife
and out of trouble without
having to resort (o expen-
sive fences, runs ropes or
chains that could injure

Radio Fence creafes o hidden barmier around
your yard ifal salely contiing your pel.

Safety and freedom.
Radio Fence will work
with any size or breed
of dog. The correction,
which is similar to a
static electricity charge,
will not hurt your pet in
any way

Flus Radio Fence
meets all FOC require-
ments, ensuring your
dog’s safety and giving
you peace of mind.
Custom boundary.
With Radio Fence, you
will receive 500 feet of
wire that can be easily in-
stalled in just fwo to three
hours. The wire will ac-
commodate up to a
half-acre yard. The Radio
Fence System also in-
cludes a transmitter with
a signal powerful enough
to broadcast to approxi-
mately two acres. If you
want to expand your
Radin Fence boundaries,
simply order an addi-

vour pet.
A hidden barrier. Radio Fence acts as a hidden
barrier that gives your dog access to the whole vand
but inhibits his movements into unwanted areas,
Your prize-winning rose garden or pool will be
safe. Unlike standard fences, Radio Fence does not
detract from the beauty of your home or lawn.

HOW DOES

tional roll of wire.

Easy training. By spending just fifteen min-
utes a day working with your dog, he will be ful-
by trained in six to seven days. Radio Fence is more
effective than other systems becatse it allows your
pet to control the corrective treatment (which is
definite bt mild) and he soon learns to aveid it

IT WORK?

ol of troubls wafty the
Radio Fance Sysiem

Kima? your dog safe and

Arr_gsrul-mm\f transmitter plugs into o standard outlel and emifs @ mdio
sigeral that travels along an wndergrowul wire. (The twire ouly needs fo
b buariesd ot inch or twe fo prevent apone from acodertally cubting or trpping
over it} The forr-oience receioer, warr on your pel's existing coller, picks ap e
ritticy segrial dwed alerts b as he neers e hidden boedary it you have cus-
terentizedd for worre-wardd, If b orosses Hhe boundary, e -wiil receme o snmll, slectrical

correchion. Cce your el hos Tearnied the boipd-
itries, the electric charge mary be removed, alloming
oty @ charping souend fo alert vour dog,

You can train as many dogs as vou want on the
same system as long as they are each wearing
a receiver collar.

Afordable fencs. The maintenance-free di-
sign, low initial investment, and ease of instal-
lation offer tremendous savings. Other solutions
could cost you thousands of dollars. Radio Fence
is the economical and
effective alternative to
unsightly fencing.

Radio Fence. The
Radio Fence System
includes transmitter,
lightweight receiver
for your pet’s collar,
500 feet of boundary
cable and complete
installation and train-
ing manual. Plus, you
will receive a helpful video that will make in-
stallation and training extremely simple. Extra
wire is also available. It allows you to expand the
boundaries of your pet containment system.

- e -

Your Pet’s Best Friend
Special no-risk, no obligation offer.

i

i

i

i
Radio Fence is a great product. But we 1
know you may still have some questions, :
We encourage you to call today for more :
information and our informative video, 1
free of charge, with no obligation. |
Of course, the best way to find out if Radio |
Fence bs right for you is to try it for your- |
self. That's why we're offering our exclusive :
i

60 day free bome itrial |
Try it yourself with no obligation. If you're I
not completely satisfied, simply return it 1
for a full refund “No Questions Asked.” -
Limited time. We specialize in bringing i
new technology to people like you. And |
because we offer it to you directly, there ]
are no middle man mark-ups. 5o lake
advantage of this special offer to be one of |
the first people to experience this tech- 1
nokogy ot its introductory price. Call today!
Plessse prigrtion promotional code 033-POQ10S. |
|

I

i

I

i

]

I

i

I

]

I

i

o

call for free video and brocbure

800-992-2966

INDUSTRIES
2820 Waterford Lake Drive Sulte 108
Midiothian, Virginia 23113
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With its street-legal silhouette and switch-hitting engine, the Aircar will take you
from the highway to the high frontier.

BY DAVID FREEMAN; PM Photos by Ray Hand

® The details lie in plain sight. Propeller? Cheek.
Steering voke? Check. Hand-operated throttle?
Check. Automotive brake and gas pedals? Check.
Gearshift? Check. No doubt about it, this is a genuine
hybrid, deftly mixing car and plane. But something
seems missing—shouldn’t it have wings?

“Those are the wings,” says Kenneth ;. Wernicke,
as he points to the stubby projections on either side of
his brainchild—a mockup of what he believes will be
the first practical flying car.

“I'm no aviation engineer,” says a visitor in Wer-
nicke's dusty workshop, “but I don’t see how this thing
would ever fly."

Wernicke takes no offense, "Aviation engineers look
at it and say the same thing,” he retorts without a
trace of irony.

At present, Wernicke's Airear exists only as a flight-
less work-in-progress. But it's a full-scale manifesta-
tion of his dream—a craft capable of flving and driving
in the same eonfiguration. Without, in other words, the
kind of preflight surgery that other flying cars have
required. Not surprisingly, those stumpy, low-aspect-
ratio wings are the key to making this possible.

POPULAR MECHANICS ® ALIGLIST 1994

In contrast to the Airear, previous flving-car desipns
often incorporated wings that folded up or detached
for stowage on a trailer. Some early designs even went
g0 far as to employ a detachable sireraft engine, stored
off the vehicle until takeoff time.

To Wernicke's mind, impractical designs such as
these explain in part why previous “roadable aireraft"
failed to catch on, Making matters worse, previous fy-
ing cars tended to be woefully underpowered, with
limited amrspeed and insufficient range for convenient,
economical use,

The Airear's innovative design addresses not only
the wing problem, but also speed and range,

Equipped with the most powerful of the several op-
tions envisioned for production models—a 475-hp rae-
ing-car engine—a 4-place Aircar will have a maximum
agirspeed of 266 miles per hour, With supercharging,
Wernicke caleulates, that eould rise to 310 mph.

Range—factoring in a pilot, one passenger and 50
gallons of fuel—should be 1800 miles in the air and
2200 miles on the ground. In road mode, the Aircar
should be eapable of 65 mph—just enough to avoid em-
barrassment on the highway.
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If all this sounds plausible enough,
one difficult question remains. Could
wings that span only 10 ft. really gen-
erate enough lift to raise a 24-ft.-long
2800-pound machine off the tarmac?

According to Wernicke, the Airear
has proven itself in two separate
wind-tunnel tests, conducted in Texas

tried to figure out how to make a real
flying ear, I could never come up with
a satisfying answer. Then, sometime
around 1965, it occeurred to me that
you eould make a flying automobile if
you used a low-aspect-ratio wing—
like a paper airplane.”

Fittingly, Wernicke used paper

At motorhome width, prnu-f-af-cmmpl: mockup fits within confines of a parking space.

A&M's low-speed facility in College
Station. Am‘fu videotape in Wer-
nicke's possession shows a near-flaw-
less performance by a radio-con-
trolled seale model of the Airear.

Bell man
These accomplishments help stifle the
urge to dismiss Wernicke as a kook.
‘What's more, the 61-year-old entre-
preneur comes with credentials. Im-
pressive credentials. His curriculum
vitae details a long and rather cele-
brated career as an aircraft engineer.

Wernicke's workshop, tucked he-
hind a sun-baked industrial park in
Hurst, Texas, is a stone's throw from
the vast Bell Helicopter facility.
There Wernicke spent almost 35
years designing a series of vertical-
takeoff production aireraft.
Wernicke cut his teeth

on the legendary UH-1 n, ¥ R e

“Huey” chopper, then §
went on to lead the engi-
neering of the XV-15 and
Bell's part of the V-22
Ogprey tilt-rotor, among
others., A plague on his
office tells it all: “Kenneth
Wernicke, Mr. TiltRotor.”
Wernicke made prelimi-
nary drawings of the proof-
of-concept vehicle back in
1883, three years after taking
early retirement from Bell.
But his dream of building s fly-
ing car dates back to the 1950,
“I used to tease my kids,” he says
with a chuckle. “I would he going
down the road, and I would pull back
on the steering wheel like 1 was going
to take off. But when 1 sat down and
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models to test his idea. They flew. But
owing to their small, inefficient wings,
their glide characteristics were poor
—a seemingly insurmountable prob-
lem that Wernicke later confirmed
mathematically. Discouraged, Wer-
nicke put aside his flying-car project.
He busied himself instead with his
work at Bell—and in his free time, he
built a series of playful projects, in-
cluding a “flying surfboard” he towed
behind his speedboat.

But over the next several years,

Wernicke kept returning to the flying
car, Each time, however, convineed
him anew that a low-aspect-ratio fly-
ing car defied aerodynamics,

Lifting thoughts

In 1985, Wernicke had an important
insight. “As | was making some caleu-
lations,” he recalls, “it oceurred to me
that I shouldn’t worry about aerody-
namic efficiency. What I should worry
about was simply ‘Could it fly far
enough to be a viable aircraft?" ”

Wernicke determined that to have
a range of at least 600 miles (the mini-
mum he considered acceptable), the
flying ear would need a lift-to-drag
ratio of at least 7.5. (Such ratios range
from 12 or 13 for a private airplane up
to 50 for a sailplane.)

Wernicke converted his thoughts
into a little fleet of seale models, pow-
ered initially by rubber bands and
then by gasoline engines. And in late
fall of 1992, Wernicke tested his most

successful design in the Texas A&M
wind tunnel. These trials confirmed

|t-a flight performance and revealed

ing else to Wernicke. Because
l'.he design lacks a horizontal tail, both
aileron and elevator function could
combine into a single wingtip contral
surface called an elevon.

To prevent the roll and pitch insta-
bilities that plague aircraft with low-
aspect-ratio wings—especially at high
gpeeds—Wernicke fitted the Airear
with winglets far taller than those
commonly seen on production air-
eraft. Together with a set of lower
winglets, these upper winglets not

What Happened To Moller?

® Three and a half years ago, Paul Moller seemed ready for takeoff, Only a
few months, he told us, separated his own flying car—the Maller 400 volantor
—from its maiden voyage. But today, a hollow airframe remains grounded at
Moller's Davis, California, plant.
Why the delay? Engine trouble. Moller's concept depended
on elght novel rotary powerplants, At 530 cc, each would yield
120 horsepower from a 68-pound package. To nurture the en-
gine’s incubation, Moller struck a short-lived deal to develop a
750-ce version for the boating market. Moller figured he could
shoshorn this bigger engine into the M400. Trouble was, the
shoe didn't fit, forcing Moller back to his original engine size.
Today, the finished 530-cc engine drones in the back-
ground as Moller tatks on the telephone. “| have an obli-
gation to get this
| engineg company
started. |f we are
going to have an in-
expensive aircraft
we need an inex-
pensive engine,
and that means high
volume.” And what does that mean
for the volantor's future? “It's still my
prime focus.” says Moller. "l haven't

abandoned the dream—just taken moiier's single-rotor 530-cc engine,
a detour.” —Gregory T. Pope finally complete, will power his volantor.
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Mockup reveals 1 B0-hp Mazda rotary in proof-of-concept version.

—

Cockpit includes both

air and road instrumentation. dual-mode steering yoke and automobile-style pedals.

only make the Aircar more stable but
algo cut induced drag. They even
gerve as faired mounting points for
the main wheels.

In automobile mode, the yoke steers
the front wheel, and the gearshift
flips the transmission between park,
drive and reverse. The propeller __—

Split personality

For maximum simplicity
and the attendant cost and
weight savings—the Aircar
will harness a single power-
plant {or both air and ground
travel. In automobile mode,
engine power is diverted
from the propeller to a vari-
able-displacement hydraulie
pump, mounted undernsath
the cowl and directly adjacent |
to the engine. Depressing the
aceelerator pedal causes this
45-hp pump to deliver a con-
stant pressure to a pair of 17-
hp hydraulic motors. These
motors, installed in the lower
winglets, supply power to the

Daedalus Inc.—the outhit that —
designed the Boeing 777s s =

_—
-

main wheels via chain drives,

The Airear has a single forward
and a single reverse gear. “The
torque you get,” notes Wernicke, “is
the torque you get.” Acceleration on
the ground will be unspectacular,

What will it be like to operate the
Ajrear? “You fly it just like you fly an
airplane and drive it just like you drive
a car,” savs Wernicke.
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locks into a horizontal position,
Taking to the air, the driver/pilot
simply slips his feet onto the rudder
pedals and §witches engine power
from the wheels to the propeller. Once
aloft, the yoke controls the elevans,
just a= on a conventional aireraft.
Remarkably, all this can take place
“on the fly.” There's no need to stop
beforehand or make any adjustments,

CPAEDALLIS INC. WAL FRATION

Down time
[n recent weeks, a lack of funding has
forced Wernicke to lay off his entir
13-person workforee, bringing work
on the Aircar to a standstill,

But thanks to the .111'j||'t|'-.' stream of
attention the Airvear pets, Wernicke
remains sanguine about its prospects,
Assuming he can line up an investor,
he insists the Airear will fiy—perhaps
within the next year. And when it
does, he predicts nothing short of
a revolution in transportation,

— Ultimately, he says,

perhaps 20 to 30 years
down the road, descendants
of this original Aircar design
may cateh on with com-
muters and other motorists.
This all hinges, of course,
on its price tag. In current
dnllars, that's estimated to
bhe between $100,000 and
250,000, depending upon
manufacturing volume,

In the near term, the Air-
car's biggest market will
be military, intelligence and
law-enforeement agencies,
all of which ecould benefit
from a vehicle more versatile
than an airplane yet faster
and eapable of greater range
| than most helicopters. Mean-

while, major corporations could re-

place their costly “bizjets" with Air-
cars capable of operating from run-
ways less than 2000 ft. in length.

Of course, Wernicke cannot finish
his proof-of-coneept vehicles without
a new infusion of cash. So if an extra
23 million is burning a hole in your
pocket, a visionary Texan awaits your
telephone call. ™
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ELECTRONICS

BY STEPHEN A. BOOTH, Qentributing Editor ™
- i PM Mustration by Don Wieland

® Jet propulsion broke the sound barrier about the
same time a room-size computer first wheezed and
whirred. Yet nearly half a century later, most busi-
ness and pleasure travelers have yet to fly at super-
sonic speeds. Meanwhile, desk jockeys on personal
computers can now hack away on their machines

A8tyear’s PCs, ;

The breakthrough comes from a new generation of
microprocessors that gives home computers the
musele and speed onee limited to engineering work-
stations with stratospheric price tags. Unlike some
special-edition automotive speedster, these machines
promise to become as ubiquitous as a Chrysler. Intel
Corp.'s new Pentium chip is currently available from a

%_t_l: whit seems like Mach 1 speed compared to even
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wide variety of computer makers with broadiretail
distribution. Its competitor, the PowerPC chip/manu-

factured by Motorola, is incorporated into a new line of

Apple machines, and IBM plans to use the PowerPC
chip soon.

What's more, you won't go broke buying one of

these fast ecomputers. Packard Bell's top-of-the-line
multimedia Pentium model lists for $2795. More basic
maodels, though, hover around the $2000 mark,
depending upon confignration. The three PowerPU
models in Apple’s Power Macintosh line are available
in a variety of trim levels, but a base Power Mac

POPULAR MECHANICS ® ALIGLIST 1594 pas T THCHT BRI
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(model GLOWED) lists for $1819 without the monitor.
Adding a CD-ROM drive for playing multimedia dises,
for example; brings the list price up to S22809,

The relatively low pricing of the new Pentitim com-
puters reflects the elout of Intel, which has ling been
the predominant developer and supplier of miero-
processors for the so-¢alled IBM-compatible PCs that
mauke up 86% of the market. But saying “TBM-compat-
ible™ is going to be hard in the future, since IBM is also
one-third of the trio behind the PowerPC chip that
is challenging Intel and its Pentium chip, Apple Coni-
puter is another partner along with Motoroli, Apple's

i1 ' Ly




FAST CHIPS

longtime supplier of chips for the
Macintosh computer line.

Clocking the speed

Compared to the previous generation
of microprocessors in PCs and Maes
—Intel’s 80486 family and Motorola’s
68040 class, respectively—the Pentium
and PowerPC chips are super fast.

Cum{mrisuna vary according to
other elements of computer design,
but by industry-standard tests, the
base Pentium chip with 60-MHz
clock-speed (that's 60 megahertz—
60 million eycles per second) will run
existing DOS and Windows
at least 50% faster than Intel's
486DX2/66-MHz chip, yesterday’s top
gun. That's “at least,” and it repre-
sents Pentium running software writ-
ten for older Intel chips. As
are designed for Pentium’s attributes,
thing= will really cook.

The case is somewhat different for
PowerPC, as used in the new Apple
hardware. The Power Macs do run
existing Macintosh programs, but
they won't do it any more quickly than
conventional Macs with Motorola
68040-class chips. Where Power Mae
promises to vaporize rubber is on so-
called “native” applications—software
specifically written for the PowerPC's
current processing abilities. Apple
states that the basic PowerPC 601
chip running “native apps” outper-
forms its former top-of-the-line
G8040-based Macintosh Quadra by
two to four times, and much maore in
some applications.

Also, you ean expect the Intel and
the PowerPC groups to play an on-
going game of leapfrog regarding per-
formance specs. It's begun already.

Pentium was first u??he hlu-::]{, in
60- and 66-MHz versions, The first-
generation PowerPC 601 chips, for the
Power Mac line, clocked in at 60, 66
and 80 MHz. Then, Intel introduced
90- and 100-MHz Pentiums and demon-
strated a 150-MHz rocket. Amazingly,
the new 90/100-MHz Pentiums are
half the size of its 60- and 66-MHz
versions and use less power, Mean-
while, PowerPC 603, 604 and 620 ver-
gions are forthcoming. Get the picture?

CISC versus RISC

To the naked eye, a Pentium 90/100
antd a PowerPC 601/60 appear simi-
lar—esnch is about ' in. square. Each
also houses some 3 million transis-
tors. But the technologies behind

the rival chips are fundamen-

tally different. Intel's Pen- b8
tium, like most of the
c¢hips used in PCs to
date, is ealled a CISC
(Complex Instruction-Set Comput-
ing) processor. This means that the
processor holds a wide assortment
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AOATING POONT
EXECUTION UNIT

A

Floating Point Execution Unit speeds
graphics and videc computation.
Bus Interface provides a wide, fast
pathway for data traffic.

Instruction/Data Cache keeps much-
used Info from maln memory nearty.

of instructions to execute many dif-
ferent tasks,

The PowerPC chip is called a RISC
(Reduced Instruction-Set Computing)

rocessor. [t's new to PCs but has

een around in engineering work-
stations, expensive videogame sys-
tems such as Panasonie's 3D0 player,
and other advanced computers.

RISC chips only house instructions
for tasks that are performed most
often. When more complex instrue-
tions are needed, the chip creates
them from a combination of basic in-
structions. The concept is that basic
tasks are executed so quickly that
the performance gain more than
makes up for time used to create
infrequently used instructions.
The contention is that the small,
gimple chip can ship data more
quickly, consume less power and
generate less heat—and it can be
made more cheaply.

Be that as it may, Intel
states it's confident that
CISC iz up to the task. The
design incorporates RISC-
like elements—{for example, instrue-

Apple’s 6100/60 Power Mac (above] with
muitimedia CO-ROM drive costs 52289,
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Intel Pentium Keys

Code and Data Caches do same
chores as PowerPC Data Cache.

Superscaler Units provide pipelines
to execute two jobs at ance.

Pipelined Floating Fuint speeds

math for complex graphics.,
tion pipelining that enables the chip to
execute most instructions in a single
clock-eyele, Additionally, so-called
cache memory built into the chip
keeps essential information close at
hand, so time isn't wasted fetching it
from the computer's slower main
memory. As for cost, Intel’s plants in
California and Ireland are stamping
out Pentiums at a rate that makes
low-pricing no ohject.

Common ground

In the long run, the differences be-
tween Pentium and PowerPC might
be less important than what they have
in ecommon.

One shared characteristic is their
superscaler design. These are in- "=
struction pipelines that perform in- =
dependently so that more than one
instruction can be processed simul-
taneously. Current Pentiums
have two such pipelines,
while PowerPC has three.

Another common attrib-
ute is a very wide data path to
conduct traffic around the computer.
This 64-bit data “bus” keeps things
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Packard Bell's top-shel Pentium
multimedia PC comes loaded at 52795,

A

moving a lot more quickly than the 16-
and 32-bit paths of past PCs. Just
think of what doubling the number of
lanes on a highway would do for vour
commuting time.

All this will be apparent when
you're running video-heavy multi-
media applications—ecalculations
much more complex than word-
processing tasks.

As important as a computer’s mi-
croprocessor is to basie operation,
other factors influence a computer's
performance—and these will vary
from brand to brand. To cite an exam-
ple, Packard Bell's top multimedia
computer incorporates two items that
help the Pentium chip realize its po-
tential. One is an Intel component
called PCI Local Bus, a set of chips
that, among other things, provides a
wider data path to speed up multi-
media graphics applications. The oth-
er helper is Microsoft's Windows for
Workgroups—which runs appliea-
tions faster compared to the basic
Windows 3.1 system.

Apple's Power Macs provide another
example of brand differences. The
company is exploiting the PowerPC's
potential with a neat function called
SoftWindows. This upgrade option
($299, plus 3499 for another necessary
8 megabytes of
s Arandom-access
memory) lets the
Power Macs run
DO&Windows pro-
grams written for
IBM-compatible
PCs. It ean't run
them as fast as
Pentium—execu-
tion 18 about the
same as a basie
486-based PC. But
it's a way to pro-
vide Mac users aceess to the many use-
ful DOS/Windows programs—and a
way to lure IBM-PC buffs to the Mac.
Apple also offers upgrade kits so own-
ers of eurrent Motorola-based Macs
can bring them up to PowerPC speed.

Lower prices for faster, more mus-
cular PCs is about the only certainty
in the world of computers. It's taken
just a year for Pentium PCs to drop to
their current prices, whereas 456-
based PCs took four years to get
down to $2000—the level Pentium

computers ought to be at by Christ-
mas. Computer price reductions ap-
pear like a reverse-image of PC per-
formanee increases, and the two
seem to be moving apart at warp
speed. With this kind of bang for

the buck, you can splurge for a

flight on the Concorde—or join
Chuck Yeager in the Bell X-1

via virtual-reality computing. Either
way, fasten your seatbelt, M
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Land Rover rolls out the new
Discovery amid tropical rain forests,
lost Maya ruins, howler monkeys

And we go along for the ride.

BY JOE SKORUPA, Boating/Qutdoors Editor
PM Photos by Gunnar Conrad

® [t's your typical Central American
border crossing. Guards armed with
too much firepower. Children armed
with too many souvenirs., And “fumi-
gacién” squads armed with too much
insecticide.

The fumigators spray each of our
vehicles—brand-new Land Rover
Discoverys—with industrial-strength
bug juice. Keep in mind, we're in the
middle of the jungle, somewhere be-
tween Belize and Guatemala. Vast
§ insect armadas are creeping, crawl-
i ing and flying across the border in
*M  countless numbers on either side of the road. But the
fumiguacidn men are only interested in hitchhikers, the
undesirables of the bug world, apparently.

To foil these dreaded hordes, our wheel wells are
sprayved with o juice that dries a striking shade of blue.
And so, with suitably blue wheels and eargo nets full of
souvenirs, the guards allow us to pass into Guatemala.
Next stop: the center of the ancient Maya universe, Tikal.
This is the fourth day of our expedition on La Ruta

AR Maya, or the route of the Maya, an

Rarat impressive eco-tourist region that
! encompasses centuries-old Maya
$4 sites in Belize (formerly British
Honduras), Guatemala, Mexico,
Honduras and El Salvador. I'm here
because this is Land Rover's way
of introducing the Discovery, a new
sport/utility vehicle, to the North
Ameriean market.

As co-sponsor of the famed off-road
Olympics, the Camel Trophy, Land
g Rover isn't the type of company to
do a new-model rollout the easy way.
A ride-and-drive through the desert
Southwest or the Rocky Mountains
==l won't cut it for a company that has a

i

_— e jungle-taming image to uphold. As a
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result, the British company (which
was recently sold to BMW) decided to
treat a dozen journalists to a week in
the darkest heart of Central America,
which by most standards is doing a
product introduction the hard way,

Each of the past three days was
spent on the road from 7 am to 7 pm
in a convoy of elght showroom-spec
Discoverys. Driving was divided be-
tween 2-lane paved roads and dirt
trails, which served to demonstrate the
Diseovery’s capabilities as a smooth
operator and an off-road warrior—
dual roles it carried off with aplomb.,

The days are long and the accom-
modations, well, elean. Typically, the
lodges lack air conditioning, phones,
TV, laundry service, rugs, window
sereens and too many familiar ameni-
ties to name. But who's counting? The
payoffs are spectacular,

Yesterday, for example, we ex-
plored the newly excavated Mava eity
of Caracol and elimbed its partially
overgrown pyramids. Today, we head
for Tikal, the most magnificently re-
stored lost city in the Yucatan. And
tomorrow, back in Belize, we will visit
the Maya outpost of Xuantunich and,
later, spend the night in a temple plaza
at Chan Chich amid japuars, parrots,
ecoati-mundi and howler monkeys.
With an itinerary like this, who needs
TV and turn-down bed service?

&

L]

The road to Chan Chich
“Belikan Beer It's not just for break-
fast anymore,” says Dixie Bowen, as
she hands me a eold bottle of Belize's
finest brew.

“What do you think?" asks Barry
Bowen, Dixie's husband, who's the
owner of both the Belikan brewery
and the Chan Chich L.udbr:' “Should it

be our next slogan?”
The convoy appreciates the joke and
everyone laughs. It's late, we're tired

and we haven't eaten. In addition,
most of us are covered in a thick layer
of mud from the waist down. Some are
covered from the neck down. Ah, the
glorious life of a journalist.

To get to Chan Chich, we had to
slog through 20 miles of door-deep,

wheel-clogging gumbo, The first 100
vards took us 2 hours to traverse, and
it didn't improve from there.

In many ways, the road to Chan
Chich is what owning & Discovery is
all about. It's not a road you're likely
to encounter on the way to the shop-
ping mall or to pick up the kids
at school. But just in case anything
happens—snow, ice, Midwest {loods,
California earthquakes—Discovery
drivers know their versatile 4xds will
get them through,

During the first 2-hour hazard, the
convoy employed complicated side
winches, tow-strap snatches and hu-
man-powered haul-outs. It was a lot of
fun, in a perverse sort of way, but we
decided to speed up the convoy by
actually using the Discovery's well-
conceived off-road capabilities. With
sweep vehicles bringing up the rear,
the forward vehicles raced ahead until
they got stuck, at which point help
wotld eventually cateh up from be-
hind, Progress was immensely im-
proved, at least for the lead vehicles,

At midrange rpm, the Discovery's
241-cu.-in, 182-horse VB engine pro-
duces stump-pulling torque, and it
was needed to power the vehicles
through long stretches of thick, deep
muck. Nine-ineh ground clearance
and a twin live-axle/coil-spring sus-
pension (with long-travel shocks) gave
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the wheels maximum articulation to
avoid getting high-centered on obata-
cles. Full-time 4wd with loeking cen-
ter differential delivered impressive
traction in conditions that would have
tested a John Deere tractor.

With all of these advantages, why
did we get stuck? Typically, it oe-
eurred when the Discovery slid off the
erown of the road and settled into a
chassis-deep bog, Driver's error typi-
cally had something to do with this,
but most of us blamed the tires—
standard 235 TOR16H Michelin M+5
Radials. Aggressive-lug mud tires
would have helped, but they wouldn't
have been a foolproof solution. Condi-
tions were that bad.

Luckily, 1 was in one of the lead
vehicles when the convoy split up. [
made it over the Chan Chich road in 5
hours. Vehieles in the hack took eight.

Discovering Discovery
Although new to the United States,
the Discovery has been on the world
market since 1989, In fact, I drove one
in Borneo last year, It was there as
the official Camel Trophy vehicle, a
role it's played for the past four years.
What impressed me then and now, in
addition to its jungle-beating tough-
ness, is its unique interior,

Two jump seats, complete with seat-
belts (optional), are placed in the rear

POPULAR MECHANICS ® ALGLST 1994

eargo area to give the Discovery a
whopping 7-person carrying capacity
(twin buckets in the front and a 60/40
split seat in the back). Headroom is
extremely generous throughout the
Discovery and was achieved by giving
the roof a distinctive bilevel profile.
The bonus space is used to mount the
rear seat higher than the front, which

P PRI BY ICE SILIRLIFA

ensures that all passengers have an
unobstructed forward view. In another
thoughtful decision, air and light are
maximized by the installation of two
electrie sunroofs (optional) and twin
nonopening side-roof windows.

To complete the package as a
people-friendly vehicle, the Discovery
comes with dual airbags, side struc-
tural support, ABS brakes and a base

Discoverys drive over rivers and trails
|opposite page top left and right], and onto a
hand-winch ferry [above left). Posing prettily
In Tikal jabove). Inset photos, left to right:
Center console has controls for windows,

transmission. Dash Is redesigned for LS.
market. Rool comeniences Include two
sunroofs. With jump seats deployed, there’s
seating for seven. \With seats folded, there’s
69.9 cu. f. of cargo space. Photos below,
left and right: A spider monkey watches from
above, while artifacts are returned to Caracol.

sticker of £29.000. For the first time,
Land Rover has a well-positioned
family model that ean compete on the
same playing field as other top-of-the-
line sport/utility vehicles.

One of the most important stops on
the Belize itinerary was the impres-
sive Maya city of Caracol, which is be-
ing excavated by archeologists Arlen
and Diane Chase. Here, the convoy
delivered weatherproof re-creations
of stone artifacts that had been care-
fully pieced together at the University
of Pennsylvania.

Few in the convoy realized how dif-
fieult archeological work is (politically,
finaneially, physically), how fragile
the ruins and how rare the gains.
While most of us thought dropping off
fiberglass knockoffs of original arti-
facts was a minor deed, the archeclo-
gists thought it was a significant mo-
ment in their life's work.

It took awhile for this to sink in, and
when it did I had to give Land Rover
eredit for doing a product rollout the
hard way. It not only provided a group
of unworthy journalists the opporto-
nity to witness the rarely seen beauty
of La Ruta Maya, but to be a small
part of its renewal, I also had to give
credit to the Discovery. It not only
conquered jungle roads to deliver the
precious archeological cargo, but sur-
vived a week of journalist driving. PM
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AMERICAN CLASSICS

foduced more than 60 years and
its ago, the Zippo lighter
Oday as it was then—

matchless.
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ZIPPO LIGHTER

1.5, distribution rights to the Austrian
lighter, but it to be as elumsy
as it looked. Undaunted, Blaisdell re-
designed it and started over.
First, he streamlined the chrome-
plauad brass case, fashioning a smooth
lar shape that fit comfortably
in t.ha and. Then he used a spring-
loaded hinge that enabled users to
flick open the top. Finally, he sur-
rounded the wick with a windscreen
that had a precize arrangement of holes
to protect the flame against wind but
still nl]l;lw ﬂi:ur ﬂuflfi;ient airfﬂuw. In-
spired by the catchy name of & recent
invention, the = , Blaisdell called
his new lighter the Zippo.
Inzide the case, it nses a
piece of absorbent material
to make contact with the fuel,
which then makes contact with

by shortening
the case a quar-
ter of an inch,
placing the hinge
on the inside and
rounding off the
corners. The only
major internal
change made over
the years was with
the manufacture of
the striking wheel, which was brought
in-house a.ger 1946 to solve a problem
with substandard suppliers.

Blaisdell's concern about quality
control is embodied in his
famous lifetime guarantee,
If any Zippo fails to work,
regardless of age or condi-
tion, the company pledges
to fix it free of charge.

— L ——

the wick. To 1g'rul'.e the wick, a "~ This eauzes little concern,
striking wheel spins against a since most returned Zippos
tiny piece of flint. e - - need only a new

Since 1932, = e ——— 28 hinge. Some cus-
Ziﬁmhmmnde . L, tomers, how-
few changes Z - - . ever, push
to the original BEEC the guaran-
model, which tee to its lim-

had square corners and a hinge sol- its by sending in lighters that have
dered to the outside, After a few years  been erushed in washing machines
of production, the design was changed  and by bulldozers. Even then, Zippo
honors its guarantee by
returning new lighters
to the owners and plae-
ing the old ones in the

COMPANY MUSeum.
After WW 11, when
Zippo had established
its reputation, the
lighter achieved cul-
tural-icon status by
appearing in numerous
Eoil:,rw]?udz movies.

aturally, Zippos a
peared in muvﬂ;o nm!i:
about WW 11, but the
BALLE e lighter also became
1___“___* . - Tume familiar in Humphrey
! * ES Bogart-style film noir
classics. Nothing better
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REHOE CASE
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Billed a3 “the lighter
that works. " the

Zippo has remalned
virtuaily unchanged

conveys hard-bitten
character than the well-
timed flick of a Zippo.
since Its Introduction Interestingly, Zippos
FUNE = WELP 3 have proven to be du-
PENGTIF — rable stars, racking up
impressive credits over
the decades. A Zippo
saved Harrison Ford
and Sean Connery from
certain death in “Indi-
ana Jones And The
Last Crusade.” And

o

FLINT
TPRING

ARALE LDy
[

- Arnold Schwarzenegger
“Hasta la vista, baby”
in “Terminator 2."

vanee || flicked a Zippo while
HINGE PN~ I
X A relatively new role

delivering the line
SRREGRSTRISESET T US| (e Zippos have taken

Promotions from the 19303 and "40s; the
Zippo Man, George Blalsdell [top left); the
Vargas girl [above]; and the Zippo car [left).

on is as a sought-after collectible.
Sinece the 1958 production run, the
bottom of every Zippo has had a series
of dots and slashes that are matehed
to a manufacturer coding chart to
help collectors determine the yvear it
was made, As 4 result, pre-1958 units
are particularly valuable. Without
doubt the most sought-after Zippos
are Blaisdell's original design with the
hinge outside the case. Today, they
can fetech more than $1000. Probably
the most po po is the classic
WW II hghter ml!E its distinctive
black-crackle finish. These are still
affordably priced at $35 to $50.

In 1892, Zippo fueled the eollectible
market by producing a limited-edition
60th Anniversary Commemorative
lighter in a collectible tin. The huge
response prompted the company to in-
troduce new collectibles each vear.
Last year's limited-edition lighter fea-
tured an engraving of Zippo's famed
Vargas girl illustration of the 1930s.

This year's eollectible is the 1994 D-
Day Commemorative ($24.95), which
comes in a gold tin and has a vintage
black-crackle surface. It also bears an
nnﬁ;;lue brass emblem patterned after

eeve pateh worn by Allied

A second collectible is Zippo's d
Heroes Set ($82.75), which features
four brass lighters with engraved por-
traits of Gens. Dwight Eisenhower,
Bernard Montgomery, Charles de
Gaulle and Lt. Gen. Omar Bradley.
The set of lighters come in a tin bear-
ing scenes of the Normandy beaches,

The 1994 limited editions are par-
ticularly fitting for Zippo. They serve
as a tribute to the extraordinary ae-
complishments of American fighting
men in World War 11, and remind us
again of Zippo's own special role in
the war and in American culture, ™
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ELECTRONICS

Want to talk to !
your computer? |
Want to be ('Q‘_
interactive with
everyone? Want a
machine with brains?
Here's where these
ideas take shape.

BY STEPHEN A. BOOTH,
Contnbuting Editor

® The mussive glass pyramids domi-
nating Murray Hill, New Jersey, are a
far ery from the cramped studio where
Alexander Graham Bell’s muosieal tele
£ rraph first sang, The sky-strocture another
B 15 miles south in Holmdel, New Jersey, is
B an offheat corporate shingle too, resem-
W bling the kind of fying saueer on stilts last
reported in New Jersey's cornfields by
Urson Welles on Halloween 1935, Dut hey,
this is AT&T s Bell Labs—home of tireless
invention sinee 1925, So if they want to
build a water tower that looks like the first
transistor, they've earned the privilege. And
mayhe Aleck’s first phone would have looked
like tomorrow’s wristwatch communieator if
he'd worked under any of these roofs.
_ Guests should expect a little idiosynerasy
A ¥ when they visit a place that's been averaging
{ a patent a day for nearly 70 years, including
those for the laser, transistor, digital computer,
solar eell, cellular phone, movie soundtrack and
stereo recording. And visitors do beat a path to
what is one of America’s foremost think tanks.
Arriving this day is China's Vice Premier
Zou Jiahua, accompanied by a few divisions
of Secret Service agents, to do a little high-
tech shopping. The masses of young women

A working prototype of Bell Labs® wristwatch
telephone. Earplece deploys from strap into cupped
paim, letting you keep an ear to the world,

47




INSIDE BELL LABS

parading around the campus aren’t
hiz lower girls. They outrank Zou's
VIP status, at least where the future's
concerned: children of Bell Labs® re-
gearchers on hand for “Bring Your
Daughters To Work Day.”

Some of the parents still haven't
recovered from the previons -'.:tI'J'.n
petivities—a marathon, G-hour tele-
cast of *Live From ATET Bell Labs.”
This seience TY program reaches
10 million sehoolkids and in
cludes celebrities such as magicinns
Penn and Teller, and ex-MTV veejay
Martha Quinn, It's the fifth “live”
broadeast, but whiat makes this one
especially lively is its global transmis
sion by computer to a worldwide auadi
ence via the Internet. A legs-ambitious
ottt might hive u=ed satellites,

This premiere telecast of multi-
meclia programming through the in
ternational network of computers is

=me

an exeiting preview of the future of

cvberspace—it also provides a sober-
ing perspective on the hard work stitl
required to build the electronie infor
mation highway. Here at Bell Labs,
there's work in progress on materials
engineering, communications logistics
and the other technologies needed be-
fore rubber can hit the road on the in-
formation highway envisioned by
politicians and financial pitchmen.
"People talk about the highway but
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Techniclan Minghwel Hong monitors Bell’s molecular beam epitaxy [MBE] process.
MEE permits atom-by-atom design of material structures not found In nature,

overlook the on/off ramps we'll need
to prevent backups and congestion,”
gays Pat Parseghian, a technician
in the research computation depart-
ment where Bell is developing traffic-
control equipment for the infobahn,
Parseghian explains that it takes

ATET AT

Virtual environmenits: ATM [Asynchro-
nous Transfer Mode) communication lets
people In separate locations teleconfer-
ence while simultaneously manipulating
shared video images. Here, Bell Labs’
Janet Low (left) confers with Bob Bliss
|screen inset, above). ATM could let doc-
tors consult by long distance during
surgery or let insurance adjusters see the
accident that caused the injury.

lightning-fast data rates to success-
fully transmit the vast amount of
computer bits that make up video's
moving pictures. Even with the high-
capacity fiberoptic speedway in place,
bottlenecks could develop when tele-
phone switching equipment designed
for less-challenging applications
wouldn't be able to process the traffic,
Even on the faster sections of the In-
ternet, the 1.5-megabits-per-second
(Mbps) data rate delivers just one TV
frame per second. That's what PC
viewers of the “live” telecast saw—
compared to the usual 30 frames per
second of U.S. broadeast TV.

Traffic control is what Parserhian
studies. Her test track is XUNET,
the Experimental University Net-
work, which links Bell Labs and
nearby Rutgers University to the
Lawrence Livermore Labs in Califor-
nia, with a stop along the way at the
University of Hlinois’ Urbana campus.,
Compared to the 1.5-Mbps speed limit
of Internet, Parseghian and her
XUNET eolleagues joyride on 45- and
sometimes 622-Mbps lines through
custom-made switches,

The difference is visible. On a split-
goreen monitor, we view the computer
equivalent of a 4-wall racquetball game
played with multiple balls. On the 45-
Mbps line, the balls carom freely. On
the Internet side of the sereen, game
play is halting as the system calls
timeout to regroup and eateh up.

A transmission from Lawrence Liv-
ermore Labs is also telling. It's an
aerial weather map of the United
States whose colored cloud swirls re-
semble a van Gogh. But the impres-
sionistlike “painting” becomes surreal

POPULAR MECHAMNICS ® ALIGLIST 1994



as the weather patterns move at alter-
nating speeds—again a function of the
traffic the switches ean bear.

The promise of the infobahn is
more apparent at the Bell Labs faeil-
ity in Holmdel, site of the transistor-
shaped water tower. Here, Bob Bliss
and Janet Low demonstrate
what their ATM global net-
work can do,

Although Bell Labs has
some technology that applies
to banking, ATM in this case
means Asynchronous Trans-
fer Mode—a way of shipping
lots of different packets
of electronic data down a
ghared line so that all the
right pieces arrive in the
right place at the right time.

Using Mosaic, a software
package for navigating the
Internet, Bliss and Low
simulate a video teleconfer-
ence that might take place
between doctors in different venues.
In one corner of the screen, there's an
MRI sean of a patient’s eranium. An-
other screen window shows motion
images of Bliss and Low, playing neu-
rologist and radiologist, conferring in
real time. Other windows let them
work together on a shared image—
during surgery, for example. If lawyers
or insurance adjusters were online in-
stead, they could examine photos of
the accident that caused the injury.

What we see is computer simula-
tion through custom-built switching
gear in an adjoining room. But to
make a reality of this simulated com-
munication over wide-area networks,
the ATM staff will run experiments
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{left] researches

high-speed

switching networks

needed to keep

trafflc moving on

the infobahin.

Weather map with

s complex graphics

|abowe] trawvels on
fiberoptic lines.

with Japan's KDD system to learn
what gear needs to be built for error-
free, real-time operation.

“What we reallv have to do is make
the Internet faster,” says Bliss. “The
backhone's already there, the fiber-
optics. We just need to improve it."

Jay Simpson works to get fiberoptics to move more data faster.

Fiberoptics i= a specialty at Bell
Labs, along with the lasers that pro-
pel hundreds of thousands of phone
calls simultanecusly through the hair-
thin silica strands. In the optical fiber
research department, engineer Jay
Simpson explains that improvements
in the traffie caparity and speed will
come from new laser technology.

In the past, for example, “regener-
ators” along the trans-Atlantie fiber
cable converted the optical signals
back to electrical, cleaned them up
and reconverted them back to optical
for the next stage of the journey. To-
day regenerators are passé: New
laser-based optical amplifiers keep
the signal in the near-infrared light

PR PO B RO ATTARAT

Chiris Burges [left)
performs Neural
Networks research
o give machines
humanililee senses.
Optical recognition
ol handwritten
numbers on
personal checks
|above| would let
computers read.

zone all the way, Upgrades for the
future eould entail using new lasers
that transmit light at different wave-
lengths, or sending a variety of wave-
lengths simultaneously through the
same fiber,

This is where Dr. Alfred Cho's
department comes in. The
director of semiconductor
research won the National
Medal of Science in 1993 for
Bell's work in molecular
beam epitaxy (MBE). It's a
way of building things, an
atom at a time, that nature
cannot create.

Lasers are on Cho's mind.
As Cho explains it, the limi-
tations of natural materials
usually determine the types
of lasers—meaning the wave-
lengths of their operation—
that can be built. Because
MBE enahles the ereation of
man-made material strue-
tures, nature's no longer an ohstacle.

The result is the Quantum Cascade
(QC) laser, invented by a team of Bell
seientiste this spring. It's the first
laser that can be fine-tuned to emit
light at specific wavelengths over a
very wide range of frequencies, from
the mid- to far-infrared part of the
spectrum. This is done by using MBE
to vary the thickness of the laser,
using easy-to-process materials. In
comparizon, the construction of regu-
lar semiconductor lasers, such as
those used in CD players and optical
communieations, limits their opera-
tion to the near-infrared to visible-
light wavelengths,

{Please turn to page 88)
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Point Blank

BODY ARMOR
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TECHNOLOGY

-l
-

® The bollets are bigger, the maga

zines larger and the bad guys bad-

t der. That's what law enforcement of
ficers are fucing on the streets today,

The challenge for protective body

armor, the traditional bulletproof

vest, is to stay ahead of the threat,

It's one thing to have someone wing-

ing .22- or A48-caliber bullets at you

with a revolver. It's another when

they re blazing away with a platoon-

stopping Uzi or MAC-10 automatie,

and the air is thick with 9mm slugs.
There's no magric Lo :-I|-||F-i1!_|_' bul-

lets, ."‘:t'l'.'1|| i stee] ||]:|11- OVEer you

Lorsn and you eould eollect a

. weekly payeheck working as
a target in 4 shooting gallery.

The trick is to come up with an ef-
fective, soft body-armor system that's
lightweight and flexible vet able to

i ceep bullets at bay. The ideal, from
The newest bulletproof vests are countering A it Doy e AL Thoatt

eomfort standpoint, is a bulleiproof

today's threat of big-caliber large-capacity deodorant stick. But that's a long way
automatic weapons on the street. [

depend on the large chemical con-

E Contributing Ec itor glomerates to develop and refine the
— raw materials for ballistic packnges—
high-strenpth, liphtweight fibers, The
building blocks of bullet barriers inelude polyaramids, such as DuPont's
Kevlar and Akzo's Twaron, and high-strength polyethylenes (game chemi-
cal family as your plastic milk jug), such as Allied Signal's Spectra Shield.
Polyaramids and polyethylenes can be extruded and spun into fibers that,
pound for pound, boast a higher tensile strength than steel. But ballistic
fibers also need a degree of flexibility, called modulus, which allows them to
absorb the bullet's energy as they stretch, As the bullet mushrooms be-
cause of the resistunce of the vest, it engages more and more ballistic -2
fibers that in turn absorb more energy, slowing the bullet until it stops. ©S
But the vest has another job besides stopping bullets from pene-
trating, and that's to soften the bullet’s wallop, or trauma, to a safe level

Energy dispersion of Spectra Shield covers a wide rounded area, flattening the
bullet by sending energy across the surface at super-high speeds.




THE SLUG STOI'S HEIIE

A vest's abliity to reduce
the trauma or ~“punch”
from stopping a bullet
Is determined by its
backface signature.
Firing the bullet at the
vest mounted on a day
block produces a dent
in the clay, which must
measure no more than
44mm deep (o be
acceptabile.

Ballistic fibers must have a high strain-
wave velocity, or be able to transfer
energy quickly along the fiber away
from the point of impact. The stand-
ard test here is to fire a bullet into a
vest that's set on a clay block. The
maximum allowahle dent, or backface
signature as it's called, is 44mm deep.

Ballistie fibers—essentially the
heart of the vest—are woven into
fabric, In the case of Spectra Shield, a
2-layer grid of polyethylene fibers
with each laver set at a right angle to
each other is sandwiched between two

standards set by the National Insti-
tute of Justice define levels of protec-
tion by requiring a vest to stop a
group of specified rounds. Class 2 ar-
mor, for example, requires protection
against rounds such as a .357 mag-
num, while Class 3A ups the ante to
stop a .44 magnum. Most Class 2
armor runs in the 16- to 18-ounces-
per-square-foot range, while most 3A
armor tips the scales at 20 to 22
ounees per square foot.

The panels are designed to stop the
big street threat soft-core handgun

-~ DUTER SHELL

STEEL OR BALLISTIC
PLASTIC PAMEL INSERT

BALLISTIC
PACKAGE CCVER

- NINE LAYERS
POINT BLANK)
ALLIED SIGMNAL
SPECTRA FLEX
BALLISTIC
POLYETHYLENE
FALM

=10 LAYERS
ARZD TWARDN
BALLISTIC
ARANAID
WOVEN FIBER

rounds, which mushroom when they
meet resistance. A round that mush-
rooms inside the body usually does
more damage—and has more stop-
ping power—than a hard-core rifle
bullet that can possibly just bore a
neat hole through you without hitting
any vital organs.

The vest itself congists of an outside
shell, or earrier, which contains the
ballistic package, and a strap or fas-
tening system. The carrier can be de-
signed with a pocket for a steel or
ballistic plastic insert for added pro-

sheets of thin poly film. The
film has a higher ballistic
strength than a woven poly-
ethylene fabrie, but it's
stiffer. One vest manufactur-
er, Point Blank, of Amity-
ville, New York, has been
able to soften this rigid film
and make it flexible without
compromising its ballistic
properties, Point Blank calls
its product Spectra Flex.
Vestmakers may use layers
of a single product, such as
Kevlar, in varying combina-
tions of yarn thickness (de-
nier) and weave densities
(threade per inch) to con-
struct their ballistic panels.
They may also eombine vari-
ous layers of polyaramids
and polyethylene to achieve
their own performance/com-
fort ratio,

There are no miracle
designs in this business, It
takes a certain density
(weight per square foot) of
ballistic material to stop a
given bullet traveling at a
given velocity., Performance
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Ranger Body Armor |

® When the ULS. Army's
glite 75th Ranger Ragi-

ment arrived in Somalia |

in the tall of "83, gne
item put to the test was
a ballistic vest that
has become Known as
Hanger Body Armor
(RBA), credited with
saving a number ol
lives. The most impres-
sive incident involved a
Ranger who was struck
in the chast by an RPG-
7 antitank rocket, Al-
though the rocket did
not explode, the impact
blasted the saoldier
thrgugh & wall. He sur-
vived the action and
was able to retum fire
The vest also siopped
7.B2mm rounds

Ranger Body Armor has been credited
with stopping an antitank rocket.

The ABA ves! system is composad of 30 layers of DuPont's
new Keviar KM2 aramid fiber. The 850-denler yarn, containing
560 filamants, reportedly has a 13% higher lenacity and 20%
higher toughness than the 1500-denier Kevlar 29 that has
oeen used in a number of military vests and helmats, Frontal
protection is further enhanced by the addition of a remavable

ceramic (aluminum oxide) plate.

—Scott Gourley
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tection against both penetra-
tion and trauma. Traditionally,
the vest was fastened by
straps attached to the carrier.
This worked well until today's
high-probabhility multi-hit sce-
nario. Bulletz hitting the vest
cause the ballistic material to
bunch up or pull in toward
the point of impaet. Enough
hits can eause the panel to
shift out of position leaving
portions of the torso exposed.
Quilt-stitehing the panel
makes it stiffer and resistant
to bunching. But this makes
the vest less flexible—and
less comfortable. Point
Blank's multi-impaet suspen-
sion system in its Genesis
line of vests keeps the ballis-
tic panel in position by at-
taching the straps to the pan-
el instead of to the carrier.
As the threat on the street
looms ever larger, body ar-
mor technology will have to
keep pace. Because like para-
chutes, if it doesn't work the
first time, you won't be able
to return it for a refund. P
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Rave responses to Mazda's hot ride.
BY MICHAEL LAMM, Contributing Editor; PM Photos by Rich Cox

® Mazda's RX-T has always marched to a different Performance is stunning, thanks to a better pq‘-‘-'ﬁ?‘**-
drummer. Throughout its three generations, the RX-7T  to-weight ratio than that of even the alloy-body A
has stubbornly championed the Wankel, or rotary, NSX. The new RX-7 has recorded 0-to-60-mph accel- -

",

engine. Mazda is, in faet, the eration times in the 5.3-second
world's last automaker to offer a range, 14 seconds at nearly 100
rotary. The current RX-7 has a mph in the quarter-mile and a top
1.3-liter 2-rotor model, with two speed of 160-plus mph. These are
sequential turbochargers. hardly usable figures, but they do
The rotary’s 80 cu. in. deliver say something about the RX-7's
255 hp at 6500 rpm. How does so purity of purpose.
small an engine achieve such un- According to the owners we
believable power? The twin tur- surveyed for this report, the
hos account for a lot of the punch, RX-7's outstanding features
and in a clever way. At low engine rpm, the first turbo-  inelude sheer performance, handling and braking.
charger receives the total exhaust stream that, at These categories received higher ratings than for any
higher rpm, feeds both turbos, Thus, there's faster car we've ever surveyed. Never have we heard raves
throtile response at all speeds, without turbo lag. like these. Engine power and braking both received a
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Instruments and controls got good marks.

rating of excellent from 93.3% of our
respondents. The score for handling
wis even higher—96.2% excellent.
Engine response, handling and
braking are all tied into one engineer-
ing nuance that Mazda calls its “pow-
erplant frame.” It's a laminated steel
girder that runs the length of the car
and bolts at both ends. This beamlike

Cockpit was a bit snug for some owners.

subframe, pioneered in the Miata
roadster, connects the engine, trans-
mission and differential and makes
them one rigid unit. By doing so, it
minimizes axle windup and increases
both traction and braking adhesion.
Traction is also aided by the RX-T's
standard Torsen limited-slip differen-
tial, and braking is helped by the

standard antilock system working
through huge dize brakes with vented
rotors at all four corners.

The RX-T's front suspension con-
sists of aluminum upper and lower A-
arms up front, with lower lateral
links, trailing links and toelinks plus
upper A-arms in back. The R-1 option
package, ordered by 27.5% of our

SUMMARY OF MAZDA RX-7 OWNERS REPORTS*
Total miles driven 1491 Excallent 933%  Tire, suspension noise, rattles 10,2 Repair it yoursel?
Avernge miles driven gig"l Goad f.2 Poar stareo sound quality 8.1 No 56.5%
FPurchase price: Average 0.0 Dioors hard to shiot 7.8 Yoa a2
Average A5G0  Poor 05 Fuel economy lower Deealer repairs satisfoctoryT
H'.mﬁd 000 Owverall performance: than expectacd 7.0 Yas 56.1%
Why did you choose the RX-77 Exes 92.5% ed changes: No 43.8
Styling T13% Good 6.2 C tant paint 185% Dealer service opinion:
Performanos 465 Average 0.0 More powerful engine 11.5 Excellont 6. 5%
Hamndling 244 Poor LD Smualler speaker systom B2 Crood 883
Pirorer 187  Control layout: Reduce nolses and ratiles 8.8 Average 175
Pricesvaloe 12 Excallent THA% Improve interior 7.5 Poor 2.7
Previous MusdaRX-T 18.2 Im seEt 6.8  Dealer sales policy:
J El 115 Average 19 riche 6.7 Excallant 36.5%
Avg. mpg, eltyhwy Poor 05  Workmanship epinion: Good 43.5
G-speed manual 164212 Instrumentation: Exeallent BLE%  Average 13.9
4-gpeod automatic 168208 Excellent Te.9%  Good 40.6 Poor &0
Transmission choices: Good 186 Average 3.0  Nomber of vehicles owned:
[i-8] manual BE%  Average 0.5 Poor 1.0 This vehicle only 20.5%
-I-Frml atitomiitic 102 Poar 0.0  Comfort opinion: Two vehicles 254
Options/Accessaries: Diriver sightlines: Exeallent 488%  Three vehicles 270
Leather seats 68.0% Excellent 4656%  Good 4.2 Four or mors 269
Touring packige 606 Good {21 Average 58 Principal driver:
-1 pae 276  Average 1Ll Por 14 Male BMA%
Celolar telephone 104 Poar 14 Any mechanical trouhle? Female 14.8
Engine power: likies: No 58.7%  Equal L]
Excellent 93.3% il T82% Yes 413 Aﬁl distribution of owners:
Crooul 8 Hmﬂl%hn‘ 618  What type of Lrouble? nder 24 181%
Averuge Lo Power 40.5 Wenk air eonditioning 16.3% 3049 years 6.2
Poor 0.6 Performance 468 Engine stalling 18.3 Bl-pikus 168
Handling: Braking 11.3 Wheel alignment 10.9 Based on {lml.r eﬁrﬁm wonld
Expellent 0.2% vific disliles: Engine-munagement you buy a Mazda BRX-T if you had it
Good 29 mint chips too easily 18.8% cofaprter 76 todo over agnin®
Averuge 0.5 Interior plastic looks cheap 12,9 Miscellaneous electrical 74 Yes 5%
PFoor 0.6 Limited storuge 102 Engine hesitation 6.5 Muybe L5
Eraking: Harsh ride 102 Tranamission 6.5 No a0
* Percentages might not equal 100% due to rounding up or insufficient data,
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respondents, includes firmer shock |

settings, additional chassis bracing,

Z-rated 16-in. tires, a front alrdam, a §

rear spoiler and dual engine oll eool-
ers. The R-1 package is probably
more at home on the raceway than on
the freeway, and the 10.2% of our re-
spondents who grumbled about the

RX-Ts harsh ride were mostly R-1 @

owners who didn't realize the extent
of this option's ride firmness.

Those who'd ordered the Touring
package—with its softer shock set-
tings, V-rated tires, more sound insu-
lation and leather seats—were not
hothered by the RX-7's ride,

Not surprisingly, owners expressed
their greatest delight with the RX-T's
body design. The taut surfaces, mar-
velous C-shaped door euts, cozy inte-
rior and purposeful controls became
the main selling points for 71.3% of
oty respondents,

Driving the RX-T, however, was not
a trouble-free experience for 41.3%
of our owners. Of those, a weak a/c
system and stall problems afflicted
32.6%. The engine stalls were caused
by a computer malfunetion, and deal-
ers replaced the ECU under war-
ranty. Poor wheel alipnment plagued
another 10.9%,

However, many owners were far
from pleased with the service their
dealers provided. More than 25%
rated dealer service in the average to
poor range. A mere 56.1% reported
successful first-time fixes—not a good
showing for a £30,000 car,

A number of quality-control com-
plaints surfaced under the Specific
Dislikes heading of our survey: “easi-
ly chipped paint,” “seratch-prone con-
gole” and “hard-to-close doors.”
Doors were hard to shut with the win-
dows up because of the tight cockpit
geals (like the old VW Beetle). A few
owners also commented on the fragile
sheetmetal. Mazda lightened this car
partly by using comparatively thin
body panels and an aluminum hood.

General workmanship rated quite
high, however, with 95.2% scoring the
RX-T good to excellent in this cat-
egory. The materials used inside the
car, on the other hand, weren't up to
everyone's standards,

And the car’s limited storage space
drew fire as well, particularly when
the car was equipped with the super-
duper Bose sound system,

The minority gripes and grumbles,
though, didn't come close to overshad-
owing overall owner enthusiasm. A
Texas engineer summed it all up: “I
bought this car in a fit of temporary
insanity,” he said. “It was the pretti-
est thing I'd ever seen. Whether 1
could afford it or not never erossed
my mind. And it’s unbelievably fast.”

Amen, ™
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Although the RX-7°s bold styling helped get signatures onto dotted lines, owners also
pralsed |3 strziing acceleration and outstanding all-around performance.

Endangered Species

® To me, the curious thing about the
ratings in the performance section of
the RX-7 data panel is not that the
owners gave their cars such a re-
sounding endorsement. No. The odd-
ity is that anyone could find the
RX-7's power, handling, braking and
overall performance anything but out-
standing.

It's also pretty interesting that
11.5% of our respondents thought
they'd like a little more horsepower,

Well, there are those who will al-
ways say there's no such thing as too
much horsepower. We've even said it
ourselves. But as far as the AX-7 is
concerned, it does seem that there's
plenty—at least for any public road
driving application we can imagine.
Any way you measure it—all by itself,
against its contemporaries or against
the entire history of its breed—this is
an exceptional sports car.

That term—sports car—is impor-
tant. Historically, it describes a race-
capable car that can also be driven
on the street. And in the not-so-dis-
tant past, it included a pratty primitive
level of comfort.

The RX-7 is far from primitive, of
course, And changes for 1994 have
softened its hard edges. But this is
still a real sports car—with far fewer
compromises than most passenger
cars, even those with sporty aspira-
tions. Anyone who signs up expect-
ing the kind of leather-lined hedonism
they'd encounter in, say, a Lincoln
Mark VIl is in for a disappointment.

To their credit, most of the owners

in our survey seem to have accepted

this covenant. And most of their com-
plaints—paint quality, tacky interior
plastics, insufficient small-object stor-
age, difficult door closure—are valid
within the terms of this compact.
Mazda, as you'd expect, is busily
working to improve the perceived
shortfalls.

Complaints about dealer service
depariments, of course, are another
matter entirely. While we can't com-
ment on this from personal experi-
ence, we can say that when 43.9% of
the respondents say no to the ques-
tion about satisfactory dealer repairs
—and 25% rale dealer service as
average to poor—the manufacturer
has a problem.

However, as far as the car is con-
cerned, we have few criticisms, Yes,
we agree that the premium sound
system is too bulky. Yes, driver sight-
lines in the rear quarters—where
highway patrolmen are going to be
sneaking up—are a little restricted.
Yes, it has a thirst—a thirst that be-
comes prodigious when both turbos
are pumping full-ilt boogie. But if you
love performance, these are compro-
mises you're willing to make.

This car belongs to a breed that is
becoming increasingly difficult for
manufacturers to justify. Thanks to
our statistical-probability friends out
there in insurance land, the RX-7 and
its contemporaries are endangered
species. So if you've always yeamed
for a true sizzler of a sporis car, well,
here it is. Get it while you can.

This is one of the great ones.

—Tony Swan
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TELECOMMUNICATIONS

SPAC

America’s first satellite broadcasting system is ready to beam 150 TV channels
directly into your home. Here’s how they'll do it.

BY GEORGE MANNES
PM Photos by Michael Peck

® The three major hroadeast TV
networks, based in New York City,
sometimes go by Stone Age nick-
names, NBC, at 30 Rockefeller
Plaza, is referred to as Thirty
Rock. CBS, headquartered in a
brooding marble-and-glass edifice,
is known as Black Rock. And in the
19608, ABC, home of a seminal
Top-40 radio station, got the name
Hard Rock:

Now ecomes Castle Roek, This
yvear, high-powered, direct-to-
home satellite broadcasting is
scheduled to debut in the United
States on a national seale. For the
firat time, homeowners will be
able to put a pizza-size satellite
dish on their windowsills, point it
skyward and reeeive a multitude
of televizion channels, Most of
that programming will ‘h-n,
ﬂﬁﬂ#ﬁ hﬂ' i mm]"lﬂ?

Yenver=Dirc@Tt W =,
= built a broadeast l'aﬂﬁi:,rﬂml. E
will operste 24 hours a day, _
seven days o week, beaming '
ahout 150 channels of TV nhm., ¢
movies and sporting events to
hnmnm Lhmughn-ut the nation.
Tht. Castle Rock Broadeast Cen-
ter was built from serateh to be-
eome the heart of a direet-to-lome
satellite service, unlike anything
that TV viewers In the United
States have seen hefore, Befitting
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Inside Castle Rock's
Broadcast Operations
Control, techiniclans
keep an eye on
transmitted signails.

=

the importance thut DirecTv's
mianiagement thinks the ser-
viee will one day have in
Ameriea, the company spared
little expense in making Cas-
tle Rock a state-of-the-art
broadeast center. Equipped
with the latest in digital
VORs and safepuarded with
millions of dollars worth of
hackup pear, the Castle Rock
facility eost $100 million to
build, Behind a sandstone and
llh|1--3_*|;i:—'~.- ":Il':uill that com-
hines prairie ruggedness with
geometrie precision, the
broadeast center is preparing
to usher the United States
ane Canada into a new era of
gatellite hroadeasting.

To watch DireeTv pro-
grams, consumers will first
have to buy reception gear
called the Digital Satellite
System (DSS); RCA-brand
DSS equipment will start at
3899, Then, with a properly
aimed 18-in.~din. satellite dish,
viewers will be able to receive
programming from a pair of
eommunications satellites or-

pear on DirecTyv and track its
passage through Castle Rock.
Imagine that Paramount
licenses “Beverly Hills Cop
11" for pay-per-view. Once a
videotape copy of the movie
arrives at Castle Rock, the
first step 15 to assign it a bar-
coded sticker. Then the tape
is filed in the facility's media

Castle Rock:
By The Numbers

1.5-megawatt backup generators
¢ 13-meter broadcast antennas
quality-assurance rooms
5 employees per shift
12 planned fiberoptic lines (25 already in place)
television channels
Sony digital video machines
gallons of fuel for backup generators

tapes (11,000 currently|
sq. ft. of space

pounds of concrete for each 13-meter

antenna foundation
ft. of audio and video cable
total cost

library, where each slot of
gach shelf has a distinet bar-
eoded label. A librarian seans
the bar codes on both the tape
and the slot it'z filed in 8o that
a computer can subsequently
locate that particular tape-
rather important in a library
that has a current capacity of
11,000 tapes.

The next stop for “BHC
I11" might well be one of Cas-
tle Rock's six quality-assur-
ance rooms: a small viewing
suite where a technician ean
inspect the master tape.

Agsuming there's nothing
wrong with Castle Roek’s
copy, the tape would even-
tually go to the multiformat
dubbing room, where the tape

biting elose to one another,
(One went into orbit last December,
and the other was scheduled to launch
in July.) DireeTv will use more than
80% of these satellites’ capacity, An-
other programming provider, United
Stutes Satellite Broadeasting in St.
Paul, Minnesota, will use the rest to
offer a different lineup of channels to
DSS owners.

About a third of the 150 channels
that DirecTv plans to offer will be de-
voted to pay-per-view movies. But

58

though 50 channels might be set aside
for pay-per-view, this doesn't mean
that subseribers will have a choice of
50 different movies at any given time.
An especially popular movie might
play on eight different channels, with
starting times staggered so that one
airing begins at 8 pm, the next at 8:15,
the next at 8:30, and so on. That way,
viewers wouldn't have to wait more
than 15 minutes to start watching it.
Let's take a movie that might ap-

would be copied onto a digital
house master formatted with DireeTv's
standard opening—the equivalent of a
movie theater's 10-second introdue-
tion of “Our Feature Presentation.”
This house master, in turn, would be
used to clone, say, 16 copies of “BHC
ITI" simultaneously.

Why so many copies? To show a
movie on eight different channels, you
need eight different tapes. And for
each tape that goes out on the air,
Castle Rock will be rolling a backup

POPULAR MECHANICS ® ALIGLST 1994
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Antennas stand near the bullding [top). In-
side, a screen displays satellite data [above).

tape in unison. 1f something goes
wrong with the main ecopy, a techni-
cian or machine can switch over to the
backup feed,

When it's time for “BHC 111" to de-
but on pay-per-view, the necessary
copies of the tapes are loaded into
Flexicart systems in Castle Rock's
Playback And Record Systems
(PARS) area. There are b6 of these
Flexicart devices at Castle Hock, each
behind its own protective glass door,
Inside each Flexicart are four VCRs
and 15 slots for holding tapes. A ro-
botic arm can read the bar codes on
each tape and load the tapes into a
VCR as dictated by a schedule gener-
ated in DireeTv's corporate headquar-
ters in El Segundo, California.

The tape format used throughout
the broadeast center is Sony's Digital
Betacam, a distant relative of the
Betamax home VCR format. Record-
ing televigion signals as a collection
of computerized bits (or 1z and 0s),
Digital Betacam's data rate is 270
megabits per second—more than 180
times the rate of digital information
read from an audio compact dise, TV
programming travels throughout
Castle Rock at this 270-Mbps rate.

As it i3 being played back in the
PARS area, the signal from the “BHC
III" tape is sent through a router—a
large distribution center like a tele-
phone switchboard. As it passes
through the router, it is monitored in
Broadeast Operations Control (BOC)
—a room filled with hundreds of TV
monitors and looking like something
put of Mission Control, Here, techni-
elans ean ingpect every piece of pro-
gramming that goes out on Di f.

DireeTv expects that about 40

POPLLAR MECHANICS ® ALGLIST 1994
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How Video Flows Through Castle Rock
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DUBBING AREA

SHIPPING AREA

COMPILATION

COMNTROL
["MAESSRON
CONTROL")

Oh-5CREEN
PROGRAMMING
GUIDE, SLIBSCRIBER
ALTHORIZATION
AND OTHER DATA

LIPLINE AMNTENMNA

RECEIVING
ANTENNAS

DIGITAL ROLITER
1512 INPUTS
512 QUTPUTS)

EDITIMG SUITES

e B

OLTSIDE

SATELLITE-
DELWERED
SERVICES
IE.G. CNM, LISA,
THE MASHWILLE
NETWORK|

10 16

ONDES 2
SATELLITE

X X

LIPLINE AN TENMNA

PRl ILLLISTRATION S ELIET NOYAE

The material for DirecTv's broadcasts comes from Itz own film library, via sateliite and
fiberoptic cable. The signal Is converted to a digital format before being transmitted.
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channels in its lineup will be familiar
cable services such as CNN, USA,
The Nashville Network,
TNT and The Dis-
covery Channel. These
channels, which are
themselves distributed
nationally via different
gatellites, are received
at Castle Rock through
eight satellite reception
antennas that are as
big as 6.1 meters in
diameter. Inside the
building, they're con-
verted from traditional
analog signals to 270-
Mbps digital signals be-
fore they're retransmit-
ted to subscribers.
DirecTv also plans to
offer about 40 channels
of sporting events. Fi-
beroptics are often used
to transmit telecasts of
games from arenas and stadiums.
Castle Rock currently has 25 fiberop-
tic lines for receiving overland trans-
missions and expects to add 17 more.
After the movies, sporting events,
eable channels and other specialized
programs pass through BOC, they
have to go through several more
stages before they can be beamed up
to DirecTv's pair of satellites. First,
each signal ﬁas to be compressed
from a data rate of 270 Mbps to a rate
that varies continuously between 2.7
and 5.4 Mbps. Each channel is en-
crypted so that only subseribers who
pay for a particular channel can re-
ceive it. And groups of four to eight
video channels are combined to fit on
one transponder—a receiver/trans-
mitter on a satellite that takes a sig-
nal beamed up from Earth and beams
it back down over a wide area. In tradi-
tional satellite broadeasting each tran-
sponder can relay only one channel

&0

e

The multiformat dubbing room can produce 'muil:lpm coples of a tape simuttaneously.

A 4-ft. dish checks the signal,

i | -L“‘ .

at a time, but with this level of video
compression, DirecTv's 27 transpon-
ders could theoretically
transmit 216 channels.

Other signals are
compresged and com-
bined with video sig-
nals. Among them are
the various audio-only
services that DirecTv
will be offering and
data for an on-screen
programming guide,

After compression,
encryption and multi-
plexing, the combined
signals are converted to
a high-frequency sig-
nal, amplified and then
fed to four 13-meter-
diameter transmission
dishes. Two uplink an-
tennas are aimed at
each zatellite,

One of the most ex-
traordinary things about Castle Rock
is the number of safeguards prevent-

‘I-

In a quality-assurance room, movies on tape are checked for audio and video glitches.

ing interruption of service, Should
power fail, a battery backup can pow-
er the operation for 10 minutes, That
gives Castle Rock's backup genera-
tors plenty of time to kick in, because
they need only 25 seconds to start up.
Any two of Castle Roek’s three 1.5-
megawatt generators can keep Castle
Rock broadeasting. The facility stores
enough backup diesel fuel for several
days of power.

The video path throughout the
plant has plenty of backups, too. Each
backup pay-per-view movie on tape
travels to the system’s main router on
a separate cable from the main signal,
Each satellite-delivered program-
ming service (such as CNN) travels
on two separate chains the moment
the signal enters the building, Each
chunnel traveling through the router
is paired with a backup signal. One-
third of the 2 million ft. of wiring in
Castle Rock is backup circuitry.

Though only 27 sets of machinery
are necessary Lo cOmpress, encrypt
and multiplex the signals for 27
trangponders, Castle Rock has 56,
Each eompressor has its own backup,
and there are two more to spare. The
same logic applies to Castle Rock's
upeonvertors and high-powered am-
plifiers;: There are 56 of each.

Iz all this extra equipment reflee-
tive of nothing more than the mindset
of a defense contractor?

DirecTv's argument is no, this is
prudent. If something were to go
wrong, they could have millions of an-
gry customers calling in at the same
time to complain about blank TV
screens—not the few thousand cus-
tomers that might be affected if a
local cable system were to go down.,

“Our emphasis in year one—in 1994
—ig quality, quality, quality,” says
DirecTv president Eddy Hartenstein.
“We have one chance to get it right,
and that's the first chance.” ™
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OWNERS. REPORT 4,
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BY MICHAEL LAMM, C

® We noticed something unusual when we began
erunching numbers for the Legacy data panel. A lot of
opwners had ordered the station wagon version of this
car with righthand drive, Whoa! The Subaru option
wk doesn't even list righthand drive. Who needs it?

had marked

itributing Editor; PM Phatos t

This fall, Subaru iz introducing an all-new Legaey
The "95 Legacy is longer, taller and wider than the
model that's the subject of this report. But it retains
all the virtues of the older Legaey—including the
availability of righthand drive.

The Subaru Legaey we report on here

trim levels: L, LS, LSi, Sport and
Touring. Each amounts to a major

: ane of the main

il 1993 to
1ew Legacy wagons with a ecombina-
tion of righthand drive, full-time 4-wheel drive and an
gutomatic transmission. Righthand drive puts a driver
on the eorrect side of the vehicle to stuff those road-
gide mailboxes. Subaru and Jeep seem to be the only
two automakers catering to RFD drivers.

i offered a sp
baru offered a
postal emplovees

POPULAR MECHANICS & ALIGLIST

option package. The LSi, for in-
gtance, is the Legacy 8
with leather interior and an AM/
FM/cassette/CD sound system. For
the performance-minded, there’s
the Legacy Touring wagon or Sport
sedan, with a 160-hp turbocharged version of the 2.2-
liter flat-Four, plus firmer suspension and specific trim.

But even the lowest-price Legaey L offers a larpe
number of standard items and an extremely short
option list. Standard L equipment includes air eondi-
tioning, power steering, power 4-wheel dise brakes,

=11




all-independent suspension, cruise
eontrol, electrie locks, power windows
with one-touch down, an AM/FM/cas-
sette stereo, a tilt steering wheel with
memaory, an adjustable lumbar bolster
for the driver’s seat, dual electric out-
side mirrors and a 5-speed manual

transmission with hill-holder,

Next up, the Legaey LS adds
Subaru’s electronically controlled 4-
gpeed automatie, 4-channel antilock
brakes, power glass sunroof, alloy
wheels, height-adjustable driver's
seat, plus a raft of minor accessories.

Above that, there's the aforementioned

LSi series and the turbocharged

Touring wagon and Sport sedan.
ABS comes standard in all other

There's also a righthand-drive version.

| w;?. JETs (T

Flat-Four engine has optional turbo.

Legacys except the base L, though it
was an option on the L wagon.

On the safety front, every '93 Lega-

cy had a driver's airbag and motor-

SUMMARY OF SUBARU LEGACY OWNERS REPORTS*

Inul milles ﬂgﬂm I.E-'lTE'{M Poor i Motorized mﬁ;mkﬂer harness - Electﬂu] lﬂwﬂm Iﬁ
Vernge m en .

Parchase price: |:.1:L'E|Jent 574%  Noises and ratiles Al anlr it yoursell?

w s:amg'% iml ”?}'i H mﬁmmm Eﬁ ¥“ 92?

' VETage iz Vol (=]
E hy did Jnn :Imuu the i.'.:-irnl.l i 0.0 Pmummmm to ehip easity 47 Iillheuln repuirs eatisfactory? -

T 5 changes: (= 1%

For its 4—wmdnve 525.0%  Excollent M.9%  Better fiel mi 8.7% o 29

Owned Subarus before 287 Giood 433 Friendlier harness Dealer service opinion

For righthand drive** BT Average 1.9 and lapheit 78 t 45.4%

Suburu reputation 116 Poir 0.0 Frewer noises and rattles T, Gond 423

Pricefvalue a2 Layout of controls: Mure comfortahle seats TH Avernge Tl

Antilock brakes 88 Exrallent 47T4%  Nochanges, leave as is il Poor 22

Body style chodces: G 4.2 Gireater ground clearnmee il Dealer snles policy:
4-door station wagon TO.9%  Average T4 More headroom 48 Exeollont 4805
4-doar sedan 2.1 Poor s Maore legroom 48 Gron 421

Model choboes: Instramentation: Workmanship opinion: Averuge 6.5
L BA0%  Excellent 40.1%  Excellent HMOo%  Poor 28
s 11 Aven 90 iven G0 imvednoy T s0em

: varage 7. Veruge
Touring turbo wagon 4w 86 Poor 0.8 Poar 0. “Two vehicles 421
Bport turbo sedan dwd b8 Driver sightlines: Comfort opinion, front seats “Thires vehicles 2.0

A mp; city/hwy: Exeellent BLA%  Excellent B, Four or more 143
With G-speed manual =~ ZE62T6  Good 412 Good 394 Principal driver:

With 4-speed automatic 200250  Average .5 Avieraihs RO F o HRL2%:

Transmission cholces: Pour 0.9 Poor 20 Maule 360
d-speed automatic T4.5% lilues: Comfort opinion, rear seats: Equal 4.8
Gapeed manual A wheel drive 44.9%  Excellent 25.5% distribution of swnemn:

Engine power: Handling 83.0 Good 562 nder 20 EA%
E L6R Cumj'm 20 Avernge 18.4 3046 485
Good 43.1 2.5 Poor 1.7 50-plug 456
Averuge hb ?‘ 225  Any mechanical trouble? Based on your experiences, would
Poor 0.9 R lml: drl\'t'" 13.2 Na B27% {.:u buy n Subaru Legacy I you

Handling: R I’,ﬁ 128 Yos 178 d it to do over again?

Excellent BL1% llllliﬂ What type of trouble? B6 5%
Goad BAG rplaints LLTH Brakes 2% JII i e
Aversge 23 Mm lower than expected 121 Air conditioning 116 Nu 36

* Percentages might not equal 100°: due to rounding or an insuffieient amount of data,

** Onir survey included s number of rural postal carders who had ordered their Legueys with rghthand drive.
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ized front shoulder harnesses, The
hill-holder keeps the vehicle from
rolling backward on an ineline as yon
engage First without keeping vour
foot on the brake,

The standard Legacy engine is

a twin-cam 2.2-liter horizontally §

apposed Four with multipoint fuel
injection and distributorless ignition,
It delivers 130 hp and drives the front
wheels through a 5-speed manual
transmission. There’s also a 4-speed
automatic available,

The Legaey was available with one
of two versions of full-time all-wheel
drive: Continuous and Active, Sub-
aru'’s Continuous 4wid comes with the
munual 5-speed only, and Active is for
Legacys with the electronically con-
trolled 4-speed automatic transmission.

Continuous dwd (G-speed) uses a
viseous center differential to distrib-
ute and equalize power fore and aft.

Active dwd (automatie trans) sub- §

stitutes an electronically engaged
hydraulie multiplate clutch for the
viseous center differential. Rear-
wheel sensors in the Active system
are shared with the ABS and register
differences in wheel speed.

Nearly 40% of our respondents
bought the Legacy specifically for
its 4wd. This feature, in fact, turned
out to be the Subaru Legaey's single
strongest selling point.

The biggest complaint we heard
about the Legacy concerned fuel
economy. Just over 12% of our owners
said they had expected better. Keep
in mind, though, that 73.5% owned
automatics. And 25% were letter
carriers who do a lot of gas-gulping
stop-and-go driving.

Only 17.3% reported any sort of
mechanical problem. Of those, 77.1%
got their cars repaired correctly the
first time.

What owners liked best about their
Legacys were the benefits of all-wheel
drive. Engine power, performance,
handling and braking also all scored
quite well,

The Legacy was judged to be com-
fortable in the front seats, but less so
in the rear. Taller people complained
that there wasn't enough headroom
or rear legroom.

Nearly 30% of our respondents had
owned Subarus before, and 66.5% said
they'd buy a Legacy if they had it to
do over again,

The final word eame from a Wis-
consin eounty elerk. *When we went
shopping for a new car,” his letter
read, “we'd intended to also try the
Taurus, Accord and Camry, but we
got no farther than the Subaru dealer,
This car is fun to drive! With the
turbocharged engine, this 4-eylinder
car has more zip than our Olds

Regency Ninety Eight. " ™
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Styling was not high on the list of likes. Handling, 4-wheel drive, interlor comfort and
engine performance were attributes more important to our sampled owners.,

EDITORS REPORT

® Fuji Heavy Industries, the parent
corporation of Subaru, doesn't count
on salling cars to have any significant
effect on its bottom line. It's into air-
craft, manufacturing and, well, heavy
industry. Maybe that's why Subarus
have always been a little offbeat.

But the Legacy is less unconven-
tional than its predecessors. While it
retains the flat-motor configuration, it
somehow manages to be a lot like
any number of other small economy
sedans. We drove a '94 4-wheeal-
drive turbo Legacy with an automatic.
During several days of good weather,
we never managed to trigger the ac-
tive 4wd system, but the turbo mator
makes more than encugh power to
deal with traffic.

Die-hard Subaru aficionados won't
be turned off, however, Wa've used
the hill-holder found on manual trans
Subarus—and it's neat, but the hand-
brake is almost as convenient if you
know how to do it. One thing they
used to do right was the express-
down and express-up power win-
dows—but apparently someane in
product planning decided the ex-
press-up wasn't a valuable feature.

We can understand complaints
about poor rear-seat headroom—it's
cramped back there. But our size 12s
found it plenty cramped up in the
driver's footwell, too. Admittedly, the
Legacy falls in the smaller end of
the spectrum for this class of cars.

We found the ride and handling to
be excellent, although understeer is

A Legacy Of Engineering

the limiting factor when pushing the
limit in cornering. That's consistent
with the Legacy's mission of depend-
able family transportation.

We're glad to see the "85 Legacy
has made the transition to airbags
and normal 3-point front seatbelts.
We find the motorized bells just as
annoying as our readers do.

As far as complaints about ground
clearance, those have got to be from
those RFD letter carriers driving over
heavily rutted country roads. I'd stack
Manhattan's pothole-infested 11th
Avenue up against any properly
maintained road in the country. The
Legacy manages 1o ride reasonably
well there, and never did bottom out
over some of the lumps and dips that
strike sparks from taxi frames.

Wea've always enjoyed Subaru
cars (and trucks—remember the
Brat?). Well, enjoyed might be the
wrong term—appreciated, perhaps.
It's obvious they were designed by
the engineering staff and not the
product planners. That's in some
ways good, and in some ways bad.
The buzzphrase in the industry nowa-
days is “serving the needs of the cus-
tomer,” which is not the same as
building the best car the engineering
staff knows how. The Legacy retains
its strong engineer's appeal with fea-
tures like the flat-Four engine, hill-
holder and automatic 4wd. But it does
so while still appealing to Just Plain
Folks, whether they were Subaru
converts before or not. —Mike Allen
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BUILDER'S GUIDE

Engineered Lumber

Man-made structural timbers offer cost-effective
strength on jobs big and small.

BY NEAL BARRETT, PM lllustrations by George Retseck

@ Perhaps you've noticed, while walk-
ing through a chureh, theater or mu-
nicipal building, a graceful arch or
vaulted ceiling supported by large
wooden beams or rafters. And maybe
you've wondered how wood can be
made to perform in situations such as
these that seem to stretch the limits
of the material’s natural characteris-
tics. Most of the time, especially in
newer construction, these are exam-
ples of engineered lumber,

The concept of manufacturing
structural lumber is by no means a re-
cent one. Floor and roof trusses, for
example, have long been used in bath
residential and commereial construe-
tion projects. These products gener-
ally incorporate lower grades of lum-
ber in items that, by their design,
maximize the structural value of the
material. For truss construction,
southern yellow pine—a hard, brittle
and relatively inexpensive wood—is
most often used. Glue-laminated beams

beams eomposed of stacks of
2-in, stock laminated under pressure

jambes, siding and porch decking,

Today, however, the term engi-
neered lumber includes a larger list of
products that are fabricated from
either veneers, strands of wood or
lengths of solid lumber, These materi-
als are assembled with adhesives, un-
der great pressure, to form products
that exceed the physical and strue-
tural characteristies of simple dimen-
sional lumber.

Types of engineered lumber
The products that are considered
engineered lumber take a number of
different forms and are constructed
using different techniques. Here's a
quick summary of what's available
and the major differences between
the products,

The gluelam, or glue-laminated
beam, was among the first engi-
neered lumber produets. These
heams are generally used for rafters,
floor support beams or stair stringers
when the structural members are
meant to be exposed to view. They are

—have also been
used to dramatic
effect for at least
80 years.

In applications
that are nonstrue-
tural, the engi-
neered approach
has yielded finger-
Jjointed stoek for
many years. In
this process, short
lengths of wood
are joined end
to end for paint-
grade work, such
as baseboards,
easings, door-
jambs, window

constructed by
gluing and then
applying great
pressure to a
stack of 2 x 4 or
2 x 6 stock to
form a beam up
to 30 in. in depth.
On special order,
these beams can
be fabricated to
curved shapes for
supporting arched
roof structures.
Laminated-
veneer lumber,
or LYL, at first
has the ni)pear-

ance of a plywood

&4
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lumber and glue-laminated beams.

veneer lumber, laminated-strand
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beam. Instead of alternating the di-
rection of the laminations, however,
LVL is made of Yo-in.-thick veneers
that are all aligned in one direction
and bonded under pressure. LVL is
most. commonly used for beams and

headera when the load exceeds what

by a solid wood beam

Dm arable size. This product is

ly available in a 1%-in. width,

rangmgfmmﬂ'& in. to 18 in. in depth

and up to 45 ft. in length, Larger sizes

may be available from eertain manu-
facturers on order,

Parallel-strand lumber, or PSL.,
is made from 8-ft.-long strands of ve-
neer that are suakﬂd with adhesive
and bonded under pressure to
form long blocks, up to 66 ft.
This material is appropriate for
eﬂ:-uaed use as posts and beams,

ering an alternattve to g]ue-
lam products. In addition, pres-
sure-treated PSL beams are
available for outdoor applications
such as es, decks and gazebos.

Laminated-strand lumber, or
LSL, is a relatively new product on
the market, constructed from Y x 1 =
12-in. strands of wood that are bonded
with a Yolw.rathane adhesive, LSL is
available in 1%-in. and 8%-in. thick-
nesses, with varying ’E.lm up to 16
in. and lengths to 35 ft. grodunt is
used for shorter door an dow
headers, rim joists for floor construe-
tion and as a core stock for flush doors
with a veneer overlay. In traditional
solid-wood framing techniques, a car-
penter builds headers on site from
nominal 2-in. stock and ﬂ_hwuud a
slow and inefficient task.
headers of solid LSL, the mamrinl can
be ordered precut to specified length
or can be cut to size on the job site. In
either case, there can be a substantial
savings in labor cost.

Wood I-beams look much like a
steel I-beam. A central web of ply-
wood, oriented-strand board (OSE)
or LVL is enclosed between top and
bottom webs of solid lumber or LVL.
These beams are typically used for

&b
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floor and roof framing, and have the
notable feature of providing additional
room for insulation and fumhmg or
electrical runs because of the recessed
weh. Since the top and bottom flanges
are considerably wider than a conven-
tional solid-wood joist or rafter,
they mede additional surface
or securing floor or ceiling
materml Some of these beams
are available with a cambered
construction—a feature that pro-
vides a uniform upward crown to
the beams to maximize the load-
bearing capacity of the floor strue-
ture, especially on long spans.
Open-web trusses use both wood
and steel technology. Top and bottom
chords of solid wood or LVL enclose
an open web of steel tubing to form an
extremely strong support for both
floor and roof applications. These
trusses are generally used in commer-
cial construction projects, and are de-
gigned as an alternative to either steel
trusses or gluelam beams. Open-web

trusses are usually custom designed
for a particular project to maximize
truss performance while keeping ma-
terial use to a minimum.

Benefits of engineered
lumber
Manufactured lumber makes wood a
realistic alternative in situations that
might previously have called for other
materials. Some of these materials,
such as steel, are manufactured from
resources that are not renewable, so
it's valuable to set them aside
for situations where they are
truly needed. Also, using struc-
turnl steel on a project re-
tradespeople
au:n:l equipment, which can add
considerably to the cost of a job,
Because engineered wood it
uses raw materials of short length
and width, trees that would normally
be considered weed trees—useless for
construction or trimwork—can be cut
up and used to make engineered lum-
ber. These trees, aspen being the

|w="""':';'.=-i-.:

most eommon, are plentiful and grow

quickly. Using these trees for strue-
products opens up a new, readily

renewable source of raw materials.

Natural defects that occur in the
wood, which would normally cause a
piece of lumber to be rejected for
structural use, are either cut out or
spread randomly throughout the re-
assembled beam. This technique gen-
erates a much higher yield of usable
material from any given tree. And be-
cause there is so much concern about
the prudent use of our forest re-
sources, any innovation that optimizes
wood use is a positive development.

Another feature of engineered lum-
ber is dimensional stability. In a con-
ventionally framed house, it's com-
mon to experience squeaky floors and
dry_.rwail or plaster cracks that result

from shrinkage of the floor joists. En-
gineered joists are manufactured
from kiln-dried materials that have
been saturated with a resin-based
adhesive, This yields a product that is
extremely stable and will not change
dimension either by picking up or
losing moisture.

Engineered lumber can contribute
in other ways to better constructed
huildmga nyone who works with
wood is familiar with twisted
and split lumber, These solid-lumber
problems not only decrease cost effec-
tiveness, but ean also compromise the
integrity of a structure. And defects
have become more prevalent as lum-
ber suppliers have had to turn to
faster-growing species to keep up
with demand. Since manufactured

lmnbﬁi; is dimw sg“ble, it re-
gists these pro , providing a more
unifurmnndwedlcuglr::}.lmduut.

cost and end use
Engineered beams have opened up
new possibilities for architects as well

R LAMINATED VENEER
i LUMBER [LVL]

a8 builders, The ability of wood I-
beams to carry greater loads than
comparable-size solid-wood joists pro-
vides increased flexibility m lar.-mg
bearing walls and support genms
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while maintaining a relatively thin
floor structure. The result can be a
more expansive floor plan—one in
which the client's lifestyle can be a
greater factor in the ultimate design.
As you might expect, the benefits of
these products do not come without
cost. Typically, engineered wood
items are priced about twice that of
a comparable length of solid lumber.
The manufacturers of these products

are quick to point out, however, that
the combined factors of less waste,
greater strength, faster installation
and lighter weight per unit length
all contribute to savings that offset

— F—

The introduction of these new prod-
ucts has not met with universal en-
been slow to accept engineered
lumber. The combination of in- B
construction techniques has made
some professionals reluctant to make
these materials. However, many

builders, by now, have en-
engineered lumber has been
specified, and they are becoming
" the phenomenal rise in lumber
prices just over the past two
shortages throughout the country,
has been a deciding factor in persuad-

use of these products,

If you are planning a remodeling or
benefit from engineered lumber, con-
sult an architect or engineer to com-
load-bearing requirements of your
project. In some cases, the structural

the higher cost of the product.
thusiasm, and many builders have
creased material costs and new
the leap of faith required to use
countered projects where
familiar with its use. In addition,
yenrs. along with solid-lumber
ing builders to make more frequent
building project that you think might
pare product specifications with the
capacity of engineered lumber allows

o

£

greater spacing of supports in a floor
or roof providing that the decking
material is able to span the distance,
These substitutions should not be
made casually, and the time and
money spent on a professional consul-
tation is a good investment.

In shopping for engineered lumber
products, a bit of local research will be
necessary. Several companies manu-
facture these items, and the particular
products available will vary with the
distribution network, and market, in
your area. In most cases, you will
have the option of special ordering
items that are not carried as stock
material.

NEW TOOLS
Makita Drill
Accessories

® These days, a portable power drill
is a necessity, and cordless drills are
fast following suit. However, if you
really want to turbocharge your drill-
ing and driving chores, it's time to look
at accessories, and these two offerings
from Makita should top the list.

The first is the Quick/Driver 10—
a drilling and driving tool that elimi-
nates fussing with a chuck and loose
bits. In the drilling mode, bore a pilot
hole and a countersink or plug eoun-
terbore for No. 10 screws. Then, sim-
ply slide forward the collar, flip the bit
cartridge around, and it's ready to
drive the serew (Photo 1),

The second accessory is the Vision
Finder/Driver—a screw-holder, driv-
ing tool. This device holds the screw
in a clear plastic tube, As the screw is
driven, the tube slides back (Photo 2).

The Quick/Driver 10 costs about
£10.75, and the Vizsion Finder/Driver
retails for abuuté‘ﬁ.'?ﬁ. Both Wﬂrﬁ ‘isﬂi
any power drill. Contact Makita U.
Inc., 14390 Northam St., La Mirada,
CA 90638, —Thomas Klenck

POPULAR MECHANICS ® ALIGLIST 1994

1 After boring a pllot hole with the drill
bit, slide forward the collar and flip the
cartridge around to access the driving bit.

& To use the Vislon Finder/Driver, first
load the screw In the clear plastic tube.
The tube retracts as the screw Is driven.

&7
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® [I vou like to sand, you've in
Lhies iminority. It's teclious, time
2 consuming and, let’s face it, down-
= Fight boring at times. On the other
bz, i you skip the job vou're lkely to
el up dlisappointed when the fnish is ap
pliet—and then all the real work goes unno-
tieed. Fortunately, tool manulacturers have
cinnie tu Lhe rescue with a ranpe of power tools il
14 .~iut|z-t| (Y] ;IIEI!';Lllr wirnl r",l.-1 ;1|:u| |'I'|-H!‘t]|'.-.-=f_l.'. .‘l,nll Hu'
||||1|i:—|:-|||u':| leapder for fine [Inish .Auj1:|i||_|_' anil [ast

stk removal is the randome-orhit sandore

About the tools

A randomi=orhit sander is actually @ combination of two
a thige sander and an orhital sander, The
sanding pad i5 mounted shightly offset in velation to
Lhe motor-idiriven shalt, When the shalt torns, the eo-

.‘-illllill:‘l"."-

RYOEI R5115
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MILWAUKEE 6125

Random-Orbit

Sanders

We test today's hottest sanding tool

for homeowners and pros.

BY THOMAS KLENCK, Associate
Home Improvement Editor

centeie pad moves in small orbits. Unlike an orbital
sunder, however, the pad spins Dreely while orbiting
around the main shaft. The speed of the freewheeling
tlise varies with the pressure applied to it. This helps
to erente n less obwvious sunding pattern.

To attauch the sandpaper dise to the pad, you have
two alternatives; PSA (pressure-sensitive adhesive)
ili=cs o ]'.lHl|~.-:|:'.1|-l1l1l|: (Velero-tyvpe) dises. Most tools
use the ||“l.'|-.--.lllli-|lill-"'|l svstem, althougeh NOU Caln Some-
1i1HI':~ ||l|_‘.' ]'H;\. .-';-!|||i||;_f |r;|li.-= = un H||IE|I!L. We ti'uﬁ!:l-.
the |'|||||E-;-:|I|||-J||||'| syvsiem has a et ;u|1.';|||r;|;_ll' over
"sA dises because vou can reattuch a dise after it
s been removed,

Because the freewheeling dise spins at w fairly high
speed, it cun ensily gouge the wood when it’s brougeht
into contact. Therefore, it's best to start the tool on the
woorl, Some munufacturers install & brake to Hmit dis
speed and provide preater contral,

BOSCH B7250

&L
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PORTER-CABLE 7336 BOSCH 1370DEVS

AEG TXE 150

The 3.5-amp TXE 150 is a smooth-
running tool that features a 6-in,
ganding pad for fast surfacing. The
free-spinning dise speed is held in
check by a flexible ring inside the
housing that maintains slight contact
with the dise.

easy to handle and shows a minimal
tendency to gouge,

Dust collection is adequate, but
isn't as good as the AEG. Variable
speed is controlled by a dial conve-
niently located on the top of the han-
dle over the trigger. The trigger-lock
button is at the back of the handle. An

SKIL 7384

RYOBI R$112

adjustable front handle is mounted on
a ring clamp around the housing.

Bosch B7250

With a top speed of 11,000 opm and no
dise brake, the BT250 definitely needs
to be started on the wood to prevent
pouging. We alzo noticed an oscil-

It's the only tool that has a
paper filter inside the dust-
collection bag, and there's a
foam gasket that seals the bag
against the dust port. We found
dust control to be very good.

Its variable-speed range is
controlled by a speed dial
mounted under the trigger.
The relatively slow top speed of
this tool, along with the disec
brake and large dise size, all
add up to a sander that feels
very stable and vibration free
on various surfaces,

Black & Decker
BD5200

EREE ROTATION OF DISC
ARDUND PAD SPNDILE

RANDOM DRBIT LANDER DISC ACTION

ECCEMNTRIC
A0 SPMDLE

PAAIN HAFT

lating vibration at maximum
speed—it didn't seem to affect
surface quality, but it made the
tool feel less stable.

Variable speed is trigger
controlled with a dial under
the trigger, and the trigger-
lock button iz well placed. The
front handle is an adjustable
bail-type handle that ean be
moved up and down. If brand
allegiance isn't an issue, Skil
offers the identical tool with
two fixed speeds as the model
HD7750. You will also find
this sander, with a few indus-
trial perks added, as the Bosch

We found this B&D Quantum

tool well balanced with minimal Bosch 1370DEVS
vibration. To control dise over- What makes this heavy-duty 5
spin, the sander has a spring- FERDRCIATIMOF DAD SHMERCAND DOC amp tool special are its options

loaded brake that bears against
the pad. Although a little slow
to come up to speed, the tool is

Biue arrows Indicate powered rotation of main shaft. Eccen-
tric pad and disc create orbital pattern. Red arrows indicate
free-spinning disc. Speed varies with pressure.,

RANDOM-ORBIT SANDER SPECIFICATIONS

for controlling dige spin. Under
the sanding pad is a reversible
plate that links the pad to the

DISE SPEED 1[4 ousT WOISE | WEIGHT CORD
MANUFACTURER MOOEL PRICE' | AMPS | SIZE RANGE BRAKE' | ATTACHMEMT | COLLECTION | LEVEL® . LEWGTH
AEG TXE 150 $275 3.5 i} 4000 1o 5500 Yes HEL Bag® BS 54 a1
Black & Decker BO5200 580 2.8 5 750010 10,000 | Yes H&L Bag B 43 B
Bosch B7250 $169 23 5 8000 to 11,000 Mo H&L Bag" Ba 42 v
Bosch 13TODEVS | 5427 5 (3 480010 12,000 | Yes* H&L Bag" 1) 56 i
Makita BOSH00 §120 1.7 5 10,000 Mo HE&L Vag Port B 27 i
Milwaukese 6125 £208 55 52 10,000 Mo PSA Vaz Pait a1 o g
Porter-Cable 333 $135 1.7 5" 12,000 Yos HA&L Canisinr” 0 a5 @i
Porter-Cable TH36 £250 a7 67 2500 o 6000 No PEA W ® Bz 5 910
Ryobi R5112 ] 2 85" 11,000 No H&L Mo i) 2.4 g
Ryobi AS115 5128 2 414" 0'ta 11.000 No H&L Bax B a g
Skil 7384 591 1.8 475 11,000 HNo HA&L Bag i1 3.4 g4

1. Suggested retail price; most of the tools sall for less. 2. Available with n 6-in. pad. 3. Available with o 6-in. pad. §. Brake limits dise speed. 5 Also fixed-speed dise
wction. & Vecuum sitschment available, 7. Free-running nolse level as measured on dbA seale,
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AEG TXE 150

housing. In one position, teeth around
the cireular plate engage teeth on the
tool frame. This holds the pad at a
fixed speed, regardless of pressure,
for aggressive sanding.

Flipping over the reversible plate
replaces the geared drive with a
brake that prevents overspinning. In
this mode, the sander is suitable for
fine work. The tool has loads of power
and is impossible to stall.

The 13T0DEVS has a sliding switch
with a lock-on position, a speed dial on
the rear of the motor housing, an aux-
iliary handle that mounts on the left
or right and a 13-ft. power cord.

Makita BO5000

This small, palm-grip model is easy to
hold, although we found the housing
material a little slippery. It features a
simple toggle switch and a fixed speed

MAKITA BO5000 PORTER-CABLE 333 BLACK & DECKER BD5200

of 10,000 opm. The tool doesn't come
with a dustbag, although there's a
dust port on the back for hooking to
a shop vacuum,

Like the Boseh B7250, you defi-
nitely need to adhere to the manufae-
turer's warning about starting the
tool before bringing it in contact with
the wood. Without any disc brake, this
tool literally bounces around the sur-
face before it settles down.

RANDOM-ORBIT
SANDER

GEAR AND MAIN
SHAFT ASSEMBLY

BEARIMNGS

ECCENTRIC
HOLISING

| DISC PAD

ECCEMTRIC PAD
SPINDLE AMND
SANDENG BEARING
COUNTERWEIGHT ASSEMBLY

MOTOR
HOUSING

SPEED
SWATCH

Although random-orbit sanders are
now popular In vertical-motor designs,
the angle-grinder-based tool shown
still handies heavy-duty jobs.

The free-spinning sanding pad Is
mounted on a bearing that’s offset
from the main shaft. As the pad orbits
around the shaft, the disc spins.
Auxllary handle provides extra control.
Dises are usually 5 or & In. In dlameter,
with 4'4-In. discs used on smaller models.
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Maost sanders use the hook-
and-loop system for securing
the disc. The holes in the disc

and pad cary dust away.

B&D tool Is well placed over
the trigger. Some tools have a
small dial on the trigger.

the narmow waist.

have a rocker-type switch. The
tool is held on top, or around

The Milwaukee has a paddie
switch. The other right-angle
designs have a sliding switch
that can be locked.

Most tools have a dustbag
that’s spring clamped to a dust
port. The bags are fairly effec-
tive In containing dust.

Milwaukee 6125

This 5-in. Milwaukee model comes
with a dust port for connecting a shop
vacuum—a dusthag is not available.
With its unbraked disc and 5.5-amp
motor, we found this sander to be a
very aggressive, fast-cutting tool. It
features a paddle switch mounted
under the motor housing, While the
switch is eonvenient and well placed,
there's no facility for locking the tool
on. Milwaukee random-orbit sanders
use only PSA dises.

Porter-Cable 333
Frankly, this tool makes the others
look like they're still in the develop-
mental stages. It's quite simply the
smoothest, quietest and easiest to
handle of the lot—and it does its job,
In terms of innovation, P-C has
traded a dustbag for a rigid per-
meable canister. It effectively traps
dust and can be removed for connect-
ing to a vacuum. The sanding pad is
kept in cheek by a plastic belt that
controls speed. You'll have to buy un-
conventional f-hole hook-and-loop
dises, however,

Porter-Cable 7336
Rank this tool with the Milwankee
6125. It's a basic, heavy-duty machine
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The P-C 333 uses a permeable
rigid canister to collect dust. A
vacuum can be connected to
the dust port, as well,

that's fairly apgressive, and the large
fi-in. disc makes it a good flattening
tool. It has a sliding switeh with a lock
position like the Bosch 15T0DEVS, a
2-position auxiliary handle and a 6-
position variable-speed dial,

This tool has no holes in the pad
and no built-in dust collection, al-
though a dust-collection pad and vac
attachment are available.

Ryobi RS112

Ryobi's palm-grip entry is a no-frills
single-speed tool for light-duty sand-
ing. Although it has holes in the sand-
ing pad, they're for suction only—
there's no dust-collection bag. The
toggle switch has a dust cover.

We found the tool a little on the un-
ruly side in terms of control—perhaps
because of its light weight and un-
braked pad. And like itz big brother,
the RS115, it uses a small 4'4in. disc.
On the other hand, we found it more
eomfortable and easier to use than the
comparable Makita offering.

Ryobi RS115

Mechanically, the RS115 seems to be
the same tool as the RS112—with the
addition of a front knob, hundle and a
dust-collection box. The box is note-
worthy because you can see the dust

To control disc speed, the P-C
333 uses a plastic belt. Other
tools use varylng designs to
slow down free-spinning disc.

The Bosch 1370DEVS has a
reversible drive plate. Geared
position fixes disc speed for
aggressive sanding.

collecting inside. It's neatly tucked
away under the handle. Like the
RS112, this tool iz a little difficult to
control at times, but the handle helps,

Skil 7384
This so-called consumer-level tool—
designed for light-duty home use—is
actually a fairly well-mannered and
effective sanding machine, The design
is a step down from the Bosch B7250
and features a similar dust-collection
bag. The differences are a 4'%-in.-dia.
pad, a front knob instead of an ad-
justable handle and a smaller motor,
Our only gripe with this tool is that
it's underpowered. However, with a
gentle touch, the tool does the job sur-
prisingly well with little vibration and
control problems.

Choosing a sander

Our favorite tool is the Porter-Cable
333. It's compact, very smooth, quiet
and easy to handle. For aggressive
heavy-duty sanding, we pick the
Bosch 13T0DEVS for its two sanding
maodes and the dusthag, The leader in
non-palm-grip vertical-motor sanders
is the AEG TXE 150, with the B&D
BD5200 not far behind. And, for light-
duty work, the 8kil 7384 performs
very well. ™
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NEW PRODUCTS

Coming Home

Great goods that make home projects easier:
BY ROY BERENDSOHN, Assistant Home Improvement Editor

Teamwork
Pella and Velux have
teamed up to offer plans for
four sun room additions
(below). The plans consist
of 3-page sets that detail
roof and wall framing, end
and front elevations, and
provide a list of materials,
The plans cost 5 to $15 at
Pella window dealers.
Among the millwork
products yvou might choose
to install in the sun room is
an insulated window with
louvered blinds sandwiched
between two or three glass
Lmtws (right). This feature
eeps the blinds dust free,
The blinds can be raised
and lowered from inside the
room, and the louvers are
adjustable as well. The 29-
in.-wide = T3-

0 in.-tall easement window

shown costs $425 to 3500 with
.}‘l the slimshade option (the
+ 'I"l hlinds alone for this window
R cost $125). Write Pella
A Corp., 102 Main 5t., Pella,
LA 50219 or Velux-Ameriea
Ine., PO Box 5001, Green-
wood, SC 20648,

Coverup

[f your walls or ceilings are in toagh
shape, eonsider this textured vinyl
wall eovering. It's installed like wall-
paper, and you can roll & coat of la-
tex paint over it or leave it unpaint-

Il

ed, Aside from covering drywall, it = E} L
can be nsed over paneling and econ- - =
erete block, says its manufacturer, sss

The covering is sold in double-roll
holts that cover about b6 sq. ft. A
bolt costs about $25 depending on
style and is sold at home centers.
Write Borden Home Wall Cover-
ings, 1280 N. Grant Ave., Columbus,
OH 43201, or eall (S00) 626-7336.
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Play It Safe

The manufacturer of this safe says it
offers up to 2 hours of fire protection
at 1850° F, The safe’s door is secured
by six bolts, and the safe body has
outer seams that are butted together.
The door seals are flush to the safe
body to resist prying. The wall cavity is
filled with a concrete-based material
that is a poor thermal conductor. Also,
the manufacturer will replace the safe
if it's destroyed in a fire. The UL-list-
ed safe costs about $250 at office sup-
ply stores, hardware stores and home
centers. Write Sentry Group, 900 Lin-
den Ave,, Rochester, NY 14626,

|

As Time Goes By

A smoke detector is only as good as
its source. The manufacturers
of this detector equipped it with a 6-
year battery. And they designed the
unit 80 it is impossible to close the lid
if the battery is missging. To increase
its convenience in the kitchen, it's
equipped with a nuisance shutoff but-
ton that will allow you to turn it off for
10 minutes while you're cooking.
However, if heavy smoke is detected,
it sounds anyway. Like other smoke
detectors, this one has a low-battery
warning chirp. But it begins to chirp
30 days before the battery is worn
out. The UL-listed device comes with
a battery and costs about $20 at hard-
ware stores and home centers, or
from the manufacturer. Write Ultra-
life Batteries Inc., 1350 Route B8 S,
P.0. Box 622, Newark, NY 14513.
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That's A Switch

This window is designed to give
you privacy with the flip of a switch.
The window uses liguid-crystal tech-
nology that converts the glass in-
stantly from clear to frosted, A film
of liquid erystals is sandwiched be-
tween the sheets of
glass. When the switch
closes the film cireuit,
the erystals line up
and the glass is clear
{the window uses 1
watt per square foot
of glass in this state).
When the switch
opens the circuit, the
| crystals are unaligned
4 and the window is
frosted. Although the
frosted state allows

nearly as much light to enter as when
clear, its manufacturer says it filters
out 99% of ultraviolet light. It's avail-
able on a variety of windows, and
maximum pane size is 36 in. wide =
120 in. tall. The option adds about $85
per square foot of glass. It's sold at
Marvin dealers. Write the company
at 2020 Silver Bell Rd., Suite 15, St.
Paul, MN 55122,

JOURNAL

Off The Beaten Track

If you find eleaning shower/tub door
tracks a nuisance, when it's time
to remodel you should look at this
trackless door. The door uses a rising
cantilevered hinge design that lifts
the door as it's opened. A magnetic
strip at the bottom of each door seg-
ment ensures the door seals tightly to
cast-iron tubs. The product is built
with corrosion-resistant components
and tempered safety glass that can be
clear or etched. Its aluminum frame
is available in silver or gold finishes.
Prices range from $400 to 3625 for
shower doors and $560 to $625 for tub
doors. Both are sold at kitchen and
bath showrooms and home centers.
Write Sterling Plumbing Group, 2900
Golf Rd., Rolling Meadows, IL 60008.

Full Speed Ahead

g T Y
In A Minute

If you have a storage problem and you
want to solve it now, then these locker
modules are for you. These snap-
together products are available in
taupe and white, and are made from
dent-resistant plastic panels that
assemble without tools. The wall-hung
cabinet shown costs about 380, and
the free-standing cabinet about $150,
Both feature adjustable shelves, and
are aold at hardware stores and home
centers, Write Consumer Service,
Rubbermaid Inec., 1147 Akron Rd.,
Wooster, OH 44691,

Dry Front Moving In

This ducted fan removes dampness
from bathrooms to reduce mold
growth and odors. It mounts on the
wall outside the bathroom, and you
connect to it with as much as 25 ft. of
flexible dryer duct, allowing you to
put the fan's intake anywhere in the
room. Because the fan is outside—and
operates at low air movement (75
cfm)—its manufacturer claims it's
nearly inandible. And it has a lighted
switch to alert you that it's on. The
Preventilator is capped by a motor-
ized, insulated cover that is sealed
with a rubber gashket. The deviee coats
about 3300 through electrical supply
houses, and heating, ventilation and
air-conditioning suppliers. To locate a
retailer, contact Tamarack Technol-

ogies, 156 Kendrick Rd., P.0O. Box 490,
West Wareham, MA 02576.

If your fan/light eontrol won't let you run the fan at
| = full speed and 100% brightness, eonsider this deviee
that lets you do that and more. With a 3-speed fan
that has pull-chain speed control, preset the fan to
the desired maximum speed and then “fine tune” it
to the desired rpm using the control. Also, the light
B can be adjusted to any level of brightness, The
FLC300 costs about $20 at hardware stores and
=¥ home centers. Write Lamson Home Products,
25701 Science Park Dr., Cleveland, OH 44122,
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Interesting Entry

Homeowners looking for a unique

entryway might consider these doors 8

in their search., The door on the left
is Simpson’s Ovation. Its frosted
center lite is double glazed. The
Prairiefield (below) is in-
spired by the spareness
typical of the Prairie
Sehool of architecture,
and features a grainlike
motif etched into the
triple-glazed lite.

Both doors are built
from Douglas fir and
Western hemlock. A 6-ft.
#-in, Owvation costs about
$740; the same size
Prairiefield, $840. Both
are sold at lumberyards and home
centers. Write Simpson Door Co.,
P.O. Box 210, 400 Simpson Ave., Me-
Cleary, WA 98557.

The Next Wave
Trex may be the next wave in decking
materials. It's a plastic/wood fiber
composite that works the way wood
doeg, says Mobil Chemical Co., its
manufacturer. The product is de-
gigned to be more stable during
changing humidity without producing
splinters the way wood decking can. It
weathers to a silver-gray color, and
can be painted or stained. Incidental-
ly, the deck’s support posts and joists
are built from pres-
sure-treated lumber.
Trex is sold at
lumberyards and
at building supply
houses in nominal
5/4 » 6 » 16-ft. pieces
(about $20). For
information, write
Mobil Chemical Co.,
800 Connecticut
Ave,, P.O. Box 5445,
Norwalk, CT 06856,
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These lights were de- -

signed to eliminate the
energy loss azsociated with recessed
lights. They remain eool enough that

attic insulation can cover their double-
wall aluminum housing. Not only is
this thermally efficient, it prevents
condensation from collecting on the
housing. Also, they have a peel-back
self-adhesive gasket that seals the
joint where the housing penetrates
the drywall. The lights come with
sliding bar hangers, each with a cap-
tive-ring shank nail. Slide the hanger
tab against the ceiling joist and nail it
home. The lights are sold through
lighting showrooms, and electrical
supply houses and contractors. Prices
vary widely but start at about $40,
Write Juno Lighting, Customer Ser-
vice Department, P.O. Box 5065, Des
Plaines, IL 60017.

Step Out

The Cabrio is a roof window in which
the top opens like a standard roof win-
dow, but the bottom opens to form a
baleony. The product is the size of a
large roof window (about 37 in. wide x
100 in. long) and works on roofs with
slopes from 35° to 53°. The window
has a low-E, argon-filled glazing, and
the upper section rotates inward for
cleaning. It costs about $2600 (roof
flashing included) at Velux dealers.
Write Velux-Ameriea Inc., P.O. Box
5001, Greenwood, SC 20648,

Weathertight Tilt

Tilting windows are easier to clean
than eonventional double-hung types,
and this produet improves on the de-
sign, says its manufacturer, by pro-
viding weatherstripping on all four
sides of each sash. To tilt the win-
dows, you push
aside a pair of
small wedges at
the base of the
lower sash then
tilt down the
lower sash, The
upper sash ean
then tilt in.

The window
is available with
a clear pine in-
terior frame (the
outside is vinyl
clad). To further
increase the window's versatility, it
can be ordered with different glaz-
ings to suit your climate or budget.
The windows are sold at Andersen
dealers and cost from $200 to $300,
depending on size. Contact Andersen
Windows, Bayport, MN 55003.

Trlple Play
If you're looking for a versatile vae-
uum, this machine is worth a look. Its
dual-tank design allows you to switch
instantly between wet and dry vac-
uuming without removing its clean-
able filter. On each of the two deluxe
models, you can detach its power
head (the impeller and motor assem-
bly) and use it to blow leaves—all
w:thuut the aid of tools. The Var-
uum 8 pivoting casters
are positioned away
from the canister to
make the machine diffi-
cult to tip. It's available
in sizes from 6 to 16 gal-
lons, from 350 to $130
at hardware stores and §
home centers. Write |
The Hoover Co., 101 E. =1
Maple St., North Can-
ton, OH 44720, ™
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Pour A Concrete
Sidewalk R et

M with & superplasticizing agent.
TEXT AND PHOTOS BY MERL | HEMEEMNILIS This makes the concrete looser with-

out reducing its strength. It's well
ingredient, portland cement. Portland woarth the 34 to 88 cost it adds to each

gidoewul ould solvi ement is made from erushed lime-  eubic vard of conerete.
problems around the yi stone that is fired in a kiln, When
Pouringr a coners | manare-  water is added to cement, a chemical Concrete basics

. Yes, it can  process called hydration begins, The Concrete expands and contracts with

i || P Gianre eement becomes o paste and shirt frecze/thaw eveles, and to eushion this
ful planning and some I||-I|-I| Ip, order turns into a rocklike mass, movement, you should install expan
bt te can be made ehave provided that sand and gravel are  zion joints where the walk begins and
t! ol want it to be I=.|'.i- -||I-'! mixed with it ends or in any situation where eon-

insta i.afl--:-.-.|:||u"'|-|'|-"~ We should add that very little crete is placed between two other con-
is in und nding its  water is needed to make this recipe erete slabs. A good rule of thumb iz to
erties. work. The more water vou add be- use 1 in. of expansion material for
Conerete 1s made up of sand, yond what is necessary for hydration,  every 30 ft. of sidewalk.
gpravel, water, gvpsum and, its Rey  plus 2ome for workability, the weaker (One of the unalterable truths about
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g ton-

U erete s

S ithat it
aeracks. The
S hest we can do

s encourape it to
l_&-;n graick on pur terms by
ing control joints into

it The cracks will form un-

_ﬂ-&l‘ the contral joints.
Mixing conerete by hand is prae-

1 Begin the sidewalk instaliation by
stripping the sod from the form area. Dig
a trench just deep enough for the forms.

& Join form lumber end to end by driving
a deck screw through the edge of one
piece and into the end of another.
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i

/
 tienl only for small jobs,
80 we will assume that

. Joil are going to have the con-

erete delivered.

Ordering concrete is easy. Esti-
mite the cubic feet yvou need and con-
vert it to cubie yards. Request a 3000-
pounds-per-z.-in. mix (referred to as
a B-bag mix, for six bags of portland
cement per cubic yard of concrete).
Also make sure that the conerete has
entrained air, which iz standard these
days but still worth mentioning. En-
trained air results from foaming
agents being added to the mix. This
disperses millions of tiny air bubbles
throughout the concrete. The bubbles
form air pockets that cushion the ex-

& Drive 1 « 2 pine stakes next to the form
lumber. Align the stakes using a string
puiled taut between two stakes.

S The first step in installing a curved form
iz to drive a grade stake. Use a level to
check that the stake height Is cormect.

pansion eaused by moisture that pen-
etrates the surface and freezes,
Commercial conerete prices vary
widely, but $50 to 570 a cubie yard (for
T cu. vd. or more) is common. A sub-
stantial surcharge is applied to small-
or quantities—1 % cu. yd. cost us $126.

Installing forms

We wanted our sidewalk to be about
38 in. wide x 24 ft. long, including a
curved section. Because of space re-
strictions, we had to pour it right
against the house foundation. Keep in
mind that there are two schools of
thought in placing a sidewalk next to
the house. One holds that it's better to
leave a grass strip or flowerbed be-

B Drive a double-headed nall t.hmugh
each stake and Into the form behind It.
This kind of nail is easily removed.

& Notch the end of the 2 = 4 form where
the curved section will meet it. Screw the
curved hardboard form to the notch.

I



tween the walk and the foundation to
reduce the amount of rainwater that
will splash from the sidewalk onto
nearby surfaces, particularly siding.
The other school says that a flower-
bed could cause dirt splatters to stick
to the siding after a rain. Sinee dirt
holds moisture, this could be a prob-
lem for wood or steel siding. Based on
that reasoning, the sidewalk should be
placed next to the house.

For our forms, we used 2 x 4 lum-
ber for straight seetions and hard-
board siding, ripped to 4-in.-wide
lengths, to form the curve,

We began by snapping a chalkline
1 in. below the siding along the length
of the foundation. Thig line marked
the grade of the sidewalk along the
house and became our reference
point. We positioned the 2 x 4 form 1
in. lower than the chalkline. This gives
the sidewalk a slope that would shed
water away from the foundation.

Begin by digging a shallow trench
for the form itself (Photo 1). We find
that digging a shallow trench for the
form first, then removing the soil for
the form bed, reduces the tendeney to
over-excavate, Remember, if you dig
too deeply yvou'll have to fill low areas
with sand or gravel. You can’t just
shovel soil baek into the space be-
cause it will settle and take the side-
walk down with it. If concrete fills the
void, you'll encourage a erack where
the concrete changes thickness,

Next, drive two stakes and stretch
a string between them to mark the
form's outside edge, Place a 2 x 4
against the string, and drive stakes
along its edge every 36 in. (Photo 2).

Drive stakes below the top of the
form, then nail through the stakes and
into the 2 x 4 using double-headed
nails (Photo 3). Use 3-in. deck screws to
join form lumber end to end (Photo 4).

We installed the curved form last
because we needed to fasten it to the
straight 2 x 4 form. Drive a grade
stake that will mark the top of the
form. Cheeck the height of the grade
stake with a level (Photo 5).

To make a seamless appearance
where the straight and curved con-
erete meet, cut a Y4-in.-deep notch on
the inside edge of the 2 x 4 form,
Berew the hardboard to the notch
using 1%-in. deck screws (Photo 6).
Next, bend the hardboard and drive a
stake there. Space stakes along the
curve at 18-in. intervals (Photo 7).

Shave off enough soil to get close
to the finished depth then drag out
the finished prade with a 2 x 4 (Photos
8 and 9). Finish the form bed by plac-
ing sand at low spots, then grade the

78

T Support the curved form with stakes
spaced 18 in. apart. The 2 « 4 form Is

supported every 24 in.

@ The form bed depth should be consis-
tent. Uise a 2 = 4 to drag the bottom of the
bed until the same depth Is achieved.

e i

8 Use a pointed shovel—held at a shallow
angle—to shave excess soll from the form
bed. This prevents over-excavation.

b g kg e
10 Put the finishing touch on the form

bed by filling in the low spots with sand.
Don't fill these spots with soll or concrete.

11 Drive
of the form. Drive a pair of angled nails
Inta each stake to hoid the pipe in place.

12 Use heavy-duty wheelbarmows to haul
concrete to the forms. While one person
hauls, another spreads the concrete.

12 The screed plpe must be positioned
above the opposite form to produce a
slight slope. Check this with a level.

14 Once all the concrete is in the form,
2w a screed board across the form. This
strikes off excess concrete.
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bed again with a 2 x 4 (Photo 10).

The final step is to install a screed.
This is only necessary if you are pour-
ing concrete against a surface other
than a form, sueh as a foundation, We
used %4-in, black pipe as a screed and
installed it on top of stakes spaced 3
ft. apart. Drive sixpenny nails into
each stake to hold the pipe (Photo 11).

Set the pipe on the stakes so it's
level with the chalkline, and check it
with a level (Photo 12).

15 Every 5 to & ft., withdraw the screed 16 Use a shovel to sprinkle new concrete I'ﬂl.ll'll"lg and ﬂn[sh[ng
pipe from the concrete. Leave the screed  Into the gap left by the screed plpe. Work A concrete truck is heavy enough to
stakes buried in the slab. this rough concrete smooth using a float. erack a driveway, so we had the truck

park on the street, and we hauled
the conerete with heavy-duty wheel-
barrows (Photo 13). With several
loads of conerete in the form, we used
a straight 2 x 4 as a sereed board to
strike off excess conerete (Photo 14).

After we had about 6 ft. of concrete
in the form, we pulled the screed pipe
back and sprinkled new concrete into
the gap left by the pipe (Photos 15 and
16). We repeated this until all the con-
crete was poured,

Next, work over the surface with a
17 After all the concrete Is poured, use a 18 Use an edger to round the concrete  hand float (Photo 17) to bring water

wooden or magnesium fioat to bring  perimeter, This looks nicer and is less likely and cement paste to the surface. Fol-
water and cement paste to the surface. to chip than a square edge. low this by running an edger around

YOU'D HAVE TO HAVE A
HOLE IN YOUR HEAD TO DRILL
WITH ANYTHING ELSE.

THE SKIL HDG6525 DRILL CAM HAN-
DLE ANYTHING YOU PUT IT THROUGH. IT HAS
A STROMG 4.2 AMP, VARIABLE SPEED MOTOR
WITH A RANGE OF 0-2,500 RPM. AND FEA-
TURES A PATENTED ROTATING BRUSH
REVERSING (RBR ) SYSTEM WHICH DELIVERS
POWER EQUALLY IN BOTH FORWARD AMD
REVERSE. ALL OF WHICH MAKES IT THE MOST
SENSIBLE POWER TOOL CHOICE YOU COULD
POSSIBLY MAKE.

SK/L 1D

HE&WY DUTY
TousH Toows For TouGH Jogs,

G 58 Foser sl Cornpriy. 43500 W Petecsss Ses. Craoago. L 80828



the walk’s perimeter (Photo 18).
Next, eut control joints with a
groover at about 40-in. intervals using
al x4 as a guide. Every few inches
eut through tg: glab, along the control
joint, using a pointed trowel (Photos
19 and 20). Finally, smooth the top
edge of the cut with the groover.
Knowing when to trowel is eritical.
If the trowel leaves gray water and
bubhles in its wake, then wait 20 min-
utes and try again. This moisture is
called bleed water because it is the
excess that bleeds from the concrete.
Allow it to evaporate before troweling
or you will produce a weak surface.
Work with the trowel held flat, and
place slightly more pressure on the
trowel's trailing edge than on the front
edge (Photo 21). This technigue en-
sures that the trowel will move smooth-
ly over the surface without eatehing
on pieces of gravel. Most surfaces re-
quire two separate trowel passes.
After the troweled finish begins to
set, draw a soft-bristle broom over the
surface to produce a slip-resistant
finish (Photo 22). Cover the eoncrete
with plastic sheet for about six days to
help it cure slowly. This greatly in-
creases its strength. Finally, gently
pry the form away from the conecrete
using a elaw hammer, 2]

19 To make a control Joint, lay a | x 4
down as a gulde, then run a groover
along It. Place a control Joint every 40 In.

21 Held the trowel flat and apply more
pressure to Its tralling edge to prevent It
from chattering. Sweep It In wide arcs.

0 Cut into the control joint every few
Inches with a pointed trowel. This ensures
that cracks will be under the joint.

22 Use a broom to rough the surface for
better traction. Cover the concrete with
plastic for six days to keep it moist.

IT RUNS CIRCLES AROUND
OTHER ORBITAL SANDERS.

THE SKIL HD7750 RANDOM ORBIT
SANDER'S TWO WHIRLWIND SPEEDS ARE
IMPRESSIVE ENOUGH. HOWEVER, IT ALSO
FEATURES AN EQUALLY IMFRESSIVE TRIGGER
SWITCH THAT PUTS SPEED CHANGES AT YOUR
FINGERTIPS. PLUS THE SUPERIOR CONTROL
OF AN ADJUSTABLE FRONT ASSIST HANDLE
AND DUST EXTRACTION FOR A CLEANER
WORKPLACE. IN SHORT, NOTHING ELSE GIVES
YOU A BETTER START TO A GREAT FINISH.

SK/L WD

ToucH TooLs For ToucH Joes,
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Homeowners
Clinic

BY NORMAN BECKER, PE.,
Contributing Editor

Joist Shadow Lines
There are dark lines on the drywall
ceiling below the attic in my house,
The lines coincide with the ceiling
joists. Someone suggested it is be-
cause of a lack of insulation. However,
we have fi-in. batts in the attic. Do you

have a cure for this problem?
BOB MAZZA
BURLINGTON, MA

Although you have insulation be-
tween the joists in the attic floor, the
tops of the joists are exposed to the
low winter temperatures in the attic.
Since the wood joists are not effec-
tive insulators, they act as thermal
bridges. Consequently, the tempera-
ture at the underside of the joists (at
the drywall ceiling) is lower than
the adfacent sections of the ceiling
that are covered with the insulation
batts. Because of the lower tempera-
ture below the joists, condensation
(however slight) tends to form along
these areas. Over time, the moistitre
traps dust and also results in
mildew growth, which shows up as
shadow lines.

To prevent this from recurring,
first paint the ceiling. Use a paint
containing mildewcide. Next, install
insulation batts over the exposed
ceiling joists, Ideally, the insulation
should fill the spaces between the
Joists and cover the tops of the joists
as well. This last layer of baits is

Moisture condenses on the cool area below each jolst. Over time, this condensation
collects dust and forms mildew, which appears as dark lines.

installed perpendicular fo the joisis.
However you install the insula-
tion, make sure to use a type that
does not have a foil or kraft-paper
vapor barrier. And be sure addition-
al insulation does not cover soffit
venits or recessed light housings (un-
less the housings are IC types rated
for direct contact with insulation),

Low-Cost Info

® Maytag offers a pair of buying
guides that can help you shop for
a washer or dryer. They offer both
general information and Maytag's
opinion on how an appliance should
be built.

For example, the washer guide
advises you to inquire about the
inner shape of the washer's agitator
cone. If the cone's inner cavity Is
cone shaped, says Maytag, it will
trap an air bubble that prevents
water from reaching the driveshaft
seal. You can bet Maytag machines
have this feature, and we think this
is a point worth discussing with an
appliance dealer.

The dryer guide covers topics
such as drum finishes and propane

LTI ng
Guige

g
5
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£

conversion kits for gas dryers. Send
25 cents per guide to: Maytag, Con-
sumer Information Center/How-To-
Buy Booklets, Newton, |A 50208.
—~Roy Berendsohn
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Asbestos Sidin

We own a 1950s-era house that has
asbestos shingles on the sides and
back and vinyl siding on the front.
The shingles are in good condition,
but we are concerned that they will be
a factor in selling our home, If the
shingles are removed, will their dis-
posal be difficult?
JOHN 0'SHEA
YORKTOWN HEIGHTS, NY

Although the shingles are referred to
as asbestos, they are really asbestos
cement shingles. That is, the as-
bestos fibers are encapsulated in ce-
ment. As long as the shingles are in
good condition, there is no problem.
However, if they are abraded or
sawn, asbestos fibers can be released
into the air.

If the shingles are in good condi-
tion, they are generally not a factor
when the home is sold. Nevertheless,
there will always be buyers who try
to make the shingles a part of the
sales negotiation. Even if the shin-
gles are in poor condition, they don't
have to be removed. You can install
new siding over them.

Removing the shingles is expen-

Bl
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Free Paint Help
@ This is the next best thing 1o a
neighbor helping you paint your
house. If you have questions about
a painting project, call Sears. It's
not widely known, but Sears opar-
ates a toll-free line to answer paint-
ing questions. The number, (800)
972-4687 (800-9-paints), fields an
astounding 120,000 calls a year.
The line operates Monday through
Fﬁdaﬁmh?memmﬁnw.
rday, 10 am fo 5 pm.
Here's a quick look at the top
five questions asked of Sears’
paint technicians.
1. Can | paint latex over oil?
Yes. Clean the surface and dulf
glossy surfaces using sam#:!apar

In some cases, yes. Use exterior
primer if an oulside surface is bare
or chalked. The company recom-
mends using ils latex primer be-
fore painfing intarior drywall that
has an existing coat of paint in
poor condition or on bare drywall.
3. How do | prepare a surface to
paint?

A. Clean the surface (Sears rec-
ommends its Wall and Ceiling
Cleaner, No. 62814, for interior
surfaces and Heavy-Duty Cleaner,
No. 62826, for exterior surfaces).
B. Dull glossy surfaces.

C. Check that the surface Is dry.

D. Otherwise, fallow the directions
on the can label.

4, What are the best weather con-
ditions to paint in?

It's best fo apply paint at 65° to
85'F. Avoid painting in direct sun-
light, or in cold or rainy weather.
Likewise, don't paint if a heavy
dew is likely before the paint can
cure or if the weather will turn cold
bafore the paint can cure.

5. How do | remove mildew?
Make a solution of %5 bleach, %4
warm waier. Apply the sofution, lat
it stand for 10 minutes then hose it
off. Really dirly areas may require
some scrubbing. Use a paint that
contains a mildewcide, which will
inhibit mildew growth.

—A.B.

Adjusting An Electric
e ?ﬁ!rmmt
® An electric range should oper-

| ate with the oven control dial
matching the oven temperature.

APPLIANCE
CARE TIP

| Adjusting the appliance to do this

temperature with each cycle,

screwdriver, move the

is not difficult and is a good way to get more consistent baking performance.

Begin by checking the sensing bulb. Look to the rear of the oven, and you
will see a long, thin bulb attached to the oven wall. Check that it is not loose.
Mext, use a mercury oven thermometer (available at large hardware stores)
placed in the center of the oven to check the temperature. Set the oven dial
to 400°F, and let the appliance cycle on and off several times. Record the

Average the temperatures. [t should be within 25°F of the dial setting. If it
isn't, adjust the oven thermaostat. To do this, on the most common calibration
mechanism, first remove the oven control dial. Then, using a thin-blade

callbration screw at the
bottam of the shaft while
holding the shaft with
pliers. A quarter turn of
the screw changes the
oven temperature about
25°F. A clockwise turn
increases lemperature
and counterclockwise
decreases it.

Check the oven tem-
perature as before. If af-
ter several tries you can-
not get the temperature
to match the dial setting,
replace the thermostat,

—Stave Toth

LT ELLLSTRATE

sive, since the work must be done by
a licensed asbestos removal contrac-
tor. The waste will have to be dis-
posed of in a landfill designed to
take this material,

Garage Door Control
My daughter has a 10-year-old garage
door opener that needs repair, but the
repairman says the manufacturer told
him replacement parts are no longer
available. Can you help?
ROY RAASCH
EUCLID, OH

Even if the parts were available, the
repairman might not wand (o install
them because the door does not
meet current safety standards. Tﬁe
garage door opener does not co
with recent gu:deime& Esm.bﬂsf
by Underwriters' Laboratory (UL

® You might think “air handler” has
to do with flying dirigibles. Actually,
heating contractors use it as a gen-
eral term to describe a mechanical

a2

SBUz4745520) 6 o o ArHandler

device or assembly that moves air.

The term devices such

as blowers, filters and dampers.
—A.8.

Standard 235). This is important
because, between 1982 and 1988, 48
children between the ages of 2 and
14 died from being trapped under
garage doors that were operated by
automatic openers.

Federal law mandated that as
of Jan. 1, 1993, all new residential
garage doors must comply with UL
235, This requires that garage door
opener assemblies include a photo-
electric sensor or other device that
will reverse the door if it comes in
condact with someone or something
as it s closing, It also uires the
apparatus to automatically disable
the opener should the sensor mal-
function.

There are no federal restrictions
on repairing older residential
garage door openers, but several
states require that these older de-
vices be brought into compliance
with UL 235 at the time repairs are
made to them.

OR
Just ask Normaon about if, Send ]
Homeowners Clinec, ulnr Mechanics, W
57th SL New Yok, NY 10019, While letters

answered inclividi Ern!lfﬂ'nu
crnilnhwludibedm‘tmedu{: emimfm
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CAR CLINIC

BY MIKE ALLEN,
Associate Automotive Editor

Off The Rim

I'm trying to replace the brake shoes
on the rear end of my pickup truck.
After 85,000 miles, they're finally
down to the rivets—at least judging
by the grinding noize they make they
are, I got the ﬁrnke drum looze from
the hub after some banging, but I
can't seem to get it off all the way.
I disconnected the handbrake cable,
thinking that the handbrake might be
partially on. The drum feels loose, but
it won't come off.

JOHN LONGACRE
STAMFORD, CT

You need to retract the brake shoes'
self-adjusting mechanism. When the
drum ts worn, there’s a lip that re-
mains inboard of the area where it
contacts the shoes. The self-adjuster
expands the shoes to take up the
slack, and when you want to remove
the drum, the lip won't fit over the
brake shoes,

Your particular truck may vary
slightly from the illustration, but the
principle is the same. With the truck
up on safety stands and the wheel
removed, crawl underneath. There's
a hole in the brake backing plate,
probably with a rubber dust cap. Re-
move the dust cap and insert a
screwdriver into the hole to push the
self-adjuster lever back to clear the
teeth on the adjusting drum. While
you're holding the lever clear, insert
another tool and ratchet the toothed
drum to refract the shoes. I've shown
a special brake-adjusting tool, but
you could just bend the end of a
cheap screwdriver.

Which way to turn? Well, if you
turn the wrong way, the drum will
lock up as the shoes expand. It may
take more than a dozen turns in the
correct direction to clear the lip.

If the drum has a lip, it almost
certainly needs to be machined to
true it and remove the lip. If the lip
is really bad, you may need to re-
place the drum—the machine shop
can tell you if there’s foo much wear.
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Bl'ﬂkll'l, Or Just I don't recommend abusing a new
Broken In? engine. But the manufacturing

While on a recent 1800-mile trip in
my new car, | was passed by a num-
ber of cars going considerably faster
than the 55 miles per hour | was
maintaining to break in my new en-
gine. What struck me about some of
the cars passing me was that they
had dealer plates, and judging by
the cleanliness of the undercarriage,
were being ferried from one dealer
to another.

Aren't new engines likely to be
harmed or permanently damaged by
such treatment? What problems
might arise for the unsuspecting
buyer of a new car?

D.C. LUCAS
HENDERSONVILLE, NC

process is considerably improved
from a generation ago. Clearances
and tolerances inside engines are
much tighier, and the tradition of
running in a new motor is hardly
necessary. With axle ratios, in the
interest of fuel economy, as high as
they are, a late-model car is probably
running at a lower rom at 75 mph
than your '55 Chevy ran at 55 mph
when it was new.

The best thing for a new motor is
to avoid running it hard until it's
warmed up. I'd wait 1000 miles or
so before towing much of anything.
And I don't think I'd wait until the
factory-recommended mileage for
the first oil change, either.

85
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Water Baby

1 bought a "93 Pontiac Grand Am with
a 2.3-liter engine, While checking the
fluids, I noticed water in the oil (coffee-
color sludge on the dipstick). The deal-
er and the customer satisfaction hot-
line say this is normal for this engine,
Just becanse it's designed this way
doesn't mean it's right—my eoneern

is for the life of my engine.
HOWARD SCHEMMEL
CONCORD, OH

The problem of water in the oil re-
lates to the fact that coolant occa-
sionally will find its way past a
head gasket or a crack in the block
or the cylinder head and then down
into the oil pan. The water and gly-
col in the cooling system will turn
your il into an acidic mayonnaise
—that is, a mixture that doesn’t lu-
bricate, and it corrodes everything it
touches. This is, as former President
Bush said, "Bad, bad, bad."

WIX Air

When you take a close look at
WIX Air Filters' superior media, it's no
wonder other filters don't match up.
The non-phenolic pleated cellulose
traps particles so small, filkering
efficiency is nearly 100%.

Galvanized wire-scrien
imner body

supponts filter media and
llovwrs macimmom atrflow.
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In all likelihood, this is probably
not what's happening to your en-
gine. There is a certain amount of
condensation inside your engine, es-
pecially in colder areas such as the
dipstick tube or around the oil-filler
neck. The detergents in the oil emul-
sify this water into a light-brown
sludge that mimics the aforemen-
tioned pseudo mayonnaise. This is
particularly likely to happen during
colder weather and short-trip driv-
ing, when there isn't time for the en-
gine fo warm up fully and drive off
the moisture by evaporation,

If you're really concerned you've
got a leaky head gasket or some
other serious problem, oil analysis
will spot it instantly. Water is a nor-
mal contaminant of crankcase oil,
but the spectrograph used for oil
analysis will spot the chemicals in
coolant right away, even in concen-
trations smaller than a spoonful in
your oil system. And if you do have
coolant in the oil, an engine tear-
down is next. ™
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SERVICE TIPS
& |f your Ford Ranger or Explorer
has a knocking noise at startup
that's more audible at lower tem-
peratures, it may not be piston slap
or loose lifters. There's a revised
fuel-line assembly to cure knocking
noises associated with hydraulic
ing inside the fuel system.

® Got a 1990-93 Cavalier, Corsica,
Beretta, Lumina or Lumina APV
with a 3T40 transaxle? Does the
trans somatimes start off in second
gear when the gearshift is in
and the is still cold? Chev-
rolet says condition Is caused
by thick, cold ATF and goes away
when the frans warms up. There-
fore, no service is necessary.

® Does your 1883 Mazda 626 or
MX-6 miss or hesitate whenaver
you comer hard and the fuel tank
is nearly empty? Mazda has a fuel
pump pickup repair kit to fix this
without having to replace the more
expensive fuel-pump assembly

® Pontiac says not to use pene-
trating oil or WD-40-type lubricants
on sticking door locks, as they may
wash off the original thicker lubri-
cant. They specify GM No. 1234-
5120 lube, SW30 motor oil or sili-
cone spray for sticky locks.
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MAINTENANCE
BASICS

CHANGING
ENGINE
COOLANT

BY DON CHAIKIN,
Automotive Editor

@ One of the constants of auto care is
the need to flush and refill your en-
gine's cooling system at least every
other year. Better still: Inspect the
entire cooling system and replace the
coolant each year.

Besides keeping your engine from
overheating, a properly working cool-
ing system ensures that the engine is
operating at its most efficient temper-
ature. In addition, your warmth and
comfort inside the car depend on the
eng‘r;e‘s cooling s; ;

sure that the engine is cool be-
fore beginning,
® Squeeze all of the hoses—upper
and lower radiator hoses, as well as
heater hoses. They should all feel firm
vet pliable,
® Replace any that are brittle,
mushy, bulging or cracked. Replace
any hoses that are more than four
years old.
® Check the radiator cap by inspeet-
ing its rubber sealing gaskets and
spring.
® Check the coolant overflow reser-
voir for pinholes, eracks or any other
gigns of leakage.
® Check each hose end to see that the
clamp iz snug and that there are no
gigns of leakage,

Next, drain the old coolant into a
large catch basin, Engine coolant is
poisonous, so take care not to let chil-
dren, pets or wildlife lap up your
drained coolant. Thoroughly hose
away any spillage.

Also be aware that though engine
coolant is biodegradable, some of the
contaminants in used coolant are not.
Do not pour old coolant onto the
ground or down a storm drain. Take
your old coolant to a repair shop that
has the equipment to clean and re-
evele the coolant, or take the coolant
to a recycling center,
® Place a large basin (at least 2 gal-
lons) under the radiator. Loosen the
peteock or remove the drain plug at or
near the bottom of the radiator.
® If you can't find the drain or if it's
stuck, loosen the lower radiator hose.
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® Open the radiator cap and move the
heater control valve on the dashboard
to maximum HEAT,

® Slowly run eool water from a gar-
den hose into the open radiator. When
clear water is coming out of the radia-
tor, the radiator has been drained of
most of its eoolant, Shut off the water
and let the radiator drain.

This method only partially drains
the cooling system, A more effective
way of flushing the system involves
using a special reverse-flushing kit.
These simple-to-use kits cost less
than $10 at auto parts stores and
large discount department stores that
sell auto supplies,

The kit includes a T that is spliced
into the heater-inlet hose. A garden
hose is attached to the T and water
flows through the engine, heater core
and radiator.

Regardless of how you flush the
cooling system, be sure to tighten the
peteock or replace the drain plug. Be
sure all hose clampe are snug. Then
refill the cooling system with a mix-
ture of fresh antifreeze and water.

@ Pour the coolant in slowly, allowing
air to escape. You may have to do this
several times—possibly over a period
of a few days—to allow all the trapped
air to escape.

A 50/50 mixture of water and anti-
freeze/coolant is fine for most cars.

If you live in an extreme climate,
you may opt for a stronger mixture
with more antifreeze/coolant. Do not
exceed the maximum strength as list-
ed on the antifreeze container,
® Heplace the radiator cap securely.
® Check the coolant level daily over
the next week or two until you're cer-
tain that the level is stable, ™
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SATURDAY MECHANIC

PLUGGING LEAKS

BY PAUL WEISSLER

® The sweat pours down your brow
as you lift the hood while gasoline
gurgles into your tank in the self-
gerve lane, Through the shimmer of
heat that escapes from underhood you
lean over to check the level of bright-
green coolant in the translucent over-
flow tank. Empty, again,

You've topped it up a few times—
but the last few tankfuls it's been dry
ingide. In fact, coolant seems to be

Check your hoses
for electrochemical

degradation by
pinching and rolling
the hose between your
fingers and thumb.
Feel for cracks in

the Inner liner
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disappearing at an accelerating rate,
The weather is getting hotter, and
you're about to take a vacation. It's
time for some action.

It should be easy to prevent most
major coolant leaks since they usually
oceur when a hose fails. And you
shounld be able to spot the bad hose
before it bursts by those telltale signs
of heat eracking and other deteriors-
tion, right? Wrong. While coolant

hoses near the end of their useful lives
used to show the classic warning
signs, they no longer neceszarily do,
Today’s hoses are so much better you
can't tell only by looking,

You should also be able to easily
spot a eoolant leak, even a small one,
After all, the antifreeze contains a
green dye that leaves a stain, Well,
the truth of the situation is that
your enrrent model engine may have

M
ELECTROCHEMICAL
DEGRADATION




more than a dozen hose con-
nections—and other joints [
sealed by gaskets and 0- [=
rings—and many of them are =
buried. To top off the prob- E
lem, there are ways that
coolant can escape from the
system without leaving so
much as a trace.

Even when you find the
leak, it may take some spe-
eial steps to fix it. Result:
Finding, fixing and prevent-
ing future coolant leaks in-
valves a lot more than it used
to. But if you take the time to
do the job right, you'll be
able to avoid the repeated
need to top up the system,
and the disaster that would
oceur if you forget.

board—an operation that can
consume a dozen hours or
more, Use caution.

Unless there's lots of
slack in the hose, don't try
to trim the cut end and re-
use it. What's left probably
will kink and ultimately re-
striet eoolant flow.

Use a new clamp and posi-
tion it correctly for a leak-
free connection, being extra
| careful if there is any dam-

age or distortion to the hose
' neck. The two best types of
clamps are the constant-
tension spring band and the
71 860" adjustable double-band.
A decent-quality, worm-drive
| tangential-foree clamp, with
K- glotted band that won't dig

thg obvious leaks
If a leak is obvious, such as
a leaking radiator, eracked hose or

badly leaking joint, that's great—a
solid starting point. If it's an O-ring
type at a coolant pipe, clean the groove
if necessary with ultrafine sandpaper
or steel wool. Wipe clean, and then re-
place the O-ring, lubricating it with
antifreeze, Leaky radiator? Check
with a radiator shop, and you may get
away with an inexpensive repair.

It might be possible to resolder a
split seam or a leaking joint at the
neck/tank junction without even re-
moving the radiator from the car.
Even leaky plastic-tank radiators can
sometimes be repaired by replacing
the O-ring between the end tank and
the aluminum core. This is definitely
a task to leave to a professional, how-
ever. It's a hose? If the clamp is not
tight, and the leak is from the hosze
end, perhaps the hose has taken a
compression set under the elamp. Try
a simple retightening—but don’t
overdo it, or yvou'll distort the hose
and neck, and just end up with a
worse leak than you had.

Remove a stubborn hose by carefully slicing it. Don't nick the
pipe it fits over. Heater cores are prone to being damaged easily.

Tightening the clamp doesn't help?
Replace the hose, Uh-oh, it's stuck,
Grab it with pliers and twist? Not
unless you want to crush the hose
neck and make it impossible to seal
properly. Better to cut it off instead.

With a razor blade, slit the leaking
end of the hose at several points
around the circamference, gently pry
up each slice, then peel the rest of the
hose end. Don't nick the spout on the
radiator or engine, or it'll never seal
again, Clean the neck—on the radia-
tor, engine, heater core, connector
pipe or whatever—with a wire brush
and wipe clean. Then install the re-

lacement hose, using fresh anti-
as a hose lubricant.

Radiator necks are generally pretty
sturdy, but heater-hose pipes are
usually very fragile. Twisting and
prying to remove a hose—or replace
it later—can easily break the seal be-
tween the pipe and the heater core’s
tank. And removing a heater core to
repair or replace it can involve remov-
ing half of the underside of the dash-

deep into the hose rubber or
cut it when you tighten, also
does a good job. The serew-
tower clamp, widely used as original
equipment, is tolerable for a brand-
new system, but is about the least
effective for resealing.

Install the hose as far as poszsible
on the neck, and if there's a stop, right
up to it. Pogition the clamp carefully
go that it's about midway between the
end of the hose and the end of the
neck, typically about % in. or more
from the end of the hose. If there's a
raised sealing bead on the neek, posi-
tion the clamp flush against the back
side of it. If it's any distance away, it
won't seal as well and it will force a
crevice between the hose and neck.
Coolant will collect and stagnate in
the erevice, accelerating corrosion
{and erosion) of the neck, eventually
resulting in a significant leak, 1f a
hose neck is badly distorted or eroded,
get it reshaped or repaired by a radia-
tor shap if you expect it to seal.

Finding hidden leaks
Sure, you have to look hard to inspect
all the hose connections, O-rings and

CLAMP

Don't give coolant a place fo collect between the clamp and the OEM screw-tower clamps don't seal nearly as well as spring

sealing bead, or you'll give cormosion a place o start.
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clamps. A regular worm-drive clamp provides a tight seal, too.
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pasket joints, but you can get some
help if vou first pressurize the system
with a cooling-system pressure tester,
Pump up the system to its vated pres-
sure plug g eouple of pai. If the pauge
reading holds for 2 minutes or so, the
cooling system isn't leaking—at the
moment. However, you may still be
losing coolant.

Does the gauge's reading start
dropping almost immediately? That
tells yvou the system isn't holding
pressure, and if you start looking you
should see leakage from the offending
joint or possibly the water pump's
weep hole, All water pumps geep a
minor amount of ecolant (there's no
such thing as a perfect seal), but if you
see steady dripping or more, the
pump seal iz bad. Replace the pump.

Okay, the pressure gauge reading

you are really looking for them.

® The engine periodically runs so hot
that coolant fills the overflow reser-
voir and overflows it. Or the pressure-
eap valve is weak, so that coolant flows
from the system into the reservoir
even under normal operating temper-
atures. Check the coolant level in the
reservoir immediately after petting
stuck in heavy traffic. If coolant is
ready to pour out of the reservoir
vent, pressure-test the cap to see if
it's h:}ﬁiing the specified pressure.

On systems where the reservoir is
pressurized, inspect the radiator-cap
valve seal for deterioration. A bad
gedal can allow coolant to be lost by
evaporation.

If the cap is good, next check the
antifreeze concentration with a hy-
drometer. If the percentage of anti-

by o
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Pump your system up to a couple of pounds higher than the rating on the radiator cap

to check for leaks. You can rent the tool for an aftemoon.

hardly budged, and you're still losing
coolant. Now the diagnosis gets a
bit tougher, because there are these
possibilities:

® The leakage only occurs with a hot
system. Run the engine to warm up
the system and retest.

® There is minor seepage from many

jointg and it all adds up. If your en-

gine's cooling system has a lot of con-
nections, inspect them all for even the
glightest traece of coolant staining,
Simple retightening of all the hose
clamps may do the job.

® The leakage is from the overflow
reservoir, which is at atmospheric
pressure and isolated from the pres-
gurized part of the cooling system,
Hairline cracks in reservoirs often re-
sult in leaks that travel along body
geame and are detectable only if
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freeze is low (below 50%), the conlant
will boil at a lower-than-normal tem-
rature and contribute to the prob-
em. If the problem is the coolant run-
ning too hot, a poor cooling system
condition may be responsible. This
would include low coolant level, an
electric fan coming on too late (or a
mechanical eluteh fan slipping), a de-
fective water pump, a plugged radia-
tor or even something as simple as a
bug-and-road film coating on the front
of the condenser or radiator. Such a
coating blocks the cooling airflow.

Preventing future leaks

Today’s hoses fail more often from the
inside, because of a problem called
electrochemical degradation, the
catchy ECD for short. The metals of
the eooling system and the hose mate-

rial, combined with the coolant, form
an electrical cell that produces a low
DC voltage, particularly at high
coolant temperatures, Over a period
of time, the eleetrical flow is enough
to cause fine eracks to develop inside
the hose, starting at both hose ends
and working along the length of the
hose. Eventually, the hose develops a
pinhole leak or may even burst.

You can't see this damage, but you
can feel it. Wrap your thumb and
two or three fingers (not your whole
hand) around the hose at the end and
feel with your fingertips for soft
“channels.”" Run your fingers around
the hose to develop a mental picture
of what the inside circumference of
the hose must look like. Work your
way from each hose end toward the
center of the hose, and if the hose
feels more solid as yvou approach the
center, it's probably suffering from
ECD. According to studies by Gates
Rubber Co., most upper radiator
hoses, for example, are ready to leak
(if they haven't already) after about
four years of zervice.

So if any of your cooling system
hoses fails this fingertips test, drain
the system, cut the hose and peel it
off. And install new premium hoses
designed to resist ECD. You can pet
silicone hoses, but newer designs of
another synthetic, EPDM, are less
prone to tearing and are designed to
resist ECD. Secure them with good-
guality clamps and your engine should
keep its cool.

If you're topping up your system
after a leak, all you really need to do is
add a 50/50 mixture of coolant and
water to the radiator. But if you've
been topping up with water, you have
no real idea of the relative concentra-
tion of the two fluids. Perhaps you've
been using water from some roadside
diteh or rain puddle—a better propo-
gition than walking or melting an en-
gine for sure, but one that requires
you to drain the cooling system com-
pletely and flush it.

If you've flushed the system for
whatever reason, don't just start
pouring 5{/50 coolant into the radia-
tor. There are still several quarts of
water in the system that won't drain,
and they'll leave you with a low eon-
ceptration of glyeol. Instead, look up
the capacity of your cooling system
in the owner's manual or the shop
manual, Add half that amount of un-
diluted coolant, and top it all off with
pure water.

You did collect the spilled, toxic
coolant for proper recycling or dis-
posal, didn't vou? ™
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ELECTRONICS

WATCH
YOUR BACIK:

Smokey is sneaking up on you from behind, laser gun in hand.
This new radar detector lets you know.

@ [t's the end of the
month, and you're
eruising down the
interstate at a clip
that's between a
quarter and a half
dollar over the
gpeed limit. The
laser/radar detec-

tor on your dash is
chillin’, your tunes
are crankin', and it's

just a matter of minutes between you,
a brew and a ballgame. Life's great,
you're thinking. Then yvou're zapped.

You had everything covered but
your backside, The cop sitting on the
entrance ramp with his laser gun tar-
geting your taillights just met his
quota, and your town is going to
make budget this month thanks
to you. You never had a chance
because eonventional laser de-
tectors only point forward,
they can't protect you from
being shot from behind. Until
now, that is,

A new line of spead-trap
busters from Bel-Tronies, man-
ufacturer of laser and radar de-
tectors, defends you from both
front and rear laser shots. Called the
Plus series, the detectors pack a
periscope-like device that extends
above the housing of the unit, senses
the laser from either the front or the
rear, and channels the information to
laser diodes inside the unit.

Unlike radar guns, which scatter
radio frequencies in all directions,
around corners and over hills, lasers
have a narrow bandwidth and require
a direct hit in order to nab their tar-
gets, Ideally, a patrolman needs to set
the laser gun on a tripod and point it
through an open window in favorable
weather so that neither windshield
glass nor molsture interferes with the
beam. A laser pun must be trained on
its target either from the front or

24

BY REBECCA DAY

from the rear, and according to Donal
Rich, vice president of sales and mar-
keting at Bel-Tronics, the rear lights
provide better reflectivity and there-
fore more accuracy.,

When operated optimally, & laser
gun is very accurate and very fast

An eye for the back of your head.

—in 0.3 seconds you're nailed.

Laser guns aren't strictly line of
gight. Just as certain infrared remote
controls will work when pointed in the
general direction of a component's
infrared sensor, laser guns may be
somewhat off-axis when targeting a
ear. To compensate for this, laser de-
tectors incorporate off-axis detection
to sense energy outside the main laser

P IFHOITD (TR Y (LIFF GROMER

beam. The Bel-Tron-
ics models have off-
axis coverage that
provides a 130" field
of view, which the
company claims is
the broadest cover-
age of any laser de-
tector on the market.

The suggested list
prices for the Bel-

tronics Plus series start
at $279 for the BEL 610i-F and go up
to $499 for the 6458Ti-P. Prices go up
along with range and features, The
top-of-the-line BEL 6455Ti-P boasts
40% more range than the midlevel
636i-P ($359). Range is determined by
the strength of the gun being used
and hy environmental conditions. The
top model also incorporates Shadow

technology, which is electronically im-
mune to detection by police radar-
detector detectors.

All five detectors in the product line
cover all of the frequency spectrums
that the FCC has made available
for speed detection, including
X band, K band, the recently
allocated Super Wideband Ka
and laser. Rich says the Plus
series i like having three

radar detectors in one hous-

ing because, unlike certain

radar deteetors on the mar-

ket that use a fundamental
frequency and its harmonies
ta detect K and Ka band radar
signals, the Plus units use a separate
fundamental frequency for each of the
three bands, The result is fewer falze
alarms, he says.

The Plus detectors are made by
Tracor Aerospace in Austin, Texas,
which is best known for the laser de-
tectors it has devised for the military.
U.5. Apache helicopters used Tracor
laser detection during the Gulf War
to monitor Iragi laser-guided surface-
to-air missiles. ™
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Send now fﬂryym- free opportul o

get “hands on” training in

profitable fields!

Learn to Earn!
The Federal Government

projects the service sector of
the economy will show
rremendous growth over the
next several decades. You can
et yvour share of the profits
when you become a “pra” in
ome of 7 high income profes-
sions, Professions that could
easily earn you $18 w $30
per hour. Foley-Belsw's
urigue ralning programs can
make those dreams come true.
The key to your success lies in
providing a service thar is in
great demand. Foley-Belsaw
training programs focus on
seven fields where the demand
is prowvinye and will conrinue
to grow through the twenty-
first century! And with Foley-
Belsaw’s unique approach, you
gain skills quickly in your
spare time ar home; you can
©Ven Gim Eﬂ.’ﬁh “'1111-:: o
learn. There's no “classroom
pressure” . no Herce competi-
Hom © .. you Set your own pace,
your own study style. Foley-
Belsaw also provides "::\rr'w"
other courses don'’t offer: a
100% mioney-back j;uJI';lﬂl'LE;
along with all the professional

tools and equipment you need.
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As millions of

Americans demand
greater protection, this
becomes a high demand
field. We provide the
training to make you a
professional locksmith who
commands $25 per hour.

Professional Saw

& Tool Sharpening.

Imagine a business
where 90 cents our of
every dollar you take fn is
cash profit! You'll eamn $18
to $25 per hour running
machines that do the work
for you.

VCR Cleaning,
Maintenance &

Repair. The VCR
has become a basic part of
nearly every American
houshold. You can make
up o $50 per hour in this
fast growing field,

Upholstery. As
furniture Prices rise
and quality norice-

ably decreases, it makes
good sense to pursue a
career in upholstery, You'll
learn to make big profits in
both commercial and
consumer markets.

Small Engine
Service & Repair.
There are more than

65 million small engines in
use today (a number grow-
ing at a rate of 1,000 each
month). You can make $45
in just 1/2 hour for a
simple tune-up, and even
maore for many of the
simple repairs you'll learn
on everything from snow
blowers to bass boats.

CALL TOLL FREE

Build over $3 -I.H':r
worth of valuable fumiture
while you leamn! You'll
start the Foley-Belsaw
course with the simplest of
projects then move on to
creating heirloom-quality
furniture! You'll save thou-
sands on your own home
repairs alone.

Computer Repair,
Maintenance &
Upgrade. There's no

dowbt abour ir, the com-
puterization of America is
taking place! Get a jump
on a high paying occupa-
tion or business of your
own in a field with an
unlimited future.

800-487-2100

FOR FREE INFORMATION PACKET!

O Uphalstery, Dept. BOST|

: COMPLETE AND RETURN Hﬂ!ﬁﬂﬂ?ﬂﬂ m
Fuley-Belsaw Institute, 6301 Equinable Road, Kansss Ciry, MO 64120

[ Plesme check ondy ome of the followmg. )
O Locksmithing, Dept. 12495

2 Saw & Tool Sharpening, Depe. 21355
O VCR Repair, Dept. 62163

© Senall Engine Repair, Dept. 52404
O Woodworking, Depr. 43306

O Computer Repair, Dept. 64064
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OUTDOORS

Crazy ’'Bout Bikes

BY JOE SKORUFA, Boating/Outdoors Editor

® At some point in the
not-too-distant past, bi-
cycles became as stand-
ardized as refriperators.
Sure, there are a couple
of different styles, sueh
as drop-handlebar racing
bikes, fat-tire mountain |
hikes and hybrid bikes
that eombine features
of both, But let's face
it, these are variations

intraduced the Globe se-
ries of bikez (§299 to
£429), which features
retro styling and user-
friendly features,

For starters, Glohe
models sport simple 3-
speed or T-speed gear-
sets, which are all most
people need. Second,
they're equipped with
features that had once

on the same theme. It raizes the
guestion: Is that all there is?

Not necessarily. Out of a total uni-
verse of 100 million bikers in the Unit-
ed States, a solid core remain devated
to speed (4 la racing bikes) and
ruggedness (i la mountain bikes), but
a growing minority like to ride for the
simple joy of riding. Fast-twiteh leg
pumping is fine if all you want is to
turn the great outdoors into a work-
out room. If, on the other hand, you
want to appreciate the scenery and
enjoy yourself, then you're probably
not too thrilled by the current state of
hike design.

Bike builders have gradually begun
to recognize this situation, and some
new products reflect a change in diree-
tion. Specialized, for example, recently
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seemed gone with the wind, such as a
git-up riding posture, fenders, a chain
d and a handle-
ar bell. Some have
rear carrying racks,
With distinctly
1950z lines and fea-
tures, the Globe se-
rieg is definitely a
niche product, but
this is exactly what's
needed to pump new
life into a market
that seems to be a
vietim of arrested
development. These
are produets that
have personalities §
as opposed to Xerox
eopies.

("annondale also has a niche-market
bike, the C2000, which is the flagship
model in the company’s new Commuter
series. According to Cannondale, there
are from 2 million to 3 million com-
muters who pedal to work regularly.
Naturally, these commuters need a
bike they can call their own, one with
a rear carrying rack, kickstand, bell,
upright seating and (I'm not kidding)
bindegradable wooden fenders.

In addition to the retro features,
the C2000 has such high-tech ameni-
ties as a 21-speed gearset and an
adjustable, shock-absorbing Head-
shok-CMT suspension fork. It also has
o cushioned-suspension seat post.
Suggested retail is $1699.

But while these bikes are in-
teresting from an evolutionary
perspective, there are some
companies and designers cur-
rently at work that are truly
revolutionary. One of these is
the Montague Corp., which de-
signed a bike that fits in a suit-
case. This is no easy feat, espe-
cially sinee the bike—the TriFrame
Tuandem (shown above left)}—is an 8-
fi. 2-person model.

Typically, when an engineer tries to
alter a product that performs beauti-
fully (such as a high-performance
muuntain bike) and make it perform a
second function (such as folding into a
suitease) the result is a hybrid that
performs neither operation well. Mon-
tague was determined not to let this
happen with the TriFrame.

The company had already solved
some of the technical problems years
ago with its suecessful folding moun-

The Linear Aluminum Recumbent offers comfort and power.
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tain bike, the BiFrame. This high-
performance riding machine folds by
use of a hingeless tube-within-a-tube
system Montague calls Concentrus.
Basieally, the Coneentrus system
works by using a seat tube that's com-
posed of several rotating chromemaly
steel tubes within tubes. Strategie
components of the seat tube are weld-
ed to unbroken top tubes and bottom
tubes to form a sturdy frame. Far
from weakening the frame, the tube-
within-a-tube configuration actually
strengthens the seat tube,

However, an B-ft. tandem carries
twice the weight of a normal bike and
at the same time adds weight-bearing
responsibility over the center of the
frame instead of simply over the
wheels. The typieal solution is to run
an additional support tube across the
frame from the head tube to the bot-
tom bracket. However, Montague
wanted to be able to fold the bike into
three triangular components, and a
continuous erossframe tube would
mike this impossible. The solution was
to add two erossframe tubes (one front
and one rear), which greatly increased
the complexity of the Concentrus sys-
tem on the front-seat tube.

After six years of research and de-
velopment, the Montague TriFrame
Tandem is now ready to market, and
it retails for $1995. In addition to sport-
inga hi;‘;'h-perfurmance folding frame,
the TriFrame Tandem features a top-
of-the-line Shimano Deore LX set of
components and a 21-speed gearset
connected to cutting-edge Grip Shift
controls, To cap off its unique achieve-
ment, Montague built the TriFrame
so that it ean be folded or unfolded in
minutes without the use of toals. Mas-
terful use of quick-release clips ac-
complish the whole process.

Like tandem bikes, recumbent hikes
are nothing new. What's new is the
level of interest in them. It seems that
many riders of a certain age are tired
of having sore butts from hard seats
and sore backs from low handlebars.

Recumbents, like the Linear Alu-
minum Recumbent bicyele, eliminate
these problems by allowing riders to
recline in chairlike seats that are not
only comfortable but produce power
more efficiently. Few upright leg
churners acknowledge this fact, but
recumbents actually give riders a

rformance edge over racing bikes.
Fr? faet, recumbent bikes hold all the
human-powered speed records.

What makes the Linear stand out
among recumbents is that it raises the
frame enough to put riders at the
same eye level as on conventional
bikes. Also, it uses standard bike-shop
components, The bikes come with 21-
speed gearsets and either under-seat
handlebars or conventional handle-

POPULAR MECHANICS ® ALIGLIST 1994

bars. Suggested retail is $1200.

Now for the ultimate in ecomfort-
able bike design, the CoPed Pedersen
Roadster (31200 to $2000), This iz a
bike that's easy to love because it
takes care of first things first. The
seat is suspended on a flexing system
of springs and wires that run between
the head tube and seat tube. It literal-
ly puts your butt in a sling, which isn't
such a bad idea if comfort is your top
priority.

This unique bike, which also features
Campagnolo components and a full u
right riding position, is the brainchild
of Danish inventor Mikael Pedersen,

who designed the bike more than 100
years ago. He is reputed to have =aid,
“Free the buttocks and the mind will
follow." I ean't argue with that, P

SOURCE LIST
® Cannondale Corp., 8 Brookside PL.,
Georgetown, CT DGSZE; (B00) T26-BIKE.
® CoPed USA Ine, 345 N. Canal 5t., Suite
1001, Chicago, IL: G0606; (800) T55-8671,
® Linear Manufacturing, KR 1, P.0. Box
178, Guttenberg, LA G2052; (319) 252-163T.
® Montague Corp., 432 Columhbia St.,
Cambridge, MA 02140; (617) 491-T200.
® Speclalized Bicyele Components, 15150
Conecord Cir., Morgan Hill, CA 9508T;
{H00) 245-2462.

IN 1969 RUGER DESIGNED AND

BUILT THE 425 HP RUGER TOURER

With only 48 pans, the new P94 in Ymm and 40

Anto 15 consideribly less complicated than the car S8 =
bul no less an engineering triumph. Compuact, i ' E.
lightweight, and precision investment cast from |
alurminum alloy and specially formulated Terhune L
0

Anticomno stainless steel. The P94 représents the
latest thinking in handgzun design wnd construction,
from the company that places no limil on iis dedi-
cistion Lo engineering. There is no betier gun made,
ul any price.  Availoble in three configurations:
Doubie-Action-Only, Decock-Only, and Manual
Safety. Suggested retui] price: 5520, And the car?
It"s priceless

Sturm, Hoger unsd Company, Loe,
53 Liscey Place
Southport, Connectieul Uit H)

And the gun?
It’s a Ruger, too.

[P imstruction meamuals for all Ruger
Tirearmn pre avuilabde upon reguest

@ RUGKE
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SCIENCE

Worlds Apart

BY GREGORY T. POPE, Contributing Editor

® Deep in the constellation
Virgo, 1500 light-vears distant,
beats the heart of a long-dead
gtar. Called a pulsar—PSH
B125T+12, to be precise—this
12-mile-wide powerhouse beg-
gars the imagination. For one
thing, it's so dense that a dime-
size sliver from its face would
outweigh an earthly mountain,
For another, it whirls like a
cosmic dervish and radiates
furiously. The pulzar’s immense
magnetic field hones the radia-
tion into a double beam, like a
lighthouse beacon that whips
around 160 times a second.
Sensed from Earth, this
beam is a pulsing radio signal,
as regular as the ticking of an
atomie clock. When the pulsar
was first detected in 1967, in
fact, a few scientists misinter-
preted its signal as 4 message
from some alien broadcaster,
As it turns out, the beam from
PSR B1257+12 is sending an
equally exciting message. Hid-
den in the radio pulses is the
first clear-cut evidence that
planets exist outside our solar

PSR B1257+12

Planets pull spinning pulsar off center, wabbiing reguiar
sweep of radio beams. As they pass, planets also pull at each
ather, adding subtie perturbations to pulsar's spin.
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Wolszczan found his
planets via the Arecibo
radio telescope [right).

system, Af least three,
in fact, are orbiting
the pulsar,

The man who made
this discovery is Penn
State University radio
astrophysicist Alexan-
der Wolszezan. He
spoke with POPULAR
MECHANICS {from an
apt loeale: Torun,
Poland—the birthplace
of Copernicus, who
gave us the proper
view of our own plane-
tary system. Unlike
Earth's neighbors,
Wolszezan's planets
are too far away for
optical telescopes to
spot directly. But they
give themselves away
through a telltale sig-
nature buried in the
pulsar's radio signal.

PENN STATE PHOTD (TOP): CORMELL PHOITD JARCNWE BOHT)

Four years ago, Wolszczan
began tapping into PSR
B1257412 through the huge
radio telescope at Arecibo,
Puerto Rico. The 1000-ft. an-
tenna funneled its reception
into a specialized processor
called the Prineeton Mark I1I,
which yielded an odd analysis.
The radio pulses weren't al-
ways rock-steady. Over time,
they appeared to be synco-
pated, arriving split seconds be-
fore or after the beat, like the
rhythm of a funky drummer.

PSR B1257+12 is not the
first pulsar to exhibit this ir-
regular heartbeat. In the past
decade, astronomers have
thought similar perturbations
in other pulsar signals to be
the work of planets. As planets

orhit, the pull of their gravity should
wohble a pulsar this way and that. By
thus speeding and slowing the pul-
sar's apparent pulse rate, planets
would disrupt the pattern of radio
pulses as detected from Earth,

[n each casze, however, the as-
tronomers’ interpretations proved
short-lived, “The planet discovered in
1991 turned ot to be our own Earth,”
notes Wolszezan wryly, “They hadn't
quite removed the effect of Earth's
movement from their analysis.”

Nevertheless, Wolszezan and col-
league Dale Frail of the National
Radio Astronomy Observatory went
publie with their own analysis in 1992,
The variation in the pulsar signal,
they believed, spoke of two planets,
One, about 3.5 times the mass of
Earth, orbited every 66,6 days. The
other, £.8 times Earth’s mass, com-
pleted an orbit every 98.2 days.

The roughly 3:2 ratio of the planets’
orbital periods alerted theorists to an
intriguing way of backing up Wal-
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szezan's claim. At predictable inter-
vals, the planets would have to ap-
h each other as they circled the
pulsar. And when they passed each
other, the play of gravity n the
planets would tug them out of their
orbital paths. TfIEBE variations in
their orbits would, in turn, modulate
the effect of the planets’ gravity on
the pulsar itself. The dance of the
planets should therefore show up as
subtle subrhythms in the first-order
gyneopation of the pulsar's beat,

Subtle is the operative word. “The
first-order effect is reasonably big,”
says Wolszezan, “but if you start look-
ing for interaction between planetary
masses, you go down three orders of
magnitude,” And it took three years
of recordings from PSR B1257+12,
fed through the Princeton Mark I1I,
to sift out the evidence. But Wol-
gzezan is now convineed he has plan-
ets. He's even plucked the effects of a
third planet from the recordings—a
Moon-size body closer to th lzar.
And the data hints that a Fuurti:“pla:l-
et may be wheeling around in a much
wider orbit. Wolszezan will let more
recordings from Arecibo pile up to
erase uncertainty about this body,
along with some potential asteroids.

Meanwhile, Wolszezan's conclu-

sions have already met widespread
agreement among other astronomers.
But while they accept the planets’ ex-
istence, scientists predictably have
found something to debate in this new
discovery.
What sets them at odds is the plan-
ets’ unlikely loeation. It's quite a sur-
prise that the first remote planets
should reveal themselves around a
pulsar, of all things. Astronomers
have traditionally looked for planets
in less dangerons neighborhoods.
Theory has it that pulsars are the col-
lapsed kernels of giant stars that have
blown off their outer layers in a super-
nova explosion. How could a planet
survive such an apocalypse?

Already a handful of competing hy-
potheses have arisen to explain the
phenomenon. Some involve the acere-
tion of planetary material from a sec-
ond star, while others place the planets
far enough from the supernova to
withstand the exyluailm.

Which is right? “That remains to be
established,” says Wolszezan, “But
the discovery of a second system will
be as important as the first. It will be
telling us that we are facing a new
class of objects.”

It makes sense to continue scruti-
nizing pulsars, he adds, looking for
that second system. After all, nothing
can match the precision with which a
pulsar's radio signals betray the gravi-
tational effects of planets,

Optical telescopes certainly can't
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discern such detail. It's true that tele-
scope instruments ean detect the
ghifts in light wavelength from Sun-
like stars wobbled by planetary grav-
ity. Using this technique, they could
theoretically pick up the presence of
Jupiter-size bodies. In fact, NASA
has earmarked observing time on the
Keck Telescope to do just that. But
optical telescopes have yet to measure
gtellar wobbles with enough exacti-
tude to find Earth-scale planets.
That's unfortunate. For unlike
worlds near a living star, the planets
around a pulsar are surely barren of
life, poisoned by the radiation from

their hostile sun. It's also ironie that
the Arecibo facility should have found
these dead planets. The big radio tele-
gcope is scheduled to begin seanning
the heavens soon for signals from ex-
traterrestrial civilizations. The survey
will take place under the privately
funded Phoenix project, which has
risen from the ashes of NASA's
Search For Extraterrestrial Intelli-
gence program.

But Wolszezan's discovery does lend
hope to the search for alien worlds,
“It confirms that planets are quite
common in the universe,” he says.
“We just have to keep looking.” P
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AUTOMOBILES

New Cars

Subaru Legacy

® Care to take a puess at what was
lnst year's best-gelling import station
wagon! How about the vear before
that? Okay, then, before that? How
about for the last 12 years, in fact?

Well, those of you who said “Su-
baru” may take a giant step right up
here to the head of the class.

Perhaps a trifle to the left of main-
stream in its enginesring and outlook,
this Japanese marque has carved it-
self quite a solid niche among those
who prize traction
and utility in a pas-
SENgEr car. :

To help maintain
ite grip on that
niche, Subaru is [§
introducing an all- ©
new Legaey for [
1995, Naturally, | %
like all Subarus,
the new Legacy is
available with all-

stem to stern and
from top to bottom.
The car is longer,
wider and taller
than the previous
model. The station
wagon, in fact,

looks very tall with a lot of sheetmetal
above the tops of the windows.

Under the sloping hood is the same
sohe 2.2-liter horizontally opposed 4-
eylinder engine as in the previous
model. Now equlpped with aequential

structural stiffness have
paid off all around. The
new Legacy offers a quiet,
well-controlled comfort-
able ride, The car's han-
dling—especially with awd
—ig well balaneed and em-
inently predictable.

The base price is about
£14,000 for a front-drive
Legacy. A full-tilt L5i is
upward of $22,000.

—Don Chaikin

Volkswagen Cabrio

Following the grand tradition begun
generations ago by the you-have-
to-look-at-me-and-smile Karmann
Ghia, Volkswagen has introduced
the 1995 Cabrio. Like the more re-
cent Cabriolet and
Rabbit Convert-
ible droptops, the
Cabrio is essen-
tially a convertible
version of VW's
bread-and-butter
family car, in this
cage, the Golf 111,
And like all the
Vw convertihlea,
the Cabrio is built

wheel drive and 4-

for Volkswagen by

wheel-dise antilock Body by Karmann Coachworks, drivetrain by VW, the Cabrio is the newest Volkswagen. Karmann Coach-

brakes. In addition, though the adver-
tiging blitz for the car may not admit
to it—and vour local dealer may not
have one readily available—the new
Legacy is also available with front-
wheel drive for about $1000 to $1500
less than its better-appointed and bet-
ter-equipped awd brethren,

Far those of you who may not want
awd but who still want more traction
than the standard front-driver offers,
Subaru has developed a sophisticated
traction-control system for the front-
drive Legacy—which oddly enough
goes for the same price as awd.

Sitting atop a longer wheelbase, the
'95 Legacy has been restyled from

58

eleetronic fuel injection, distributor-
less ignition, roller rockers and other
goodies, the flat-Four has a slightly
greater output than before: 135 horse-
power and 140 ft.-lb. of torque.
Refinements to the ear's fully

independent, strut-type sus- _g8
pension and attention paid
to increasing

works in Innsbruck, Austria.

Asg with each of its predecessors,
the Cabrio’s strongest feature—other
than the appeal of its folding top—
is its styling. Though the Cabrio
iz based on the enpineering

The last of the 5aab 700 models, the convertible, has now arrived,
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of the Golf, its lines are unique.

The folding soft-top is six layers
thick for quietness and eomfort. The
car sports a fixed rollbar to provide
the rollover safety of a steel roof,
In addition, the rollbar is the anchor
for the front seatbelts and also serves
as a support for the roof when it's
closed.

To further ensure the exclusivity
of the Cabrio's styling, Volkswagen
offers the car in just six colors: black,
red, white, as well as the trendy aqua,
violet and green. Each body color has
a gingle color for its top.

The top is manually operated, but
despite its thick insulation it is easily
opened or elosed by one person in less
than a minute.

VW tags Cabrio at just under
£20,000—a price that includes free
scheduled maintenance for the first
two years or 24,000 miles and a
powertrain warranty of 10 years or

100,000 miles,
—im Dunne
Saab 900 Convertible

Yuppies the world over can now
breathe a sigh of relief—Saab is re-
introducing the Saab Convertible.
The new 900, launched last year to
replace the elderly (originally intro-
duced in 1979) ear, didn't include a
soft-top version. Like many other
small-scale manufacturers, Saab has
contracted with U.S.-based ASC to
engineer and manufacture convert-
ible-top mechanisms.

Controlled by a microprocessor,
the folding soft-top relies on electrie
motors and microswitches to raise the
top and to lower and stow it beneath
a smooth tonneau cover. The driver
only needs to deal with the two
clamps at the top of the windshield.
The new top mechanism even includes
a heated, glass rear window.

In an effort to cure cowl shake
caused by the convertible structure—
without a fixed steel roof—Saab’s en-
gineers have increased the car's tor-
sional rigidity by 70%. The examples
I drove through the Irish countryside
over some poorly paved roads were
tight and squeak-free. There was
some occasional annoying resonance
in the steering column, however.

The new Convertible, like the hard-
top versions, is available with one of
three powerplants and a manual 5-
speed or 4-speed automatie. Engine
choices—and prices—begin with the
150-hp dohe 16-valve 2.3-liter Four
($31,990) and climb to the 185-hp
turbocharged 2.0-liter engine, at
$37,990. If you're ordering the $895
automatic transmission, f’d recom-
mend that you opt for the torquier
170-hp 2.5-liter V&.

—Mike Allen
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PM HOTLINES

COMMUNICATE
WITH US

We're trying our best
to make it easier for you
to communicate with us.
Here are four ways you can do it.

LETTERS

Your written letters are always
welcome, IF we think your letter
would bDe interesting 1o other
readers, we rmight even peint i in
our Letters column (unless you
request that it not be printed). Our

editors are listed by depariment on
the masthead panted in the front of
the magazine next to Editor's Notes.
Cur address s POPULAR MECHANICS,
224 57th St, New York, NY 10019,

FAX MACHINE

You can fax written mail to us If
you have access to a fax machine
Our fax number is [212) 585-5562,
and is available 24 hours 2 day.

ELECTROMNIC MAIL

You can call the PM computer any
day bebween & pm and 8 am [only)
Eastern nume. The number is {212)
5H2-8359. Once you're online, you
can leave messages for specific
editors, or direct inguiries and
comments to a specfic department
The department bulietin board also
allows you 1o share your thoughts
with other readers who cali in.

Mew users get an identification
number and password that allow
them to access the system. Simply set
your communications software to
8 bits, no parity and | stop bit
(8-M-1], and set the baud at 300,
1200 or 2400. Please remember that
we are not a professionally staffed,
fully operational builetin board. We're
simiply tnarg [0 make it easier for you
[0 communicate with us. 5o please
Dear with us if it takes awhile to
ANSWET YOUT MESSage

READER SERVICE EUREAU

Our Reader Service Bureau is
operational five days a week duning
requiar business hours, The phane
number is (212) 649-3127, Please call
our Reader Service Bureau, nor our
aditors, for information on back
issLes, reprnts of amicies, subscription
inguires and 5o on. It will save all of
Ls time,

HOTLINE PHOMNE NUMBERS

Unfortunately, our Hotline Phone

SEMVICE IS Temparany discontinued

INSIDE BELL LABS
(Continued from page 49)
The different wavelengths now ae-
eeagible through QU lasers promise
many applications. These include
free-space point-to-point communica-
tions, medical diagnosties, pollution-
control monitoring of automotive en-
gines, even collision-avoidance radar.

Cho points out that besides the QC
laser, MBE will make it possible to
build mieroprocessors that work on
optical signals instead of electrical
ones. Eliminating the bottleneck of
copper promises reductions in size,
heat generation and energy consump-
tion in this new generation of chips.

To lure traffic to the future info-
highway, one point where pundits
agree is that computer and communi-
cations gear must become easier to
use. Bell's got a grip on the wheel in
this area, too.

One field of study is Neural Net-
works technologies that will let ma-
chines operate with humanlike senszes
—vision, for example.

At the Holmdel lab, supervisor
Charles Stenard and researcher
Chriz Burges demonstrated gear for
reading and recognizing handwriting.
One system now in field operation
dopes out the hand-numbered digits
on personal checks. Accuracy is 75%
and this should hit 95%, says Stenard,
when the machines ean also read the
handwritten amounts. The implication
here for personal electronies is another
way to input information, bevond the
traditional keyboard or mouse.

Voice-recognition is yet another
area where Bell iz locking to make
machines easier to use. David Roe, su-
pervisor of the applied speech re-
search department, displayed several
applications where text iz converted
to speech, or voice instructions oper-
ate a device.

Perhaps the most important was an
automotive cellular telephone that
could understand and execute some
60 voice commands. Although its im-
mediate application is for hands-free
operation in the ear, this hands-off
technology is a must-have for the
“personal communicators” of the
future—such as Bell's wristwateh
telephone that's already a working
prototype.

“These devices will be small, prob-
ably too small for anyone to operate
conveniently with conventional but-
tone,” eays Roe. “Voice control is
a most important development if
these kinds of dream products are to
gucceed.”

AT&T says that although Bell
Labs’ wristwatch phone eould work
today, customer demand will deter-
mine when such products hit the
market,

Ring! Ring! Hello, Central? ™

9




AUTOMOBILES

Detroit Spy Report

BY JIM DUNNE, Detroit Editor

Pontiac Grand Am GT

® Admittedly, the extent of the differ-
ence may not be great, but its visual
impact is. This prototype Pontiac
Grand Am GT has a totally different
grille insert than the current car has,
which gives the ear's front end a
whole new appearance. Your eye Is
automatically

attracted to the car's smoother face,
which wears a somewhat more fo-
cused, aggressive look. Behind the
new nose of the Grand Am GT, Pon-
tiae will offer an improved version of
the 2.3-liter Quad 4 engine, The re-
fined motor has balance shafts to help
offset the engine vibrations that have
plagued the Quad 4 since its inception.

‘96 Taurus Wagnn

And Sedan

Ford has entered the final stages of
testing the designs of its next-version
Taurus, due as a 1996 maodel. The

100

station wagon and sedan captured
here both show smooth sheetmetal
panels over the doors—without the
door-lock bulges seen in the earlier
test models. The overall shape of
the next Taurus is completely new,
rather than merely a minor revision
of the current body. The upcoming

design strongly indicates Ford's
intention to at least match
the carrent styling trend
leader—the Chrysler
LH sedans—

prototype Taurus station wag-
on. Pay special attention to the
car's cowl height, which is no-
ticeably lower than the eur-
rent model's, as well as the
roundness in its hood, window
frames and side sheetmetal.
What you cannot see in these
photos is an oval grille open-
ing, the high placement of the
wagon's third side windows
and a distinetly rounded shape
to the glass in the rear hateh.

Ford's Ve
Smali-Block V8

In two years, Ford will have a
new V8 engine ready for not
just the new Taurus but the
Lincoln Continental as well.
The potent new motor boasts a 60° V
aluminum block and aluminum cylin-
der heads. The engine will be avail-
able in both sohe and dohe versions.
Despite its modest 3.4-liter displace-
ment, its power output will mateh
some 5.0-liter V82 on the market now.
You can look for a 250-hp version of
this engine to replace the Yamaha V6
currently used in the Taurus SHO,

GM’'s Big Vans

Baoth Chevrolet and GMC will roll out
restyled versiong of their full-size
vans this coming fall. The 1995 models

—= -

Taurus In both sedan (above right] and wagon once again becomes a styling trendsetter.

while leapfrogging right over more
sonservative competition, namely the
Chevrolet Lumina.

Despite the bra on its nose and
eape over its rear, vou cannot fail to
appreciate the general contour of this

will be completely revised on the out-
side, sporting larger windows and a
grille that strongly resembles the
styling theme that began on GM's
full-size pickups—in faect, when seen

(Please turn to page 103)
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DETROIT SPY REPORT (Continued from page 106

head-on, these vans are nearly dead
ringers for the big pickups. Dual
headlights and centered grille open-
ings with the Chevy bow-tie or GMC
logo are taken almost direetly from
pickup styling. Viewed from the side,
the doors and glass areas are similar
to GM's smaller M-vans. At the rear,
taillights are set high up in the D-
pillars, &4 la GM's front-wheel-drive
plastic-bodied minivans. Beneath the
skin, safety improvements include
girbags and side-impact protection.
This redesign marks the first major
overhaul to the Chevy Sportvan and
GMC Vandura in 23 years.

Still More Aluminum

Look for a surge in the use of alu-
minum in care over the next five years.
That's the outlook of Ford insiders
who say they are not alone in making
the change steel and iron parts,
Yes, aluminum is about twice the
price of steel, but it weighs about half.
The advantage of light
weight is eritical to the
all-important goal of im-
proving fuel economy. By
replacing all the steel used
in a Ford Taurus body shell
with aluminum, the car's
weight is cut by 400 pounds.
That kind of reduetion
translates into a 2-plus mpg
fuel economy boost. That
would bump a Taorus up to
the 30-mpg class. But the
cost of an aluminum body
over steel is about 32000

through a wire—no cables, no
links, no levers. A sensor on the
gceelerator pedal measures its posi-
tion. This information is transmitted
to a fuel-flow device on the engine.
The system duplieates the action of a
mechanical connection. A similar sys-
tem has been used for a few years on
expensive German luxury sedans sold
in Europe.

4-Door Problem

It's no secret that Chrysler will build
a 4-door minivan for 18996. The extra
door is a sliding type that mirrors the
door on the right side. But Chryzler
engineers found an unexpected prob-
lem. The new door slides right across
the front of the fuel-filler door. If you
slide open the door while gassing up,
the door will emack into the filler door
and gas nozzle. Naturally, the engi-
neers also found a

gojution to the

problem: The

Caming right at you, GM's big vans look
miuch like the company’s big plckups.
Going away, they look like new vans.

tiee the similarity of this to the Mer-
cury Cougar design, as well as to the
1994 Lincoln Continental. In addition
to the new grille, the Grand Marquis
also flaunts some minor changes in
the front fascia while benefiting from
new headlight technology, which
helped the designers create the car's
headlamps,

A Baker's Dozen
A prototype car seat made by John-
son Controls can adjust to just
about any comfort fitting thanks to
its 13 separate air
chambers, The
chambers—

maore, and the automakers
are not certain they can sell its fuel-
economy advantage at that price.

Drivin Wire

Ford will be the first American car-
maker to offer a type of drive-by-wire
system when the nonmechanical de-
vice is offered on Ranger diesel pick-
ups next year, Ford's system connects
the aceelerator pedal to the engine

POPULAR MECHANICS & ALIGUST 1994

side door automatically locks closed
when the fuel-filler door is open.

Hefre:hlrl? The
Grand Marquis

Our photo of the 19895 Mereury Grand
Marquis shows the car's undeniable
new front end. For next yvear, Mer-
cury extends its badge-style grille
covering to the big sedan. You will no-

Like the Cougar, the Grand Marguls sports a front-end treatment similar to the Lincoln Continental’s.

or bladders, if you prefer—individu-
ally inflate and deflate according to
your personal tastes. A push-button
control panel directs the settings.
Separate buttons for the left and right
gides adjust the seat and backrest
bolsters. I found the seats can hug
vou tightly, as in a racing-car cockpit,
or be as relaxing as those in a cushy
limousine. ™
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ELECTRONICS

Commuting Made Easy

BY FRANK VIZARD, Electronics Editor

® Perhaps the best way to cut down
on your drive time is to figure out
where the traffic isn't—and the
sooner yvou know the better. It would
also be a big help if you knew the best
way to go and a couple of alternate
routes, as well.

For many drivers, though, all this
is wishful thinking. Faced with a
mind-numbing traffic erawl, many
drivers simply wait out the situation,
wishing they were on another road
but not knowing any alternate route
to their destination.

A way out, however, may be just
around the corner. A number of com-
panies are developing ear navigation
gystems that will make point-to-point
commuting easier. Here's a look at
some of these projects.

During the next two years, Oldsmo-
bile is rolling out a system that uses
both a computer database and orbit-
ing GPS (Global Positioning Svstem)
gatellites to determine the car's pre-
cise location. The driver simply enters

Oldsmobile

-4 "

s

& 1.3 Wi

RETIIRAP CaErn

FFraE TRTER

the desired address or landmark and
the computer caleulates the most effi-
cient route. While en route, a voice
prompt advises when a turn is re-
quired. This system has been success-
fully tested by Avis Rent-A-Car. The
system will become available as road-

way databases are compiled for spe-
cific geographic areas—a process
that should be completed by the end
of next year.

Instead of entering a request man-

| nally, the AudioNav system being de-

veloped by Amerigon Ine. allows the
driver to ask the system for diree-
tions by spelling out street or land-

| mark names. This process could be

as time-consuming as manually en-
tering the request, depending upon
the gquality of the voice-recognition
software. Navigation data is con-
tained on a compact dise that plays
on the car’s CD player, which in turn
is linked to a small box containing
the navigation hardware.

Perhaps the most ambitious under-
taking comes from a group called the
Seattle Congortium. Composed of
IBM, Deleo Electronics, Seiko, Etak,
and a variety of state and local gov-
ernment agencies, the Seattle Con-
sortium is testing how to use an FM
subcarrier frequency to broadeast

w

A Chip For Getting Around The Block

Sellvo’s guarter-size receiver chip
fits inside various display devices

SELECTED TRAFFIC
CAR RADIO
PERSOMNAL PAGING

INFORMATIONAL
MESSAGES

GRAPHIC DISPLAY

GRAPHIC DISPLAY
OF BUS POSITIONS
MASS TRANSIT
SCHEDLMES

PORTABLE
COMPUTER

REDE-SHARE
INFORMATION

PERSOMNAL PAGING
INFORMATIOMNAL
MESSAGES

POPULAR MECHANICS » AUGLST 15%4

PR RLLISTRATION BY SLIMT MCHAK



Light passes directly from the
lenses, through the CCD iImage
sensor, to the viewfinder of JWVC's
GR-5Z7 for brighter pictures,

traffic information. This data would (8

be displayed on wristwatches,
portable computers and car radios,

The data available would be very
comprehensive under the plan, It
would include information on acei-
dents, construction projects and ma-
jor highway traffie, city maps with
mass transit route and location data,
GPS positioning data, material on
ride-share programs and a variety of
personal information services such as
paging, weather, sports scores and
lottery numbers.

The actual receiver
of all this information
is a small Seiko chip
called the Advanced
Communication and
Timekeeping Technol-
gy (ACTT) receiver.
The test is to be con-
ducted in Seattle over
the next two years.

Straight

Shooters
Because of their su-
perior picture guality,
Super VHS-Compact
and Hif camecorders
3 are the models of choice
i '\"u._ for the serious video-
A grapher, Some new
produets from the

Super VHS camp
\ again demonstrate

that there's more

to these formats

than just better tape
{ormulations,

One model of note is JVC's new
ﬂaﬁbhlp cameorder, the GR-5ZT, list-
ing for $1600. As the top-end model,
the GR-SZ7 packs a ton of features.
These include digital image stabiliza-
tion to correct shakiness, a menu of
special effects, a 100x digital zoom
and a color LCD viewfinder.

All the camcorder's bells and whis-
tles tend to make you overlook some
design choices that are just as impor-
tant as the features. Perhaps the most
important is that the GR-SZ7 has a
straight optical axis, meaning that
there is & direct line of sight between
the eye and the subject. By contrast,
other cameorders send the subject
image bouncing around a number of
internal mirrors before you see it in
the viewfinder, In the GR-8Z7, light
from the lens hits the CCD image sen-
sor squarely in the center, giving the
CCD superior light-gathering charae-
teristics. One benefit to this arrange-
ment iz the remarkable ability of the
GR-SZT to record viewable images in
virtual darkness. The GR-SZ7 sees
things the human eyve cannot see.

Taking a larger tack, meanwhile,
with its video heads is Panasonic.
Both its new Super VHS-C ($1700)
and VHS-C {$1500) eameorders—the
PV-5864 and PV-54, respectively—
sport a standard VOR-size video head
even though there's no appreciable in-
erease in the size of the eameorder.

Both camcorders ose the com-
pany's DynAmorphous heads already
in use with Panasonic VCRs. This
technology reduces tape-to-head con-
tact and boosts the signal-to-noise
ratio, thereby noticeably improving
picture quality. P
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ELECTRONICS

SMOKE 'EM OUT

These new antitheft systems are alternatives to noisy car alarms.

BY FRANK VIZARD.,
Electronics Editor

® Back in the Old West,
when varmints were holed
up in some impregnable s
hide-out, a posse would B g
often attempt to appre- §
hend the bandits by smok- |
ing them out with fire. A
modern-day twist on this
old theme is a new car
alarm that puts a smoke
barrier between the thief
and the vehicle. A second
alternative, meanwhile,
makes a high-tech posse
Jjust & phone call away.

The smokier of the two
security systems is called Dragon,
and it works in two stages. First, a
perimeter sensor detects the initial
attempt at a break-in, immediately
putting the Dragon into standby
mode. At this point, any light touch
activates the Dragon,

Onee activated, things start to look
smokier than the inside of an Old
West saloon on a Saturday night.
Within 5 seconds, the entire car inte-
rior is filled with emoke. The smoke is
emitted by a small eartridge, which
ean be placed anywhere in the vehicle,
Each cartridge iz good for 100 activa-
tions, says the manufacturer, Tech-
nology Source Ine. of Irvine, Califor-
nia. The smoke is harmless, approved
by the U.5. Food & Drug Administra-
tion, and safe on the ear's interior, ac-
cording to the company.

Once the vehiele fills with smoke,
an intruder should be unable to see
anything in the car, much less drive it

106

away. The ghroud of smoke should be
enough of a deterrent for any would-
be thief. The smoke will continue to
discharge as long as the thief is in the
car. Dragon also makes the car lights
flash on and off. With the car attract-
ing this type of attention, it shouldn't
be long before the posse comes riding
to the rescue,

List price for the Dragon iz 3375,
Smoke cartridges list for £29 each.
The system also has a number of op-
tional accessories. One is a voice mod-

ule that says: “Attention. The vehicle
defense system has been activated.
Do not attempt to enter vehiele.”

Dragon can also be coupled to ex-
isting siren-based alarm systems for a
double-barreled impact. In this age
when most siren car alarms are
viewed simply as noisemakers, a little
smoke may be all that's needed for an
effective car security system.

Instead of waiting for the posse to
appear, though, you can eall it. Audio-
vox Corp. is offering a security system
that is linked to the Posse Communi-
cations Center. If a thief should steal
your car, the Posse remotely activates
the car's headlights and horn, and
once the car is turned off it can't be
started again by the thief. List price
for the alarm system is $599, The
Posse works for free the first vear and
charges 360 per year thereafter. The
Posse will also warm up your car on a
cold morning or unlock the door if
you've misplaced your keys. Call (300)
645-7750 for more information, but
try not to ask for the sheriff. ™

The Dragon antitheft system flils a car interlor with smoke within 5 seconds of activation.
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Be a high-paid computer
semlghoeptaechnicign

NRI training is the most complete, practical, and effective way to leam!

Only NRI walks you through the

assembly of a powerful 486sx IBM-
compatible computer
system you keep-giving ol

you the hands-on experi-
ence you need to work
with, troubleshoot, and -

repair today's most widely 5
used computer systems. | ’
You get all it takes to
start a money-making
career, even a
business of your
oW, as a
computer service
technician

Rely on the original — NRI
Over a decade ago, NRI pioneered
at-home training in computer servicing.
Today, NRI's Microcomputers and Micropro
cessors course is the only computer
servicing course with real-waorld experi-
ments using state-of-the-art computer
equipment and professional diagnostic tools.

There's no doubt about it: Warking
“hands-on™ with all the most sought-after
technology gives you practical skills and
lasting confidence. That's why NRI goes the
extra mile to acquaint you with the
computer components and software selling
big on the market today, Performing key
tests and demonstrations, you're able to see
for yourself how things work, what can go
wrong, and how you can fix it

Assemble and test your own
full -featured computer system

NRI's unique training gets you inside a top-
noich computer system and its peripherals.
You begin by connecting the enhanced
keyboard, testing the B0486sx Intel CPU,
and installing both the power supply and
3.5" disk drive. But that's not all.

You then interface the 200 meg hard
drive we've included in your course to
greatly increase your computer’s storage
capacity while giving you lightning-quick
data access.

You go on to connect the Super VGA
color monitor and CD-ROM drive with
sound card and speakers. Now your
computer will come to life with a dramatic
video display and bold audio capabilities.

Having fully assembled your new
4B6sx computer system, you learn to use
the M5-DOS 6.2 operating system, Microsoft
Works applications software, and Ultra-X
professional diagnostic hardware and

F n

software included in
VOUr course.

Noe nce needed,
NRI builds it in

Studies show that jobs for computer service
technicians will be up by 38% in the next
10 years. Even if you've never worked with
computers before, NRI's interactive training
builds such a solid foundation of know-how
and practical experience that tomorrow's
jobs can be yours,

Right from the start, hands-on
experiments reinforce concepts presented
in NRI's bite-size lessons. And because your
waork is reviewed by your personal
instructor, you know for certain that you
can apply theory to real-world demands.

FREE NRI catalog tells more

Send today for your free, full-color catalog
describing every aspect of NRI's innovative

YOU GET EVERYTHING YOU
NEED FOR SUCCESS
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tha purchase of a drill

You Can Drill Your
~* Own Water Well!

During more than 30 years in business, one of the mastcommaon
statements we've heard from our customers has been, *You
know, | never even thought about drilling my own water well
before | saw your ad. Then | thought there was probably no way
| could doitmyself. But, | decided to check it out anyway . Now,
I'm really glad | did!”

The benefits of drilling your own water well are so
numerous that we simply don't have room here to list
them all. But, by requesting our FREE information
packet, you'll scon see why thousands of
homeowners are glad they checked it out.

Call Toll-Free
1-800-333-7762

(Ask for Operator 7518)
Alsp, ask about our "How To...” videotapa/

Or Clip Coupan and Mail Today!
l I N N . S . .

7518 Anderson Road
Opelika, AL 36802

FHEE! How to Drill Your I [ ¥ES! Mail 1o me e FREE INFORMATION PACKAGE
Own Water Well

is a fully-illustrated guide that shows
you how o get all the pure, lresh,
chemical-frée waber you'll evers nised,
Also, for only M0 (plus $3 S&H), you
can see the complate drilling of a wall
from star to finish| This 20-minute, full-
calor tape shows every step of drilling
awaterwell. Tha*10 is refundable with

| 2 the itusvated guide HOW TO DAILL YOUR OWN
l WATER WELL

Prerio
Akl
Cyma gy

| ol A




Build a SHOP OF YOUR OWN

EASY DO-T-YOURSELF CONSTRUCTION
PACKAGES INCLUDE STEEL, FRAMES,
SHEETING AND HARDWARE

\F-I?,51 Valve $12.145
NOW $3,975 § INOW $6,220
46x72
Value $17,250 I Value $25,143
NOW $8,846 W §12,854

Other Sizes Avallable
1-800-843-8275
FAX 612-544-1835

Mads in Americs

I R S U TS TR S PR S T

DESKTOP MLISIC

Buyer's Guide

Padird FULL of information and product
descriptions, Edirol’s Buyers Guide
is yours FREE - just for the asking.
The Buver's Guide contains:
4 Details on all of Edirol's
specinfiv-priced, bundled deskiop
music packages featuring “Holand
Sound"
& Technical descriptions and data on an array of
deslaop music safreare & hardware
3 A full i1 of professionally-recorded music
diskettes, add-on equipment and accessaries for
deskiup music
I The Edirol Newsleter packed full of
professional tips and techniques for the beginner
and intermediate dmateur missic ahicionado
& A, s, mouch more!

For vour Free Buyer's Guide, Call Right Now!

1-800-380-2580

24 hours a day, 365 dns 8 year

=<DIR0t=

30 Day Money-Back Guarantee On All Purchases

CABLE TV DESCRAMBLERS

i i

WE GUARANTEE YOUR COMPLETE SATISFACTION WITH A
30-Day No-Risk TriaL PERIOD.

9 OnE YEAR WARRANTY ON ALL PRODUCTS IN WRITING !
9 Buy 2 save 10% on secono uwiT.

9k Easy 70 INSTALL INSTRUCTIONS WITH EVERY ORDER.

9k FRIENDLY, COURTEOUS SERVICE.

A4

CTRONICS

THIA W, Dodps Ra, #3348
Omaha, HE &84

FOR A FREE CATALOG OR QUESTIONS CALL:

1-800-729-1776

CABLE TV
DESCRAMBLERS
CONVERTERS
ACCESSORIES

| |
% SAVE $$$ DON'T RENT ,

30 DAY MONEY BACK GUARANTEE

PANASONIC, OAK, JERROLD,

ZENITH, SCIENTIFIC ATLANTA

PLUS MOREI! LOWEST PRICES!!I
AA Elpcironics

CALL 1-(800) 258-9512

AOPEATEN ENTERPATSESR L]
PO BOX 13, DESOTO, TEXAS TH33-m12 ¥

DESCRAMBLERS

1-800-233-9388
FREE CATALOG
GUARANTEED BEST PRICES - IMMEDIATE SHIPPING

APPLE ELECTRONICS

1388 Ehmiden 5i o+ Suis 257
Hollysoond, FL IHR1

FREIS
VIDEOS! =
EXCITING M

FREE!
taa

L'H!E.[mrll Caniml

= 3 FREE VIOEDS

.Satelllte-TV F F' EE

56 Page

Catalog Buyer's Guida

Lai Us Help You Select
Your New Saresllite TV
Entertainmeni Syatem

Over 40,000 Satisfied Customars
25 1-800-334-6455

u'l F-TI-AE P

EKT"HEIGH IHG Y
1620 FRONTIER CBRIVE
FERALS FALLS, MN SO837

INSTALL OR UPDATE YOURSELF!




"903’ HOUR

HROKEN
SCRATCHED O CRACKED
WINDSHIDLDS & PLATE GLASS
Dur Hi-Tech Dpliklear #ylem
5§ repaen. mosd L henaks in
SECOMAE wiltoul removsl §l
2500 peafit ill-'r o iemm

'-'l 'H:'.l E'a-i Gy

BIG SA”.ILE

Pladhs lbive MODIL s
IZII--"J.LE'-Hl WANTED
EARM EXTRA 535%

max

Amph!bluns
2 and
ssen
gﬂﬂelfer

drive

ST-yuer-okd mnd over, Pleas)

No Money Down. As low as $115 mo.
Call Toll-Free 1-800-255-2511

{From angwhere in the LS. or Canada)
Recreatives Industries, Inc.
60 Depat Street, Buffalo, NY 14206

Lc-ok lo he Future ‘

Cuble Cunuerter
& Descrambler!
™~

1-800-228-7404

BRANDS

NU-TEK
ELECTRONICS

3250 Maich Rd. Suibe 1 C
Cador Pork, TX 78413

= 2 coo

WE CARRY ALL BRANDS

Glont inventory = Dirsct from Factary
Muil Liguldots Oveitfocked Worshouss
BELDOW WHOLESALE PRICES

| _Up to $30 an Hour! ]
'Be an Appliance:
. Repair Expert!

Train at home in spare time—
no previous expenenca needed!

i
I
i
|
i
i
i
r, Get your share of the}
) ruiti-bilion doliar i
- appliance repair i
business. Work for |
y local department or
apmuanca s10r8S or :

& start your own i

J business from home 1
ith no star-up cost. |

Your friends and i

- - Bneighbars will w.bm-u:

- you as someone they
can depend on fur I
honest estimates and :
I

I

i

i

i

I

I

i

I

I

I

]

i

i

i

i

i

i

|

good work

== Find out about this
highe- carger...ull or time. No need to
Equ ok rngl.ljl.r“hm pmslnmd. Stant

I worki ur .Ahen expand as fasi
{u mqllt mmﬂrﬁmmdmnllm includad
-.n:-ur course,
Get Free Facts, Call Toll Free

1:800-595 5505 e, s

#.ga:
Apt.#

I
I
I
I
|

7

)
School of Appliance Repair 1
, Yo Oak straei. Dept. APBO74S i

Send For "‘?‘ ool
Free "‘- +

Brochure *-r “:?
THe DIGGE

Friang i Busd el Ush 0 your Swe Enciryeed
S propeled « Me mactoang « Car tosabie
Linar §1 000 In budd + Demgn = vss ove B paars

DESCRAMBLERS

Best Prices in the U

Jcrrnifj |ll'l|.l
Sci. Atlantas inc
FAST SHIPMENTS FREE CATALOG
J0O DAY MONEY BACK GUARANTEE

1-800-772-6244 e saest
LS. Cable TV, Inc.. Dept.:
4100 N. Powesiine fd Bidg. F-4 Pompano Besch FL 33073

GET RID OF YOUR GUTTERS!

THEY CLOG, LEAK, FREEZE, RUST AND ROT.

POPULAR MECHANICS ® ALIGUST 1994

Hundreds of thousands of
éfﬁ" ‘“ﬁ:‘: RainhandleR hove been installed
AMNHANDLEH = on homes nationwide, They con be
Build i installed on yours in about 3 hours
7 vouser MEETD STOP CLOGGING. | it o screwdriver. RainhandieR
i Hlﬁlhln":lﬂ {s virtually invisible, rustproof, and
’im fw comes in white, brown or alumi-
| clog. Its patented nurm finishes,
; louvers breck up For more information, send the
i roof %mm a coupon to RainhandleR or call
: SpRoY.Ot ey crops 1-800-942-3004
away from your Some distributor
house, temitories are
— STOP CLEANING. available,
o "\, Youll never climba
£y shaky ladder agein
& Will Beal Any Price! Flai u&um{_
! clean with a quick
; blost from your
! garden hose-from
: ground leval : :
Faimeie| STOP WATER | Dept Puoss vem sweTve conr :
i DAMAGE. b 1zaan:mﬂmn Bridgepart, CT 04410 I
i RainhandleR in win- § Pledse send me your free informertion kit i
. ' ter, prolects your  § Name i
8580, Drop field H - investment by 1 Addres i
i el helping to prevent i
| ] Spst o -
(] o |
KPMO084 i -f ' - B “ -
water rot and leaks. ;- Phote { 3 3
113



TOOL-TRONIGS

AMERICA'S AT-HOME TOOL STORE
1-800-846-TOOL

comprassor and air powaned lools.
Inciudes cod air hose, couplers, blow gun and
quick connectors. #30-PAT4

VISE'-GRIP 4-Piece
anl:lng Plier Set

S 1 mqrrtjlw,? curved jaw

. and 17" walding
S - [ c:lamp Lifatimea
=\ _—= nty, Plusa 53995
W FFIEEStm- n
ﬁ Stnpes T-shirt. #434
Knife lh:rp-nhg System
Puis & razor sharp edge on all
cullery, sCissors, hatchets, aven

stainioss stoel! Procise beval,
every ima. Sel Includes lood

clamp, haning ail, m

/"’ and fine stones.,

#10003

Provides preciss inside, outside and m
1.5 Vot silvar oxida battery. Ore year

,@?
o BTE
warranty, #DIGC1 P aSEw

- -*“'” COMrsa, medm
A
:| E'E“I'h 6" Electronic
Digital Caliper
nrmwn&indwﬂmmaw
PLEWS Pistol ﬂmu Gun Kit

Easy ane-hand operation. All-steel const-
I'I.lﬂlﬂ'l Tml b !IZif'nfl.llli'lhll"dlﬂ reach

and easy

. Comes | Ao 314 n

with J-oz. multi-

pUrposEs
Qrease
cartridge. #30-132

ni
mmﬁ“w“uﬁ?mm miaton s
54255 aasy and takes less than 20 minules.

One-button featume arms, disarms and
actvates “panic”™ mode. #007

D e
CABLETV

DESCRAMBLERS

WE’LL BEAT

ANY PRICE!
CALL TOLL-FREE

1-800-284-8432

* JERROLD » TOCOM « ZENITH =
* DAK = PIONEER » HAMLIN =
# SCIENTIFIC ATLANTA »
24 HOUR SHIPMENTS!
QUANTITY DISCOUNTS!
30 DAY MONEY BACK GUARANTEE!
FREE CATALOG & INFORMATION
Mastercard = American Express = Visa = (000,
FAVE MAKGE AND MODIEL WUMBER OF EQLAPWENT LSED IN YOUR AREA

1 -Eﬂﬂ -254-8432
Fnrmaﬁmm-' & fusrmrm - r-t.‘ldl..:!.E‘

J'PWG lll.!M.'l.li‘.i PEE! ﬁ I'.LH-M

Telsphona 1od-bes or mal your ordens to
TOOL-TROMICS, P.0. Box 415, Fair Lawn, W 07410
Call our toil-free number tor shepping chames

W scopl Vi, ABarfercec o Cascdens Sy
oy (EM O SoraonalCTrRiary Cfeckd

THE NEWEST WAY
TO

WAT
THE

Moy
Product!

- —

Havent {nu abways wanted 3 wesiher soaicn? The
Weather Wizard T combines all the mest reguested
[Feanunes it ane incredible paciags'
FEATURES INCLUIDE:
* |nside & * Wiewd Chill ® lsbanl Matric
Ohatsivie Temps o aams i odverryicem,
“ Wind Speed o jiphs & Lows  * Oipticnal P

& Dierection Inierface

& Rabndall Ciprioa
® Time & Diate

@ Larger Display @ Compass Rose

Ohreier ok

1-800-678-3669

MF 7 aom. to 5030 pom. Pacifig
FAX .I LATU05A% MO and VISA

iF Warranty ® SO0y maney-D0CE Judaranisss

I]-nh I\HTHHEE\TH

AT o e rd. 4 MHGE

Cine—yg

114

PLAZAC SALES INC

Cable TV Converters Plus Panasonic, Scientific
Adanm, Jerrold, Pioneer and more Professional
Scnim:.
Con.

de:]med
Waned.,

C SALES
1-800-A-WIRE-4-U []- B{Dr??d -7.348)

Fncﬂ. Ome Year Warraniy - Ship
plyingl theft of service will be
t'-_]eru-rnlﬂ.. Dealers

CABLE T.V. EQUIPMENT
Why Pay High Renlal Fees?
Pepiscermarts oe all modals. & dey wncon.
ditishal Mmaney s guadaitss Low Prices
Sirep weiin 34 hours SSAE for tres caiuiog
Wisn MC COD Lef our sxparanod so for

(=¥
1-B00O-243-3987
BKYLINE BYSTEMS (NC.
m 194 5. Euciid Ava.
Park Midge, L 80049

Fuilly accredited with over 150,000
l workd-wide graduates. Founded in 1934 '*-- et '
Send for Freg Hurrm—Stun'_.- Course Catalg.
' Cleveland Institute of Electronics, Dept. AZRDY, l
1776 East 17th 5t Cleveland, OH 44114-3679

Alanta

584 Kennabec, Eagan, MN 55122
38 DAY TRIAL 1 YR, WARRANTY

BEST PRICES
SEH3DIMd LS538

WMiISA MC AMEX DISC COD

l nl,mﬁ{nuﬂ

Files too..

(] CABLE TV )
DESCRAMELER LIQUIDATION!
FREE CATALOG!

Hamiin Combos 544, Oak M358 £80 (min. 5), eic,
WEST COAST ELECTRONICS
i %8

POPULAR MECHANICS ® ALIGLIST 1994



CONVERTERS
DESCRAMBLERS
TEST MODULES

RADAR DETECTORS
SCANNEHS

FLUSH UP TOILEL—
To Above Floor Drain q-°°
Ingtall 1 Yourssd -
Ho Digging Up Floors

Writa McPherson, Inc., Dept. 16
Box 15133, Tmp: Florida 33684

]

LGNS HomMEBUILT HELIEQPTER

AT A e ke shw big snenl Luperdsw-cod sanesrartond

& Corrwi &ra- parsse s Siois | ahywhers
« Frrwmred Ly GO- Ao angmhe « Licedius bes

G-1 Contrucfion Plana:

LCatatemg urdy

VoRTECH, : SERFRLINE:
0 an 811 ¢ Fasaren o 1ot B a1 sa3-s1ss W01

- _ 'm&hm&& Ine

w LA TECT BT

ALL YOU NEED TO KNOW
ABOUT KNIFE SHARPENING

oifering the world's largest selection of
sharpeners for hunting, home or shop

SEMD FOR FREE
COLOR CATALDG

Lansky Sharpeners, Dept. PM, P.0. Box 800
Buffalo, New York 14231-0800 U.S.A.

g

AMAZING

ELECTRONIC PRODUCTS & DEVICES

gh-in"l iTELGHAE - Plang._ ;TIZI I]liI Klt?’an.g .. §80 55
Lu'lg Ingl FM Velee ond Tllpphu Transmitters
Easy Io aszemble kits #XFRXLTION (2 unit combo) .. $34.50
I;.nur Window Bounce Listener System

SLLEST! - Plans.. $20.00, KitPlans......$189.50
Blaster /Intimidetor 10 000 walts of axp ﬁ?ﬁ-
powed, ¥BLS3 Plans..._$10.00 o — =

: 7
o]

FREE CATALODG! W

T —

Buy Factory Direct. Build it yoursell|

A:-%5:48
35056+ 50124

STEELN

800-888-4606

SHOP - TASK
| The Original Home Machine Shop
. o |

& v e o Ghoted

CABLE TV

DESCRAMBLERS
Converters 4 Accessories

SAVE MONEY! OWN YOUR EQUIPMENT
You now heve & choce to wn
‘ your ceble eguipment to
I
! Tocom, and Pionser. FREE 30
tay trial period and 1 year warranty. So. d you ee tired of

sccess all and basic
chanmals YWa oifer the |owest
the rsing cost of Cadig TV
CALL FOR YOUR FREE CATALDG TODAY,

prices cn &il major brand
Agd-nn Cabhe E.'II'I"IL'IBI'

nemes Including Zanith
s800/334- Eﬂ?E

Jarrold, Seientific Atlants

INFDHMATICIN UNLIM!TED
POBOX T16 DEPT PMASY  AMHERST, MH 03031
Ordars S00-211- 1705 Ings 603-673-4730 « Fan G03-672-5406

SAVE! SAVE!
CABLE TV DESCRAMBLERS

JERROLD - OAK + HAMLIN - ZENITH

PIONEER - SCIENTIFIC ATLANTA
READY-TQ -SHIP!

6 MONTH WARRANTY ! ABSOLUTELY
LOWEST WHOLESALE / RETAIL PRICES!
MASTER CARD « VISA - AMEX + C.0.D.

FREE COLOR CATALOG!
P L {ann] 950-9145

1470 OLD COUNTRY ROAD, STE-11E
| PLAIWYIEW, NY 11083
WO WY SALES - Pl

BE A HOME INSPECTOR!
Ress. Fros Hiecature: G00-Z34SAE.

POPULAR MECHANICS » ALIGLIST 1994

Make*2510°100 per hour

with Mﬂmﬂ‘

B it
..r'n. ks & fars Me mar-
i Cotnions & amwhere

;\-ﬁ::v r-ﬂ;rfullr Thiay i

tail ané eudy 10 make with

Rasge-A-Mina s nexpensie!

Send dpi 4 FREE hall coldf
cisog or send B a
Etarter Kit. only £2035
plus 3425 shapping (L =

residents add §1.87 i)

Badge-A-Minit. Dopd. PRIRGA. Box 008, LaBalls IL §1m
Phone 1-800-223-4703

Turbine Paint Sprayer
HVLP-High Volume, Low Pressure

TP-TT pumpa out 60cim (& 4-5psi. Eliminaias up
o B0 overspray. Healad air reducss moisiune
- Eliminatas runs. Has gl
cup, gun, norzle, car, 30f
hase, twrbing. U.S. Mads
- R-a-qulraﬁ NG COMpras-

URS LS 48 iS8ud, pg 128

$599 ...
TiP Tools & Sandblast Equipmant, Dapl. PM,

JO7S Rt 445, P.O. Bax 549, Canfisld, OH £42804 1
BO0 3219240 Fax 214-533-2B76 VISAMC

10-lot price for
dealers only!

800-644-6682 $®z=

MILLE N U M3 BasicComerter wioptionsincluding:

= yolume control

* restores PIP

= parental lockout

= on-streen display

= remote A/B switch

o fovorite channel memory
® simulotneous watch/record

SSNOVAPLEX

8818 Bradiey Ave., Sun Valley, CA, 81352

15




CABLE TV,
CONVERTERS

WHY PAY A HIGH
MONTHLY RENTAL FEE?

All Jerrald. Oak, Hamlin, Zenith,
Sclentific Atlanta, Pioneer and all
specialized cable equipment avail-
able for shipment within 24 hours,
For fast service MC/VISA or C.0.D.
telephone orders accepted. 30 Day
Guarantes (Quantity Discounts) B
AM. 1o B PM. C.5.T. Monday
through Friday,

Send self-addressed stamped en-

velnpe (B60¢ postage) for FREE MULTI—MEDIA
CATALOG EQUIPMENT

| R0 B I * Descramblers/Canverters
H IS INC. _ i * Bullet Protectors & Immunizers
! . * Dngital On-Hold Announcers
i . : :
INFORMATION/ORDERS (BOD) 472-1110 1 1 8]}350&"8”3‘!-?1 Sﬁ'gﬂﬂlmg
I. -.-.:.:. I-LI i nar loehl cable Buy Where The Dealers Buy - Ouaranieed|
Buy 2 Save 10% on a Secand Unit)

# wpha Casie |
Magic Box | ;
Don'l waishs your money on ouldated ischnedagy

The Sgefe Cafee Bon ofern rou A mige gy
T Pl S Caden TV e b

Lol o e e e T = }
Fres ﬂmnh—u'

Star Electronics & 1-800-282-4336

T e ————

——————————————— ' | || Fraennry, COURTEOUS SERVICE

e ELECTRONICS, INC

UNJAM NOW WITH

INTELESTAR

ITRR EUOTRONIG] ; fer P

Frypct Brush shesuw with 401 Air Hommer

Remove Rust, Carbon, Scale, Slag Paint,
& Glue from hard to reach & imegular
surfaces, (};i;hruier Heads, Brakes, Bc%.r &
Frame, Brick & Stone. "MUST HAVE" Tool
l:ErF&ﬁmt Rebuilding, Welding Preparation
1]

Fing, Medium & Coorse sives coatloble +5$350
5/« All three $49.95 + £4.50 S/H - mﬂim
Hammer with st of lour chisels add $19,95 + $4.50 5H
All lters Guaranteed, VISA / MC / DISCOVER

LEEDENIS CONCEPTS, INC.
P.0. Box 26085 « Cleveland, OH mzﬁlrﬁ

1-800-466-7799-Ext 505

Popular Mechanics
America's New War Machines (25

An inside look at today’s smart weapons systems

America’s Fighter Planes (+s:9)

See top fighter jets in action. Plus...
Top aces relive their most dangerous moments,

A[I'E:“rnle Greatest Stock-Car Finishes
Featuring Richard Petty, David Pearson,

Darrel Waltrip, Ron Bouchard, and Many More!

Great Hollywood Chase Scenes (1.

Heart-stopping scenes from Die Hard, Robocop 11,
The French Connection, and Many More!

Call Now! 800-241-9111 ext.250 [y

FASTEN YOUR SEAT BELTs!

Four Action Packed Videos From s 2

L T

W Iy |-
.

!

To order by credit card i

Or send check of money order (no cash) to: H.M, Spaciaites, Dapt. PMAVY 084:
P.0. Box 1764; Sandusky, OH 44871-1784
The Hearm Corpsarutivn

*Plus 53 sach for shipping and handling
250 W 55 Bi, New Vark, N¥ 10019



ADVERTISEMENT

WORTH \X\/RITING FOR

867 LITEMATE - THE ORIGINAL VEHICLE-
TO-TRAILER WIRING SYSTEM

The Litemate Advantage makes installation of vahi-
cle-to-trailer wiring weather-tight, piug in simple
and professional with no cutting of wires! All con-
nectors are Made-in-the U. 5.A. Free Brochure

868 RUBBERMAID

Rubbermald Commerical Products offers a 6-
page, 4-color, full-line products brochure featur-
ing complete information on transport, storage,
teeding/wataring products for home, business or
tarm use. Free Brochure

869 2IPPO LIGHTER COLLECTORS GUIDE

Zippo windproof lighters enjoy 2 widespread and
gnviable reputation as valuable collectibles. The
Zippo Lightar Collectors Guide is a 28-page histori-
cal reference guide to Zippo collectible lighters
since 1932. It contains illustrations and descrip-
tions of popular lighters and lighter saries and ex-
plains the date code found on the bottom of evary
Zippo lighter. Free Booklet

870 KNIFE SHARPENER

Chet’s Choice ® Diarmond Hong & Knife Sharpen-
er Medel 110. Professional multistage electric
knife sharpener uses 100% diamond abrasive
sharpening systém to creats incredibly sharp, long
lasting tripie-angle adge. Gentle resharpening
halps preserve the fine cutiery. Sharpens entire
blade edge. L. L. listed. 2 year warranty. Frae Bro-
chure

871 CUB CADET SERIES 2000 TRACTORS
Full-color guide to America's only complete ling of
shaft drive [awn tractors. Seven models, 12.5 ta
18 HP available with either sbx speed AuloGear ™
or Auto-Hydro ™ transmissions. This brochure not
only details the unigue Cub Cadet construction,
operations and attachments, it also provides com-
plate technical specifications. Free Brochure

872 NEW! AUTOMATIC BATTERY

MANAGEMENT SYSTEM

Automatic and ““hands off”" operation describes
Wedls Marine Technology's line of automatic bat-
tery systems. These units will replace manual bat-
tery selector switches whenever more than one
battery is neaded. Patented sansing system puts

battary in paralle! whanever enging is running and
automatically isolates gach battery when engine is
shut down, Perfect for boats, RV's, Commerical
Vehicles. 40 to 400 plus AMPS. Emergancy start
feature included. Free Brochure

873 INSTANT CONCRETE

Nomix ™ PostSet Instant Post Hole Concrete takas
the time and mess out of working with ali-day set-
ting concrate, This quick-setting concrele needs
no mixing and no tools. Brochurs explains all. Free
Brochura

874 KEEP YOUR HOME ENERGY EFFICIENT

If you're thinking about remodeling or adding a
room in your home, a free brochure called ““Need
Mare Space” offers tips on insulating and helping
1o keep your new living space anargy efficiant.
From Certainteed Corporation. Free Brochure

875W00D BEAUTIFUL ™

From Minwax all new for 1994 —Exciting, 36-page
magazine is filled with step-by-step home im-
provement projects, decorating ideas, and expert
tips and techniques designed to help you bring the
beauty of wood info your own home. Free Bro-
chure

876 STARTING YOUR ENGINE

Slick 50 Engine Formula, from Slick 50 Product
Corporation, protects car and light truck engines
against wear at start-up. A single application treats
metal surfaces of moving engine parts diractly with
super-slippery PTFE. Indepandent lab tests have
shown that Slick 50 reduces engine wear by up 1o
30 percant for 50,000 miles. Free Brochure

877 HOME GARAGE CAR

STOPPING SYSTEM

The WALL EYE Block is the uttimate stopping sys-
tem. WALL EYE protects you from crashing,
bumping or smashing into your equipment or
walls. Simply drive onto the apron and stop at the
biock. WALL EYE is made from 100% recycled ma-
terials. Free Brochure

878 DIAGNOSE AUTO ENGINE

PROBLEMS AT HOME

et back hands-on knowledge of your car's eiec-
trontc engine with high quality, afferdable tools

from Sunpro. The Code Scanner safely plugs into

the car's computer bo identify trouble codes. Sen-
sor Tester Plus troubleshoots faulty sensors and
tests ignition modules. Bath have Eng /Span. user
manuals. Free Brochure

879 DO-IT-YOURSELF KITS

Chooss from a large selection of grandfather, wall
and mantel clocks, as well as elagantly styled ac-
cent furniture pieces. Kits are made of solid ¥
hardwood, primarily cherry, oak, and black wal-
nut. Buy direct from the factory and save. Send for
cobor catalog. Emperor Clock Company. $1.00

880 HOMEBUILT HELICOPTER CATALOG

Take off from your backyard to apen-sky adven-
ture! Exciting, unique catatog from Viortech is filled
with photos, specs, prices, and fascinating infor-
mation on homeabuilt helicopter and gyrocopter
kits, parts, construction plans, videos, etc. The ro-
torcraft shown are easy to build and affordable!
Complete Catalog $10.00

881 FREE STUFF FROM UNGLE SAM

Gat your copy of this valuable book. Every year our
govarnment hands out billions of dallars worth of
free stuff, loans, subsidies, scholarships, grants,
elc. This 64 page book tells you exactly whare to
write or call to get your share. It also talls you
where to buy government surplus items [such as
cars, boats, cameras, etc.) for “peanuts.” $3.00

882 INFORMATION FOR THE DIVORCED
DIVORGE: Attorney and local group referrals, liter-
ature on finances, law citations, top writers, com-
maon sense on &l gender issues. Membership in-
formation and sample newsletter fram national
organization. §3.00

883 SCIENCE RESOURGE CATALOG

Edmund Scientific’'s 128 page catalog contains
over 5,000 products for the budding scientist, stu-
dent and educator - feafuring microscopes, tele-
scopes, weather instruments, fiber optics, solar
equipment, magnifiers, high-tech science toys,
plus many iterns designed for science fair projects.
Free Catalog

{|Piease serd Chisck or Miney afder Made 0uf 10 POPLLAR MECHANICE. No ©amps, pledse)

I_Pnnlkuhmuluw This Coupon Expires October 29, 1!!1-:
I Box 1718, Sandusky, Ohio 44871-1718
: Pleate see bhat | racetve the fems chacked Bslow :
[ 867 [ 87 [ 875 ] ara $1.00 [ 883 :
I [ 868 C 872 O 878 O 880$10.00 Total money for priced items $ i
| ] 869 ] 873 0 877 C] 881 $3.00 Service Charge § 1.50 |
| C 870 [] 874 [C] &7a [] 882 $3.00 |
| Total money enclosed § |
I Total items requested |
: hgsnia (Piaass Pring :
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|
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Darothy Nolan, Classifisd Manager

Rates: $11.66 per word. 10 word minimum.

Bold Face Type—%1.00 extra per word. (First word automatically set in Bold Face Type). Gray Background—Additional £54.00 per
advertisement. Centered Headlines (5 words or less}—3$60.00 per line. Our OCTOBER issue closes on AUGUST 5TH. (On sale date is
SEPTEMBER 15TH). All advertising is payable in advance by check, money order or credit card. Advertisers wishing to charge their
MasterCard, American Express or Visa accounts, please be sure to include number and expiration date. Send order and reminance
payable to: Popular Mechanics, Classified Advertising, 224 West 57th Street, New York, NY 10019, Be sure to indicate classification under
which advertisement is to appear. For additional advertising information call 1-212-848-3167 or FAX: 1-212-977-5415/1-212-586-5562.

Advertisers using a P.0. Box number must furnish complete name and street address for our records. To avoid delsy in the publication
of your advertisernant, please send samples and descriptive materials with your request if your advertisameant does not state clearly what

is baing offered.

We can take your order over the phone. For speedy placement of your advertisement

YES!!!

contact Dorothy at 1-212-649-3167. Please have credit card information handy. Thank you.

PUBLISHER'S MART
BOOKS & PUBLICATIONS

SECHETS Of Rapair You Will Not Find In The Books, Send
£20.00. Rise Ent. 6540 Campo C1.. Weldman, M 48853

OUTLAWS Sourcebook of lorbldden devicaaknowlsdge.
Writn: #365-X8, Panfiald, NY 14526-0065

BUILD SAFE, EFFECTIVE LOW COST INSECT TRAPS
complsie instructions, bookist $600. Dacom, 1671512
Yonga St #3313 Newmarkal, Ont, LIX 1X4

“ANARCHIST COONBODK" Avallanis again! 525, dallv-
wod. Barricade Books, Box 1401-X, Secaucus, MJ 07064
“SHARPENERS REPOAT" Monthly Mewsletier. Valuabls

Tips—Sources—BuySedl Lised Equipmant Fres Brochur
;WIM Company, Dept. PAS, P.O. Box 22187, Minnsapalis.
55472

SUPER-MINT/'GENESIS . . "Orisntal Socris” - Yos. game
reconding machunes exist! Incredibly, anyones wmoridwide can
acquine tham. Many gamens in Asia spend under §1.00 for
any garmal Highly informative reading. §15.00, Del Workd
Publications, 2380 Crmshaw Bivd.. Depl, TOT-8PM,
Tarrance, CA 80501, Just ressased in paperback! 130 papes
of unprecedented money-saving information

HOW-TO VIDEDS - Thousands of the Worids Bast instruc-
tional, Educational Videcs, FREE CATALOG! CALL 1-800-
2084100 Ext. B3

INTERESTED

1N CLASSIFIED ADVERTISING 7
READ POPULAR MECHANICS Lateai Ecubion of “TIPS ON
HOW TO MAKE MONEY THROUGH CLASSIFIED ADVER-
TEMG". Trus inkoemative 24-Pags Booklet Wil Show You
Thex Dia's Ancd Dion'ts of Clansfied And How You
Can Naka It Wadk For You. S50 Crer Today. Only §71.00 Plus
¥iou'll Aeceake A 5200 Coupon Aslundabie With Your Firs
Order. Sand To. PFOPULAR MECHAMICS CLASSIFEED, Dagt

506G, 250 W. Sfth Sireel. New York, NY 10019

AUTOMOBILES

ANTHCARJACKER FPlans 5900, Compleie 54595
CUSTOMIZED VEHICLES, Box 1707, Newpori Beach, CA
22650,

FALL Carlisle Sepl, 29-Oct 2 Carlisle, PA Fairgrounds
Owar B2 Acres Of Aulomotive Excitement. 8100 Spaces Filled
with Collecior Cars, Pars, Accessories, Suppliea. PH: T17-
243 TRAK

$325 DAILY “CHROME PLATING™ Auto Parts, Motorcy-

FREE BODKLETS: Lite, Death, Soul, Aesurmaction, Polle-
tion Crisis, Hell, Judgment Day, Restitution Bibla
Standard[PM), P.O. Box 67, Chester Springa, PA 19425

SELF MNSINTEGAATING CHECKS. Book revesals all' 58 85
F¥l: Paparhangar, P.O. Box 15232, Colomdo Springs, GO
B0a05

SPORTE LOVERS - Revolutionary MNeurnd Network Tech-
nigues For Spons Beting—Horses, Football, Baskotbal,
Etc. Call (212) 438-5103

MEW! investor's Glossary, 200+ Common Terms, $4.95
+LBASE info-Sowmme, Box 4061-PM, Tustin, CA 52681

CELLLALAR: DS ches full of nizzing ndo on meprogrivm-
ming ESMMAM an popultr phones + theory, roaming,
tumbling. part sxerces, #ic. $15 cash, check, moneyorder
Zippy Compulers, X080 Emergy Ave. #2020, LaHabm, CA

DISCOVER HOW PRAYER CAN CHANGE YOUR LIFE
New Publication Free Detalls. Equalite Prass, Box 20855
PALY, West Padm Beach, FL 33416-D885

PARMUTUEL TRADE SECRETS from a professionsl
Send $21.95, BNA, Box 12172, Orange, California 52668

GAMBLING'S grentest moneymaking sacrei! Scientifically
proved. Write: Trendsetior, Box T521, Dallas, TX 75208

WIN AT THE NEW CAR BUYING GAME. Easy step by stsp
program shows how fo save thousands without negotiaing
$10,00. ERS INC.. P.O. Box T3, E.C., MD 21047

cles, P sasy. (Froe} information. Chiomae Finish,
Bax 2285, Waktor], Maryland 20604

RENEWABLE FUELS: PRODUCTION TECHNOLOGY.
Tried & Proven, Low Cost Tax Bresks. Latest Information &
Many Condacts. Flans Availabls Saend 51000 FLEETFOOT
FUELS, Alernative Fisais Depi . 17 Foysion. Eslon Raplds,
I 48EST

GOVERNMENT SELFED Vehicies from 5100, Fords Mer-
cedes. Corveftes. Chavys. Surpius. Buyers Gaside. (1) BO5-
9628000 Ext. S-20024

ALTERMATOR Generator Aebuilding Book. Detalls: HY
Technologies, T505 Barkentine, Las Vegas, NV 89128

DUMP KITS AND COMPONENTS, Commn Your Plok-up/
Flatbed info A Dump Truck Mo Welding Required. Feds
Equipmant. P.0. Bow 555 Horristta, Texss TE365, (817) 535-
560

AUTOMOBILE Lierature Wanted: 1900-1575. | buy mse-
mobile sales brochures, manuals, sic. Waker Millar, 8710
Brooklawn, Syracuse, NY 13211, 315-432-8282

EMGINE Pre-Cilar 599 85. Ensight Enterprises, 925 Norh
B5th Place, Scoitsdale, AZ BS2ST. 1-502-048-5281,

GO-KARTS, MOTORCYCLES, &
MOTORSCOOTERS
e e e
GO KARTS, Minibikes & ATV's. Assembied, Kits, Parts,
Engines. Dincownd Prices, Large Salection. 88 Page Catalog

$3.00, 216-357-5565. Kart World, Depl C., 1488 Mantor Ave.,
Painesyille, Dhlo 44077

GO-KARTE All you'll nesd to know. 200 pagss. 510, KML
Box 101, Wheaton, IL 60189

CONVERTING BUSES TO
MOTOR HOMES

FREE INFORMATION — Bill Lowman, 308M Riverbay,
Tampa. FL 33815 813-631-5296

VAPOR CARBURETOR TRIPLES MPG. Fres inlormation
H&A, A2EISP Bowling Grean, MO S3004-6350

DAUG RAID SEIZURES: Buy Dirt Chaap! Cars, Trucks.
Boats. Computers. Selzures, Box S514B8-AT, Ontana, CA
Ema

AVIATION, HANG GLIDING

BOOMERANGS . . . HIGH-TECH DESIGNS! incredible Re-
hurns -ﬁ.l'l'lli']l'lﬂ Fun. FREE CATALDG. Boomaranghan,
1806-1 N 3rd, Manroa, LA 712014222

CARS! CARS! CARS!

UNLIMITED Income wilh thes proven siep by step guide. All
phases of FINDING, BUYING, snd SELLING cars. Send §8.75
+ §125 SH. Te! Cutting Edge Auo. P.O. Bax 55132,
Buriington, Vermont O8400

ULTRA-SHIELD CAR POLISH with Tefion and Silicone
Polymers. Ltra-Shisld Auto Aestoration Claaning Com-
pound. 2 Pint Kit $17.85 Fichior Enfevprise, 310 Brice,
Hudison, WA 50643

VEHCLES Under $200| Cars Auctioned By IRS, DEA, FBI
Halionwide. Trucks. Boats, Motorhomes, Compauters, Ang
Mo Call Toll Fresl 1 (B00) 438-8857 Ext. A-1922

WINDOWS LOOK NEW FOREVERI! Learn trade sacrets
of the Wesi Coast's highes! paid window claanes. 30 yaars
experince. Easy, ustrabed, How-1o manusl gives you s8p
by step instructiona + tipa Send §4.00. Stewart Entaeprises.
Box E'Fflﬂﬂﬂ. Sacramento, CA 95827883, Guaranised

TIRED of peeitng bumper stickers? Express yoursalf
without dimnsshing your cam' appearsnce. STICKER
STRUTTERS BUMPER STICKER HOLDER. Durable. irans-
parant, 12° long, clips 1o siraight sdge wp o 38" thick. Can
be easily moved or sticker changad. §3.95 Coonventions,
PO, Box 2128, Alschua, Flonda 326152126

CATALDGS

“BMALL EMGINE PARATS" catalog $1. Smith's, 513w
Spring, Weaarthariord, TX TB08S
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FREE INFORMATION! 1-800-KAYLOR-8. COMPONENTS,
PUBLICATIONS, INSTRUCTIOMS, VIDEOS. (KITBOOK
$22.85) KAYLORKIT, POBISS50PM, BOULDER CREEK,
CALIFORMNIA 950061550

HANG Glider dassgna, instruction |nformation. $2.00 [re-
fundable), Lookout Mountain Flightpark, Fising Fawn, GA
3078

HOMEBUILT AIRCRAFT — ILLUSTRATED SOURCE-
BOOK: 200 pages. Kits and Plans lor Every type sircrafl plus
all tha materals and supplies neaded. $12 85 plus §4.50 54
to: AEROCRAFTER, 840 Adams #G(3) Banicia, CA SIS10.
(TOm TaT-1509 8-4 PET VisaMC

AIRBOATS, Howvercraht, Aindrves. Propefiers, Hulls, En-
gines, Plans, Accessories. Catalog $5.00. Armowprop, Box
B0, Meekar, DK T4855

HOVERCRAFT Parts. Catalog $5.00. GPL, 1220 Tangeo
#AN3, Dedray, FL 33444-1268.

FAST, OUIET, SIMPLE HOVERCRAFTS. Calming $2.00.
Baox 2016, Cordowa, IL 61242

HOVERCRAFT Five New Dessgns, 8 1o 120 Hp, Plansats,
Fita., Videos information, 38 [Asfundable). SEVTEC, P.D.
Box B4E, Monroe, WA BRZT2



(RS, RADIO & HAM EQLAPMENT

SECRET SCAMNER FREQUENCIES! FEDERAL AGEN-
CIES, SURVEILLANCE, POLICE, MORE! FREE CATALOG!
CRE, BOX 58, COMMACK, NY 11728

POLICE-FIRE SCANNERS. CB's. MARINE IWAY. AN-
TENNAS. HPR, BOX 13224PM, DENVER, CO 80219

CB MODIFICATIONS! Freguencias, sliders. FM, amplid-

oS, books, kits, repairs, R FMANCE BCCRSEOTINE.
Catalog §3. CBC, Box :1500M, Phoanis, AZ 85046

CAR STERED INSTALLATION GLHDE™N Install fugh par-
formance shered. Avoid high fses a1 shopst!! Send 5110010
V.O.C, PO, Box 6781, Oeals. FL 34478

SURVEILLANCE/COUNTERSPY, PROTECTION! Guar-
antoed Lowest Prices! ‘s $5.00, Protector, Box
S0294-M, Salt Lake City, UT B4152 (BO1) 457-3823

SURVELLLANCE - COUNTERSURVEILLANCE - WE
HAVE EVERYTHING! Catalogs S5.00 PEP, Box S30024-M
Moroross, GA 30083

BUGGEDT PHOMETAPPEDT Free Catalog Counter-Sur
waillance Eguipment talls yau Fast! 1-800-T32-5000

FREE CATALOG-ON-DISK. IBM Compatible ShareWars
ASP Aggroved Vendor. Busier Software 1-800-586-7238

HOW TO BUY YOUR PC OR MAC — THE EASY WAY!
Laarn how, Fres information: Tsunami, 218 F, Sulle 183C,
Davvis, CA 5818

FREE CATALOG-On-Oisk! IBM-compatitle sharewarne
FUM Technologies 1-800-756-85 100

CONVERSION Program Metric. English, Eic. Complata.
(Windows). $35.00. Garibaldl Sottware, 121-1488 Marna
Dirive, West Vancowsar, BC V7T 1B8

CABLE CONVEATERS, ACCESSORIES BELOW
'WHOLESALE! immadiate delrvary from gisnt stock! COD
ongers only, No California sales. 1-800-965-4128,

CABLE TV DESCRAMBLERS, COM-
BO'S, DEALERS DISCOUNT CALL NOW WE'LL BEAT THE
COMPETITION - UNIVERSAL SALES - B00-84T-23T1

CABLE TY CONVERTERS, DESCRAMBLERS. Scisntific
Atianta, Zensth, Jarrold, Pioneer. Oak, Aeplacemant For
Most Modols. Quality, Prica & Sarvice. Visa™C - dealer
Enquiries: invited. EAGLE Elacironics, Inc. 1-800-259-118T,
1301 Railhesd Bivd., Naples, FL 3963

CAMPERS & TRALERSKITS, PLANS

172 TRAILER PLANS Molorcyche, Utility Car, Construe-
tlan—Sirang, Sireamiined, Easily Bulll. Catalog $4.00. [Re-
fundablej. Tag-Along, Box 15107, Salem, OR 67309

BUILD YOUR OWN CAMPER - Travel Trailer - Fifth
‘Whealer - Molorhoma - Puckup Cover. Plans - Patbarns - Kis -
Catalog §1. Glen-l, 9152 PAosecrans. Box 1804RVE,
Beilfiowar, TA 90706,

HEED HELP Figunng ths Cost of yor Advertsement??
Cail us o 2126403167 or sand us a FAX: (213 3775015
(212) 588-5562 mrf wa Bl FAX Back witn a Price Quote

BOLTS, SCREWS, TOOLS, WHOLESALE, DIRECT.
Guarantesd. Catalog §2.00 (Relundable), Camelol, Depl. 44,
Baox 85, Bristod, Wisconsin 53104

MACHINERY, TOOLS & SUPPLEES

NEW Catalog-HUNDREDS of plans-FREE tap drill chan -
Steel - Brass - Aluminum - Shop Supplies. Computer Contral
your machines. Sand $200 - CEl, RA#1, Bax 183 PM,
Cameron, IL 51423

HOBEYISTS Improve your LATHE with the ullimate ool
post systorn; KAF, Box THIC. 5t Joseph, MI 48085, 616-428-
TOS0

FOUNDRY SETS Suppiies, Brochure $1.00 Pyramid
Products, 85357 American Canal Ad., Miland, CA B225T.
(B19) J54-4285

LATHES - INDUSTRIAL/HOBBY FROM $380.00, MET-
ALS, SUPPLIES. CATALOG 52.00. CAMPBELL TOOLS
CO., 2100-D SELMA RD., SPRINGFIELD, OMIO 45505
1-513-322-8562.

4" METAL Cutting Lathe $128.15, Taig, 12418 Nightingals,
Chandiar, AZ B5248

BOATS, OUTBOARDS, TRAILERS, &
KITS

BOAT KITS - PLANS - PATTEANS - AMERICA'S LARG-
EST SELECTION - 670" - Poweroats - Sadboats - Trima-
rans - Dinghies - Houseboats - Hydroplanas - Tunnelhulls -
Duckboats - Canoes Strippers - Kayaks - Dories - DISCOVER
nio dryrol epoxy boatbuilding - HUGE ILLUSTRATED CATA-
LOG 53.00 [Alrmall $5.00), Book “Amateur Boalbuilding”,
$600, - Fred EpoxyFiberglassSupplies Catalog -
CLARKCRAFT, 18- Aqualane, Tonawanda, NY 14160

LUMBERJACK chain saw sawmills - power-laed. Bro-
chura 3200 Brown Engineering, Box 40, West Point, CA
B5255

FREE Maslalworking Catmlog. Contars Hundreds Of
ltems. Blua Ridge, Box 538V, Hurricans WV 28538-0538
[304) 562-3538.

STAINLESE 5ioel Hi-Pressure Steam Clsaners. Factory
Diresct! 4,000 pal. (800} 124-2822

MERCURY - FORCE - EVINAUDE — NEW 1853 Bargaing
... Al Sizes . §2.00 handling . . Scoft MeCulloch paris .
Electra Marine, 610 Marrick Road. Lynbrook. New Yok
11563, INFLATABLES,

SATELLITE - TV

FREE Calalog - Lowest prices world wida, SI0YVISION
1022 Frontior, Forgus Falls, MN 85537 1-800-304-6455,

SUPER LOW PRICES. FREE U.S-INTERMATIOMAL
CATALODG. SATMAN BO0-472-B626.

FREE DETAILS! Satellite systems, upgrades. program-
ming. ORBITEK, Box M4-ME, Bohemia, New York 11716
0264, 1-800-585-4T28, 1-516-509-1262

TROUBLESHOOTING - Simplified Manwal 514595 da0- T
Dwee, POS BSS, Fleischrmanng, NY 12430

GET Sound for videocypher [ No codes nesded. $18.95
Massirian, Box 2820, Ria Linda, CA 956873

CABLE TV EQUIPMENT

“BULLET" BUSTER. Elmctronically shield your cable box
518.85 + 53 B&H. Electroman, [504) 482-3017.

CABLE Test Chips. Puts cable box into full service mode!
£29.65 o §58.05. 1-800-452-7060, (110) S02-0841.

“CABLE T.V. CONVERTERS" Jarrold®, Zanith, Pioneer,
Dk, Scientific Alanta, And Many More. 12 Years Experi-
ence gives Ua The ADYANTAGE. VISAMG, AMENX, COO.
Advantage Electronics, Inc  1-800-852-3916, 1125
Rivarwood Dr., Burrmwilla, MM 55337

REVOLUTIOMARY Technology: Uindvessal Box Works Dn
Jarroid-Pioreer Gyiems rmaa-m

BOAT PLANS - PATTERNS - KITS - Direct from designers.
Assistance Avallable. 7'/55'. Over Z240: Canoes - Kayaks -
Hydropianes - FUNDDaEs - Powerboats - Sadboats. Quick’
simple  Stachanglus Save! T6Bpagn DEBIGN
BOOK - $4.00 (Sent Airmall). Includes Fres “Boatbuilding
Supplies” catalog. “Epomy Manual” §2. GLEN-L, 8152
Rosecrans. Box 1604/Ph4, Bolifiower. CA DCTHE, IGEI0
BX58.

FOOT powsred hydraulic “hands free” steating fnom
arywheng i your boatl Catalog. Call FREEDOM TROLL
1-800-835-1454

HALF-Model Plans of SCHOOL YACHT "AMERICA™
$10.00 ho: Garth Graves. 6580 Decanture 54, San Desgo, CA
g0

HEW, Existing Home INSULATION OPTIMIZATION AMAL-
YBIS. For Information Send SASE 1oc D, Kirmschbaum. 257
Shope Cresk FAd., Asheyills, NC 28805

HEW! BUILD AMATING LIQUID PISTOM ENGINE from
pupea fittings. Easy plans, Fres information. ABCO, Box 306
M8, Saminary, MS 35479

FREE ENERGY! Fual-iess motom and genarstons HEA,
ZREPM, Bowling Grean, MO 63334-9350

SOLAR COLLECTORS YOU COMSTRUCT. Sand Siamp.
10906-EPM Haywenhurst, Granada Hilks, CA 91344

SOLAR Powered Products Catalog B5. SUNIX CO, Box
3389-PM, San Rafasl, California 84012-3883

SWIMMING POOL, SPA &
POND EQLEPFMENT

JET Power Your Pool Chair For Under §30.00 - For Plans
send $10.00. 258 Bunting Road, Unit #7, Suite 188, 51
Cathenines, Ontano L2M 7S5 Canads

SWIMMING POOLS, in-Ground. save $558's, Do-t-your-
sedf. Datails 52.00. Fiesta Poots, Depl. ALIPM, PO, Box 292,
Oolteaan, TH ITIEL

SOLAR Heat Your Pool Construction Plans-Send 310
B+W Solar Pool Heating, 157 Chautaugua Ave., T,

SAVE up to B0% on heating bills. Wood!Oil, WoodGas
Multi-tusl whole houss warm air fumace. EAGLE, 1000 Ag
Science Drive, Palisade, MM 56463 or 1-B00-358-D060

WOOD, WOODWORKING

REALISTIC WODDEN BOW with wood ribbons. This
baautitul unigue bow can ba made on a band saw. Plans §3
Guarantesd. Lloyd Samson, R 4, Box 524, Alvarado, Texss
TEOOE

MY 14701

GUNS, DECOYS, HUNTING

sarvice Mokl converiars. Maney Dack guarantes. MATIOMAL
CABLE SERWVICES (215) G35-4138,

CABLE TV COMVERTERS & DESCRAMELERS, Whaole-
sales wefcomel Call today for fres  catalog!!
PERFORMANCE ELECTROMICS INC., 1-B00-815-1512,
233 Morih 48th Suite MBE, Lincoln, NE B8504-3812

CABLE TV DESCRAMBLERS NOBODY BEATS OUR
PRICE! Quanity Discounts 24 Howr Shipping - All Brands
Call V.C.I. 1-B00-577-0321

CABLESATELLITE DESCRAMBLERS for all sysiams
pusrantesd! Sand SASE for  information.  Mistical
Elactronics, PO, Bgx 481 Cooper Station, New York, NY
10276

CABLE DESCRAMBLERS! Busa your own Dascrambior
for LEBS than 51200 in SEVEN EASY STEPS! RADID
SHACK Parts List and FREE Descrambling Meihods that
COST NOTHING To Try, Included. Sand §1000 o
INFORMATION FACTORY, P.O. Box 68, Seabrodk, Texas
TIEBE. For C.O0 e 1-T1 35223612 Aty Tima!

RUGER 10772 HEAVY TARGET BARRELS.

HEW style Match Chamber, Atcurizes All Lang Rilla Am-
munition. Special Chambaering. Same Price, Specity Ammao,
Barre| 520 Diameter, Choose 187 or 217 Long, Barrel Wrench
And Shipping Included. Blued 5109.00, Stmniess 51168000,
Sand chack Or M.0. To: Connecticul Precision Chambering,
800 Village Walk, Depl. 280, Guillerd, CT 06437

ENGINES - Bnggs, Kohler, Othems - HUGE DISCOUNTS!
Catalog 52. Engine Mart, 2542 Mewtound, Marritt Island, FL
32852

COMPUTER IGMITIOM For Your Small Engine. Eliminate
Troublesome Poénts And Condenser. Simple Installation,
Long Like, Mainienance Free, Fasier Starling, Semoother
Running. Modules For Most Any SinglaTwin Gylinger Used
On Lawnmowers, Cultivaiors, Snowblowers, Chainsaws,
Wised Wackers, Dulbaards Arytning Also Faplaces Magne-
tran. Tweblwe Monith Warranty, Free Brochure Or Saend
Engine Type And §14.95 ($19.95 For KART RACING En-
ginea) To: HILLTOP KART SHOP, 11310 Navarre Ad. SW.,
Favame, ORio 44662

DISCOUNT MARINE-SHOP EPOXIES, CLEARCOATINGS,
FBERGLASS. FREE SAMPLES. 5008 COMKLIN, DELRAAY,

PLANS, BLUEPRINTS, PROUECTS

ROOF-RACK Undar §15.00 To Make. instructions - §4.00.
A Lyons, Box 6312, Nashun, NH (3063

WA ABRAMS BATTLE TANK Build Model From Matari-
als Around House. Excellent Plans! $3.00, Ban Dfoma, 1737
M. Bycamons, #216, Hollywood, GA H0028.

FIRE ESCAPE LADDER. Safe. compact light waight
ladder. Easy 1o build. Secure o window In seconds. PRE-
WVENT A FAMILY TRAGEDY. Send $1005 ;. GLOBAL,
Champilain, NY 129181734

BUILD & wood compuier workstation with shed. Emsy
instructions. Send 58.00 to; SM.C., 5411 E State 5t, Suils
326, Aockfard, IL 81108

ELECTRIC Dewice Enables Postioning Vehacia in
Consistently. Mo Hanging Baiks. Easy Plans, §7 50, Ebersale
Systams, P.O. Box 284, Smoketown, PA 17578

{Continued on next page)
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PLANS, BLUEPRINTS, PROUECTS
JERN, o] e | N
AREGARD - Unigua Fireplace Cover. Save Heal, A'C.
Decorative, inaxpansive. Extinguish Fire Sately And Secure-
by. Plara, Dvawings $10.00. RAL Marketing, Suite 196, X4
Main Ava, Norwalic, CT 06851

POWERFUL TOYS FOR BIG BOYS - 1. 3 Plans - Unigua
Machanical Devices - Traps. $7.00. Southern Deslgn. 4527
Sdustang, Abdn, TX 77511

CONVERT Mo Swiss Army Guitar. Plans 5850
1311 El Caming Real #242, Millbras, CA 54000

GARAGE DOOR SCREEM Convert Your Garage Into A
Bug Fres Environmant, Easy To Operate, Does Not interfers
with Garage Door. 1-S00-046-E204

VENTRILOGUIST Suppisss, insruction  information
FREE! Dummy Catalog §2.00. Mahar, Box £20-PM, Littleton,
Coloprado 80160

LEARN landscaping at homa. Frea brochure. Lietme
Caroar Schopls, Dept: PMOTB4. 101 Harrison Strosd
Archbaid, PA 18400,

PROFESSIONAL MAGIC Tricks, Books & Videoa. Catalog
3000, 1-{312) 631-0006. Windsor Magic, P.O. Box 45067-PM,

Checago. IL 60646

COMICS, Games, Vidoes, Cards. And More! DISCOUNT-
ED. Catalog 55, REFUNDABLE. 1-800-COMICIE

INVESTIGATION CAREER, Crusch home study, Become a
professional. [B00) 272-6680

HIGH SCHOOL AT HOME, NO CLASSES. LOW MONTH-
LY PAYMENTS. INFORMATION FREE. EST. 1887, CALL
1-800-Z28-5600 OR WRITE AMERICAN SCHOOL, DEFT.
#2345, B850 E. 38TH 5T., CHICAGO, IL 80637

FLAG CATALOG: BOO-TBS-1524. Wide salection. Browss
‘n' Buy, P.O. Box 504, Bohemin, Mew York 117160504

ANTIOLES, RELICS, ETC.

FREE Insect Eliminabion System. Sand Stamped Enve-
ope. POB 21680, Boca Arlon, FL 33427

HOUSE PLANS

FREE List 10 Serious Collecions: 300,000 Indlan Arifadts,
Spoars, Pots. 50,000 Minerals And Fossils. Caddo Trading,
Box B8R, Murlresshoro, Arkanase T1958

RECTORY Of Manufactured/Pre-crafted Housing &
cislized Building Systems. Lots of Detalis, Send 510,00, MC
Scdutions Group, Dept. PIE, PO Box 1906, Meraux, LA
TOOTE- 1508

FREE sampls plus catalog. Jeffaries, 3480 Middiebalt,
West Bloomfisld, Mi 48333

50 DWFFEREMNT Oid ULS. betwesn 1881 and 1833 - §1.00. Ed
FRoush, Box 3734, Manstield, Ohio 44607

HATIONAL PARK JOBS. Over 25,000 cpenings Excellan
benafits and boruses. For mone information call: 1-208-545-
4804, Ext. MO013.

ASSEMBLE EASY products a1l homel Excelisnt pay)
Program Guarsnissd! 1-800-177-6000 Ex7035

COMPREHENSIVE Preparation & Organizer Systern For
Job Seekers. 510-2T3-2218

EASY Work| Excellant Pay| Assemible Products At Homa,
Tall Fres 1-800-457-5568 Ex1. 5008,

ROOFING
SOLVING PROBLEMS ON GEQDOMES, OLD, NEW FLAT

RUBBER, plastic compounds, chnigues. sources. Free
indormation: Casicrahes, Box 16586 [AB), Memphis, ™
381 B6-0586

BAVE On Canbral Hast & Akr Or Complets
Merwi Systerna With Ductwork. Send $10.00 For Catalog.
Aetundable On 15t Order. MOAISA/Discovar 1-800-730-3777

DO IT YOURSELF

FLAT ROOFS - SAVE 40%. Solve any problem. Any size
rool, Revolutionary reinforced acrylic sysism. Easy, safs,
foolprool. Proven 25 years. 'We manuisciure, consult, bn-
struct. Free inlormaton: PMG Roolage, PO, Box 20784,
Lahigh Valley, PA 18002-0784,

HOW TO VIDEDS 3,500 Titles. Catalog $8. CCL Box 84514,
Fullerton, CA G2E

CLEAN YOUR YCH Inatructional Video, Send 52085
Alpina Video, 815 Oregon Ave., Hiswatha KS 65434, Fres
Brochure. 1-800-668-4308.

BELT BUCKLES for coins, siones, j@swealny mounisngs, cuf
wlones, clock works. Wholssale catalog $1.00 Elowie, Box
T8, Whaaliand, Wyoming 82201

SHEET Metal Brake (48 - 16 Gawge} UFBuild plan &
matructions $1500 - 2 Way Powersass Communicstion
Systam LU-Bulld plan with used parts. For tree house or clasy
PO propect. $10L00 - Muacie builder “Butterity Pec oack’
U-Build plan & instructions $20.00. SBM Tach Inz, C P 853
Caraguet. N.B.. Canada EOB 1HD

MODEAN ARROWHEAD Making. VH3 529.85, 5 §1.50
COMIMOMS - (503) 664-1651

AT POPULAR MECHAMICS WE LIKE TO MAKE IT EASY
FOR YOLL YOU CAN CALL OR FAX IN YOUR ADVERTISE-
MENT AT ANY TIME. ALL WE NEED 15 A CREDNT CARD TO
CHARGE IT TO. ASK FOR DOROTHY NOLAM. (212) G418
FIGT. FAX: @12) §77-5415(17) 586-5563

ARTS, CRAFTS, SUFPLIES

“GETTING Staried in Stained Glass " §1.00. Whittermone.
Box 20657, Hanowar, Mass, 02335

CLOCK WORMKS, baading supplies, rockhound supplies,
bell buckies, cul siones. Wholesale catalog 51 00 Eloxite,
Box 728, Whaatiand, Wyoming 82201

MODELS, MODELS SUPPLIES

BALSA MODEL AIRPLANES aro fun 1o bulld and ty, Write
for our Free Catalog, MODEL MART, Box 510652, 51 Louis,
MO B35

MAGIC TRICKS, JOKES,
VENTRELOOLESM

FREE! World'a Leading Mowvelty Catalog. 1600 Jokes,
Tricks, Science, Spors. Hobbles Johnson-Smith, F-O01,
Bradenion, FL 34308-5500
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WORLDWIDE mixture. 250 stamps 25¢ Approvals. White,
Box 99588, Dunadin, FL 348370969

TOP Pay| Program Guaranised! Assemble sasy products
it home. 1-800-377-6000. Ext. 7030,

FREE Mini LS. Commamacatives Sat 930-333. NO AP-
PROVALS. Gibson, Box 471, Willamatown, A DB094-D463

COINS, TOKENS, CLRRENCY

UNCIRCLULATED Silver 1864 Kennedy 50¢, Color Catalog.
51.95 ARA POB B59, Mesconsel, New York 11767

LEARN to with videos, Tomnien, P.O, Box
SAM, Mayo, MD 21108 (410) S58-4225.

INSTRUMENT Kits! Build Appalachisn and hammered
dulcimers, banjos, mandaling; even harps. harpaichonds.
Free Catalog. PM Hughes, +418 West Coliax, Danver, GO
BOR04

ACCORDION Top Brands, Cordovax. Buy Direct Tramen-
dous Discounts. Trades accepled. Free brochure PM,
Accorgion-0-Aama, Inc., 307 Trh Ava., New Yori, NY 10001,
Phone 212-575-9083,

ACCORDIOMS, COMCERTIMAS, Butlon boxes, new,
used, repairs, tredes, credil cards Castiglione, Box 405,
‘Warren, M| 48080 Camlogs 313-T55-6050—800-325- 1832

LEARN GUITAR FAST! Play by sar. Easy diustrated man-
ual $10 + §1 postage. AH Publications, P.O. Box 1200,
Graham, TX 7B450.

NEED HELP Figuring the Cost of your Agvertisemeni??
Call us at 212-649-3167 or send us a FAX: (212) BT7-5415/
(212} 586-5562 and wa'll FAX Back with 8 Price Ouoia

FREE VIDED External BABS, MSMBA, PhvLAW. Ac-
crdited, financial aid, (B0D) G88-3542 La Salle University,
Dapt #0617, Mandeville, LA TO4T0-4000

PARALEGAL GRADED CURRICULUM. APPROVED
homa study. AMordable. 100 years exparience. Free catalog
BOO-A28-9228 BLACKSTOME SCHOOL OF LAW, P.O. Box
ET1440, Dapl. PM, Dallas, TX T5287

NONRESIDENT UNIVERSITY DEGREES. Bachalor's,
Master's, Doclorales. Accradited, inaxpenaive, Tast Credi
for life experience. Fres shiesn page bookist Dr. John Baar
(BO0) 835-8535.

TERMPAPER assistance. 19,278 papers pvallablel 306-
pags catalog—nesh $2.00. Ressarch, 11322 deho, #206MK,
Los Angedes S0025. Toll-free Hotling: BO0-35140222 (or 310
ATT-HI26).

LOCHSMITHING, Univarsal School of Masier, Cormespon-
dence and Shop Training. Box 214652PM, Sacramanto, CA
BSaa

INCLUDE Acis 2 Confinueousty: Matt, T, Tracts,
Fredricksbung Ave., Lakeland, FL 33800

FAA CERTIFIED COMBIMATION AVIATION MECHANIC/
FILOT COURASE. Top quality, accredited program. Full and
part leme. diy and evening cinsses. VA and finanicts aid
weailable i guaidied Job placoment sselstance ROOM AND
BOARD O CAMPLIS. Great Texss location. Call Todsy 800~
GTE-OT00

b ]

MAKE Money wiih your personal computer! Bagin NOW!
Frog detalk. Write io: Jacksons
Co., 11072 #375 Ban Pabilo Ave. E| Corrito, CA 84530

HOME Typists, PC users nesded. $35.000 potential De-
tails, Call (1) BOS S62-8000 Ext. B-20024

FREE LIST, OVERSEAS Stateside Jobs TINCPQ, Bax
585, Dearborn, Mi 48120

$329.84 Wesaioly. Assembling Our Products Al Homa. Toll
Free 1-{800) 333-3264

EPOXY Injeclion kit Fepairs poursd foundalion wall
cracks. Vigeo available 1-800-255-9681

HEW Magretic Padiocks Astonishing MNew Padiocks
Laugh Al Crocks 10,000 Magantic Key Combinations Makes
Duplication impossibée. Send $6.85 plus §1.00 SH To: Mag-
Lok, 235 E Coloredo Bhvd,, Suite 125, Pasadena, CA 81100

HEW TELEPHONE EQUIPMENT. Bacome tha only distri-
buter in your area. RLUSH 52 for information WP, Bax 683,
Glarnaibd, NY 12738

PATENT IT ECOMOMICALLY! Frea details. Licensed
since 1958, Asner Associales, 2008 Fondulac, Fichmond, VA
23229

PATENT AND DEVELOP Your invention. Regesiersd Pal-
ant Agent and Licensed Professional Enginear. Send for
FREE PATENT INFORMATION Every kiveantor Should Have,
Richard L. Miler, 12 Parkside Drive. Sulte-M, Dix Hills. NY
11T46-4BTE. (B16) 4554340

INVENTORS! Can you patent and prafit from your idea T
Call AMERICAN INVENTORS CORP, for free |nformation.
Serving Invantors since 1675 1-800-338-5555.

WORK DIRECTLY WITH
AEGISTERED PATENT ATTORNEY
AND ENGINEER

WITH farfy-fowr years combined engnesnng and patent

Caopyrights
Fademars -LESS THAN ONE HOUR FLIGHT TIME TO LS.
PATENT OFFICE—TOLL FREE FROM U.S. AND CANADA
Prone BO0-3ET-TTT4; FAX BOC-367- 7704 or wiito: MICHAEL L.
KAOLL Prtent Atiterary, LS. Pasent regissrtion
#6755, 171 Sitwed Lune, Syoasel, hew Work 11781, Outsca
LSA. (516) - 367-T777 - PAX: {516} - G2-2787

PATENT, Maried, Your inventions Latest Methods, Forms,
lustrationa $25. M.0. Crealive Ressarch, Box 100, St
Augustine, FL 32085

INVENTORS. How To invant; Protect; Sall! Free meport.
Randalph, Box G872, Lakeland, FL I2604

INVENTIONS, ideas, new products. We submit 1o industry.
Call 1-B00-205-1DEA
REGISTERED PATENT ATTORMEY. DA Kettiestrings.
Frea information. 1-800-666-T577.
{Continusd on next pags)




FOR INVENTORS
(Continued from mlﬂ Eﬂ]

INVENTDRS-MEVER SEND IDEAS TO STRANGERS|
AVODID RIPOFFS - SAVE THOUSANDS! REVOLUTIONARY
PROTECTION/MARKETING METHODM MONPROFIT O8-
GANIZATION. FREE INFORMATION 24 HOURS: 1-800-
B4E-3228,

BORSAR| & ASSOCIATES provides PROFESIONAL pat-

Located next o Patent Office. Call B00-225-2482 for free
information pachet.

INVENT SOMETHING?T ESI Inc. links unconnectad indi-
viduals with decision-makers. Free brothure supplied,
1-800-547-TRAS.

PATENTIals INCORPORATED: SEARCHES, PATENTS,
DEVELOPS AND LICEMSES INVENTIONS FOR A PER-
CENTAGE. BO0/261-T45T.

ACCUSEARCH Specializes in Thorough, Prompd, Inex-
pandve Patant Searches. 1-B00-000-5408.

BUY IT WHOLESALE

31,407 Products, Direct . . . TAIWAN, HEKONG, MEXICON
5007 Sawings . . . Ecko-H4, Shatimar, FL 325780730,

BELTSE, Buckies, Hat Tacs. Jewelry, More. Complate line
fast sellers Big Profits. Complete dealer sel up Color
catalog $1.00. Anchor, Box 3956-FMA, North Providence, Rl
o2t

HEW! GROW EXPEMSIVE PLANTS. SELL FOR 2,000%
PROFIT. Free information. Growbiz, Box 306-MB, Seminary,
M3 35479

MAILORDER Books. 1,000% Profit. Selectco, Box 1140,
Clearwaier, FL 34617

$1,000°8 POSSIBLE, FREE. Stamped envesops:
Progress, Box 93248-PM, Los Angeles, CA 50093,

WORLDWIDE Wholesale Sources, FREE Detadls: CNP,
1344 Madonna #286-PME, San Luis Obispo, CA 93405-8504

PRINTING PRESSES, RUBBER STAMP
OUTHTS

TYPE far printing and stamgs. Catalog $2.00 deductitie.
Quaker City Type, F.0. 3, Bax 134, Honeybeook, PA 15344

JEWELRY, STONES, MINERALS
DESIGNER Watch Raplicas. Compare Price And Sedection

Bafore You Buy! Catalog $2.00 Refundable First Ordar,
Germini Enterpriges, Box 1558, Bristal, CT 060711-1558

INVENTORS: Litilize The Logical Procgss™ to PROTEC-
TIOM And Potantial PROFITS. FREE ADVICE, Your First Step
& Important. We Have & Dalabase OF T+ Million Companies
To CREATE OPPOATUNITIES FOR OUR CLIENTS. APSL
‘Washingion, DG B00-458-0352

BURIED TREASURE - Sensitive equipment allows local-
ng from distance. Brochure free. Sémmaons, Box 10057-Ma,
Wilmnington, NC 28405

BUSINESS OPPORTUNITIES

. ———amax

IWVENTORS Don't be Fooled - Call Our Irventors Club
1-B00-466-1 783,

REGISTERED PATENT ATTORMNEY Dawid Thompson.
Frea patent'cost information: 1-800-410-3543,

INVENTORS: Free information on affering your invention
for saba, Kesslar Sales Corporateon, C-5-Fi-4, Fremont, Ohig
43420

FATENT SEARCHES, W0 REPORT §1585
UTILITY PATENT APPLICATIONS 51750
INFOTECH Design and Patent Professionals. Call for
infermation (209} 286-6006.

FREE INVENTION PACKAGE Davison & Associales offer
cusiomized Developerent, Patanting. and Licansing. Proven
Resilts: 1-H00-677-6302

FREE help for irventors! No changa far protection foma
and information kit Affiliated inventors Fouwndation. 1-800-
525-5805

HAVE AN IDEA? Free information pachage free consulta-
thon - Freadom Markating 800-632-4758

INVENTIONS DEVELOPED & MARKETED. Licensad Pro-
fesséonal Patent Engineer. ULS. Patent Office Former Exam-
nar. Manufacturers Regresentalive. Patmart, Suite TO2PM.
Woolworth Bldg., Mew York, NY 10273,

QUEENSBURY Giha Seeks Unigue Products Ready For
Distribution 4123228597

HOMGKOMNG Factony needs sevaral new products for their
oversea buyers. Send product ideas for royalty evaluation.
Can produce axclusively. Hongkong Plastic Metal Products
Company, Box G0627, Kwuniong, Hongkong.

COUNTRY REAL ESTATE CATALOG—United National's
HEW catalog features over 200 pages of the bast country
real estate bargains across Amenical Wilderness lands &
retraats, farms, ranches, historic homes, wateriront proper-
ties & more. Send 54.95 to: UNITED MATIOMAL REAL
ESTATE, 4700-P8 Balleview, Kansas City. MO 64112, Or call
1-800-599-1020, VisaME acoepted.

GOVERMMENT HOMES from $1 (U repair). Delinguent fax
property. Repossessions. Your area (1) B05-962-8000 Ext.
GH-20024 for current repo list.

IMPORT-EXPORT opponunity, profitable word-wise, mail
arder bisiness from home, wilhaut capital. We ship plan far
no risk @xamination. Experience unnecessary. Free Report.
Mallinger, Dapt. C2T08, Woodland Hills, California 51367

GET Paicd To WATCH TV. Amazing Detalls. Aush $3.00
Today. Tha Bricklyn Co.. P.O. Box 706, Broken Ammow, O
78013

S1000°S DAILY WITH “INSTANT MAILORDER KIT”
OPPORTUNITY, BOX 1648-PH, WAILUKU, HI B6T93-6640

I MAKE 57,150, Manthly Crafting Unique Clocks Al Home.
' teach you how, Box 70434, HoMman Estates. I 80195 call
T08-310-0076

FREE Mailorder Cassette Business Packet Creates 900%
Profit! RUSK- DZ, 28 Kameo, Mastc, NY 11850

LET The Government Finance your small business.
Graniaioans to $500,000.00. Free recorded message: TOT-
449-8600, (KZ3)

HOME pubishing mail crder business. Fun and lucrativa,
Frea details. Wild |deas, PMB34, Box 458, Gresnwood, SC
20848

$100,000 Mailing Letters| Detads: Hilicrest, POB T40648,
Vancouwer, B.C., Canada W5V 5CB

MAKE MOMEY writing and selling simple information.
Free Details; SCC Enterprises, 233 N 48th 51, Ste. MBE-
143P8, Lincoln, NE G850

$500.00 FROM ONE SACK CEMENT! Picturs Proof §1.001
BRINCO, Box 401092-K, Hesperia, CA 52340

$225 DAILY "CHROME PLATING™ Auto Parts. Matorcy-
cles, inexpandive, sasy. (Free) inlormation: Chrome Plating,
Box 2285, Wakdorf, Manyland 20604

NEOM, COURSE 'WITH FREE VIDED! MEOMICS, BOX
5039, FALMOUTH, VIRGINIA, 22403-0635

AMATING HOME BUSINESS Easy Te Siarl Supplement
Yous Incoms, Mo Experence Necessary Make Profitable
mail proer Reporis Free Details. Box 3192, Gresham, OR
57030

FLAB“IEIIGRAFT melﬂl'.lh l'hl'rl Bw 3000
Maids Available. Details. I.:mnlnl. 6251C Mentpark. Maontor,
Dhiey 44080

$40,000 ON "4 ACRE! MNew Hydroponics - inexpensa,
pleasant, practical! Fres information. Aobin's, Box 881804,
Franklin, TN 37063-1804

£300.00 PER DAY for MAILING LETTERS! Details £1.00
[dodiar bill). Momeyrakera8, Box 32368, Palm Baach Gar-
dens, FL 33420

WHOLESALE BARGAINS. Freenies, Gihveaways by mail.
Write: Wholesale, Boo 51488-A, Ontario, CA 81761,

FORECLOSED Government Homas And Properties! HUD,
WA, ATC, Etc. Listings For Your Area. Financing Available.
Call Toll Freal 1 (800) 436-8887 Ext. R-2071

MORTHERN IDAHO, 510-20 ACRES. Basutiful Northwast
forest and lake country. Hunting, Fishing, Recreation. Fle-
lirgmént. FREE brochure. MATIOMAL ASSOCIATED
PROPERTIES, 1111-ME Shesman, Coeur d'Alens, idaho
53014, (208) 665161,

GOVERMMENT Land Now Availatés For Clasm. Up 1o 180
AcreaPerson. Free Recorded Message: (707) 448-1887.
L=l

MAKE YOUR DREAM COME TRUE, EARN $75.000
YEARLY REPAIRING CRACKS IN WINDSHIELDS AND
PLATE GLASS, NOT REPLACING THEM. CALL 1-B00-826-
8523 (US/ICANADA): THE GLASS MECHANIX, 4555 N.W.
103R0 AVENUE, FT. LAUDERDALE. FL 33351

oppartunity
have aarnad 436,097 mmrm Frea information
Bookints, 507 Oak Drive, Friendswood, T 775845

MEW! 2000% PROFITS - in Moldmaking/Casting. Froe
information. Casicrafter, Box 16586{M8), Memphss, TN
38185-0586

RECYCLE METALS. NO, MOT BEER CANS! Easy 2458
waakly! Free information. Recycler, Box 681804, Frankim,
TH 27068-1804,

2,000 DALY From Your Telaphone Answering Machine!
I've made ower $1,000000 usng mina! [(303) 674219
RAecarded Details.

RECYCLE! [AMAZING PROFITS MADE) Raconditioning
Automabile Batteries! (Free) Information! Battery Outlet,
Box 3300PM, Hickory, NG 28603-3300.

51804 MONTHLY used cars (spare-lime) FREE
Diotails. Autonet, 507 Oak Driva, Friandswood, TX 77548

VINYL'S where the money is! Professionally regalr,
recolor furniture. Quick, aasy. Two 520 jobs a day eams
you $1,000 a monih. Homes, cars, offices, restauranis.
Siar earning im 8 few days. Details free VIP, 2007 Mon-
trose, Chicago 60618,

DISTRIBUTE Unigue Electronie Froduct Manufaclurer,
Box 28307, Kanneth City, FL 33709

§1.000 WEEKLY AIR TOOL REPAIRING. Free Details,
Box 534, Wichita Falis. TH TE307

BIG PROFITS! REPAIRING WINDSHIELDS and plate
glass. ST0.000 yearty, Call 1-800-441-4527 for FREE datails.
Glass Technoiogy. Inc., Dapt 8P, 434 Turmner Dr., Durango,
CO a13m

PIANO Tuning quickly leamead with home study courses.
Diploma granted. American Tuning School, 17050 Telfer
Dviver, Morgan Hill, Calil. 95037,

START A-Million Dodlar rail order businass. We drop-ship
2055 best selling products. Lowest below wholesale prices.
immediate dedivery. Spaciacular home business opportuni-
ty. Freg Book. SMC, 401 De Soto Avenus, Depl 20-68,
Chatsworth, CA 91311-4681. (BO0) 345-45MC

BIG MONEY REPAIRING AUTO WINDSHIELDS. Suppilies
and information. Grubbs Glass Patch, P.O. Box 243,
Moniicello, AR 71855, 1-B00-243-2213

GET RICH! Sacret law smashes debis—brings Cash,
Crat!! Details $1.00 (Sollar bill). WealthkivB, Box 32308,
PBG, FL 33420

#1 MONEY Maker Spare Time! No seliing! No invertory!
Publcly documanted seven weak 519519 income! Free
audio cassetbe and Report reveal everything. Feal Money,
33-PhaD BW Sih Streel, Granis Pass, OR 97526

BE YOUR OWN BOSS. REPAIR CRACKED WIND-
SHIELDA. it's easy. We'll teach you how 1o S1ar Bnd nun your
N busingss, Keap all the mongy you eam. Pabented
guipmanl. FREE wshmable mport. Call 1-800-321-2587.
Slas-Weld Systerns. Inc., Box 5755-0, Bend, OR 97708

HOMEWORKERS DESPERATELY MEEDED! But dont
ot caught in the homework fraud trapl Hundreds of
egitimate compankes wanl 10 amploy you now! Free repon!
Long SASE To: Consumer Network, Dept. P2, Box 8138, 5t
Paud, MM 55108

ENDING MACHINE SECRETS REVEALED. Get all tha
fa 5. Free newsiatter, B00-221-8066

MAKE MOMEY Taking Piciures. Camera Ventures. Box
771, Lamar, CO B1052-0771,

TRAVEL Agency Start Your Own $3870 No ARG Band.
I srmatien. BO0-926-5600 24 hours. Limited time offer.

" REPAIR OPTOMETRIC INSTRUMENTS 580,000 Poten-
tial, investment Requined. Dppartunity, P.O. Box 2008, Hurst,
Texas TEO53

_ﬂE'I' PAID 5268 20/Roll Taking Easy Snapshots! Mo Expe-
riance. Photopro, 1611-M Crenshaw, Torrance, CA 90501
F10-540-0097 Ext. M3

AECORD Videotapsas ... Al Homa. $5,000 Monthly Poss.
ble Mo Pomography. Free Details, Write: CMS Video
Company, Dq)l 17, 210 Lorna Squans - #1863, Birmingham,
AL 35216.

HYDRAULIC JACK REPAIR MANUAL, CATALODG
$10,00. HYDRAULIC PARTS SUPPLY, BOX 4157,

BROWNSVILLE, TEXAS TBS30-4157

£25.00 | POUND PAID For Alumenum Scrap? (YES .. ..
Fress Fepor!) Write: Amariscrap - PME54, Alexandria Bay,
Mew York 136070127

Lucrative Profits. Gressfin Corespondence School, Box
905, Alexandria, Ohio 43001,

| Cantinued on next page)
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Write: Associalon - PMWBES, Alaxandria Bay. Mew York

COUNTERTOPS plus more: Repair or Recolor WITHOUT
REPLACEMENT Quick, sasy lo $500/day. (206) 256-8742
‘Write loday to Renew-All, Box 4506-PC48, Vancouver, WA
662

INCOME Unilimited 20-80 Days Instructions $1.00. Kuean,
2050 Burlinglon, 51. Petarsburg, FL X3713-8033

EARN $2.500 Duily! Free recorded dotads. 1-B01-451-9041
Ext 5

FREE! 1007 Fast, Ensy ways 1o make money. Sand name’
address. Money Making, Depl. PM, Box Z, Siudio City, CA
#1614

TAKE ORDERS For Advertising Specialties From Local
Businesses. Big Commissions. Aepeat Orders. Free Starter
KivSarmple: Specially Impressions, 10746 Mew Haven #14
Sun Valley, CA 81352

SI0M PAINTINGI Hupe prolis. inexpensive, Simplo! Free
Intormation: Signmakers, Highlands POB 51025, Edmanton,
AB. Canada J5W-5G5

HIGH Monithly incoma! Below Wholesale Mini Sateliite TV
Systems For $399.00 Each| Capital Communications, Box-
BBE-FM, Mamphis, TH 38130

HAILOADER BOOKS. Excellent profits. Mascor-PM, Box
B30, Siver Spring, MD 20907

BUY Gold & Silver Jewslny Whodssals - Flesall High Prolils
$1995 Gets Color Catalog Pricelsl Knowhow Jewalry
Network, Box BI17, New Fairdfiald, CT 06812

FREE Electroplating Calalog. Books, Kits,
Correspondence Course. Info. University Pubna., Box 1071,
Prowo, UT 84603

SELL PHOTOS - Make Money with Your Camera we will
shiow you how. 1-B00-T13-4720

MAKE $500-52000 Weekly With Youw Camera Provan
Plan, PhotoOp, Box 4618-F, Glan Allan, VA 23068

FIND oul how the Triple Power Downling Bulider program
can make you honesi money. SASE. TPDE, Box 280, Fon
Wallon Baach, FL 32549-0280,

VIDED Production Business Dpportunity Earn $TB.0007Yr.
Al Home With Your Camconder Wrile The Slerling Group
Ine., P.O. Box 781, Oriand Park, IL 60462 (815) 722-EDIT

TIRED 01 Scams? Join Our Mongy Making Team! SASE
Sucoess, Box 280, Fort Walton Beach, FL J32548-0280.

GET RICH! $50,000 OFFER PLUS SPECIAL OPPORTUNE
TIES CATALOG 5200 REFUNDABLE FIRST ORDER
GEMIM ENTERPRISES, BOX 1558, BRISTOL, CT 08011-
1558

E2.00 From Sguam Foot Plywood. (HugeDemand) §1.00
{Asfundabde). ‘Woodwn-PFM, POB 853, Brdgowaler, Mass
02324-0859

PRAVATE INVESTIGATION TRAINING| BIG INCOME] OWN
BOES! FREE INFORMATION. PROBE, BODX (PM) 2133,
BEVERLY HILLS, CALIFORNIA 20213-213).

320,000 Yearly Selling Books by Mall Recrulting
Business Associales, TPCF, Box 4113, Tosranca, CA 30510

THIS 15 A SCREENED AD1
LET Your Advertisermaent Achima The Same ENect! For An
Addifional 85400 Par Advertisernant You Can Onder Dur
Screoning Process. Same Price Anples To All Acveniise
manis Mo Matter What Size, Smafl Or Larga For More
mtcrmation Call POPULAR MECHAMICS CLASSIFIED-—
1-212-540-2167. FAX: [12) BT7-54157212) BOE-5562

CRAPS. Win big money consistorily, GLARANTEEDH Fraee
Detailg. 1-800-217-TT11

GENERATE INCOME! Free information. Send 5.ASE To:
J.B. Enfarprises, P.O. Box MC, Stanton, CA B0S80

MAKE Money Madling Posicards| Bulld & massive money-
making maching by mail with our high-profit grogramil Free
dielails. Resources, 5337 College #305-TO. Oakland, CA
BAETA.

SIGHATURE Loans Musi Have Cheching Accouni &
Steady Job. 1-800-445-0680

BORROW $500-540,000! "Ovamight” on Signature. Keap
indefinitely! Action, Box 5483-A, Diamend Bar, CA 81788

FEDERAL LOAME for small business now avallable
1-4H00-T7TT-E342 for frea details.

BORROW 5100 - $100,000! No Collateral. Personal. Debt
Consobdation, Business, Regidential - 1-800-444-5596

YIBAMC Regardless of Gredd With Proof of Enphyrruﬂl
Apply by Phone. Fast Approvalll 1-800-858-4572

SHOAT STATUREDT Facts on Growth and Adull Height
incraasa. Vitamins, Glands, Exercises, stc. Details, §1.00.
Phiysical Culture, Bos 1548-PM, Pompanc Basch, Florida
33062,

COLLEGE DEGREES. High School Diplomas. Authontic
Iooking. Froe Catalog. Depl PM-154, Mational Cenificale,

126 138k St Brooklyn, NY 11214, (T18) TES-5803 (24Hours)
Fid T18-065-3400
REMAILING SERVICE

WINMING SLOT-SECRETS - Wims big? Details!! GALLD,
Box 83-P. Riverdale, MJ 07457

CAMTALIZE On Crimel 1000% Profitl Report And Offer,
SASE. Gemini Enterprises, Box 1558, Bristol, T 06011-1558

MAILORDER Millionaire Aeveals Moneymaking Secrots
Frea, pxciting cassotte. Mel Powers, 12015 Sharman Road,
Mo, Hollywood, Califarmia 91605

REMAILING 51.00 (Letter). Michasl Forzano, P.O. Box
20015, Washington, DG 20041

FREE! REMAILERS LIST. AGENTS NEEDED. PS, Box
20656, San Anonio, TX TE22

CONFIDENTIAL Address Forwording  Worldwide.
Vislcamadl. Masipost, 24216 Pratt, Chicago, 60645, (312) n6e-
0100 (SO0} BS0-3195

GROW Hair 2 Months. New Discovery| Box 1012-C, Makati
1250, Philippines. Brochure $1.00

AEADING GLASSES 5 Differant Styles Onty $3.95. Chech
Or M.0. Specily Strangth 1:00 - 4:00. Modern indusries. 468
Central, Oak Hill, WV 25301

GROW HAIR WITH VITAMINS! CPS, 4521 PGA Blwd.. Suite
265, Palm Baach Gardons, Florda 33418, $1.00

REDUCE HAIRLOSS And Revilalizes Growth, Men &
‘Waoman Marine Prolein, Doubleblind Study Reports 38 00 Or
30 day Tablet Supply $7TE.00 plus $5.00 shipping and han-
diing, Money order. American Hair Lines, &34 AT 70, Brick,
K 08723

HAIRPIECES Save § Write Perry King, 2730 Octavia 51,
‘San Francisco, CA 94123

OF INTEREST TO ALL

ACHIEVE] Retain an ERECTION, Free Information. Boolks.
1671 Lumnsden 3200, Brandon, FL 32511

PREVENT Incontinence, Incroase Sexual Parf

FREE DEGREES! COUNSELING! METAPHYSICS! HOLIS-
TIC HYPNOTHERAPY! MINISTERMAL LICENSE! PULC,
Box ZTE2EL-M, Secramoenio, OA SSEI7

REPLICA Swiss Watches 10KT Goldplated! Lowesd
Frices! 2 Warranty! (404) B32-0600
WANTED MISCELLANEOUS

GOLD, Sitver, Platinum, Fhodium, Tanislum. Samples
Evaluated Free Owve Asssying Service Call Wholesaks
Tarmanal Toll Fres: 1-800-832-1010

BUYING T Carada, Moly, Tartalum, Godd, Silver,
Platinum 1-800-321-6914,

Easy Martinl Aris Exercise Send 3500 to: Box 4307,
Honoludu, HI 968124307

PROFIT from swimming pool maintenance. Fantasiic
sarvion business. Froe information Pools, Box 278, Crystal
Laks, llinows G039,

$84T WEEKLY possible assambling our products. FREE
PACKET! Send $1 for Shipping to: Homeworkers, B055-P
Kright Amold, Memphis, TH 38115

MAKE MOMEY in vending. Mine have made 3368657
Simr with &4 lifke &8 350. Fres information. Making Moy,
11181 Westheimar 2658, Housion, TX 77042

READY To Change Your Earning Power? Discover “Profil
Canters” A Low Stan-Up High Profit Home Based Business.
For Datails Write To: The Holland Group, P.0. Box 220743,
Mewhall, Calil, 913220743

$100,000.00 POTENTIAL BROMIING BABY SHOES AT
HOME FREE BROCHLUIRE 1-813-655-0346

MEGA BUCKS! Maka $1,000 & day servicing Hagpoles.
Unbque device repiaces costly Iif squipment. You make all
tha profit] Gresi fullipart-lime business. §5 for information
kit: Flagpoles, Box B84, Longlake, M 48743

EASY BUSINESS| EARN $1.000 weakly. Fres details Write
o sand stamped, addressed envelops. TODCO, Box 12038,
Mprriville, 1IN 46411-2036,

MAKE §1000°5 SELLING TO MUSEUMS. Read “FINDERS
& PICKERS NEWSBLETTER". Sample Copy, 55 Box 186,
‘Wasbigtar City, lowa 50585

DON'T GET TAKENMIN ks That A8 Opportunity OR COMIN
Excellent GuideDetals Free'Guaraniesd Reply'ORDER
MNOWH DAN Laws Ernterprises. 1085 Weal Henderson,
Building-P, Suite 5778, Columbus, Ohio 43220-2401
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ROACHES? Sand ma §5. Il tell you how 1o ged rid of
roaches naturally, no dangedous poisons, conlraplions oF
elactronics. Send SASE: Longhorme Ranch, P.O. Box 41078,
Los Angeles, CA DO041-DOTE

FREE PRIVACY CATALDG. Cash income oppartunities.
Secred loans. Mew identity. Eden, Box B410-PC. Fountain
Vallay, GA 52728, 1-800-335-5484

FREE| Black|ack Siralegy Card & Craps “E-2° Play Card)
(BO0) 333-5608 anytimal

PANIC ATTACKET Get Tha Facts! Send LSASE for Fres
indormation] Box 2Z206-J01, Aston, PA 18014

“MEN'S SEXUAL PERFORMAMCE AFTER 40: What Hag-
pena, Why |t Happens, and What You Gan Do Abaut It by Dr,
Laubach Send $15.95 io: Laadership-L, 1221 Coltonwood
Wal Dr., Inving TX 75038 BOD-443-5012.

GOVERNMENT SURPLLUS
DRUG RAID SEIFURES: Buy Dirt Cheapl Cars, houses,
boats, computers. Sairures. Box 51468-A, Omtano, CA 81761
LOANS BY MAIL

MEDHATE CASH LOANS| Borrow §1,000-575.000. Re-
gardiess of credit or mcome-No Collnteral Roquired, SAME
DAY PROCESSING. Call Toll Free 1-[BO0IS2-0063.

CABHI Visa - Mastercards. Lowest interest. Quetral Co
Box 537, Walls Walla, WA D0082

BAD Cradit? Money Problams T Get It Fixed Mow! Detas.

Smaricon-PMB, 6036 Wesl Lawrance, Chicago. |lnols
B30
MEW Valld Credit File Guar. Free Info: Call 213-368-8114.

HEARING AIDS - GUARANTEED LOWEST PRICES! Mo
huge commissions. Homa Irial, 1erms. AN makes. We'rs the
oldesl. biggest. besi. Custom instrumani spacialists. Fres
Information, 1-800-323-1212. Lloyds-PMC.

FREE Hearing Aid Catalog. All Models. Huge savings! Mo
salesman will call, Rhodes, Depl. 31H, Brookpor, IL 62000
1-800-468-3100.

CONTALT LENSES

WHOLESALE Contact Lenses. All Brands. Example: Des-
posablos-517.00. Bausch & Lomb Softiens-§11.00. 1-800-
521-3511,

TORALCCO

CHIARS, Tobaceo, Pipes, Chew Free Calnlog Ere
Tobacco Co., 1828 Euclid, Cleveland, Ohio 44115

AT POPULAR MECHANICE WE LIKE TO MAKE IT EASY
FOR YOU, YOU CAN CALL OR FAX IN YOUR ADVERTISE:
MENT AT ANY TIME. ALL WE MEED IS A CREDIT GARD TO
CHARGE IT TO. ASK FOR DOROTHY NOLAN. (212) 845
67, FAX: [212] G77-50154217) 5065587

“OLWNICK CASH™ Mo collateriall Mo credit check! No up-
front fees| (310) 2814758 Guaranboed|

MEED-A-Loan $500-5700.000,00 Bad Gredit Mo Problem
1-000-441-2012

“EXPERIMENTER™ LABORATORY CHEMICALS QLASS-
WARE, Catnlogue 5200 Established 1853 HAGEMOW
LABORATOMIES, 1302 Washington, MANITOWOC,
WESCONSIN 54220



SPECIAL TELEPHONE EQLIPMENT AVAILABLE New
For 1964 Catalog 2. KWP, Bon 683, Glanwild, NY 12738

INFORMATION. On anything. Ferguson Ressarch
Spocialists, 65015 Woodshkde, Woodsioe, New Yark 11377,

SECRET Spaghetti Ssuce §5 Beck, 7156 Dodge Lane,
Gadsden, AL 35301

BEGINNERS SPECIAL Frew Catalog and GREAT PRICES.
Call U-BREW 1-800-845-4441, North Myrile Beach, 5C
20542

WNEMAKING, BEERMAKING, ETC.

WINE FRIGIDARIUM, kpeps wine detichously chiliad.
Fresze liners, insar botts in stand mmpﬁ.t!&ﬂ'ﬂﬂu:

Clifton Street Specialites, 7003 Clitton Street. Manassas, VA
22110,

HEALTH, NUTRITION, VITAMINS

PREVENT - Cure Colds Natumlly $10. “E.L" Publishing,
Box 2132, Imperial Boeach, CA §1632

REQPES, COOKING, ETC.

BEERMAKERS-Winamakers Fres Caming Fast Sarvice.
Free Recipes. Callar-bd, Box 33525, Saattle, WA B8133. 800-
3421871

LEARN Winemaking, Booklet Tells How, $500. J. Back,
B178 Kamwood Rd . Cincinnatl, O 45243

WINEMAKERS - Bearmakars. Free Mustrated Catalog Of
Supplies. Semplex, Box 114T6P, Minneapolis, Minnesols
55411

FREE BEERMAKING BOOK-Catalog. Finest Equipment.
Ingredients. Fast Service! 1-800-852-8505

WINEMAKERS - BEERMAKERS Froe lllustrated Catadog -
Fost Service, Lange Selection - ViSAMastercard - (B16) 254-
0242 - Kraus, Box TAS0-L, indepandence, Mizsourl B4054

FREE. Homabrewer's catalog. Brewery, 1300 Quincey,
Minnaagolss, MN 55413, BO0-J47-4042.

FREE Cataiog. Sebastian Browars, 7710 91 Avenus, Vero
Beach, Florida 32087, 1-800-TB0-5UDS5.

DELICIOUS Soundough Bresd Recipes $5.00, Ronan, Box
981, Jaspar, GA 30143
DELICIOUS CHOCOLATE DESSERTS From 30 Year

Homemaker §4.00 LSASE F. Shulak, Box 54, Prospect
Helghts, IL BOOTD.

HOMEOWMNERS! Distill your home brew slactrically. Com-

plete plars and recips £20000, Chegue, Moneyorder. Doory
Enterprisns, AR#S Fortune P.E. COA-2BO Canada

FREE CATM.MErmquljlrp bear yoursall. Call Wing-
Rihenr Brewing 1-800-266-HOPS

DRVEWAY ALARMS. Small Wirsiss Unil Alerts You Whan
Amyona Enters Your Proparty. Frea Brochure. TCT, 867 East
Park Center Blvd, #3484, Boise, ldaho BATOE-E700

Popular Mechanics

224 West 5Tth Street, New Y M.Y. 10018
Classified Advertising Dept. [;?i] 649-3167

DEADLINE FOR ADS: Copy and payment must be received by the 5th day of the
2nd preceding month for the issue in which the ad is to appear. See Head of

HOW TO COUNT WORDS: Name and address must be included in counting the
number of words in your ad. Each initial or number used counts as 1 word: J.J. Smith,
224 West 5Tth Street, New York, New York 10019: 9 WORDS. Zip codes are not
counted. Phone #: 2 WORDS, Symbols used as keys are charged for. City or state

Ordar
Form
Aga

FAX: (212) 977-5415
!I'I ﬂl 586-5562

$11.65 per word—10 Word Minimum
BOLD FACE CAP5—51.00 Per word
[(First Word: No charge for Bold Face)|
$60.00—B/F CENTERED HEADLINE
{5 Words or Less)
$54.00—Screening

count as 1 word each: New Brunswick, New Jersey: 2 WORDS. Abbreviations such
asC.OD.,FOB,RPM, USA, P.O,5x7, 16mm are counted as 1 word. (P.O. Bax 392 counted as 3 words) Webster's
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PREVIEW/

COMING NEXT MONTH

Using High Tech To Search For POWs No Disc Breaks
For our cover story, we followed U.S. military  Meet the new-generation CD mini-changers.

investigators to Honolulu, Bangkok and These tabletop-size units load up 50 CDs for a
Hanoi, as they used the latest technology to marathon of music, yet will fit in the palm of
help resolve the emotional issue of our your hand. Here's a complete technical analysis.
unaccounted-for servicemen.

The Tools Of NASCAR
Battle Of The Bizjets One-pump floor jacks that weigh only 2
It’s the battle of the business jets, as Gulf- pounds and superhigh-speed impact wrenches
stream and Canadair square off for corporate are just two pieces of equipment that give the
customers. So aside from nonstop New York- Winston Cup teams an edge in the pits.

to-Tokyo capability, just what do you get for
your $30 million besides an owner's manual?  It's A Breeze
Keep cool this summer by installing a ceiling

Boiling Water fan. Our story shows you how to do the job
Hang on for a 50-plus-mph ride in the latest and save some cool cash in the process.
jet boats. We test 10 of these red-hot water-

ilers i 1o Editor's Note—Due to ch duct hedules,
DD”EF:S In a head-to-head shootout to come n.r.t;:'fe’;:;:y nﬂtruppelr;f- u?ftin‘:;lé;tléﬁ'f ;:‘Jaﬂu?:ﬂ?!ti-'ﬁfa;ﬁ{ggﬁe Far:-
up with the leader of the pack. any ineonvenience this may cause,
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YOUR BASIC° LIGHTER
[\\1/

It Tastes Good.

It Costs Less. = X\_

SURGEON GENERAL'S WARNING: Cigarette
Smoke Contains Carbon Monoxide. & Ao Mo b i
Kings: 16 mg “rar,” 1.1 mg nicotine—av. per cigaretta by FTC method




Its Been Known'Io Give Some

Cars An Inferiority Complex.

You slide into the available Fway adjustable

driver’s sport seat, give the acceleraor a wp, and

150 responsive horses spring to life. You feel the
exhilarating g of 180 Ib-fi. of torque as you carve

vour way thirough an S curve. And sure, while it's fun

to drive, admiring glances will tell vou its something more
The 1994 Tovora 4x2 Niracab SR VA, A tough truck with

the ability to haul a 1480-1b Pty load” and tow upr o 3,300

Ihs And
lor an extra measure ol
conhdence, vou get a rearwheel Antd
lock Brake System. Standard. All this, plus Tovotas legendary
reliahiling s more than enough to give anv other car or truck

an identity crisis. Toyora Trucks. You just goua love ‘em,

@ TOYOTA 4x2

ir r i I of -
I feadie® LNl Yeard cled fear 1




