
000 to $4,000 

• 

• 
• 

•• • 
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When we developed Ford Tempo, 
we didn't forget your family's need for 
room, comfort and trunk space. But 
since we don't think that a family car 
has to be a boring car, we added some 
special refinements. One of which is 
Tempo's advanced aerodynamic shape. 

Round vs. Square. 
A round-object, of 

course, is much more 
aerodynamic than 
something square
shaped. And that's why 
Ford Tempo's lines 
are rounded rather than squared-off 
This kind of forward thinking results 
in a distinctive design. And just as 

importantly, it results in a functional 
shape that actually reduces lift for 
improved directional control and sta
bility. In short, Tempo's shape improves 
the way it drives. Which brings us to the 
next paragraph which deals with 
handling. 

Excellent reflexes. 
As you'd logically expect from a for

ward thinking car, Tempo offers front-

wheel drive trac
tion. It also 
offers four
wheel in
dependent 
suspens1on, 
all-season radials, 
front stabilizer bar 
and precise rack and 
pinion steering. And 
what that results in is a 
stable, smooth-riding 
car that helps the driver handle the 
idiosyncracies of a winding road. Gcxx 
news for the driver. And the passenget 

Forward thinking under the hood 
Tempo is powered by a specially 
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There's a lot that's new 
about PCjr and it's all 
good news for you. 

Managing Your Money •• 
by Andrew Tobias. new 
on cartridge for PCjr, is a 
comprehensive personal 
financial advisor and 
manager. 

Managing Your Money is a trademark of MECA. 
1·2·3 and Lotus are trademarks of 
Lotus Development Corporation. 

• Weight does not include power pack and monitor. 
ttBM Product Center price. 

Now picture this. 

PCjr's new typewriter
style keyboard adds a 
nice touch to business, 
borne or educatiooal 
computing. 

• 

Growing by leaps and bounds. 

Copvrigh Pd rna, rial 
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to save. 

Autostat turns 
our thermostat 

New Autostat fits right on your 
existing thermostat 
and automatically 
adjusts the temper
ature setting up to four 
times a day. And 

there are special 
~ settings for week-
~ ends too. 

~~ Afteryou're 
asleep it turns 

your heat 
dovvn to 

save 
money. 

Look, Ma, no wiring. And before 
you wake it turns your heat up so 

• your mom1ngs are 

~-.. ~ . ., nice and wami. 

Fits most thermostats. 

Waking up in the cold is for the birds. 

It can also adjust your central air 
conditioning. 

Autostat is easy to install. No 
wiring is needed. There are models 
to fit most round and rectangular 
thermostats. 

With Autostat by First Alert you'll 
save money automatically. And 
never wake up 
in the cold again. 

Now you 
don't have to 

suffer to 
save money 

Because your family comes first. 
CopynghtL'd ma.enal 



Readers Talk Back 
contact with an open flame. Other 
gases are formed, but these are only 
about five percent as harmful as phos
gene. In addition, they give a strong, 
irritating warning of their presence. 

The $150 to $200 for a manifold 
gauge set is three to four times above 
prices I've seen from normal tool 
sources. Also, mention should have 
been made of the old reliable halide 
torch, selling for $30 or less, and the 
bubble-type leak detectors. 

Donald P. Whyte, Hartsdale, N. Y. 

Bob Cerullo replies: "Burning refrig
erant gas does indeed form harmful 
gases, even if, as the research depart
ment at DuPont says, phosgene is not 
among them. 

"There is a broad price range for all 
service equipment. We priced three top-· 
quality gauge sets with hoses, carry 
case, fittings, and the basic service 
valve tools needed to use gauges. 
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"The bubble-type leak detectors were 
not included because we find them the 
least efficient way to find a refrigerant 
leak on an automobile. The halide 
torch wasn't recommended because it 
produces an open flame, which is al
ways a risk when working around stor
age batteries and gasoline." 

Prizewinning panels 

If you build the frame for a water bed 
as shown in "Results of the Eighth An
nual PSI APA Panel Contest" [Aug.), 
the platform will sag, and sag badly. 
Standing on end, particleboard is 
strong, but used flat, for shelving or 
tables, it must be braced every 12 
inches. 

V H. Block, Baltimore, Md. 

Al Lees (PS Group Editor for Reader 
Activities and supervisor of the annual 
contest) replies: ''Space does not per
mit us to show detailed assembly plans 
for the nine projects, but each prize
winner is rebuilt to make sure it is 
practical before being published: The 
plan for the water bed does indeed pro
vide full support for the platform. Con
struction plans for the projects are 
available from American Plywood 
Assn., Box 11700, Tacoma, Wash. 
98411, for $2 apiece." 

Video recorders 

In August's ''Through the Viewfinder" 
Everett Ortner states that Kodak was 
first on the scene with an eight-mm 
color video-recording system. In fact, 
Funico of Japan had a unit in produ!!
tion for some years, consisting of a 
7t/2-inch color monitor and compact 
video-cassette recorder and player 
with AC-DC operation. One reason 
that this unit is a well kept secret: 
The price three years ago was $1,795. 

Ronald C. Wagener 
Virginia Beach, Va. 

Voltmeter settings 

In August's ''Taking Care of Your Car" 
the picture of the charging system 
check shows the voltmeter set at the 
four-volt range. I think you'll agree 
that to check a 12-volt charging sys
tem, the voltmeter should be set at 
20 volts. 

John C. Van Rooy, Macclenny, Fla. 

Horsepower boost 

The horsepower rating for the 1985 
Dodge Lancer and Chrysler LeBaron 
turbos is given as 138 hp ["Chrysler 
.for '85," July), and you state that this 

is an eight-hp increase over 1984. Yet 
the '84 Lan-cer is rated at 142 hp. 
What's up? 

Tom Tercheck III, Howell, Mich. 

Jim Dunne replies: "The 1985 horse
power rating for both the Lancer and 
the LeBaron should have read 146, 
eight more than the '84 138 hp. As for 
your 142 -hp number, horsepower rat
ings are difficult to pin down and can 
vary according to which report you 
read." 

Corrections: In "Tiling an Entry 
Way" [Sept.) the recommended epoxy 
adhesive was identified as Latacreek. 
Its proper name is Latapoxy 210, from 
Laticrete Inti. , Inc. 

The weight given for the Honda 
Aero 80 ("Sleek Scooters," Aug.] was 
incorrect. The actual weight is 165.4 
pounds. 11!1 
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Science Newsfront 
By ARTHUR FISHER 

Cross-duct V/STOL 

A novel concept for a Navy vertical/ 
short-takeoff-and-landing (V/STOL) 
aircraft, shown in the artist's render
ing above, is being studied by Lock
heed-California Co. The twin-engine 
plane would use standard turbofan 
engines. But unlike the British Har
rier and .other current V/STOL 
designs, it would use a split-fan, cross
ducted propulsion system to achieve 
hover control and transition between 
vertical and horizontal flight. 

The concept uses two engine na
celles, each of which has two variable
area nozzles, one fore and one aft. The 
nacelles are connected by a cross duct 
that can direct exhaust flow downward 
through the nozzles. This powerful 
downward thrust would provide lift 
during vertical takeoff and hover, 
when the plane would not be propelled 
forward. The pilot can control the air
craft by changing the angle of the 
downward nozzles, changing their area 
(which regulates the amount of ex
haust flow), and transferring exhaust 
between the forward and aft nozzles 
of each nacelle. 

According to Lockheed engineer 
Woody Beck, the twin-engine jet would 
yield reduced takeoff and landing 
times compared with those of other 
carrier-based aircraft. A prototype 

10 I POPULAR SCIENCE 

model of the propulsion system has 
been built by Lockheed for joint test
ing with the Navy. 

Fluorocarbons and ozone 

Ten years ago, Drs. F. Sherwood 
Row land and Mario Molina issued a 
warning that sparked a long-standing 
controversy and led to major changes 
in the way fluorocarbons were used in 
this and other countries. They said 
that molecules of these chemicals from 
sources as diverse as refrigerators, air 
conditioners, and aerosol spray cans 
could eventually find their way to the 
upper stratosphere, where they could 
seriously deplete the ozone layer. And 

that, in turn, could have profoundly 
negative results for life on Earth, be
cause ozone serves as a shield against 
the most hazardous wavelengths of ul
traviolet radiation. The outcome, 
among other effects, could be a rise 
in the incidence of skin cancers, in
cluding the most dangerous form, ma
lignant melanoma. 

Based on then-current models of 
atmospheric mixing and chemical 
interactions, the National Academy of 
Sciences (NAS) in 1979 predicted a 
long-term ozone loss from fluoro
carbons of as much as 20 percent. But 
constantly refined models-still sub
ject to revision-eventually reduced 
the NAS prediction to somewhere be
tween two and four percent (made in 
February). 

Now a University of California, 
Irvine, team led by Rowland has re
ported to the annual meeting of the 
American Chemical Society that at
mospheric levels of fluorocarbons 11 
and 12 have tripled since 1977. Row
land is concerned because, he says, al
though estimates of total ozone deple
tion have dropped. not enough is known 
about the effects of these chemicals 
on the lower atmosphere, which is 
"enormously sensitive to changes in 
the atmospheric models." Moreover, 
total ozone levels dropped in 1983 by 
some five percent over most of the 
Northern Hemisphere-a change, 
Rowland says, that may be linked to 
the eruption of El Chichon, the Mexi
can volcano. This abrupt lowering of 
the ozone level at altitudes predicted 
to have a long-term net increase in 
ozone, coupled with the rising fluoro
carbon levels, says Rowland, creates 
a situation that should be closely 
monitored. 

Microprocessor for Muslims 

The object in the photo at left is called 
a Prayer Times Clock. Its function is 
to make it less complicated for devout 
Muslims traveling or living in non
Muslim parts of the world to fulfill a 
basic religious duty: praying toward 
Mecca at the correct times of the day. 
The problem is twofold- knowing the 
precise hour for the prescribed five
time-a-day observance (dawn, noon, 
afternoon, sunset, and night, deter
mined by sun angle above and below 
the horizon); and knowing just where 
Mecca lies in relation to home base. 
The device performs the complex cal
culations involved with the aid of a 
microchip that contains the algorithm 
-the set of mathematical instructions 
-for determining the fiye common 
prayer times in 200 major cities. The 

Continued 
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Through the Viewfinder 
By EVERE'IT H. ORTNER 

Relaxing case 

I wouldn't ask you to sit on anything 
that I hadn't first checked out with my 
own 200-plus pounds. And, although 
I don't own the rump in the photo 
above (it belongs to PS Associate Edi-

tor Stuart Brown), 
I have sat on that 
camera bag and 
can testify to its 
comfo~for a cam
era bag, that is. 
The clever design 
consists of a fold
ing metal frame sup
porting the bag 
by wide loops. The 
bag, of nylon with 
a reinforced vinyl 
base, is an ample 
nine by 13 by 9112 in
ches. Two zippered 
side compartments 
hold film , filters, 

and other accessories. 
It 's fine for resting, of course. But I 

like the ~ag for another reason: When 
I'm shooting from a low angle with 
my camera on a tripod only a couple 
of feet from the ground, I can sit in 
comfort while I'm peering through the 

• 

viewfinder. Spiratone (135-06 North
ern Blvd., Flushing, N.Y. 11354) calls 
the bag a Photo Seat/Case and sells 
it by mail order for $34.95. However, 
the company also offers it as a pre
mium: Buy $75 or more from the 
Spiratone catalog, and you pay only 
$10 for the bag. 

The crystal ball 

You get a lot of interesting admissions 
and speculations when you're inter
viewing people for an article, as I did 
in writing "Genius SLRs," which you'll 
find elsewhere in this issue. They fall 
into several cate·gories. For instance: 

• Grudging admissions (from rep
resentatives-"Don't use my name, 
please" -of camera makers whose 
SLRs lack the features in question): 
Yes, it's likely that many - perhaps 
most-coming SLRs will have built
in motors; possibly will have built-in 
flash; almost certainly will include an 
autofocusing system; surely will use 
more liquid-crystal displays; and of 
course will be able to read the coding 
on films so they can set film speed 
automatically. 

• Reluctant admissions (from mak
ers whose cameras have these fea-

A Video Processor Thafs 
Five Units In One 

Telephone/Answering System For 
That Person On The Go. 

One of the most versatile video processors on the 
market today. can be used as a stabilizer (video 
guard remover), image enhancer, video to RF 
converter, video fader for professional fade in and 
fade out scenes and a dual output distribution 
amplifier. 
#V-1880 Shipping Charge $4.50 $135.00 

Video Entertainment System 
The BP V-4804 is a switcher that can accept six 
inputs and direct them to three outputs. By 
utilizing a switch similar to the one used on home 
VCR's we avoid signal loss incurred by using 
spl itters. Eliminates the chore of connecting and 
disconnecting cables in the back of your IV. You 
can record a premium channel while viewing a 
regular channel. Push button control . 
#V-4804 Shipping charge$4.50 $49.95 

Reduce Wear and Tear of VCR Heads 
Protect your valuable VCR heads. Ideal for retail rental 
stores. Features a LED "power on'" indicator and Buzzer 
sounds when rewinding process is complete. 
#V·7777 BP VHS Tape Rewinder $59.95 
#V·7778 BP Beta Tape Rewinder $59.95 
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An Audio Enhancer For Your TV. 
Makes Sound Come Alive. 
Connects to any IV and Stereo Amplifier for simulated stereo 
sound. Makes taping IV Audio simple, IV can be located any 
distance from stereo. 
#V·2250 Shipping Charge$2.50 $19.95 

People on the go .. 
working, playing, 
vacationing ... make 
owning a Cobra Tele
phone Answering 
system with Remote 
Key and Built-in Tele
phone a must! Installs 
1n seconds. Mute 
button and redial 
feature. 

#ANP.3770 ShippingCharge$4.50 $149.95 

A Best Friend In An Emergency 
Cobra's S.O.S. 40 Channel Emer
gency 2·way Radio. Needs no instaf
fation. Simply plug into your cigarette 
lighter and you're ready to go. The 
S.O.S. features a built-in microphone, 
LED channel display, emergency 
channel9 indicator and more. 
Shipping Charge $3.50 

#39 L TO $59.95 

• Mastercard • VISA • C.O.D . • Money Order. Check 
C.O.D.'s add additional $2.00 • N.Y.S. Res. add appropriate sales tax 

Call Toll Free 

800·344·6325 ~ 
N.Y.S. Clll51&-582.ea28 ~ 
639 Old Willets Path, Hauppauge, NY 11 788 
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tures): Yes, liquid-crystal displays can 
become hard to read after a time-say, 
five years-and will need to be re
placed by the maker's service depart
ment. Yes, those built-in lithium bat
teries that maintain a camera's 
memory, even when you remove the 
removable batteries, last only about 
five years and also can be replaced 
only by the maker's technicians. 

• Off-the-record rumination (by a 
camera-company executive): "There is 
a lot of work going on in liquid optics. 
Your eye changes focus by changing 
its pressure and causing the muscles 
to contract and expand. Well, think 
about the application of that technol
ogy to some kind of lens in your 
camera-a solid lens with no moving 
mechanical parts." 

• Thoughtful listing of future pos
sibilities (by another executive): 1) 
SLRs with noninterchangeable lenses 
of modest zoom range to make auto
focus more feasible. Long-zoom-range 
lenses would be too heavy for most 
people to carry, but auxiliary lenses 
would increase the utility of the stan
dard lens; 2) solid-state imaging-i.e., 
more cameras like the Sony Mavica 
[PS, Dec. '81] and the new Canon 
camera, which depend on electronics 
rather than film and chemicals; 3) 

more LCDs, even ganged arrays, which 
have a low power drain and might be 
used to show graphically the meter
ing pattern being used. 

Super-wide zooms 

"We've got it," said the note on my 
desk. Underneath the note-from 
Lyman Gaylord of the Canon camera 
people-was a press release and a pic
ture (below, right). Sure enough, there 
was the 20-35-mm super-wide,angle 
zoom lens I mentioned in my column 
in August. It had appeared in Japan, 

and I wrote: "When will we see it in 
the U.S.? Canon's not saying." 

Now Canon is saying. The new FD 
20-35 f/3.5 is here and lists for $860. 
It has separate zoom and focusing 
rings, and it weighs 16.5 ounces. 

But which is the "world's first super
wide-angle 'one-touch' zoom lens"? 
Sigma says the title belongs to its 21-
35-mm f/3.5-4.2 17 -ounce lens (below, 
left). One ring both zooms the lens and 
focuses it. The snap-on lens hood the 
lens is wearing is designed to elimi
nate flare without causing vignetting. 
List price: $600. 11!1 

FITNESS EXPERTS AGREE 
CROSS COUNTRY SKIING BEST EXERCISE 

l 

• 

BETTER THAN 
CYCLING, JOGGING AND 

EVEN SWIMMING. 

be enjoyable sport of cross country
skiing is cited by leading physiologists 
as the most perfect form of aerobic exercise. 
Its rhythmic total body motion uniformly 
exercises more muscles than other forms of 
exercise and its smoothness causes no 
joint pain or damage. Nordic'l!ack lets you 
get the same top fitness building benefits 
year round in the convenience of your home. 
Nordic'l!ack eliminates barriers of time, 
weather, chance of injury, etc. very effective 
for weight controL 

More Complete Than Running 
Adds arm and shoulder exercise. Jarless
doesn't injure the joints. 

More E1fective Than Exercise Bikes 
More complete. Adds important upper body 
exercise and provides more uniform leg 
muscle usage. Higher pulse rates, necessary 
for building fitness, seem easier because 
more muscles share the exercise. 

Even Better Than SwimmiDg 
When swimming, the water supports 
the body allowing major leg muscles to loaf. 
The stand up position on the Nordic'Irack 
exercises the leg muscles much more 
uniformly. 

Features 
Simple motorless mechanism. Independent
ly adjustable arm and leg resistances. 

Speedometer, odometer included. Pulse
meter optional. Red oak frame for quiet 
operation and fine furniture appearance. 
F\llvic pad provides user stability. 

Exclusive Patented Flywheel Action 
Provides unmatched smoothness and 
continuity from stride to stride. Motion and 
resistances are same as in real skiing. 

• Fits in your home or 
office 

• Folds and stands on 
end to require only 
15" x 17" storage area 

1loo year warranty, 30 day trial • 
period. Call or wnte for Free 
Brochure. 

TOLLFREE-
1-800-328-5888 
Minnesota 612-448-6987 
PSI 124-PS Columbia Court. Chaska. MN 55318 

Nordic 
The Jarless Total Body Exerciser. 



Don't Buy 
a BIG 
TILLER ... 

- ' 
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.... 
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v· 
for a small job 
I f your garden is an acre or 

less, hire somebody to plow it 
once a year ... and buy a 
Mantis-20 for yourself. Mantis tills 
and weeds a practical 6" to 9" 
wide, turns on a dime and weighs 
only 20 pounds! Simply turning a 
300-pound tiller in a backyard 
garden is a challenge. 

Most big tillers were designed to 
just till (but many now offer clumsy 
"add-on" attachments as an attempt 
to justify their high cost). The Mantis 
was designed from the beginning to 
precisely match a small, powerful 
engine to a variety of useful attach
ments for your yard and garden. 

Most big tillers cost an arm and a 
leg. The Mantis-20 is a tough, durable 
precision instrument ... yet it costs 
a fraction of what you'll pay for a 
big tiller. 

Most machines are 
partially covered for 
90 days to a year. Mantis 
has a Lifetime War-
ranty on the tines, 
a Lifetime Re
placement agree
ment on the engine. 
Best of all, you get 
a 3-Week In-Your
Garden Trial (If 
you don't like it, 
we'll buy it back 
for every penny 
you paid!) 

Tines so strong 
they're guaranteed 
for life! --------Mantis Manufacturing Co. 

I !fonds 11458 County Line Rd., Dept. 572l 
r,;- Huntingdon Valley, PA 19006 

I D Please RUSH me information on the 
Mantis-20 Tiller/Cultivator I 

I Name __________ I 
I Address I 
I City I 

Bits&B es 
By JOHN FREE 

A portable that listens 

Speak to the Apricot Portable-it has 
a vocabulary of 4,096 words, 64 of 
which can be used at any one time 
-and you can operate many functions 
orally. The 13-pound British import 
(above, right) from ACT (North Amer
ica) Inc. (3375 Scott Blvd. , Santa 
Clara, Calif. 95051) features voice rec
ognition and a 25-line-by-80-column 
LCD screen (640 by 256 dots). A dou
ble-sided 720-kilobyte (K) 3.5-inch 
disk drive and 256K of RAM (expand
able to one megabyte) are standard. 
The $2,695 portable ($3,195 with color 
electronics for an outboard monitor) 
has a cordless infrared keyboard and 
an infrared combination mouse and 
trackerball that rolls about or works 
statically in your hand. 

ACT's new desk-top Apricot F1 
(above, left) has a similar disk, user 
memory, and infrared keyboard, plus 
standard color electronics. The F1 is 
$1,595; an optionallO-inch color moni
tor is $650. Both MS-DOS-based com
puters operate with up to 32 other 
Apricots on optional local-area net
works, and both include several soft
ware packages. 

Smarter smart modem 

Smart modems put your computer on
line with other computers by auto
matically answering the phone or di
aling a number. They're clever, but 
now there's a new modem with a much 

higher IQ: Watson, from Natural Mi
croSystems (6 Mercer Rd., Natick, 
Mass. 01760). It's a PC-compatible 
plug-in board that contains a micro
processor, software, and an analog-

to-digital system for voice recording 
and playback <photo above). Result: It 
also allows your computer to commu
nicate with humans. 

For instance, it can become a phone
answering machine. Using the tele
phone, you record genera l or individ
ual phone messages (saved on disk). 
Watson gives the general message to 
everyone who calls; individual ones to 
specific callers who identify them
selves by entering a code number on 
a push-button phone. Watson also 
takes messages over the phone, calls 
you at home to remind you of appoint
ments, and keeps an electronic phone 
book. Price: $849 for the 300-baud 
model; $998 for 300/1200-baud. 11ID 
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NOW ... CASIO'S ORY 
The microcomputer timepiece that organizes your life. 

Now there's a timepiece that delivers a 
whole lot more than time information. This 
new CASIO contains a computer that never 
forgets: telephone numbers, addresses, codes. 
timetables. appointments. etc. But that's not 
all. 

Imagine a timepiece that alerts you to 
important dates - as they approach - with 
the help of preprogrammed reminders. 

And there's more. much more .. .for much 
less than $100. 

MEMORANDA MEMORY ON THE WRIST 
This technological miracle 

was the talk of the Consumer 
Electronics Show 1984 and 
was given the 1984 Design 
and Engineering Award for 
innovative consumer electronic 
excellance. 

With this memory bank 
watch you can store 50 
separate sets of personal 
information you want to keep 
on hand. Each set can contain 
up to 6 letters and 12 
numerals. It's ideal for storing 

TELE-MEMO 

timetables for flight and train TIMETABLE 
schedules or daily appointment 
schedules for each day of the 
week. Or other information 
such as telephone numbers. 
bank accounts. credit card 
numbers. anniversaries. 
birthdays. postal codes . price 
tables and telex codes. 

This computer-on-a-wrist 
will edit each of the 50 
separate information displays 
for you . With a touch of a 
button . you can easily retrieve 
the programmed information in 
alphabetical order. Unused 
pages will not appear. It's your 
miniature personal record book 
and file cabinet. 

THE COMPUTER 
THAT NEVER FORGETS 

- e· ... .... -~., 
0 • C. .··~ ·- f 'lt 
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16 00 

SCHEDULE 

PERSONAL 
MEMO 

This electronic genius also has an 
extraordinary organizing talent . It reminds 

you of important dates - as they approach 
- by sight and by sound. 

You can program it months in advance . 
Events like meetings. appointments. 
birthdays. and anniversaries (yes. this 
timekeeper sees to it your anniversary is 
remembered before someone special has to 
remind you) . 

When that special date arrives. this 
CASIO reminds you with an alarm. date and 
6-letter message. What's more, you can 
program this multi-talented timepiece for 
daily events. To wake you up. Catch your 
bus. Program it for any minute you choose. 

Or set it to beep-beep you every hour on 
the hour. And because of the AM/ PM 
indicator. you won't be setting it for the 
wrong time of day . 

PRECISION STOPWATCH AND 
COUNTDOWN TIMER 

This precision timepiece also boasts a 
full-function stopwatch and countdown timer 
alarm. With a press of a button you can set 
the fiercely talented stopwatch into motion . 
Record split times, 1-2 finishes (up to 24 
hours) . or freeze the figures anytime to 
1/ 100 second accuracy . 

The countdown timer alarm can be set 
from 1 minute to 60 minutes and times to 
1/ 10 second accuracy. When you reach 
zero. the alarm sounds and the pre-

entered time is 
automatically 
retrieved. 

TIME, 
B .ECTRONIC 
CALENDAR 
AND 

~v~,Yp~? THREE GREAT 
-.... STYLES 

Date / appointment memory 
bank with alarm heiJM you 

organize your day a• well 
as your calendar. Reminds 

you of those Important 
data ae they approach. 

This intelligent 
timepiece also 
gives you hours. 
minutes. seconds. 
am/ pm , year. 
month . date and 
day. And you can 
change over from 
12-hour to 

24-hour formats with a touch of a button. All 
with uncompromising accuracy to 1/ 2 
second per day. 

Other distinctions? You have your choice 
of sporty lightweight black polysulfone model 
DB-50 for $49.95, dressy chrome/ stainless 
model DB-500 for $59.95, or gold-plated 
model DB-SOOG for $79.95. 

OUR DOUBLE GUARANTEE 
ON THE RUN is America's source for 

innovative timepieces and we back this watch 
with our double guarantee. 

First you get the included warranty: One
year parts and labor (in the rare event repair is 
needed you'll find this service-by-mail feature 
very convenient). Secondly. we guarantee 
your satisfaction . If not delighted with your 
new CASIO. return it in new condition within 
30 days for a full refund. 

We're one of the largest timepiece dealers 
in the United States and we're as close as your 
phone. Orders are accepted 24 hours a day. 
7 days a week. We almost always have the 
watch you want in stock. Shipments are 
generally made within 48 hours from the day 
we receive your order. 

Order now and be delighted. 

----------1 CREDIT CARD HOLDERS 
1 ORDER TOLL-FREE TODAY 

Credit card holders may use toll-free 
I numbers below, or send check or money 

order plus $2.50 for each watch . Add an 
I additional $2.00 for U .P .S . BLUE LABEL 

air delivery. 
I North Dakota residents add 4% tax . 

1800-437-4385 
I 

I ~7~~eut 
I 
I 

107 Roberts St., Dept. PS-12 
P.O. Box 67, Fargo, ND 58107 

Telephone: (701) 232-9400 

I Memory Bank/ 1224 © 1984 On the Run 
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Buy 
a 

gallon 
&SAVE! 

TESTS ALL OVER THE WORLD 
CONFIRM TUFOIL BEST! 
TOFOIL is coming to auto parts 
stores across the United States
SOON ... 
If TOFOIL isn 't in your area yet, 
Order By Phone 
24 Hours/7 Days A Week 
TOLL FREE 1-800-922 ·0075 
In N .J . (20 1) 825-8110 
We ship within 2 days! ------------

Mall to : 
FLUORAMICS, INC. 
I 03·1 05 Pleasant Avenue 
Upper Saddle River. NJ 07458 

'lufoilop 
0 One 8 oz. bottle - S9.95 (plus 11 .50 shipping£. tlondhng) 
0 Two 8 oz. bottles - S 18 00 (plus 12.00 shlppong (.handling) 
0 One gallon - t98.00 (plua t4.00 ahlpplng C. handling) 

NJ ruldents odd 6 'lfo soles tax 
No C.O.D.s 0 ChKk C M 0 VISA r:l MASTERCARD 

Ae<:t. No. -
_ ______ Exp. Date __ _ 

Name 

Address - ------------
City _ ______ State Z'P'---

Signature -------------
TUFOIL CUTSTH COSTOFOWNI Q ACAR 
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Adventures in Alternate Energy 

heats and pumps water 

Reliability and simplicity of operation 
are the goals of Allen Kagel's system. 

Solar system's control module (top ) 
in basement incorporates an efficient 
DC pump motor (above) connected 
directly to photovoltaic panel on roof. 

o make his home less reliant on 
energy from utility companies, 
Allen D. Kagel, a Newark, Del. , 

dealer in built-in vacuum-cleaner sys-
tems and solar heating equipment, 
retrofitted a photovoltaic panel and a 
high-efficiency DC pump unit to his 
rooftop solar water-heating system. 
The system eliminates the need for 
purchased electricity to circulate a 
heat-transfer solution to and from the 
solar collectors. The modification also 
permitted him to eliminate the origi
nal system's electromechanical differ
ential control module-a device he 
says is prone to reliability problems. 
Kagel spent $800 on the 37-watt pho
tovoltaic panel from Arco Solar Inc. 
<Box 4400, Woodland Hills , Calif. 
91365) and a model 809HS 12-volt DC 
pump made by March Mfg. Inc. (1819 
Pickwick Ave., Glenview, Ill. 60025). 
In retrospect, he says, a 20-watt panel 
would have sufficed, and the project 
could now be completed for less than 
$500. 

Kagel estimates that the all-solar 
system will pay back its own cost 
within five to seven years (with state 
and federal tax credits) and should 
have low maintenance costs owing to 
its mechanical and electrical simplic
ity. The photovoltaic array (center in 
top photo) faces four degrees more 
eastward than the twin collectors so 
that the pump begins circulating so
lution in the morning while the col
lector panels are warming up. This 
arra ngement a lso shuts t he put;np 
down before the collectors can dump 
heat into the evening air. Kagel will 
answer specific questions from read
ers who send a self-addressed, stamped 
envelope to him c/o Cyclone Dist., Box 

' 432, Bear, Del. 19701. -S. F. Brown 

Your Idea can bring you $250 
Every other month, PoPULAR SCilNCE presents a reader· 
submitted project that demonstrates an innovat ive method 
to replace or conserve fossil fuels. To enter your alternate· 
energy project. send black-and-white photographs, a sketch. 
and a written description to Energy Adventure, POPUL"R 
SCI[NCE. 380 Madison Ave .. New York. N.Y. 10017. We will 
pay $250 on acceptance. Materials cannot be returned un· 
less a stamped return envelope is enclosed. 



ADVERTISEMENT 

Many fine companies have arranged to 
have their suggestions for exciting holiday 

gifts in this special16-page section. 
You'll find dozens of outstanding products 

for giving-and receiving. 
Hint: Circle or check the item you'd like, 
and pass it along to the one you love 

·for her gift to you. 
Our best wishes for a Happy Holiday! 

Copyrighted ma. rial 



The first no-crystal hand-held scanner. 

Now you can have the 
one scanner you've always 
wanted- a no crystal, fully 
synthesized hand-held 
scanner. The incredible, 
Uniden~ Bearcat~ 100. 

Push button programming. 

The Uniden~ Bearcat~ 100 works 
just like the full size, no crystal 
Uniden® Bearcat® Scanners. Push 
button controls tune in all police calls, 
fire calls, weather warnings, and emer
gency information broadcasts, the split 
second they happen. Automatically. 

All the features you want. 

16 channels for storing frequencies. 
8 band coverage- including high, low, 

UHF and "T" public service bands; 
both the 70 em and 2 meter amateur 
bands; plus, for the first time ever, both 
the military and federal government 
land mobile bands. Both automatic 
and manual search, lockout, scan delay, 
direct channel access. Even a liquid 
crystal display. Flexible antenna, ear
phone, AC adapter/battery charger 
and carry case are included. 

Your Uniden® Bearcat® 
Dealer wants to hand you 
an earful. 

See your Uniden~ Bear
cat~ Dealer now for a demonstration 
of the amazing Bearcat®100. Get com
plete information about the world's 
first hand-held, no crystal scanner. 

SCAN's 30,000 members know what 
others miss! Insider news. Frequency 
info. Tech tips. Awards. SCAN Maga
zine ... and more! Send $12 for 1-year 
membership to the Scanner Association 
of North America, 240 Fencl Lane, 
Hillside, IL 60162. 

Unidcn • Corporation of America, Pcnonal Communications Division 
@ 6345 Costleway Court, lndianapoli•, IN 46250 

OJ 984 Unidcn Corpora1ion of America 

To find out more about where to buy the Uniden~ Bearcat" 100 or other Uniden" Bearcat" Scanners, calll-800-S-C-A-N-N-E-R toll free. 

C.opynght!ld matunal 



Shoppin.g. ·Ideas for the Holiday Season 
How to build 70 projects just tor tun ... 
BUILD YOUR OWN WOOD TOYS, GIFTS 
8t FURNITURE by R.J. DeCristoforo. Step
by-step how-to, materials lists and 
measur~.d construction drawings for 
building toy cars & trucks, a kiddie car 
and rocking horse. Bud vases, candle
sticks, a butcherblock table, corner 
shelf, coffee table, much more. Order 
Book *0176. Send $24.95 + $2.39 
delivery & hdlg. to Popular Science 
Books, Dept. P4ZP, Box 2018, Latham, 
NY 12111 . (Res. of Al, CA. CO. FL. GA. IL MI. 
NY. OH. PA. SC. VA, vt WI add sales tax.) 

• 
At a glance, beautiful. At closer inspection, more - much more. Impeccable 
workmanship in every detail. Precision made parts. Hand honed, ~rfedlymated 
cutting edges. Beautiful lustrous finish. All of which says, here indeed are tools 
whose performance will match their beauty. Tool by CHANNELLOCK. Send for 
free catalog. Channellock, Inc., Meadville, Po. 16335 

Tools by -

CHANNELLOCK Pliers Are American Made 

Our 1985 Guide to U.S. 
Stamps knows all, shows all. 
The Postal Service Guide to 
U.S. Stamps is a source for col
lectors of all levels. The guide 
contains four-color illustrations 
of stamps, the history behind 
the stamps, a dictionary of 
collecting terms, catalog 
prices and a listing of phila
telic publications. The guide 
is available at your post office 
or by mail order from the 
Philatelic Sales Division, 
Washington, D.C. 20265-9997 . 

Introduce your family to the 
World's Most Popular Hobby 
-Stamp Collecting. 
You'll find beginner's stamp 
collecting kits on many sub
jects such as Soccer, Animals, 
and Aviation, along with the 
new 1984 U.S. Commemora
tive Collecting Kit. All are 
available at your Post Office 
or by mail order from the 
Philatelic Sales Division, 
Washington, D.C. 20265-9997. 
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Shopping Ideas for the Holiday Season 
The Wagner® Power Stripper'" 
lets you remove paint and 
va rnish in little time and with 
little trouble. The Power 
Stripper has two temperature 
settings, so you can quickly 
remove several layers of 
paint. thaw pipes, soften 
adhesives and more. The 
Power Stripper also has a 
range of tips for use on 
intricate woodwork as well 
as large flat surfaces. 

Rugged. Dependable. Built to Last. Wheel Horse riding 
mowers and lawn and garden tractors are your best invest
ment value. From tough, dependable Kohler engines to the 
precision of pinion and sector steering, and durable Uni-Drive® 
all-gear transaxle. Wheel Horse. Advanced design, powerful 
performance and easy handling ... all at an affordable price. 
See the Wheel Horse riding mowers, lawn and garden trac
tors and large selection of attachments at your Wheel Horse 
dealer today! Or, write us for a full-color catalog. Wheel Horse 
Products, Inc., PO. Box 2649, South Bend, Indiana 46680. 
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Introducing Black & Decker's 
Grip-It"' screws, the ali-in-one 
anchor and fastening system. 
It's perfect for masonry, 
concrete, and brick. And in 
drywalL the Grip-It anchor 
threads right in with just a 
screwdriver. It's incredibly fast, 
and easy. Plus, Grip-It works in 
wood and sheet metaL too. 

The Grip-It kit comes com
plete with everything you need 
for any home fastening job. 

So drop a hint for Grip-It this 
holiday. 

.. .......... ..,AJII.,... 
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How to get beHer woodwork
ing results ... WOODWORKING 
WISDOM by Rosario 
Capotosto. How to build 80 
ingenious jigs to extend power 
tool use. Scores of innovative, 
problem-solving secrets. Plus 
projects that demonstrate 
additional techniques. All from 
a woodworking wizard. Order 
Book #0192. Send $30.50 plus 
$2.39 to cover delivery and 
handling to Popular Science 
Books. Dept. P4ZP, P.O. Box 
2018, Latham, NY 12111 . 
(Residents of AZ, CA. CO, FL, 
GA. IL MI. NY, OH, PA. SC, VA 
VT, WI add sales tax.) 
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\NlRODUC\NG tHE G£ 
SPACE MAKER® RAD\0. 

1he GE spacemaker 
Kitchen Companion Radio 
mounts right under your 

With a programmab\e timed 
app\iance out\et that \ets you 
centro\ kitchen app\iances 
even when you're not in the 
kitchen. So now your coffee 
can be readY when you are. 
And it even has a countdown 

kitchen cabinet. So you can 
\isten to bright dear AM or FM 
radio withOUt giving up an inch 
of kitchen counter space. And 
w\thout adding to your kitchen 

timer that he\ps with your 
cooking and baking. 
\t's never in the wav. 

chores. because its "touch 
pad" contro\s are easY to use. 
ootter yet easY to dean. 
\t he\ps w\th the cooking. too. 

1he spacemaker Radio is 
more than just an entertaining 
addition to your kitchen. \t also 
\ends a hand with the work. 

Best of a\\-it's a\ways out of 
the way. Mounted simp\y and 
neat\y under your cabinet. it 
proves that your \ove of music 
needn't interfere w\th the joY 
of cooking. 

We bt\ng good things to Ute. 

' 

I 



The Yule Fuel and Tool Gift. 
Stihl's sturdy new TooiKan™ 
does double duty. It carries a 
gallon of 2-cycle engine fuel 
and provides space for tools 
and other items you need. The 
Stihl TooiKanrM is one of the 
handiest gifts you can g ive this 
Christmas. And at $19.95 
suggested retail, it's not just a 
bargain, it's a Stihl. See Yellow 
Pages for your nearst dealer, 
or call toll-free 1-800-528-6050, 
Ext. 1430 (in AZ 1-800-352-0458, 
Ext. 1430). 

Nikon Compact Autofocus 
Cameras. 
With the Nikon One-Touch and 
Nice-Touch, anyone can get 
Nikon 35mm picture quality 
without focusing. They're 
total ly automatic for point and 
shoot simplicity. Both offer easy 
film loading with motorized 
advance and a built-in flash. 
(The One-Touch flash even 
pops up automatically in low 
light.) Plus, you can use the 
latest high speed color films. 
Just point, shoot and enjoy 
great Nikon pictures. 

~.... Computer control and 
contemporary styling go 
hand in hand with the new 
RegencyZ30scanner. Use 
the 30 preprogrammed 
frequencies or enter your 
favorite public service 
frequencies with the push of 
a button. The digital display 
flashes messages to make 
operation easier and it even 
has a quartz clock with a 
programmable alarm. Other 
features include permanent 
memory, priority and scan 
delay. For additional 
information contact Regency 
Electronics, Inc ., 7707 Records 
St. , Indianapolis, IN 46226. 
(317) 545-4281 . 



Regency invites you to enter 
a whole new world of 
entertainment with a Regency 
SR5000 satellite receiver. It 
features the latest in satellite 
receiver technology and 
design, including a full 
function wireless remote 
control. You can control 
everything from volume and 
channel selection to satellite 
positioning from the comfort of 
your chair or sofa. Other 
features include block down 
conversion. permanent 
memory and a large easy
to-read display. For more 
information contact Regency 
Electronics, Inc., 7707 Records 
St., Indianapolis, IN 46226. 
(317) 545-4281' 

Enjoy comfort and 
convenience while you 
save energy, too. 
Autostat from First Alert 
automatically moves the 

"-"""' temperature setting on your 
home thermostat to the 
temperature you program in. 
at the time you program it 
for-up to four times a day. 
Autostat is the only product 
available that fits with your 
existing thermostat, rather 
than replacing it. Installation is 
simple, with no wiring needed. 
And, models are available for 
most round and rectangular 
thermostats. 

A DURABEAM® flashlight 
is one bright little gift idea. 

It's tough. Dependable. 
With a casing made of the same 
material as a football helmet. A 
shatterproof lens. And a switch 
that's guaranteed for life. 

at 0°F. So weatherproof. that 
come snow or rain, it'll still 
shine. And it's much brighter 
than an ordinary flashlight. 

. A Durabeam is so rugged, 
it'll survive a drop onto concrete 

What's more, all Durabeam 
lights come with long-lasting 
D URACELL® batteries . 

Which should keep Dad's 
face lit up for quite a long time. 

Introducing Colt's 1911 A1 
Government Model forged in 
stainless steel. 
Colt's standard 1911 A 1 
Government Model is now 
available in stainless steel. This 
Mark IV Series 80 with the new 
firing pin safety, also features 
a newly designed, high
profile, fixed, combat-sight 
system. The new 1911 A1 
Government Model forged in 
stainless steel. Perfect for all
weather shooting. For more 
information, contact Laurie 
Cummings, Colt Firearms, 
Department PS, Hartford, CT 
06012. 

A Heritage of 
Fine Craftsmanship 
Harlford, CT 06101 

DlAABEAM~ 
IT REALLY WORKS 

WHEN YOU NEED IT. 

~ © 1984 DURACELL, Inc. 
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BLAZER INTERNATIONAL 
CALL TOLL-FREE 1-800-852-0852 FOR NAME OF NEAREST RETAILER. 

TM 

Scanner Radio Features 
Patented "Service Search:' 
With its " Service Search" 
feature, the Uniden® Bearca~ 
300 scanner radio completely 
eliminates the need to know 
the frequencies for the most
listened-to services. Service 
Search covers police, fire, 
marine, " ham:' mobile phone, 
emergency, government, 
forestry, business, ground 
transportation, and even air
to-ground aircraft channels. In 
all , there are 2,138 frequencies 
pre-programmed into the 
Service Search memory to 
assure that active channels for 
any local area are covered. 
Cal l 1-800-SCANNER for 
where-to-buy information . 

A new Christmas Gift Set 
features two popular 
CHANNELLOCK tongue-and
groove pliers nested in a 
colorful box. Included are the 
No. 420, 9-inch, 1112" jaw 
capacity and the No. 426, 
6-inch, 7/a" jaw capacity. Both 
pl iers are equipped with blue 
dipped-plastic comfort grips. 
CHANNELLOCK, Inc., 
Meadvil le, PA 16335-0519. 



" Kitchen Companion" Clock/ 
Radio with Applianc e Timer. 
General Electric's "Ki tchen 
Companion" Radio provides 
entertainment and conveni
ence for the kitchen environ
ment. This unit features an 
FM/AM clock radio with a pro
grammable timed appl iance 
outlet and countdown timer. 
Designed to eliminate counter
top clutter, the "Kitchen 
Companion" Radio comes 
equipped with brackets for easy 
mounting under the kitchen 
cabinets. The radio section 
features a 5-inch bottom-fired 
dynamic speaker and 700mw 
RMS output power for natura l 
sound reproduction. General 
Electric's " Kitchen Companion" 
Radio has a manufacturer's 
suggested reta il price of $89.95. 

GE " Kitchen Companion" TV/ 
Radio Doubles as a Portable. 
General Electric's " Kitchen 
Companion" TV with FM/AM 
Radio serves a s a tota l kitchen 
entertainment center and 
doubles as a portable TV unit 
as wel l. It is designed to be 
mounted under a kitchen 
cabinet to reduce counter-top 
clutter and comes equipped 
with an adjustable mounting 
b racket that swivels for wide
angle television viewing . The 
te levision features a 5-inch 
black and white screen. For 
portability, the unit slips out of 
its mounting bracket g iving 
access to a fold-down carrying 
handle. General Electric's 
" Kitchen Companion" TV with 
FM/AM Radio has a manufac
turer's suggested retail price of 
$199.95. 

henoughfor 
' 'hle 024 AVEO is tou~d up to your 

The new Sti you knoW Wll stab balance, an 
professiona~ us~~;s.lt featur~s su~e:t onlY 11.9 ~bs., 
biggest cutting 1 to weight ratio, a~ s about cutting 

eUent power S if you re senou stihl's the One. 
exc h andle. 0 h in saw, , . L~s easY to th n 1. ust a c a d "saWs. For 
l\ edmore a w Pages un er 1430. 
and ne a1 and service, seeltl~fr;':1J~aoo-S2BC-60~~~~ttihl Ltd., 

Fors es , narnecallto 1430.In an H' ® 
your 1~a1 d~ti.8oo-3s2-04~~~ JtA-4G3. ~TI ,_ . 
In A,riZon2a3c 64 London, On tan ;;;l()ne'•t-:ld«Ui&-
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Shopping Ideas for the Holiday Season 

Over the years, VISE-GRIP® 
locking pliers have earned 
the title of "The World's Most 
Useful Handtool:' And as gifts, 
they're the world's most pop
ular handtools, appreciated 
by handymen, sportsmen and 
tradesmen alike. This Christ
mas, a variety of offerings are 
a va ilable, including individual 
tools from about $6 and sets 
from about $10. Look for 
them wherever quality tools 
are sold. 
©1984 Petersen Mfg. Co .. Inc . 
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Nothing Works Like a Horse
Wheel Horse ... of course! 

With prices starting at $999, 
a Wheel Horse is the ideal g ift 
for anyone. And, depending on 
the model (we offer 16 models), 
a Wheel Horse can help year
round with mowing, bagging 
grass. tilling, snow removal 
and more. It's not only durable, 
dependable and affordable 
-it's a wise investment. Write 
today for a catalog and the 
dealer nearest you. Advertis
ing Department, Wheel Horse 
Products. Inc., 515 W. Ireland 
Road. PO. Box 1649, South 
Bend, IN 46680. 

--

Arrow T-50K Staple Fun Kit
A Perfect Gift Item. Ideal for 
home do-it-yourself handy
men, handywomen for 
fastening jobs. insulation, 
ceiling tile. screening, re
upholstering, 1001 fix-it 
fastening jobs. Kit includes: 
Arrow's famous T-50 Staple 
Gun. 1250 staples, wiring 
attachment and screening 
attachment. packed in 
styrofoam tray with molded 
compartments for neat, 
permanent storage. Avai lable 
at home centers, hardware, 
building supply, discount, 
department stores and mass 
merchandisers everywhere. 
Made in America by Arrow 
Fastener Co .. Inc ., Saddle 
Brook, New Jersey 07662. 



bring you all the action ... as it happens! 

Regency Scanners bring you 
the local news . . . as it 
happens. From bank hold-ups 
to three alarm fires. It's 
on-the-scene action. While it's 
happening, from where it's 
happening ... in your 
neighborhood. 
You can even listen to weather 
reports, business and marine 
radio calls. Plus radio 
telephone conversations that 
offer more real life intrigue 
than most soap operas. And 
with some models, there's even 
more. 

The Z family 
Introducing the Z series 
scanners from Regency. Four 
exciting new programmable 
scanners that offer you a 
variety of options to fit your 
personal needs. 
First, there's the Z 10, a basic 
ten channel scanner that 
covers the six public service 
bands. It lets you hear your 
choice of over 15,000 
frequencies at the touch of 
a finger. Or, if you 
prefer, locate new, 

active frequencies using the 
search function. 
If you like the Z 10 but need 
more channels, step up to the 
Z 30. It gives you all the same 
features with a thirty channel 
memory and, surprise, a 
programmable alarm clock that 
stays on even when the power 
switch is turned off. 
For the guy who wants to tune 
into the aircraft and tower 
transmissions, we've got the 
Z 45. It's got the same coverage 
as the Z 30 with the addition of 
the aircraft band with forty-five 
total channels. 
And then there's the top of the 

line Z 60. It covers all the 
public service bands plus 
aircraft and FM radio 
broadcasts with sixty total 
channels. 
Common to all the Regency Z 
scanners is a contemporary 
simulated wood grain cabinet 
and a bright, easy-to-read 
vacuum fluorescent display 
with prompting messages. They 
even come preprogrammed 
with frequencies so you can 
scan "right out of the box". 

Backed by Regency 
Regency stands behind the Z 
family with a full one year 
parts and labor warranty. And 
a tradition of building great 
scanners. So stop in your 
Regency dealer today for a 
demonstration, or write us at 
the address below for a full line 
color brochure. 

---~ 
~~ 

ELECTRONICS, INC. 
7707 Records Street 
Indianapolis, IN 46226-9989 

' 
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Shopping Ideas for the Holiday Season · . 
How to build top-quality houses ... 
ALTERNATIVE HOUSEBUILDING 
by Mike McClintock. 
Step-by-step instructions for timber
frame, log, pole, cordwood, masonry, 
stone, earth-sheltered and rammed earth 
building techniques. These houses can 
cost less and be easier to build than 
conventional houses. Order Book #0194. 
Send $32.95, plus $2.99 to cover delivery 
and handling, to Popular Science Books, 
Dept. P4ZP. P.O. Box2018, Latham, NY 12111. 
(Residents of AZ, CA. CO, FL, GA, IL, Ml, NY. 
OH, PA SC, VA VT, WI add sales tax.) 

General Electric's Mainfone'M 
Speakerphone for Hands-Free 
Operation. Model 2-9350 offers 
hands-free conversations from 
anywhere in the room it's in
stalled in. Ideal for kitchen as it 
allows activities such as cooking 
or eating to be conducted with
out interruption. The phone has 
a sensitive built-in condenser 
mic so conversations can be 
conducted without even facing 
it. General Electric's Speaker
phone is equipped with a full 
featured corded handset which 
offers switchable Tone or Pulse 
dialing and 12-number memory 
including three one-touch 
emergency buttons for police, 
fire and medical assistance. 
Other features include one
touch redial of first number 
called and mute buttons for 
both the handset and con
denser mic enabling private 
conversations without the other 
party on the line overhearing. 

-
... _ . .,..::--- --..... ...,...."""' -"" -

Black & Decker's Workmate® 
85 Work Center. 
The newest way to hold onto 
those jobs around the house, 
because Workmate 85 is the 
Extra Pair of Hands. Or if that 
doesn't grab you, try one of 
the other Workmate. Work 
Center models. Black & 
Decker's Workmate Work 
Centers make great gifts. So 
pick one up for someone else 
this holiday. Or drop a hint for 
yourself. Black & Decker 
Workmate Work Centers. 
The Extra Pair of Hands. 
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Shopping Ideas for~_!he Holiday Season 

GE Malnfone™ 16-Number 
Memory Phone with Auto Busy 
Callback. 

General Electric's MainFone 
16-number Memory phone with 
Auto Busy Callback combines 
today's most popular per
formance and convenience 
features. Designed to serve as 
a household's primary tele
phone, this model offers Tone/ 
Pulse switchable dialing and 
16-number one-button memory 
calling including three emer
gency numbers for police, fire 
or medical assistance. The Auto 
Busy Callback feature provides 
continuous dialing of busy num
bers every 30 seconds with the 
touch of a button. 

How to build furniture and 
custom cabinets ... THE HOME 
CABINETMAKER by Monte 
Burch. Detailed instructions for 
every step including case and 
leg-and-frame construction, 
doors, drawers, shelves, 
joinery, veneering, finishing. 
Plus 8 furniture-bu ilding 
p rojects and how to install 
m illwork. Order Book #0153. 
Send $27.95 + $2.99 delivery 
& hdlg. to Popula r Science 
Books, Box 2018, Latham, NY 
12111. (Res. of AZ, CA, CO, FL 
GA, IL, Ml, NY, OH, PA, SC, VA, 
VT, WI add sales tax.) 

Base Scanner Power in a Portable Hand-Held. The 
Uniden® Bearcaf® 100 is the first hand-held program
mable scanner. With 16 channels and extended 
frequency coverage, this portable unit has more 
scanning power than many base or mobile 
scanners. Keyboard entry accesses thousands of 
police, fire and emergency services in four bands. 
Extended coverage includes "ham" bands plus 
military and federal frequencies. Power consump
tion is kept extremely low by using a liquid crystal 
display and low power integrated circuits. The 
radio comes complete with carrying case. flexible 
antenna. rechargeable batteries and charger/ 
AC adapter. For where-to-buy information, call 
1-800-SCANNER. 

A Stanley garage door opener 
with a FREE* Digital Keyless Entry 
makes garage access even easier. 

Now Stanley puts added convenience at your 
fingertips by including a FREE Digital Keyless 
Entry System with the purchase of a Deluxe or 
Premier U-install® Garage Door Opener. It sim
plifies taking items in and out of the garage 
without having to use a transmitter or key. It's a 
$48.40 suggested retail value FREE. See your 
Stanley retailer for details. 
*Send: 1) this ad; 2) warranty card; 3) proof of 
opener purchase; 4) $2.50 for postage and 
handling to: Stanley Digital Keyless Entry 
Promotion, P. 0. Box 4063, Young America, 
MN 55399. 
Offer good only in U-SA Void where prohibited. Limit one coupon per 
purchase. Coupon expires December 31, 1984. Envelopes must be 

STANLEY 
postmarked no later than midnight January 15. 1985. Stanley will send belps ... do lhi"Dgs .:..a...® 
you the Digital Keyless Entry System by mail. Allow 6-8 weeks delivery. 

1
_ _____ 1911 
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THIS FlU THEIR 
THEIR 

V'Vc3ke them up to a world beyond their normal 
vision. The world of stamp collecting. 

Begin with the 1984 U.S. Commemorative 
Collecting Kit. It's the ideal starter set and comes 
with stories, seven stamps and space to add more. 

Or give them all the 1984 U.S. commemorative 
stamps at once, in a mint set. 

For a serious collector, pick up 'The Postal Service 
Guide to U.S. Stamps:' A terrific gift. 

• 

And this year, there's even a special Olympic 
keepsake, "Golden Moments:' A unique, hard
bound mint set packed with all the Olympic 
issues and dramatic portraits of athletes m action. 

So, to see more wonder on their faces, see your 
Post Office. 

We can help you stuff an awful lot of excitement 
into one little stocking. ~ 

1 us. Postal Service ~ 
0 1884 (((8( 



Retrofit 
double glazing 

Single-glazed windows are the num
ber-one source of heat gain and loss in 
many houses. But until recently, sav
ing energy by double glazing meant 
replacing old windows with factory
assembled units. And in some cases 
installation costs guarantee an uneco
nomic payback period. 

Now the Thermetic System- a meth
od developed by Thermetic Glass, Inc. 
(1615 W Candletree Dr., Peoria, Ill. 
61615), for retrofitting double glazing 
-can turn your windows into ther
mally efficient units for about $225 
each. That's about half the price of 
new installation. Retrofitting is done 
by professionals on site, using the 
glass of your choice and the existing 
window frames. There is no change 
in the way your windows operate, and 
this system won't alter the aesthetics 
of the window- an important feature 
if your house is under landmark- or 
historic-preservation control. 

Most homes can be retrofitted in a 
day or two, according to Thermetic 
Glass. The new pane for each window 
is cut 1/4-inch smaller than the frame 
and is installed in front of the origi
nal glass. Metal spacers coated with 
desiccant to prevent condensation sep
arate the panes and help hold the 
added pane in place. 

The small gap between glass and 
frame allows a thin aluminum wire 
to be inserted between the panes. Elec
tric current is used to heat the wire 
to about 200 degrees F, eliminating 
moisture between the panes. The wire 
is then removed and the window sealed 
with silicon caulking to isolate the 
glass from stresses due to expansion 
and contraction.- Richard Layne 
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Here is 
''Tbe Hardware 

Store In Your 
Mailbox''!i 

All the hardware you 
need in one catalog! Over 

1,500 Tools, Fasteners and Organizers! 
Now you can shop for all your hardware needs 
right in the comfort of your easy chair. Plus, in 
D.R.I. Industries WORK•SHOPS® Catalog you'll 
find many specialty items that you simply can't 
find at your local store. And you'll truly enjoy our 
always low prices! 

~TOO~LS~~ QJ ~ 
Hot Air Gun 
Wall Anchor Tool 
Precision Tool Set 
Torx® Screwdrivers 

Nuts & Bolts 
Screws 
Electrical Terminals 
Rivets 

Veneer Saw 
Dovetailer 
Key Files 
Hole Saw 

Miniature Fasteners 
Fender Washers 
Tee Nuts 
Cable Clamps 

Heavy-Duty Bins 
Bin Cabinets 
Tool Racks 

Screw Clamps 
PVC Pipe Cutter 
Rivet Gun 
Drill Bit Sets 

Wall Anchors 
Hooks & Eyes 
Hitch Pins 
0-Rings 

IZERS 
Socket Racks 
Perf Board Hooks 
Drill Holster 

These are just a few of the thousands of 
items you have to choose from ••• ORDER 
YOUR HARDWARE STORE TODAY!// 

® The Hardware Store In Your Mailbox is a registered 
trademark of D.R.I. Industries, Inc., Dept. 68650, 11300 
Hampshire Ave. So., Bloomington, MN 55438-2498 

~----------------------------------------------------, 
: TO RECEIVE YOUR CATALOG, SIMPLY COMPLETE AND MAG-109 : 

I MAIL THIS COUPON WITH $1.00 CHECK OR MONEY 00005808 I 
: ORDER (refundable with first order) TO: : 
1 

68650 
D.R.I. Industries, Inc., Dept. 68650 1 

: 11300 Hampshire Avenue South : 
I PLEASE PRINT Bloomington, MN 55438-2498 I 
I I 
I I 
I I 

I
I NAME Mr., Ms. 1

1 

I First M.l. Last I 

I ADDRESS I 
: Street & Number : 

I I 
I City State Zip I 
I I 

.. --------------------------.. ---------------oECeMie1~)f~T'(}i,~~~.l1 



products/technology 

Gold-medal bike 
Aerospace technology helped 
produce the 13-lb. bicycle 
Steve Hegg rode to a gold 
medal at the '84 Summer 
Olympics. An aluminum al
loy developed for the space 
shuttle forms the Raleigh 
Technicum's frame. Its tear
drop-shape tubes are joined 
similarly to the shuttle's tiles. 

Convertible Celica 
To lower the top on the Ce
lica GT-S, you push a button. 
Not surprising. But as the 
top folds down, the rear seat 
pivots forward so top plus 
glass rear window can slide 
behind. With seats back in 
place there's more rear-seat 
room than in any similar 
convertible, says Toyota. 

62 I POPULAR SCIENCE 

Sleek scuba rig 
A one-piece pack with built
in weight holders liberates 
skin divers from cumber
some weight belts and com
plicated harnesses. Steel 
inserts molded into polyure
thane-rubber shoulder rests 
support the pack's weight. 
CUDA Inti., Box 15675, San 
Antonio, Texas 78212; $595. 

Stove generator 
Mounted inside a wood 
stove, the Thermovolt makes 
heat flow across a semicon
ductor, generating elec
tricity. The large 80-W unit 
(inset) produces 1.3 kWh of 
emergency power a day, says 
Photic Corp. (2668 S. Memo
rial Hwy., Traverse City, 
Mich. 49684). Price: $3,500. 

Light sphere. 
The hang-anywhere Ergono
mi lamp holds a 300-W bulb 
shaded by a nylon-covered, 
wire-ribbed round frame. 
The glare-free light has top 
and bottom ventilation holes, 
and the frame is collapsible. 
Ergonomi Design, Box 140-
21, 16114 Bromma, Sweden. 
Price unavailable. 
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Watertight tank o 
Charging through water and 
over rough terrain, the ar
mored V alkyr handles like a 
sedan, says Vickers Defense 
Systems (Scotswood Rd., 
Newcastle NE99 1CP, Eng
land). Automatic transmis
sion and power steering ease 
handling; a 180-hp turbo die
sel produces 60-mph speeds. 

0 

Readout 
Fish, beware. A microcom· 
puter in the PT 10E fishing 
reel tells the angler casting 
distance, water depth, how 
much line was out when a 
fish was hooked, and other 
information. Maker: Daiwa, 
7421 Chapman Ave., Garden 
Grove, Calif. 92641. It costs 
about $180. 

Versatile projector 
It focuses like a slide pro
jector and uses a standard 
screen. But Sony's Vidimag
ic produces a projection-TV 
picture from 30 to 200 in. 
in diameter. The key: A sin
gle bright picture tube re
places the standard three 
lenses. The 35-lb. unit also 
has a built-in VCR. $2,995. 

Phone holder 
You'd like hands-free phone 
conversations, but you don't 
like those clumsy-looking re
ceiver rests. The unobtrusive 
Tele-Grip nonskid, nontoxic 
plastic strip fixes the receiver 
firmly on your shoulder, 
says Vaportek (Box 17227, 
Milwaukee, Wis. 53217). It's 
priced at $1.49. 

Sky searcher 
Stargazers celebrate! The 
Sky Sensor ($599) from Celes
tron (Box 3578, Torrance, 
Calif. 90503) is the first tele
scope computer for amateur 
astronomers (inset). It works 
with an automatic motor 
mount to find any known 
stellar object and attaches 
only to Celestron scopes. 

Space-saving rack o 
Tapered slots with built-in 
locking bars secure any type 
of bicycle, claims Peco, Inc. 
(Box 02159, Portland, Ore. 
97202). The 45-in.-long poly
ethylene Handi-Stand ($150) 
mounts with nonremovable 
belts and can be installed on 
the ground or on a wall. 
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What's New 

Miniature spotlight 
The beam of a flashlight bulb 
(above left) is eclipsed by 
Nova-a halogen bulb de
signed for standard flash
lights. The lamp is four times 
brighter and will last four 
times longer than ordinary 
bulbs, says Streamlight (1030 
W. Germantown Pike, Nor
ristown, Pa. 19403). $7.95. 

British copter 
Mate advanced-design com
posite rotor blades with twin 
Rolls-Royce Gem 60engines, 
and you get the Lynx 3. It's 
agile and swift, with a maxi
mum speed of 190 mph, says 
Westland Helicopters of 
Somerset, England. Ad
vanced electronics permit 
antisubmarine warfare. 

Alfa 4WD 
Super traction on sand, mud, 
and snow-that's the han
dling expected from the Alfa 
33 4 x 4 Station Car. But the 
car's not an off-roader: The 
live rear axle is engageable 
on the move and makes for 
normal fuel mileage and tire 
wear. It has a 1.5-liter (92-cu.
in.) four-cylinder engine. 
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Mail call Q 
The space shuttle unloads 
supplies to an orbiting lab 
conceived by McDonnell 
Douglas Co. The eight-man 
station is proposed for the 
1990s. It would have five 
modules: two for repairs and 
labs, living space, a control 
center, and a 90-day food-and
oxygen-supply center. 

Advanced airliner 
In wind-tunnel tests this 
model of the !50-passenger 
Airbus A320 reached a cruis
ing speed of 559 mph. The 
European-built liner will be 
the first with transonic 
wings-airflow on the upper 
surface hits supersonic 
speeds, and that on the lower 
surface, subsonic speeds. 
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What's New 
in Tools 

BY V. ELAINE SMAY 

• 

Tool horse 
Portable tools mounted on 
this British rig make it a drill 
press, lathe, table saw, and 
more. Tools attach to three 
sliding saddles on the main 
beam, which can be rotated 
through 360 deg. and locked 
in any position. J . & C. R. 
Wood, 303 Hull Rd., Hull 
HU4 7RZ, England. 

0 

Toothy saw 
Unique "wing" teeth sever 
the wood fibers beside the 
cut so that the saw chain's 
raker teeth can easily re
move the wood. The chain 
cuts faster and stays sharp 
longer, says Kolve Sawchain 
Co. (Box 1270, Gresham, Ore. 
97030). To sharpen, you file 
each tooth straight across. 

Air power Q 
Five home-sized electric com
pressors (=!4 to three hp), two 
gasoline models (three and 
five hp), and air tools (such 
as the %-in. drill shown) are 
new from Ingersoll-Rand (253 
E. Washington Ave., Wash
ington, N.J. 07882). Charge
Air Pro compressors: $400 to 
$950; tools: $39 to $69 . 

Eternal tools? 
"Our tools will never break," 
says Last Time Tool (100 
Galleria Pkwy., Atlanta, Ga. 
30339). The handles ·of the 
shovels (shown), axes, mauls, 
and hammers are made of 
a copolymer that springs 
back from the toughest tor
ture test. The handle s are 
molded to the tool heads. 

Super gel 
Cyanoacrylate-instant glue 
-bonds on contact, but it 
drips, runs, and can' t fill 
gaps. That's why Loctite in
troduced Duro Quick Gel , 
a no-drip formula that's ideal 
for vertical and even over
head surfaces. It fills gaps 
and bonds porous and non
porous materials. 

0 

Quieter cuHer 
Helical (instead of spur) 
gears make the 13-amp, 71/ • 

in. SawCat from Black & 
Decker's Professional Prod
ucts Div. quieter and less fa
tiguing to run, B&D claims. 
The $155 saw's locking lever 
allows quick depth adjust
ment; a 90-deg. shoe lip makes 
guide following easy. 
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What's New Floor fixer 

0 

in Home 
Improvement 
BY SUSAN RENNER-SMITH 

Low-ceiling fan 
A small screened paddle fan 
keeps air moving in rooms 
with low ceilings. Air sucked 
up by the nine-in.-dia. Com
fort Zone mixes with ceiling 
a.ir for all-season comfort, 
says DuPlex Lighting (Box 
379, Hamilton, Ohio 45014). 
The $12·0 fan accepts most 
light fixtures. 

Friendly thermostat 
Mate a thermostat with a mi
crochip, and you can create 
confusion. Weather Wizard's 
battery-powered memory 
lets you work out a program 
(with the help of prompts) of 
six daily settings for a year 
-before installation. Quad 
Six (3753 Plaza Dr., Ann Ar
bor, Mich. 48104); $100. 

Furnace monitor 
Worried about pipes freezing 
while you're away? Plug a 
lamp into Home Gard, and 
recruit a friendly neighbor. 
If the house temperature 
drops below a preset level, 
the lamp lights, alerting the 
neighbor. Robertshaw Con
trols (100 W. Victoria St., Long 
Beach, Calif. 90895); $15. 
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No more sanding down to 
bare wood. Gillespie's Re-

• 
store Your Wood Floor kit re-
news wood finishes without 
stripping, says Klean-Strip 
(Box 1879, Memphis, Tenn. 
38101). The $15 kit includes 
a solvent wood cleaner and 
the one-step restorer, a blend 
of stain, resins, and wax. 

Wallpapered wood 
Use wood paneling on the 
walls, and your room looks, 
well, wood paneled. But 
Weyerhaeuser's prefinished 
plywood panels look like 
heavy, elegant wallpaper. 
Texture Wall (available east 
of the Rocky Mountains) 
costs about $20 per four-by
eight-ft. sheet. 

Airfoil cap 
Aerocowl improves chimney 
draft-and combustion effi
ciency-without using a fan. 
Three vanes direct wind flow 
across an airfoil to create a 
low-pressure zone that's said 
to draw out flue gases. Mak
er: Z-Flex, Box 4035, Man
chester, N.H. 03108. Price: 
about $100. 

¢ Condensing fumace 
Outside combustion air flows 
directly to the Plus 90's com
bustion chamber. This keeps 
particle-laden laundry-room 
air from corroding the heat 
exchangers-a problem with 
high-efficiency condensing 
furnaces, says BDP Co. (Box 
70, Indianapolis, Ind. 46206). 
Price: about $2,000. 
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I Irs a 1 O"TableSawwith 
3-1 /4" depth-of-cut and 
huge 48" ripping 
capacity. 2 

Irs a 16-1 /2" Vertical 
Drill Press with locking 
quill feed for accurate 
depth control. 3 

lfs a Horizontal Boring 
Machine that makes 
doweling operations 
a snap. 4

1f s a 34" Lathe with 
16-1 /2" swing capacity 
for turning table and 
chair legs, or large 
bowls. 

5 
lfs a 12" Disc Sander 
with 11 3 sq. in. of 
sanding surface to r& 
duce stock up to 6" 
thick in a single pass. 

The MARK V combines these five major 
power tools in one space-saving. 
economical unit. You can perform change
overs in less than 90 seconds. 

Plus, the MARK V's 5-in-1 versatility and 
built-in accuracy make it easy to achieve 
professional results on all your projects. 

The MARK V is the tool to start with ... the 
system you grow with. You'll find a (ull 
range of MARK V Accessories to help you 
do the most sophisticated woodworking 
operation with ease. 

The Shopsmith® Difference 
With Shopsmith you get a dedication to 
woodworking, education, and buyer 
protection. We believe in the virtues of 
quality, value, pride and craftsmanship, 
which show in our educational training and 
products. 

Your Special "Bonus" 
Learn how the MARK V can help you do 
more projects more professionally. Send for 

your FREE MARK V Information Kit today! 
Included in the kit is "How To Determine 
Your Best Power Tool Buy", an informative 
booklet on power tools - their function and 
usefulness in the home shop. You'll find 
comparisons of performance, one type of 
tool versus another. Plus. you'll learn how to 
evaluate space requirements and plan your 
workshop. 

Phone Toll Free: 1-800·228-1020 
In Nebraska: 1-800-642-8788 

The Home Workshop Company 
6640 Poe Avenue 
Dayton, Ohio 45414-2591 

Quality woodworking tools made in the U.S.A. 

C>Shopsmith, Inc .. 1984 
Shopsmith® is a registered trademark of Shopsmith, Inc. 

r.------------, 
Mail this valuable coupon I 
TODAY! 

0 YES! Please send me a Free MARK V 
Information Kit including the informative 
booklet "How To Determine Your Best · 
Power Tool Buy". I understand I am under 
no obligation. 

Name ________________________ _ 

Address ------------------------

City ________________________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

State Zip I 
L _______ _.._ Dept.37~J 
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This ... instead of these. 
Last year, more than 8 million* citations 
were issued for driving over 55 mph on US 
highways. 

ff you were unfortunate enough to re
ceive one of these tickets, maybe it's time to 
protect yourself. With the Whistle~ Spec
trumTM radar receiver. 

Gives you earliest possible 
warning of police radar. 

MAX RANGE TEST When Direct 
, 2 3 • s a , Response, Inc. 

started looking 
for a radar detec-

WUlNINODISW<CEINMIL£$ tor tO Offer OUr 
OVER HILL TEST customers, we 
,. 20 30 .., so eo 10 eo 90 went to the ex-

perts first: car 
magazines. 

..,.R .. NOoiSW<CEINseCONos Their opinion 
-x.aANO- K-a.No was nearly unan-

Motor"Ii"end, Aug.l983 imous. Motor 
Trend, Auto-

week, and BMW Roundel had all recently 
completed independent, comprehensive 
tests of all the leading radar detectors. And 
all had picked a winner: the Whistler Spec
trum. Motor Trend said "The Whistler 
Spectrum resides at the top of the list. A 
world-class radar detector:' 

Whistler is also first choice of truckers 
and other professional drivers. Whistler 

Dash/Visor 

Spectrum detects all kinds of speed radar. 
Stationary- moving- trigger - even pulsed 
radar. On the straightaway - from behind -
over hills and around curves. If there's po
lice radar in the area, Spectrum lets you 
know. Long before radar can lock onto you. 

Spectrum cuts 
down on annoying 
false alarms. 
Unfortunately, the FCC 
authorizes some security 
systems and traffic sig-
nals to also operate on city driving. 
police frequencies. And any sensitive radar 
detector will report these signals. 

That's why Spectrum developed two fea
tures not available in any other radar detec
tor: The Filter ModeT"' and Pollution 
Solution~ Both features cut down on false 
alarms. 

For city driving (where microwave intru
sions are frequent) switch to the Filter 
Mode. You'll get the same early warning
but it will be quieter, less urgent. When the 
microwave signal reaches a critical speed 
radar level, you'll see the amber warning 
light switch to a flashing red. And hear the 
soft tone gear up to a high-frequency, gei
ger-effect sound. 

Most other radar detectors give 
off false signals. Spectrum's 
Pollution Solution, built into 
each unit, can tell the differ
ence between these signals 
and real police radar. Spectrum ,,fO 
matically screens the polluters out. 

Dash/Visor or Remote model. 
You have your choice of two top-line Spec
trum models - both reliable performers. 

*Source: Speed Limit Enforcement Certification Data. October 1, 1982 through September 30, 1983. 

Remote receiver 
hides behind 

car grille. 

The Spectrum Dash/ 
Visor model is portable 
and compact. It plugs 
into the cigarette lighter 
socket, and mounts eas
ily on dash or visor. It's 
quicklyremovedforuse 
in another car, or to 
prevent theft. 

The Spectrum Remote gives you the 
same great radar protection. But it's hidden 
from view. The weath::;&roof receiver in
stalls behind your car · e. And the small 
console fits hand~~ in, on, or under the 
dash. Youcaninst theRemoteinabout30 
minutes. After that, you're in operation 
every time you tum on the ignition. 

No-risk trial. Free gift. 
Order your Whistler Spectrum - Dash/ 

Visor or Remote - from Direct Response, 
Inc., for just $255 complete. 

Call toll-free, 1-800-824-2408. (In NH, 
603-886-1310.) Use your VISA, Master
Card, or American Express. 

Write to Direct Response, Inc ., at 
472 Amherst St., Nasnua, NH 03063. 
Send us your credit card account num
ber, expiration date, and your signature. 
Or enclose a check or money order. 
(Allow an additional15 days for personal 
checks.) 

Or visit Direct Response, Inc., in 
Nashua, and pick up your Spec
trum in person. 
Satisfaction guaranteed. We 
tested it. Now you can test it 
yourself. Use your Spectrum 
for 30 days. If not completely 
satisfied, return for a full 
refund. 

Free, Rand McNally Road Atlas ~Travel 
Guide, with map light, if you order now. 

1-800-82G-
Ask for Operator 60 

Remote console 



What's New safer dialer 

in Electronics 
BY WILLIAM Jo HAWKINS 

Digital baby grand 
It's called the Kurzweil 250 
digital keyboard. A music 
synthesizer? Hardly. It uses 
a pattern-recognition tech
nique that gives it the feel 
and sound of a grand piano, 
claims Kurzweil Music Sys
tems (411 Waverley Oaks Rd., 
Waltham, Mass. 02154). The 
price is grand as well: $10,700. 

0 

Stackable turntable 
A front door opens to accept 
a record; an infrared sensor 
cues up the cuts you want 
and plays them in the order 
you choose. All operations 
are automatic in the Sony 
PS-FL9 linear-tracking turn
table- and its front-load de
sign allows you to stack 40 
pounds of gear on top. $350. 

Humidity meter 
Forget the wicks and tables: 
This hygrometer uses a thin
film capacitance sensor and 
instantly displays relative hu
midity. The $280 meter shows 
temperature, too. It's made 
by Brooklyn Thermometer 
(90 Verdi St., Farmingdale, 
N.Y. 11735). 

Driving and phone fumbling 
don't mix. The British Tele
com (2-12 Gresham St., Lon
dotl EC2V 7 AG, England) 
car phone permits on-hook, 
one-button dialing of up to 
80 numbers. A speaker lets 
you hear completed calls 
before you pick up; a dis
play shows number dialed. 

Versatile monitor 
The Amdek Color 700 red
green-blue monitor displays 
96 columns by 25 lines of 
text or uses its high resolu
tion (720 dots by 240 lines) 
for vivid color graphics. It re
produces all16 IBM or Apple 
graphics colors. Screen color 
can be changed from white 
to green for text. Price: $749. 

Portable drive 
Install a disk in the front, 
connect a battery pack in 
the back. Result: a portable 
floppy-microdisk drive that 
stores 320K. Made by NEC 
(1401 Estes Ave., Elk Grove 
Village, Ill. 60007), the eight
lb. unit hooks into the firm's 
PC-8200 portable computer. 
$899 with battery. 
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Pocket computer 
Store up to 1,000 names for 
instant recall, calculate num
bers up to 200 digits long, 
or determine currency-ex
change rates with the Organ
izer. It has plug-in memory 
packs for programming and 
data saving. Psion, 40 Lin
derman Dr., Trumbull, Conn. 
06611; about $130. 
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What's New 
in Boating 

BY SUSAN RENNER-SMITH 

Cat bracket 
A small outboard would be 
handy when your cat is be
cabned-but where to mount 
it? A 1.2-hp motor bolted to 
its cast-aluminum bracket 
weighs 17 lbs. in all, and the 
$140 bracket doesn't affect 
trim or tiller movement, says 
Cheata (Box 1234, Hobe 
Sound, Fla. 33455). 

Portable helm 
The hand-held Bridge Mas
ter gives remote control of 
throttle, shift, and steering. 
Simple wiring links engine 
and microprocessor controls 
to multiple plug-in stations, 
says QuenTron (8225 44th 
Ave. W., Mukilteo, Wash. 
98275). A single-engine sys
tem costs $1,960. 

0 

Boat glue 
Bostik 920, a urethane adhe
sive designed for boat repair, 
adheres to common boat ma
terials and cures to form a 
tough, flexible, weather-resis
tant seal, says Bostik (Em
hart Chemical, Boston St., 
Middleton, Mass. 01949). 
$5.46 for a 10.5-oz. cartridge. 
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To track rudder position, the 
wheel-mounted Rulan point
er's rotating base is linked 
via a central shaft to weight
ed epicyclic gears. These ro
tate the pointer 30 deg. for 
each full turn of the wheel. 
Acqua Reality (Box 466, 8200 
AL Lelystad, Netherlands) 
makes the Rulan indicator. 

-~-... , ... ..,., 

- . . . . ' .~ 
• ~- • • : . ,, le,o •.•• 

. ~ ... (.. -· 
• ".'i!S" . - •.. ; 

'~ . 

. ~ 

. !If!' . -' . . ' 
' " 

¢ Super scoop 
Sturdier than a homemade 
bailer, the heavy-plastic Bail 
Pail holds 1.5 gallons. A 
curved bottom and slanted 
sides make for fast bailing 
in tight spaces. The scoop 
stands upright to double as 
a bait holder. Price: $16.95 
from Bail Pail (Box 754, Cen
terville, Utah 84014). 
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Folding kayak 
From a 38-lb. backpack un
folds a 16-ft.-long touring 
kayak. Assembly time is 20 
minutes, says Feathercraft 
(1334 Cartwright St., Van
couver, B.C., Canada V6H 
3R8). Aircraft-quality alumi
num tubes covered with a 
nylon-rubber laminate com
prise the $2,000 craft. 
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a company known for quality. 
Add expertise in new heating tech
nology. And the result? The T.H.E.
the newest in a series of affordable 
Coleman furnaces, fired by clean, 
efficient natural gas: your best 
energy value. 

You see, the T.H.E. is 89.3% to 
92 .1% energy-efficient which means 
at least 89 .3% of the heat is going 
into your home. On the other hand, if 
your present furnace is more than 
10 years old, it is probably about 
55-65% efficient. Which means a 
lot of heat and heating dollars are 
going up the chimney. And not into 
your home. 

So stop wast ing energy dollars. 
Contact your Coleman dealer or write 
The Coleman Company. Get the facts 
on the furnace that's bu ilt to heat 
your home as dependably as the 
Coleman"' lantern I ights the night. 

HEATING & AIR CONDITIONING 

The Coleman Company, Inc. 
Residential Products Division 
P.O. Box 1762, Wichita, KS 67201. 
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ONLY JEEP CHEROKEE has won all three major magazines' 
"4 x 4 of the Year" awards for 1984. Bronco and Blazer never did it. 
No vehicle ever made did It until the new Jeep Cherokee. 

ONLY JEEP CHEROKEE offers you the choice of 2 and 4-door 
models. (Bronco and Blazer come with 2 doors only.) And only 
Cherokee gives you more cargo space. 

ONLY JEEP CHEROKEE offers you two "shift-on-the-fly" 
4-wheel drive systems to choose from. Bronco has none, 
and Blazer offers only one system. 

ONLY JEEP CHEROKEE when Introduced In 1984, had~EPA EST 
MPG, 33 HWY EST*-better than Bronco II and S.lO Blazer 4x4. And 
only Cherokee offers an lnter<ooled turbo-diesel engine for 1985. 

ONLY JEEP CHEROKEE has higher ground clearance ... and 
the Incredible new Quadra-Unk front suspension for an outstanding 
ride on and off the road. 

ONLY JEEP CHEROKEE has room for~ passengers, not just 411ke 
Bronco 11 and S-10 Blazer. Is there really any other choice than Jeep? 

• use these figures for comparison. Your mileage may vary with speed, weather, trip length. Acfual 
highway and CalifOfnla figures lower. '85 figures nat available at printing. 

SAFETY BELTS SAVE LMS. 



WhatSNews 
If you've driven through the country
side lately, you must have noticed that 
satellite TV antennas are sprouting 
everywhere. Estimates are that at 
least a million people are now tuning 
in satellite transmission directly. And 
the number is growing rapidly. 

To check on the state of the art, PS 
Senior Editor Susan Renner-Smith 
went to a conference in Nashville, 
Tenn. , where many of the country's 
manufacturers were showing their 
gear. As she reports, she was startled 
by the quantity of equipment avail
able. New companies are coming along 
almost daily. One result: The cover of 
this issue says that we are reviewing 
39 satellite antennas. But the arti
cle-which goes to the printer later 
-says 44. New ones we wanted to in
clude came to our attention. That's not 
all: The piece could have been titled, 
"144 Satellite Systems You Can Buy 
Now," and we still wouldn't have cov
ered them all. But the enclosed list is 
a representative sample of what you 
will find on the market. 

If you are ready to take the big 
plunge, just remember that this is a 
very young and very volatile field. 
Companies are going into-and out of 
-business every day. So pick your 
company and dealer carefully. 

More wafer-scale integration 

Two months ago, I reported in this 
space that an audacious multimillion
dollar attempt by Trilogy Systems to 
build a very large-so-called wafer
scale-integrated circuit had ·failed. 
Now, Britain's bold electronics pioneer, 
Sir Clive Sinclair (who brought the 
world the Sinclair and QL computers, 
tiny fiat-screen TV, and other wonders), 
says he will succeed where others have 
failed and will have such a circuit on 
the market in late 1985. 

The device will be used as what Sin
clair calls a "solid-state Winchester." 
He gets that name from the fact that 
he intends to use it with his QL com
puter in place of the micro-disk drives 
now in use . The wafer would hold 

about a half-megabyte of information 
with an access time of 10 microsec
onds-1,000 times faster than a disk 
and using only about one-tenth the 
power. 

The wafer, about four inches in di
ameter and 1/!l inch thick, is based on 
a principle patented by inventor Ivor 
Catt 12 years ago. The wafer contains 
a large number of serial registers 
connected in a network with a small 
amount of additional switching and 
control logic. When it is turned on, it 
quickly checks through the circuitry 
and puts together a chain of function
ing registers, which can then be loaded 
like a disk memory. In effect, it tests 
and-if necessary- repairs itself every 
time it is switched on. This makes it 
almost immune to the big problem 
that has shot down other wafer-scale 
attempts: Their complicated circuitry 
was sensitive to failure within indivi
dual circuits, and it seemed impossible 
to manufacture wafers containing mil
lions of circuits without faults. 

Better battery 

Why haven't electric cars become popu
lar? Because it's impossible to pack 
enough energy into a light, compact 
set of batteries. A lot of research over 
the years has been aimed at solving 
that problem [PS, Feb. '79; April '81; 
Feb. '82]. 

Now, a step in the right direction. 
The Peugeot 205 Electric is demon
strating remarkable performance in 
the streets of Paris. The secret: a 
nickel-iron battery of the type E. F 
Lindsley described in his February . 
1979 piece. 

The new device stores about twice 
as much energy per pound as a regu
lar lead-acid battery. This gives the 
Peugeot a top speed of more than 60 
mph and a city range of 100 miles. 
All batteries are under the hood, so 
the car has a trunk for luggage. That's 
unlike most other electrics, which have 
hood and trunk space crammed with 
batteries. Finally, the nickel-iron bat
teries have a life expectancy of 125,000 

• 

miles and at least 1,500 recharge cy
cles-several times the performance 
provided by conventional batteries. 

But there are problems, too. Re
charge time is 10 hours, and battery 
cost is high and likely to remain so. 

So work goes on. The British gov
ernment is still financing research. 
Clive Sinclair (is there any field he 
isn't involved in?) has announced am
bitious plans for an electric car. A 
Swiss company is active. And in this 
country, Ford is still working toward a 
really practical electric vehicle. Some
day, maybe. 

Stirling-engine progress 

The U.S. Army is buying 10 Stirling
engine motor-generator sets to test· as 
tactical mobile electric-power sources. 
That may be an important develop
ment because the Stirling engine-de
spite many apparent advantages-has 
been looked at for a variety of applica
tions over the years only to be passed 
over. 

However, the potential advantages 
could be significant. For example, the 
Stirling is an external-heat engine, 
with gas alternately heated and cooled 
in sealed cylinders to move pistons 
back and forth. The heat can thus be 
supplied by a steady, economical, low
pollution flame or even by solar ener
gy. Its burner can be designed to use 
any fuel available. 

Now, a version developed by Stirling 
Power Systems of Ann Arbor, Mich. 
[PS, Jan. '82), will be used to power a 
five-kilowatt field generator for the . 
Army. If it proves successful, perhaps 
earlier work to make the Stirling into 
an automotive power source [PS, April 
'76] will be resumed, and the promise 
of the Stirling as a car engine yet 
realized. 

{; 
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Toughening metals with ions 

lon implantation requires that objects be po
sitioned in line with a beam. In Zymet's ma
chine (left) items such as drill bits or punches 
are placed in an eight-inch water-cooled 
holder. Nitrogen serves as an ion source. To 
create ions, a hot tungsten filament produces 
high-velocity electrons that collide with nitro
gen atoms and molecules in a vacuum, strip
ping off electrons and forming ions. The 
charged ions are electrostatically extracted 
from the source, focused into a beam, and 

accelerated in a 100,000-volt fie ld. When 
these high-energy ions strike a metal surface, 
they penetrate about one micron (0.00004 
inch) beneath the surface. Dimensions remain 
unchanged. 

alloys also form minute quantities of hard ni
trides and help maintain oxide coatings that 
reduce surface friction. lon mixing, another 
implantation technique (right), first deposits 
thin films of materials on a substrate. Then 
an ion beam, which may be argon or neon 
that will evaporate from the substrate, drives 
the coatings into the surface, producing an 
alloy. The technique forces metals to com
bine that would not do so with conventional 
alloying. - J. F. 

Nitrogen ions strengthen metals by "anchor
ing" small defects in crystalline structures that 
can grow into micro-cracks and cause wear. 
lon bombardment, similar to shot peening, 
compresses the surface and minimizes sur
face cracks. Nitrogen ions bonded with steel 

Fighting corrosion is also a major element in the effort 
to prolong automobile life. Robert Chance, Monte Walker, 
and others at General Motors' Warren, Mich., research 
labs have been studying ways of protecting the steel used 
on vehicles so as to minimize the need for critical metals 
such as chromium. One experiment sought other elements 
that might be effective ion-implanted corrosion fighters. 
Chance and Walker decided to implant arsenic, phosphorus, 
and antimony ions into dime-size discs punched from sheets 
of low-carbon steel. Different exposure times altered the 
ion concentrations; 60,000- and 190,000-volt potentials var
ied the ion-penetration depth. 

To test for corrosion, they immersed the discs in acids 
and applied gradually increasing voltages to them. When 
a given voltage is reached-the breakdown potential- the 
metal breaks down and permits a sudden surge of current. 
Higher breakdown potentials mean better resistance to . 
corrosiOn. 

Phosphorus provided remarkable results . With the 
phosphorus-implanted steel, the researchers watched their 
instruments climb dramatically. Ordinary steel broke down 
at only 0.05 volt. But phosphorus-implanted discs held up 
until the voltmeters registered almost one volt. 

"We're not trying to prove any particular element is the 
'right' one for implantation," stresses Walker. "However, 
phosphorus clearly demonstrates the beneficial effect of 
surface-treating metals." Chance and Walker believe a wide 
range of vehicle applications is possible and that the tech
nology will reach automobile plants. 

"Ion implantation may never replace conventional meth
ods of corrosion protection," cautions Chance, "but it would 
offer a new dimension. If ion implantation ever did re
place such methods," he says, "the initial applications would 
be highly specialized-mainly small components where 
high standards of performance are essential for safety or 
other purposes." 

The search for candidate elements for ion implantation 
continues. Both automobile manufacturers and petroleum 
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companies such as Exxon have investigated the metal
toughening properties of numerous oddball elements. Ex
periments revealed, for example, that yttrium ions beamed 
into diesel-engine fuel-injection pumps boosted wear resis
tance 100 times as compared with chromium plating. 

The unusual talents of ions in these techniques stem 
from some metallurgical facts of life. First, blasting ions 
into a solid is a so-called nonequilibrium process: In ordi
nary equilibrium metallurgy, alloy elements are melted 
together and cool slowly. Metallic crystals grow in predict
able structures as atoms settle into equilibrium. But many 
alloy combinations-silver and copper, for example-aren't 
possible. That's because the alloy components aren't solu
ble (won't dissolve completely) in each other. 

That's irrelevant in nonequilibrium processes. "With ion 
implantation you can implant any atom in any substance 
to any concentration you like-whether Mother Nature 
likes it or not. You can just force it in," Appleton pointed 
out. 

Furthermore, a companion technology called ion-beam 
mixing (see diagram) makes a staggering number of alloy 
combinations feasible. With this technique, a thin coat
ing of material is deposited on a substrate. The coating is 
applied with conventional techniques: evaporation, chemi
cal vapor deposition, or sputtering-using ions to knock 
atoms from one material onto another. An ion beam then 
drives the coating into the substrate surface. "The beam 
adds a lot of energy to the surface-it stirs everything 
up," says Zymet's Hirvonen. 

Stitching ceramics into engines 
Both Hirvonen and Appleton anticipate important ion

mixing applications. "GM and other car manufacturers 
would like to make a car engine that can run at high 
temperatures without lubrication," Appleton said. "But 
the only· materials that will stand up to t hat kind of thing 
are high-temperature ceramics. And the trouble with all 
ceramics is that, like glass, they break," he said ["The 



Coming Age of Ceramic Engines," PS, March '82; "Ceramic 
Diesels," PS, Dec. '82]. 

Appleton paused before some graphs pasted to cardboard 
sheets in one of ORNL's surface-modification labs. The 
graphs, labeled with ceramics formulas plus experimental 
ion-implant elements-tungsten, indium, gallium, copper, 
titanium-recorded the latest progress in toughening . 
ceramics. 

"To change the surface properties of high-temperature 
ceramics, we're trying to find the right elements, how much 
to use, and where to put them," Appleton said. ORNL's 
goal is to make better bearing and wear materials for 
adiabatic-diesel engines. 

"The hardest thing with any coating is getting it to 
stick," Appleton said. He described how chemical-vapor 
deposition might coat piston-cylinder walls with ceramic 
material, then be "stitched" into place with an ion beam 
so it wouldn't break off. ORNL researchers have already 
doubled the surface hardness of ceramics with ions and 
boosted their fracture strength up to 30 percent. 

Laser beams at ORNL also produce amazing changes 
in materials: "That's a short-pulse ultraviolet gas laser," 
Appleton said, showing me a coffin-like white case atop a 
bench. Researchers use ultraviolet- and visible-light ruby 
lasers to melt the surfaces of samples with brief, powerful 
bursts of energy. 

The pulsed-laser processing, which involves rapid heat
ing and cooling of surfaces, is still largely experimental. 
Like ion implantation, it's a nonequilibrium process: Cool-

With ion implantation you 
can implant any atom in any 
substance to any concentration 
you like whether Mother 
Nature likes it or not 

ing occurs so rapidly that atoms don't have time to settle 
into their normal equilibrium states. The technique can 
be used in combination with ion implantation and shows 
promises of making highly efficient solar cells ["Laser 
Blasts Speed Solar Cell Production," PS, April '82). Laser 
pulses can inst~ntly "heal" the crystalline surface of semi
conductor materials that have been damaged when ions 
crash into them. In normal processing, prolonged baking 
at temperatures that can warp silicon wafers is needed. 

Appleton believes that within five years laser and ion 
beams could also replace the technique now used to make 
glassy or amorphous metals. These metals, which promise 
significant energy savings by boosting the efficiency of elec
trical-power transformers, have a noncrystalline glass-like 
structure. Glassy metals are now made by splat quenching: 
pouring pre-alloyed molten steel onto a spinning drum 
that cools it very quickly. 

"Laser and ion beams give you much wider latitude," 
said Appleton. Because laser-pulsed metals cool 100 times 
faster, alloy combinations are possible that couldn't be 
achieved with splat quenching. Slower conventional cool
ing causes some alloy elements to precipitate out of the 
molten metal. Also, with beams, glassy metals could be 
formed on any substrate instead of the thin foils neces
sary with splat quenching. 

Ion and laser beams have also been used to develop new 
superconducting materials. (Superconductors lose their re
sistance to current at very low temperatures.) One appli-

cation: making compact but extremely powerful motors 
or generators. The beams solve a problem inherent in su
perconducting materials. 

"If you find a combination of elements that makes a 
good superconductor, a wire made with it is often so brit
tle that you can't wind it into a motor," Appleton told me. 
Laser- and ion-beam techniques make it possible to form 
a thin superconducting layer on the surface of flexible cop
per wire for winding. 

Measuring with atomic billiards 
As ion implantation and lasers alter the atomic struc

ture of materials, extraordinarily sensitive instruments 
are needed to measure the results. In one corner of a lab I 
spotted such a measurement in progress. Appleton pointed 
to an ion-beam tube that emerged from a room housing a 
2.5-million-volt Van de Graaff accelerator. It poured a beam 
of lightweight helium ions into a silicon-crystal sample 
implanted with antimony. 

"What we measure are the number of particles that scat
ter from the atoms in a solid and their scattered energy," 
Appleton said. He compared this ion-scattering analysis 
to bouncing marbles off billiard balls: The helium ions 
(marbles) scatter with different energies from silicon than 
from antimony (billiard balls), and detectors register this 
energy difference. 

"These measurements allow you to find out exactly how 
much antimony there is, how far it is below the surface, 
and what the composition as a function of depth is," Apple
ton said. The results of these measurements appeared as a 
slowly developing graph on a computer-graphics terminal 
before us. "The beauty of this is that nothing happens to 
the sample," he said. "It's a nondestructive analysis." 

Is industry ready for such high-technology metallurgy 
treatments? At Carnegie-Mellon University in Pittsburgh 
researchers reviewed surface-treatment technologies that 
might reduce U.S. vulnerability for strategic materials. 
They concluded that if technical barriers-current low
power machines, for example-could be overcome, ion im
plantation would help trim the demand for chromium and 
many other strategic materials. 

Engineers, however, are slow to adopt new metallurgy 
technologies, although GM has used "conventional" 
electron- and laser-beam processing in a few plants for 
years. These beams selectively heat and surface-harden 
portions of vehicle components, eliminating the need to 
heat-and often warp-the entire part. Still, these are 
really just high-tech versions of conventional metal-glazing 
treatments. 

Before ion-implantation is adopted for large-scale metal · 
toughening, larger vacuum chambers and more-powerful 
beam generators must be brought together. 

Such equipment exists already- for other applications: 
Monster ion-beam generators have been built for experi
mental nuclear-fusion power sources and "Star Wars" space 
weapons [PS cover story, July]. And recently at a McDon
nell Douglas aircraft plant in St. Louis, I peered into a 
vacuum-chamber tank 12 feet long and six feet in 
diameter. Violet clouds of ionized argon gas and alumi
num ions swirled about inside, coating aircraft parts 
mounted on racks in the tank. This decade-old ion-plating 
Ivadizer technology (see photo, previous page) is less 
costly than ion implantation but is nevertheless limited 
largely to aerospace applications. 

Despite the problems of running assembly lines through 
a vacuum chamber, Appleton and others are convinced 
that bringing beam magic into factories isn't prohibitively 
expensive. Said Appleton: "What we're talking about are 
technologies that will be standard practice 10 to 15 years 
from now." 11!1 
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The styling changes are 
small but significant. VW's 
new Golf and Jetta are roomi
er, faster, and more aerody
namic than previous models. 

By JACK KEEBLER 

LEXINGTON, OHIO 

hen the 1985 Volkswagen Golf 
and Jetta hit U.S. streets with 
the rest of the traffic next 

spring, most people won't know them 
from the older models. 

That may be unfortunate-for both 
car buyers and VW Although com
pletely redesigned, the conservative 
re-skinning of the new models hides 
an increase in interior volume, greater 
power, and, as a result of wind-tunnel 
tuning, better fuel economy than the 
cars they replace. In fact, my several
hundred-mile test drive and laps on the 
Mid-Ohio Sportscar Course convinced 
me that the standard-setting interior 
volume, performance, and quiet of 
these vehicles will take many small
car makers a long time to match. 

The Golf, named after the Gulf 
Stream (Golf-Strom in German) and 
successor to the ubiquitous Rabbit, is 

4. 7 inches longer and two inches wider, 
and it sits on a 2.6-inch-longer wheel
base. The rear luggage space has been 
enlarged by almost 30 percent. Closely 
molded to the underbody of the car, a 
14.5-gallon plastic fuel tank provides 
increased range. 

Golfs sibling, the Jetta, has grown 
four inches in length and two inches 
in overall width. These enlargements, 
together with an interior redesign, 
have increased Jetta's interior volume 
by 14 percent. Jetta will also have a 
25-percent-larger trunk. As a result, 
the EPA has reclassified both the five
passenger Golf and Jetta as compacts 
rather than subcompacts. 

A peppy 1.8-liter (109-cu.-in.) four
cylinder gasoline engine is standard 
in the Golf (a diesel is optional; see 
spec table). VW boasts that gasoline
engined Golfs with the close-ratio five
speed manual transmission will accel
erate to 60 mph in 10.3 seconds. 

The standard engine in the J etta is 
a 1.6-liter (97 -cu.-in.) diesel. In pre
liminary EPA estimates, the diesel 
Jetta will be rated at 42 mpg in the 
city and 59 on the highway. Jetta's im
pressively quiet optional turbo diesel 
delivers plenty of power, which meant 
less shifting during my test drive on 
the rolling Ohio terrain. Lower engine 

Golf and J etta: 

speeds also helped provide a remarka
bly quiet and vibration-free ride. 

Considering the seemingly modest 
change in exterior appearances, Golf 
and Jetta's aerodynamic improve
ments are remarkable. The drag coef
ficient for the Golf was chopped from 
a lackluster 0.42 to 0.35; Jetta's 
plunged from 0.43 to 0.36. That means 
the new Golf and Jetta are, respec
tively, 17 and 16 percent more aerody
namically efficient than the models 
they replace. 11!1 

DIMENSIONS ANb SPECIFICATIONS 
Wheelbase (in.) ....................... : .... 91.3 • · 
Lengtlt On.} .......... ................. :'<.. .. .158.0 (Go1l) 

' • 171.7 Uettal 
Width (in.) ...................... _ .. _, __ .65.5 .. 

... ' ·$ • 

Height (in.) .................... , ...... r ...... 55.1 
Track, FIR lio.) ........................... .56.3156.0 
Engfne. typa ........................... : ... ,..ln·linn g'as 

In ·line 4 diesel 
• ' · In-tine 4 turbo diesel Oettal 

Displacement {cu. in.lcc) ..... A ..... l09/ 1.780 (gas) 
971!.588 (diesel, turbo diesen 

CompressiDo ratio - .................... 8.5: I ·'(gas) 
23.0:1 ldiefel. turbo dief81l 

Net bp ((• rpm .......... , ................. 85 (<I 5.250 (gas) • 
' ' S2 (" 4.~00 (diesel) 

68 (a 4,500 (turbo diesel) 
Net torque !ft.·II>S.) «• lj)m ....... 98 (•I 3,000 (gas) . 

71 (tt Z.OOO (diesel. turbo diesel) 
Ttansniission ................................ 5-speed. manual 

3-spelid automatic (g~) 
Front suspenSJOn ........... : ..... .,. ...... Mat!'hl!f$on struts. 

eo~ springs 
Rear suspension, ................. : ........ TorsiGn-beam axle, 

shocks, coil SJ)fings 

V6 Fiero: Now it's as fast as it looks 
No more "yes, buts," or "if onlys"; the 
1985 Pontiac Fiero with the 2.8-liter 
{171-cu.-in.) V6 engine is just what the 
critics asked for. With under-nine
second zero-to-60-mph capability, im
portant transmission improvements, a 
beefier suspension, and careful exte
rior tweaks, Fiero finally takes its 
place as a world-class sports car. 

The V6 I drove at General Motors' 
Milford Proving Ground in Michi
gan was wonderfully matched to the 
smooth-shifting four-speed transmis
sion and overcame most of the deficien
cies noted in previous reports on the 
Fiero [PS, Feb.]. (An in-depth report 
will have to wait until production cars 
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are available for testing at the PS 
Bridgehampton, N.Y., test site.) In the 
pre-production model I drove, torque 
was strong through all the gears with 
no compromises for economy except for 
the tall fourth gear. 

The fuel-injection-equipped 2.8-liter 
V6 runs to 5,500 rpm smoothly and 
idles quietly with little hint of shake. 
In all-out acceleration, the Goodyear 
Eagle GT tires spin away from the line 
and chirp strongly at the one-two shift 
point. But stoplight starts at more 
than 3,700 rpm provoke ~evere axle 
hop. 

Fuel economy for the manual V6 I 
tested is 22 mph in the city and 26 on 

the highway, according to the EPA. 
That could mean frequent stops for 
fuel with the smallish 10.2-gallon fuel 
tank. (Pontiac engineers say a larger 
tank is on the way.) 

Tom Kalush, administrator for the 
Fiero project, pointed out some of the 
exterior changes: "In designing the 
Indy Pace Car we noticed that the 
front end became light when we hit 
130 mph, so we lowered the front facia 
to cure that problem and kept it as a 
styling change for 1985. The airfoil 
on the engine compartment does the 
same job for the rear wheels." 

Fiero will be available in red, white, 
black, and silver.-Jim Dunne 



VW Golf (above) clips the comer during track testing. Below: Note Jetta's flush headlights and lack of rain channels. 

Additional power in the form of a 2.8-
liter high-output V6 bulges out of a 
1985 Fiero's engine bay (above). A 
bright-red low-restriction intake mani· 
fold and multi-point fuel injection help 
the engine breathe easier. Fiero gets a 
second color trim along the rockers 
and lower fenders (right) as part of the 
dress-up package for '85. 
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An acrylic-bubble undersea habitat called Deep Rover will 
take oceanographers and oil-rig technicians to depths of 
3,200 feet, where they'll work at sea-level pressure-in near
living-room comfort. The vessel "flies" like an underwater 
helicopter and has a set of manipulators that can lift 200 
pounds apiece-or cradle an egg. 

By PETER BRITION 
Photos by the author 

H ALIFAX, N o v A ScoTIA 

ritish inventor Graham Hawkes 
stroked the aluminum seal that 
joins the two acrylic hemispheres 

of Deep Rover and traced the line of 
the rubber 0 -ring that ensures its 
watertightness. "If you can drive a car, 
you can fly Deep Rover," he said. 

And before long there I was, a car
driving journalist sitting in the driver's 
(or pilot's) seat of this latest Hawkes
designed diving machine, an incredibly 
sophisticated see-through submersible. 
A huge crane hoisted the 6,800-pound 
machine skyward a nd lowered it 
gently. Suddenly, the greenish water 
of Halifax Harbour washed over the 
sphere, and it came to rest just below 
the surface. A wet-suited diver swam 
over and unhooked the crane's line 
above my head. 

From a formidable array of buttons 
I found the ones marked THRUST ER 

ENABLE and switched them on. Now the 
armrests, the controls for Deep Rover's 
four thrusters, were activated, ready 
to propel the diving vessel in three 
dimensions as though it were an un
derwater helicopter. 

Tentatively, I applied forward pres
sure with my right arm. The right
hand thruster filled the cockpit with 
a soft, watery whir as Deep Rover 
turned to the left. I pushed both arms 
forward, and the craft accelerated for
ward to three knots (3.45 mph), its 
maximum speed. Then, moving one 
arm forward and the other back, I sent 
Rover into a spin, twirling in a com-

plete revolution with liquid smooth
ness. Hawkes was right: With no ex
perience or qualifications I was "flying" 
Deep Rover. 

Ease of operation was one of 
Hawkes's fundamental goals in de
signing this submers ible. Earlier one
person diving vessels-Jim and Wasp 
[PS, May '83] and Mantis (the latter 
two are also Hawkes's designs)-re
quire up to 30 hours to master. Even 
so, they have revolutionized work in 
underwater oil fields and have given 
oceanographers new tools for under
water research. The reason: They are 
atmospheric diving machines, mea n
ing they keep the operator at sea-level 
pressure (14.7 pounds per square inch) 
and breathing air at that pressure, 
however deep he goes. Deep Rover does 
that, too, but it is far more comfortable, 
offers far better vision, can dive deeper, 
and has a pair of manipulators far 
more capable than any that have come 
before. 

Job pressure 
Though some underwater work can 

be done by remotely operated vehicles 
(ROVs) [PS, Dec. '83], much of it re
quires the presence of human beings. 
But the ocean is cold and dark. Much 
worse, the deeper you go, the higher 
the pressure. Divers wearing wet or 
dry suits must breathe air (or other 
mixed gases) that is pressurized to 
equal the pressure of the water around 
them. Some gases dissolve in their 
body fluids under pressure, and when 
the divers ascend, the gases expa nd 
and can form bubbles, just as carbon 
dioxide does when you jerk the cap 

Continued 

From inside Deep Rover, author photographed ROV and 
scuba diver hovering in water nearby (right). Marine biolo
gist Sylvia Earle (far right, top) got one of the first test rides, 
as did Can-Dive's Phillip Nuytten (far right, bottom), who 
plucked a piece of kelp with Rover's manipulators. 
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which quickly becomes tiring and 
distracting. 

By contrast, Deep Rover is sur
prisingly roomy and comfortable. Its 
five-inch-thick acrylic hull offers 360-
degree vision and is a fine insulator. 
And the little sub can dive, either 
tethered or free-swimming, to 3,200 
feet. 

Future versions will go deeper. Deep 
Rover II, to be made of a sphere of 
glass (less compressible than acrylicl, 
is planned for excursions to 20,000 feet 
(97 percent of the world's oceans are 
within this depthl. And Deep Rover 
III- perhaps built for two, or "mated," 
for safety and company- will have a 
structural-glass hull that will with
stand the 16,883 pounds per square 
inch of pressure at the bottom of the 
deepest ocean trench: 35,810 feet . 

The current Deep Rover is only 8.2 
feet long, 7.8 feet high, and 6.3 feet 
across. Its framework, structures, 
panels, and fairings are made of alumi
num, stainless steel , glass-reinforced 
plastic, acrylic, and graphite-loaded 
nylon. The hull has been pressure
tested to 5,000 feet (it will collapse at 
12,000 l. 

Each of the four propeller-type 
thrusters produces 1 1/:.l hp and a total 
forward thrust of 450 pounds. The two 
near the center of the sphere can be 
rotated to the vertical for up-and-down 
maneuvering. CGross vertical move
ments are controlled by a variable
buoyancy system. To descend, the tank 
is filled with water; for ascent, the 
water is displaced by compressed air.l 
The thrusters are driven by 24- and 
120-volt-DC lead-acid batteries housed 
in pressure-compensated external 
pods. The batteries also provide 26 
kilowatt-hours of power for lights, 
cameras, and other action-in all, six 
hours of steady operation plus 150 
hours' emergency power and life sup
port. A hard-wire system provides 
communication with the surface when 
Deep Rover is tethered; an acoustic 
through-water system will be used 
when the sub is free-swimming. 

The two acry lic sections are po
sitioned a gaim;t a central alumi
num-alloy support ring 63 inches in 
circumference. "There are no penetra
tions in the acrylic itself," explains 
engineer Dirk Rosen, who carried out 
most of Hawkes's design demands. "All 
are made through the aluminum." 

Protruding from the front of Deep 
Rover to a maximum distance of about 
seven feet are the brutishly powerful 
yet sensitive manipulators (see box). 
They can hold a 200-pound weight at 
full length , cradle an egg, and manip
ulate a variety of tools. 

Every aspect of Deep Rover is engi
neered with a minimum three-to-one 

safety factor. Should the craft become 
inextricably caught, the pilot can jet
tison the battery, frame, thrusters, and 
manipulators. In this "hull rollout" 
maneuver the acrylic bubble physi
cally tears loose from all electrical, air, 
and hydraulic fittings. A strap in the 
back lets it swing free and rise to the 
surface, thanks to the sphere's 1,400 
pounds of buoyancy. At the surface a 
pinger, strobe, and radio guide the 
mother ship in for recovery. Should the 
craft float away undetected, the 150 
hours of life support-or whatever is 
left-is available. 

But what if the pilot should become 
incapacitated? Can-Dive project man
ager John Compton-Smith, himself an 
experienced Mantis operator, points 
out that in offshore oil work such craft 
dive in pairs (or at least have a ROV 
of equal depth rating on handl. This 
way a line could be attached and the 
craft retrieved. 

Flying lesson 
For my pre-dive instruction I sat in 

the pilot's seat and Rosen explained 
the switches for left and right manip
ulator power, thruster power, lights, 
and the like. He pointed out that oxy
gen was flowing in at a normal con
sumption rate, maintaining the cockpit 
at sea-level pressure. And the carbon 
dioxide I exhaled was being "scrubbed" 
by a silver tank near my left ear. Be
hind my right ear hung the air mask 
for emergency life support. 

Rosen indicated the gyro compass 
and depth gauge, the latter calibrated 
to 3,500 feet. He showed me the con
trols that regulate the ballast tank. 
He pointed out the vent that would 
release any excess pressure prior to 
reopening the capsule. And he intro
duced me to the simple-to-operate but 
complicated-to-engineer controls of 
the thrusters and manipulators. Off
the-shelf, airplane-type hand§rips can 
set the manipulators twisting, pulling, 
gripping, tilting-seven functions in 
all. They are hydraulic and designed 
to use water pressure to func t ion 
optimally; consequently they're diffi
cult to operate above 200 feet-too 
deep for a greenhorn like me, so I 
wouldn't get to try them. 

After Rosen completed his instruc
tions, a Can-Dive technician applied 
a compressed-air gun to the threaded 
bolt-and-lug arrangement that drives 
Rover's two halves together. As the 
halves met, the cockpit filled with the 
low, steady hum of the carbon dioxide 
scrubber. Then the crane lifted Deep 
Rover (and me) up and swung us out 
over the dock and into the dark water. 

My "flight" lasted about 10 minutes. 
Too soon it was over, and I had to 
surface. I maneuvered the Rover di-

Armrests control thrusters, which pro· 
pel craft back and forth, up and down, 
and around. Handgrips control manip· 
ulators. Air mask, which hangs above, 
is for emergency life support only. 

rectly under the crane's hook-rather 
like parking a car. As I cut the thruster 
motors I saw a diver approach and, 
behind him, the two bright lights of a 
ROV called Mini-Rover. I had seen it 
on the dock in its large aluminum 
suitcase. It flew up to within a few 
feet of me and gave me a vivid demon
stration of Deep Rover's optical advan
tage: Objects are seen life-size, not 
one-third larger as conventional divers 
see them (because water has a differ
ent refractive index than that of air). 
Deep Rover's dome is optically con
toured to counteract that distortion. 

The pint-sized ROV hovered, taking 
color television shots of a journalist 
in full control (more or less) of the 
world's newest and most advanced one
person, one-atmosphere submersible. 
Then we were plucked from the water 
and lowered onto the dock. The air 
gun opened the hull , and fresh air 
rushed in, along with a few drops of 
water. I brushed these off and reluc
tantly slid out, knowing that I had 
been for a moment a member of a . 
threesome that represents the present 
and near-future of diving: diver, ROV, 
and deep-diving manned submersibles 
with human-like manipulators. 11!1 

DECEMBER' 'i~j I' 89 11
d
1 



By GARY TURBAK 
Drawings by Adolph Brotman 

I 
n the posh new community of Bea
ver Creek, Colo., a few miles west 

. of Vail, every fireplace in every 
house, townhouse, condominium, and 
hotel room has a small red light above 
it. When the light is aglow, fires are 
prohibited. If you ignore the light 
and feed the fire anyway, a heat sen
sor in the chimney tattles on you , and 
you may be fined-up to $500 for a 
third offense. 

The mountain community of Mis
soula, Mont., has no red lights or tat
tletale sensors, but when the pollution 
count reaches 150 micrograms of par
ticulates per cubic meter of air, only 
the poor or those who have no other 
source of heat may burn wood. That 
happened 18 times last winter. 

The State of Oregon has decreed 
that after June 1986, only the most 
clean-burning wood stoves may be ad
vertised or sold in that state. Colorado 
is expected to institute similar regu
lations, and other states are almost 
certain to follow suit. 

From east to west and north to 
south, many communities-especial
ly those in mountain valleys-face 
a growing threat to their air quality
not from factories or power plants, 
but from wood stoves. Ironically, 
many wood-stove users turned to these 
homey appliances as a matter of con
science as well as economics. After all, 
burning wood conserves nonrenewable 
fuels. It helps obviate the need for 
new nuclear or coal power plants. It 
reduces our dependence on foreign oil. 

But it fouls the air, not only because 
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New technologies fight 

Slow-burning fires in popular airtight wood stoves belch huge 
amounts of smoke that can hang as a pall over whole 
communities. In certain smoke-plagued areas, wood burn
ing has been restricted. But some new technologies offer a 
solution for cleaning up noxious wood-stove emissions. 

of the boom in wood burning, but also 
because of the way we burn it. Most 
wood stoves are airtight models, and 
for comfort and convenience we adjust 
the damper to restrict the airflow to 
the firebox. Thus, wood stoves burn 
slowly over an extended period. That 
produces a smoldering, air-starved fire 
-and huge amounts of smoke, which 
may hang like a shroud over an en
tire city. But there's good news, too. 
Clean-burning solid-fuel appliances 
are available today and will doubtless 
replace the polluters-eventually. 
More on that later. 

Problem: more than aesthetics 
In Missoula (metropolitan popula

tion about 62,000), where I live, when 
I and a lot of my neighbors fire up 
our stoves, the air often becomes dirty 
and dangerous. Wood smoke contains, 
among other things, carbon monoxide, 
nitrogen oxides, formaldehyde, and 
particulates (solid unburned hydro
carbons). According to the Oregon De
partment of Environmental Quality, 
a typical stove emits about 20 grams 
of particulates per kilogram (0.3 ounce 
per pound) of wood consumed. That 
makes wood about 220 times more pol
luting than oil and 460 times dirtier 
than natural gas. 

The worst pollution occurs during 
severe temperature inversions, when 
an upper layer of warmer air traps a 
layer of colder air in a valley. Natural
ly, the wood smoke gets trapped, too. 
Sometimes visibility drops to 1/ 10 mile 
in Missoula. In the winter our TV 
weathermen give pollution levels 
alongside the day's temperatures. On 
days of severe pollution, people with 

respiratory problems are urged to stay 
indoors, schoolchildren do not go out 
for recess, and we're told to keep our 
home fires extinguished. If we don't, 
we face a $100 fine. Next, Missoula 
may follow Oregon's example and re
strict the type of wood stoves home
owners can install. 

Beaver Creek has banned wood 
stoves altogether and has installed 
those little red lights over fireplaces 
to put teeth in its anti-pollution laws. 
Near the center of the village is a 
small but sophisticated air-monitoring 
station. When air-quality and meteo
rological conditions warrant, the at
tendant flips a switch, and the red 
lights come on all over town-2,500 
of them. "Sure, we've had complaints 
about 'Big Brotherism," ' says Cliff 
Simonton, environmental coordinator 
for the development, "but some peo
ple need to be educated about wood
smoke pollution. That's what this 
system is all about." 

Clean machines 
More promising than legislation 

and education are the new-technology 
stoves and retrofit devices that produce 
relatively clean exhausts by burning 
the wood smoke itself. Two fringe ben
efits are the extra heat extracted from 
the wood and delivered to the house, 
and the reduction in creosote depos
its in chimneys. 

Wood smoke will burn when the 
temperature gets hot enough (1,000 
to 1,200 degrees F), but at that level 
in a conventional airtight stove the 
blaze would need nearly continuous 
feeding, and the temperature in the 
room would be unbearable. 

Copynghled matenal 
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Pellet-burning stoves, such as the Whitfield 
(diagram) from Pyro Industries, burn very 
small, very hot fires-hot enough to consume 
the smoke. A hopper in the rear of the Whit
field holds about 55 pounds of pellets, enough 
to fuel the stove for eight to 30 hows. (Feed 
rate is adjustable.) Gravity and an electric 
auger continuously feed pellets into a firebox 
that measures only six by six by 14 inches. A 
blower forces air up through a grate in the 
bottom of the firebox. Another blower distrib
utes heat from the heat exchanger to the room. 

Pellet stoves burn so cleanly, and the ex
haust temperature is so low, that a three-inch 
exhaust port (as used to vent gas furnaces) 

The newest type of stove engineered 
to consume its own smoke burns pel
letized wood (see sidebar) instead of 
logs. Precise amounts of air and fuel 
are continuously fed to the firebox. 
Pellet fires are hot enough to burn 
the wood smoke, but they are so tiny 
that they don't turn your house into a 
sauna. "Our stove can produce 45,000 
Btu of heat per hour, and the exhaust 
is completely invisible to the naked 
eye," says Jerry Whitfield, president 
of Pyro Industries (Box 123, Montlake 
Terrace, Wash. 98043) and design~r 
of the pellet-burning Whitfield stove. 

replaces a chimney. Pellet stoves begin at 
about $1,200, but they may be cheaper to 
install than wood stoves because no chimney 
or triple-wall pipe is needed. 

The add-on Collins Hopper (photo left) con
verts a wood stove to a pellet burner. The en
tire apparatus-a bin for pellets, an electric 
auger, and a blower- mounts on the stove's 
side. The hopper costs about $400; dealer 
installation (about $40) is recommended. 

Fuel pellets (photo right) are made of wood 
waste, peat, or agricultural products [PS, Jan. 
'80]. The material is pulverized, dried, and 
compressed into pellets lJ4 to 112 inch in di
ameter and about an inch long. Sometimes 

"We think pellet burners hold a lot of 
promise for reducing wood-stove emis
sions," confirms Barbara Tombleson of 
the Oregon Department of Environ
mental Quality. 

There is also an add-on device, the 
Collins Hopper (Collins Enterprises, 
Box 3686, Bozeman, Mont. 59772-
3686), that can turn most traditional 
wood stoves into pellet burners. At an 
energy show in Portland, Ore., Loren 
Collins, inventor of the hopper, dem
onstrated a hopper-modified stove. Its 
chimney rose four feet and stopped 
about 18 inches below a white canvas 

an adhesive is added. "A ton of pellets has 
about the same heat value as 1112 cords of 
wood," says Loren Collins, the hopper's in
ventor, "or about 8,580 Btu per pound, which 
is comparable to coal." They are clean, light
weight, and easy to store, he points out. 

Pellets are produced at plants in Minnesota, 
Wisconsin, Montana, Oregon, Idaho, Florida, 
Tennessee, North Carolina, Washington, and 
Quebec. They're generally competitive with 
cord wood in price, and they're cheaper than 
natural gas, according to Collins. "Coal is hard 
to compete with in price," he adds, "but pel
lets will blow the socks off coal as far as emis
sions are concerned." -G. T. 

awning. After three days of burning, 
the canvas above the chimney had 
turned just slightly gray. 

The catalytic stove [PS, Jan. '82 and 
Oct. '82], the most widely heralded an
swer to the wood-smoke problem, takes 
a different approach to burning smoke. 
The catalytic combustor, a ceramic 
honeycomb cylinder mounted high 
inside the firebox, is coated with a 
noble metal such as ·platinum or pal
ladium. The metal acts as a catalyst 
and causes the smoke to burn at a 
much lower temperature than normal. 

Continued 
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Wood-fired boilers are made to be fired up 
-with a large, hot fire- a few times each 
day; the fire heats a large volume of water, 
and heat is delivered to the house on demand. 

The Tempest boiler diagrammed here has 
a vertical combustion chamber surrounded by 
a water jacket A blower (above the water-filled 
heat exchanger) delivers the quantity of air 
needed for combustion through a tube to the 
tiase of the fire. That creates a turbulent, very 
hot blaze. The combustion chamber and the 
tunnel connecting it to the secondary cham
ber are made of heat-retaining refractory ma
terials that become incandescent and reach 
temperatures of about 2,100 degrees F. Thus, 
combustion products stay hot long enough to 
ensure complete combustion of the smoke. 
Then the high-temperature exhaust gases 
travel through the water-filled heat exchanger, 
transferring their heat to the water. Flue gases 
exit at about 250 degrees F, according to the 
company. A sensor automatically turns off the 
blower when the wood is burned. 

Water from the water jacket and heat ex
changer circulates to and from a large stor
age tank. The hot water provides heat for the 
house, either through a hot-Yfater or forced
air distribution system. A copper coil in the 
heat-storage tank provides domestic hot water. 

According to Tombleson, a tradi
tional airtight wood stove puts out 
about 32 grams (1.1 ounces) of partic
ulates per hour. One catalytic stove 
tested by her agency in Oregon, the 
Blaze King (Box 1195, Bozeman, 
Mont. 59715) was shown to. emit only 
1.2 grams (0.04 ounce) per hour. 

Add-on catalytic combustors are also 
available. Add-ons don't gobble up as 
much smoke as built-ins, but tests 
have shown them to be effective in re
ducing emissions. "The great advan
tage of add-on catalysts is that they 
can help clean up the hundreds of 
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Each 1,000 gallons of water can store about 
584,500 Btu of useful heat, according to 
Dumont If the heat load of the building is 
30,000 Btu/h, the interval between firings is 
19.5 hours, the company notes. 

Wood-fired boilers are strictly for heating 
purposes, not aesthetics. Typically, they and 
the attendant water tank go in a corner of 
the basement Some can be adapted to burn 
oil or natural gas as a backup fuel. Prices 
begin at about $7,500. 

At the heart of a catalytic stove is the 
ceramic-honeycomb catalytic combustor. It 
is coated with a noble-metal catalyst, usu
al ly platinum or pallad ium, which causes 
the smoke to burn at a lower-than-normal 
temperature. 

Typically, the catalytic combustor is located 
at the top of the firebox, as shown in the 
Russo catalytic wood stove (Russo, 87 War
ren St., Randolph, Mass. 02368) diagrammed 
here. To exit the stove, smoke must pass 
through the honeycomb combustor. In the 
presence of the cata lyst, some gases ignite 
at about 150 degrees F. At 500 degrees, the 
catalyst operates at peak efficiency, consum
ing most of the smoke that would otherwise 
pollute the air. As the catalyst works, it may 
glow reddish-orange. Many catalytic stoves 

thousands of polluting stoves that peo
ple already own," says Eric Hutchin
son, vice-president of the Catalytic 
Damper Corp. (Conway, Ark. 72032), 
maker of the lntensifire add-on cata
lyst. "Concerned homeowners don't 
need to throw out the stove they've 
been using," he adds. 

Wood-burning boilers offer another 
way to burn wood smoke without over
heating the house or requiring fre
quent refueling. In these devices, a hot 
fire is lighted one to three times each 
day and used to heat a tank of water. 
The hot water then provides space 

COMBUSTION 
CHAMBER 

have a glass-ceramic viewport to let you see 
the combustor at work. A bypass path is pro
vided to prevent a back draft when the stove 
door is opened. 

In the Russo stove, combustion air is drawn 
in through the adjustable damper. The blower 
(optional) circulates room air up the double
wal l back of the stove and through two heat
exchanger tubes, one on each side of the top 
chamber. Leaving the combustor, exhaust 
gases first pass to the front of the stove, then 
reverse direction and head for the exhaust 
port, passing over the heat-exchanger tubes 
and transferring heat to the circulating air. 
The heated air passes through the heat out
lets into the room. 

Add-on catalytic combustors (not shown) 
are housed in a steel shroud and mounted 
between the flue col lar and the chimney [PS, 
March '82]. 

All catalytic combustors must be replaced, 
usually every few years. Cata lysts can be 
"poisoned" when anything other than wood 
or newspaper is burned in the stove. Wrap
ping paper, painted wood , artificial logs, gar
bage, lighter fluids, and chemical chimney 
cleaners are all taboo. A catalytic combustor 
adds about $200 to the cost of a new stove, 
and add-ons cost $100 to $200.-G. T. 

heating (and domestic hot water) on 
demand. With a forced-draft system 
and a secondary combustion chamber, 
wood-fired boilers can reach tempera
tures of about 2,100 degrees F-high 
enough to consume nearly all poten
tial emissions. "Our stove is virtually
pollution-free," says Dick Vermeulen, 
an engineer with Dumont Industries 
(Monmouth, Maine 04295), which 
makes the Tempest boiler. '~11 the 
pyrolytic gases are converted to 
water and carbon dioxide. About all 
that ever comes out the chimney is 
a little steam." 11!1 
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Tuning in to TV signals broadcast from space is now routine. And while the technology 
has advanced, equipment prices have plummeted to $1,000 and lower. But buyers of satel
lite equipment should be knowledgeable about essential features and desirable options. 
And even the most costly system can be useless if the antenna is improperly installed. 

By SUSAN RENNER-SMITH 
Drawings by Eugene Thompson 

NASHVILLE, TENN. 

A forest of dish antennas glinting in 
the bright sun filled the giant park
ing lot at the Opryland Hotel here. 
All faced south. In the hotel exhibit 
hall, hundreds of TVs flickered-all 
without a sound. The scene was surreal. 

I'd come to the Satellite TV Tech
nology Exposition to check on a field 
PS has covered for five years fPS, 
March '78; March '80; Nov. '81; June 
'83; July '84]. Still, I was astonished 
by what I found. Tiny, four-foot-diam
eter dish antennas pulled in signals 
broadcast by satellites more than 
22,000 miles away. Computers mated 
with receivers produced on-screen 
menus of satellite programs. Remote 
controllers moved dishes that were 
1,000 feet away. 

But advanced technology wasn't all 
I found. There are controversies about 
everything from the size of the dish 
to the tuning of the receiver, as well 
as about other components that make 
up a complete system (see "Tuning in 
TV from Space" box for details on com
ponents and system operation). Prices 
also vary considerably, with complete 
systems ranging from less than $1,000 
to more than $4,000. Obviously, a less 
expensive system will not include all 
the features of the high-end systems 
(see table). I'll discuss the differences 
later. 

About one million backyard anten
nas are now aimed at a band of 15 
satellites in geostationary orbit 22,279 
miles above the equator. There, a sat
ellite's speed in orbit matches Earth's 
rate of rotation, so the satellite seems 

Continued 

See-through antenna: Winegard Satel
lite System's l~ft., 92-lb. perforated alu
minum dish, said to be as rugged as a 

I 

solid dish, blends in with its surround
ings. Montgomery Ward offers a Wine
gard satellite TV system. 
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TV signals broadcast to a satellite (1) hovering above the 
equator are rebroadcast by 12 transponders, each transmit
ting two separate channels. To do this, the satellites polar
ize the TV signals, transmitting alternate channels at right 
angles to each other so the same frequency in the 3.7-to-
4.2-GHz band can be used twice. (The transponders also 
broadcast one or more "audio subcarriers," which can be 
stereo sound for the broadcast or unrelated radio transmis
sions.) The TV-receive-only (TVRO) antenna (2) is mounted 
on a concrete footing. The antenna's polar mount permits 
it to track any of the 20 C-hand satellites. The satellites' 
faint signals are gathered by the parabolic dish-shaped 
reflector and focused onto the feedhom; this is a wave guide 
that feeds the signals to a small probe, the actual antenna, 
just inside the low-noise amplifier (LNA). The feedhom is 
usually mated with a servo-operated polarity switcher that 
twitches the antenna probe 90 deg. to align it with the in
coming signal Polarity switching can be done electronically, 
as welL The LNA amplifies the signals about 100,000 times. 

. 
Costly low-loss microwave cables carry the signal to the 
down-converter- part of the receiver but mounted at the 
antenna to cut cable runs. Here the microwave signal is 
converted to a lower frequency (usually 70 MHz) that travels, 
via buried coaxial cable (3) to the receiver (4) for processing. 
Both the LNA and down-converter should be protected by 
a weatherproof cover or sealed housing. (Tuning-tracking 
signals and power for the LNA and the motorized antenna 
drive are carried by the same cable.) The remote control 
for the antenna motor (5) usually comes in a separate unit, 
though some high-end receivers include it. An infrared 
remote-control pad tunes in the signal at the receiver and, 
in some systems, even points the antenna at different satel
lites. Once the receiver processes the signal, it's sent to an 
RF modulator (usually part of the receiver) for transmission 
to channel three or four of a conventional TV set (6). Though 
some high-end receivers have a built-in stereo amplifier, 
most stereo-equipped receivers have a processor that readies 
the signal for transmission to a stereo system (7). 

to stay in one spot above the planet. 
These are C-hand satellites transmit
ting in the 3.7-to-4.2-gigahertz (GHz) 
wave band. They serve as low-power 
(about five watts per channel) micro
wave repeater stations. The satellites 
now transmit about 125 channels of 
movies, sports, news, and special
interest programs. 

These TV signals are free, but is it 
legal to tune them in? Yes, says the 
satellite TV industry. Piracy, say major 
programmers such as HBO. Bills be
fore Congress may soon resolve the 
question in favor of the consumer. (For 
a full discussion of the legal question, 
see PS, July '84, p. 85.) 

tern, step into your backyard and look 
south. Do you have a clear view of the 
horizon? Hills, tall buildings, and trees 
can block high-frequency microwave 
signals. Even if the view is fine , you 
may have an unseen problem: micro
wave interference from land-based 
transmissions. 

If you're thinking of a C-hand sys- "If you take a dish out to the site, 
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you'll learn only what the interference 
situation is at the time you tested," 
says Fred Hopengarten, president of 
Channel One- a pioneer dealer. ·~t 5 
o'clock your local bank may tum on its 

data flow to headquarters for the rest 
of the evening-and the signals could 
be passing right across your dish." 

Though Hopengarten says an expe
rienced dealer may have studied local 

PS sampling of satellite TV systems: 
from bare bones to bells and whistles 

...... 
8irdview 
(M) 

Channel 
Master (M) 

Channel 
One 10) 

Delta 
(MJ 

Dockery 
(0) 

Downlink 
(0) 

Excalibur 
(M) 

francis 
(0) 

Galaxy 
(M) 

Gfl 
(M) 

Horizon 
(0) 

lntersat 
(M) 

Ia neii 
(M) 

KlM (M) 

Paris 
Mtn. (0) 

PCM 
(0) 

Regency 

Satelink 
(0) 

Sat. 
World (0) 

Starview 
(M) 

Uniden 
(M) 

USAS 
(0) 

Winegard 
(M) 

Dish SfJICI 

-=-· • = oft 

,!; "~ .,.i ... ~ 
"' IE 

2.495 
2.990 

8.5 A 
8.5 A 

1.495 6.3 F 

• 

3,995 12 F • • 

1.800 10 M 
4.250 12 F • • 

995 6 A 
4,000 12 M • 
1.995 9 p • 
3.895 10 p • • 

llicronve elednM!ics 

LN8 90 E • CC 
LN8 90 E • CC 

LNA 120 M 
LNA 80 M 

cc 
cc 

LNA 100 M CC 
LNA 100 M • CC 

LNA 90 M 
LNA 100 M 

LNA 75 E • 08 
LNA 75 E • OS 

1.299 6 M • LN8 100 M • 08 
2,525 12 M • • LNC 100 M • OS 

; 
2,495 8 . F • LNA 100 M • DB 
4.~5 . 11_3 F

1 

• . •f LNA 75 E _. 08 

~7~. ~· 8:~ S '')~<i'}NA .' I20 .' .£ >. CC 
2.700 •· I I'~ ~ • . e·.-, · ··' l.ftA . 120 . E .. CC 

; ,. ·-r r 

1.495 4 A l,!jB 85 M • 
1.695 4 A ··' LNB 85 M • 

·. 
1,325 
2,400 

• 
II M 
I I \., M" 

,-. 
• • ~t. -·LNA 120 . M "e OB · 
• · • (. ·.- LNC 100 M :• OB 

f 
1.800 
3,000 

1.250 
3,995 

8 
10 

A · ;·..; 
. ,. 

A • • ,·. 
' ~. ' ·. 

7.5 A \. 
I I f • • 

LNC 
_LNC .. ,, 
LNA 

-LHA 

100 M : ec 
100 M • CC 

70 M · 
70 M 

Satellite recei'ler 

-- ... .. _ 
·i ~ 
,:! .i! 

" - . 
il Remaru 

0 • IR • Dual LNAs for receiving 24 channels 
0 • IR • on up to four separate receivetS 

0 
0 • IR 

Best used in Midwest, says maker 
stereo unit planned 

K W first U.S. satellite TV dealer 
0 • IR • 

c 
0 

c 
IR • 

0 • IR • 

C Detailed instructions included 
0 • IR • Receiver has stereo amplifier 

c 
0 • 

•• 
IR • 

t' 
IR' 

Diamond-shaped, high-gain antenna 

Stereo adapter available 
. 

K fixed-mount antenna, aimed at 
K • IR • Galaxy I; for urban rooftops 

' K • . 'f' .. Tripod-mount, steel-mesh dish; 
' . 0 . • ... tR ·•.·.~ .40 hrs. assembly, including footings 
. '· ,.; 

K - ; .. -
0 • . IR >• ;. ·~ ; 

.., . ;. " ' .. c 
0 ' • IR • . cl'rogrammable with on-saeen "menus" .. 

1,100 
2,500 

6 
10 

A • 
.;.··, .. 

LNA ·· 120 M C; W , • JJsa~le in most :areas. says maker 
. 'lNB !~ 65 M -l<:': ~ K e·,.e •',IR ~- ,; · 

2,395 
3.495 

II 
II 

M • 

M • 
M • • 

2.595 10 f • • 

940 
2.585 

8 F 
12 M • • 

4.5 A 
,· 

'•' • ' •;:l.l t ......... ""- ":"~ i:- , 
• -.,;;,,N -~· ' 
lilA· 120 M • • . . ... C ·, . . 1 : · ·. 

. ~ ·" 
00 120 E • 0 ··· - .IR ' 9Ua!U·synthesized;Rfmodulatorextra 

" ' ' 

LNA 90M • CC 

' , 
LNA 120 M 

' ,LNA ·1~0 M . ' 

LNA 

cc 
cc 

.. 
D • IR • Detailed instructions included; 

price includes shipping 

c 
D 

c 
IR • 

995 
1,995 7.5 A • • LNA 

95 M • 
95 M • 0 • IR 

"Deep-dish." high-gain antenna 
Re(llote volume control 

3,495 11 r·· • • 

995 7.5 F 
2.900 11 M • • 

1,797 8 F 
2,895 10 F • • 

1.420 8 A 
2,627 II M • • 

1,113 6 F 
3,369 12 M • • 

1,695 6 p • 
3.550 10 p • • 

~ 65 M• .DB 
... _ . . 

LNA 120 M • 
LNA 100 M • 

LNA 100 E 
LNA 100 E 

LNA 100 M • 
LNA 100 M • 

LNA 100 M 
LNC 120 M 

cc 
cc 

cc 
cc 

lNA 100 M • CC 
lNA 100 M • CC 

0 • IR • 

c 
0 • IR • 

K 
D • 

K • 
C • IR 

Dish not recommended for all areas 
Detailed instructions included 

Receiver-front switch for local TV 

C Dish not recommended for all areas 
0 • IR • 

0 
0 • IR 

1Table lists features of lowest and highest priced systems provided by a sampling of manufacturers (M) and dealers 
(0); 2uninstalled- prices are approximations only and may vary considerably, and system specifications are also subject 
to change; 3steel (S), aluminum (A), aluminum mesh (M), fiberglasHoated metal (F), perforated aluminum (P); 4maker 
certifies that antenna wi ll discriminate between signals from satellites spaced two deg. apart; 5remote-controlled motor 
drive, called an actuator, points the dish at different satellites; 6 1ow-noise amplifier with separate down-converter (LNA), a 
combined amplifier-converter (LNC), or a low noise block converter (LNB) that processes the signal from the entire 
frequency band transmitted by one satellite; 7in degrees Kelvin-the lower the figure, the better the signal-to-noise ratio; 
8a motor (M) twitches the small antenna probe 90 deg. when signal polarity changes, or amplifier polarity is switched 
electronically (E); 9the down-converter is mounted in a sealed, weatherproof housing; 10cables, if provided: standard 
coaxial cables ICC) that should be threaded through plastic conduit. which is usually not provided, or direct-burial (08) 
cables with a protective sheath-standard supply is 125 to 150ft.; 11click-stop knob (KJ, continuous tuning, (C), or 
digital push button (0); 12antenna probe is automatically aligned with signal polarity when channel is selected; 13hard· 
wired (W) or infrared (IR) remote control; 14receiver processes stereo signals for playback on separate stereo system 

interference paths, you can't be abso
lutely safe unless you spend $350 or 
so to have signal paths of all trans
mitters in your area mapped. 

Although a few makers I talked 
with asserted that microwave interfer
ence is not a problem for a high-qual
ity receiver, most agreed it can be 
serious. And interference can be ex
pensive to fix- filters to eliminate it 
run from $200 to several thousand dol
lars. "The smart dealer says in small 
print that he can't guarantee against 
interference," Hopengarten says. 

Choosing a system 
If your site is suitable, you face the 

next problem: how much to spend. Do 
you want a satellite TV system that's 
as easy to use as a regular remote
controlled TV set? One that pulls in 
brilliant, studio-quality TV pictures 
and stereo sound? One that tunes in 
all channels on all satellites? Or will 
a standard broadcast-quality picture 
with about 20 channels of cable pro
grams satisfy you, even if the system 
is less convenient to use? The answers 
to these questions determine whether 
you look at high- or low-end systems. 
(See the table at the end of the arti
cle for a sampling of systems at both 
ends of the price scale.) 

Satellite dishes come in a range of 
sizes and materials. The dish's curved 
surface collects the satellite signals 
and reflects them to a central focal 
point (see drawing). The smoother the 
dish's surface and the more precise the 
parabola, the better. Solid-metal and 
fiberglass (with metal embedded below 
the surface) dishes hold their shapes 
better than mesh dishes, say most 
experts. Perforated aluminum, the 
newest dish type, combines the see
through benefits of mesh with the sta
bility of solid metal. 

Before you buy, examine the dish's 
curvature carefully. Sight along one 
edge of the dish; you shouldn't be able 
to see the other edge projecting. Check 
whether panels bolt together smoothly. 
Run your hand over the dish surface 
to see whether there are bumps or 
other irregularities that might scatter 
the signal. 

Ease of assembly is important. 
"'Two men, two hours.' That's what 
they all say," grumbled a consumer I 
met in Nashville. "It took us more like 
24 hours to assemble that dish." 

The size of the dish you buy de
pends, first, on where you live. Most 
U.S. communications satellites are 
aimed at the Midwest. The satellites' 
signals are much like the cone of light 
cast by a flashlight-stronger in the 
center and weaker around the edges. 
Because the dish's job is to gather as 

{Continued on page 116] 
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Competition has forced Big Blue to flex its muscle again. IBM has replaced the PCjr's 
button-type keyboard and offers features that make it a powerful, PC-compatible home 
machine. The new PC AT serves three users at once and runs programs three times faster 
than the PC or PC XT. And a network link has office PCs "talking" to one another. 

By WILLIAM J. HAWKINS 

t's been three years since IBM in
troduced its first PC personal com
puter- and successfully battled a 

well-entrenched industry of brands 
and standards. 

All has not been perfect, however. 
Stiff competition from the newer gen
eration of "clones," PC compatibles 
that are faster and have better graph
ics, has caused IBM to cut prices by 
as much as 23 percent to stay in the 
running. And the PCjr, IBM's home 
version of the PC, has received mixed 
reviews due to its poor keyboard and 
inability to run all PC software. But 
now the gloves are off in a flurry of 
n ew introductions: 

• PCjr enhancements. The button
type keyboard is gone. Up to 512 
kilobytes (K) of random-access mem
ory CRAM) is available for complete 
PC compatibility. And the PCjr can 
talk with a new speech synthesizer. 

• The PC AT (for advanced technol
ogy), a high-speed computer that's PC
compatible and can serve more than 
one person at a time. It's designed for 
professional use, but has a personal 
price tag of just $3,995. 

• PC Network, which can combine 
up to 72 computers, printers, and stor
age devices on one coaxial line. 

• New software, including XENIX 
for the AT. It's an operating system 
based on UNIX, one of the most 
popular operating systems used by 
professionals. And there's Top View, a 
software program that allows IBM 
PCs to perform concurrent operations 
and "windowing" with conventional 
MS-DOS programs. 

I recently saw these new products 
at work in IBM's New York headquar
ters. Here are the details: 

Jr's new look 
"People can now take their office 

work home," says Philip Estridge, 
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president of IBM's Entry Systems 
Division. "Virtually all programs and 
data from the PC will work in the 
PCjr." 

The PCjr has always been PC
compatible. But its limited memory 
(128K) and single disk drive restricted 
its use. Many popular business pro
grams, such as the Lotus 1-2-3, that 
require more than 128K of memory 
or a second disk drive could not be 
used. Now that's changed. 

Up to three 128K memory boards 
(at $325 each) can be added to the 
PCjr through its side expansion con
nector. That gives it up to 512K of 
RAM-more than enough for all PC 
software. One minor drawback: You'll 
have to give the PCjr a bit more desk
top space for the outboard additions 
and power cables. 

Though a seconQ. disk-drive option 
is not available for the PCjr, IBM of
fers a special program that transforms 
the extra memory into an "electronic 
diskette." The program allocates a sec
tion of the extended memory for data 
storage and retrieval, but it's used by 
the disk-operating system to simulate 
a second disk drive. Result: A program 
requiring two disk drives will work. 
When it asks to save data on the sec
ond disk drive, for example, the elec
tronic-diskette program shuffles the 
data into memory. 

The electronic diskette works well, 
but the data in memory are not per
manently saved as on a real disk. So 
if you want to retain data held by the 
simulated disk drive, you must re
member to copy its contents onto the 
first-real-disk drive before turning 
off the power. 

Another option: speech. An add
on speech synthesizer ($300) allows 
the PCjr to say any of' 196 pre-pro
grammed words. With the addition of 
a microphone, the system will digitally 
record your voice on disk. Then, by 
using a program you write, it can be 
played back later. A cartridge program 

called ColorPaint is also available (see 
caption). 

The PCjr's most obvious-and most 
welcome-addition is its new key
board. Even after months of using the 
original button-type keyboard, I could 
not get accustomed to it. Its hard-to
press keys and lack of tactile response 
make touch typing impossible. But the 
new 62-key typewriter-like keyboard 
is excellent, comparable to the feel of 
any high-quality keyboard. Like its 
predecessor, it uses infrared light for 
wireless operation, or it can be con
nected to the computer via a cable. 

PC compatibility, speech synthesis, 
new software, high-quality keyboard, 
and a price that's lower than the PC 
-won't that let the PCjr cut into PC 
sales? Probably. But, says a s miling 
Estridge, "We don't care." 

PC AT-the senior 
The AT is Big Blue's new senior 

member of its personal-computer line 
(see caption). The heart of the AT is a 
new Intell6-bit 80286 microprocessor, 
a cousin to the 8088 used in other PCs. 
The difference: It runs three times 
faster than the 8088 and is capable of 
addressing up to three megabytes (M) 
of internal RAM instead of just 640K. 

Compatibility with the 8088 lets the 
AT run many existing PC programs 
-only faster. (Certain graphically ori
ented software, such as Flight Simu
lator, won't run on the AT, however, 
because they are written specifically 
for the PC.) For single-user work, PC
compatible disks can be read directly 
by the AT's high-density floppy-disk 
drive; disk operations are controlled 
by the new $65 version 3.0 of PC-DQS. 
(Similar to PC-DOS version 2.1, it can 
use the AT's hard disk and additional 
RAM.) . 

The AT also can use many plug-in
board options available for the PC. 
And IBM has introduced two new 
boards: a math processor for high-

[Continued on page 119) 



• full-size PCjr keyboard 
• high-speed AT models for pros 

• 

The P C AT personal computer (above) 
comes in two versions. A $3,995 basic 
model includes 256K of RAM and a 
high-dens ity, 1.2M, 5.25-in. floppy-disk 
drive. The $5,795 enhanced version 
adds another 256K of RAM (for a total 
of 512K), a built-in 20M bard disk , and 
a serial-parallel interface board. Both 
versions accept additional 512K mem
ory cards ($1,125 each) for a maximum 
of 3M of RAM, and an additional 20M 
h a rd disk ($1 ,595) for up to 41.2M of 
storage. The $999 P Cjr (right) comes 
with a new typewriter-like keyboard 
and 128K of memory. Its memory can 
b e increased to 512K with optional 
plug-in boards. The ColorPaint car
tridge progra m ($99) a llows you to 
draw objects on the scr een with a 
mouse and "paint" them with selections 
from a 16-color palette. T he program 
is s imilar to Apple's MacPaint. 

reF#' $9 

'HOTOS: IBM 
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deck and the lumber for the shed with 
preservative. If your deck is raised, 
you have all the protection you need 
against termites, which make their 
homes in mud. 

Deck widths and railing heights 
vary, of course, but here are guidelines 
and a materials list necessary to build 
a woodshed 12 feet long, 5 1/2 feet high 
(at the peak), and four feet deep
large enough to hold about one-third 
of a cord of wood. 

You'll need about 7 5 feet of 2 x 4 for 
posts, beams, and rafters, and a 12-
foot length of2 x 6 for the ridge piece. I 
recommend fir, which is excellent for 
framing, or pine. You'll also need four 
four-by-eight-foot sheets of :v11-inch 
exterior-grade plywood and a roll of 
15-pound building paper. Any wood 
destined for outdoor use should be pro
tected from the elements. The two 
most common methods are painting 
and staining, although I chose to pro
tect-and dress up-the front posts of 
my shed with shingles. 

Roofing and siding are a matter of 
choice, though you might want to 
match the shed's roofing and siding 
to that of the house. If you shingle 
the whole woodshed, as I did, plan on 
five bundles of shakes and use 1 V<!
inch shingle nails. Actually, I used 
panels of Masonite imitation shakes 
.left over from a roofing project. As
phalt shingles keep costs down, but 

using them sacrifices looks. Total cost 
of the woodshed: $200, with $125 go
ing to the shingles alone. 

Building it 
Construction is fast and easy-you 

don't have to cut many pieces of lum
ber, and of those cut, many are the 
same size. Also, much of the framing 
is already in place because the deck 
rail forms the back wall and outer end 
frame of the shed. 

The rest of the frame is built from 
posts made of two 2 x 4s nailed together 
and 2 x 4 beams and rafters. To finish 
framing, butt one end post against the 
house, leaving a slight air gap for 
circulation, and set the front posts par
allel with the existing rail posts. A 
long mason's level is a reliable, fast 
way to check the level of the framing. 
Use 16d nails (all hardware on an out
door project should be galvanized to 
prevent rust) to anchor the posts and 
beams in place. 

I figured my rafter angles just by 
eye and then cut a sample pair to fit. 
If you prefer to measure the rafters, 
keep in mind that you'll want rain and 
snow to slide down the backside of the 
roof, away from deck and house. A 
steep-pitched roof in the front and a 
longer rear slope calls for an off
center roof, which adds to the shed's 
appearance. 

The first set of rafters I cut served 

as templates for the other rafters. Al
though rafters are usually 16 inches 
on center, I used eight pairs and var
ied the spacing from 15 to 18 inches 
on center to correspond as closely as 
possible with the overlap of the posts 
and beams. 

When the rafters are cut, use a 
circular saw to make quick work of 
notching them. You can knock out the 
wedge left by the kerfs with a ham
mer and chisel. Attach rafters at op
posite ends of the ridge piece with 10d 
nails, and lift the ridge into place. Toe
nail the rest of the rafters, and 
enclose the shed with plywood boards 
anchored with 16d nails. I chose to 
have one side of my woodshed over
hang the deck, so I had to notch the 
plywood (and shingle) to fit over the 
railing. 

Shingles require an underlay of 
building paper, but I decided to tack 
down a sheet of polyurethane-anoth
er remnant of projects past-which has 
worked just fine. The imitation shakes 
I chose, unlike real shingles, don1t re
quire a double course. Instead, strips 
of shingles are nailed along the eave 
line, and the panels are then laid in 
courses upward-just like convention
al shingles. The shakes go up quickly. 
As a finishing touch, I decided to add 
a dash of style to my woodshed by nail
ing the last row of shingles into a Bos
ton cap. 11!1 

Begin by toenailing 2 x 4s in place (left). 
Nail rafters to both ends of the 2 x 6 
ridge pole, and lift the beam into place 
(above). Nail remaining rafters in place 
(below left), and enclose with plywood. 
Tack paper in place before adding 
roofing and siding (below). 
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Custom blinds arrive ready to as
semble: Top photo shows everything 
needed for first two installations on fac
ing page. Left to right: tracks for exact 
inside dimensions, with vane clips in 
place; packages of hem weights and 
sway chains; rolls of different-length 
vanes (alcove's at top, storage area's 
in foreground); and folded valance 
strips of stiffened fabric. Above: In
sert vanes into clips one at a time. 
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Vertical blinds-
• 

These upended Venetian blinds can take the place of screens 
or folding doors-and they couldn't be easier to install. 

ByALLEES 

ecause verticals are the most ver
satile closure system yet devised 
-and much simpler to install 

than any folding or sliding door-they 
can be pressed into unexpected service. 
The vanes rotate 180 degrees, adjust
ing to any angle for precise control of 
light and ventilation. They stack com
pactly at the end of the track and are 
so light you need no massive overhead 
support. And since they hang vertically, 
the vanes catch less dust than slats. If 
a few strips become soiled, it's easy to 
detach them for cleaning. 

Verticals have other advantages over 
Venetian blinds. For the closures 
shown here, mini-blinds would be out 
of the question because they'd be too 
heavy. You'd have to hang them in sev
eral sections- a nuisance to open
and you'd always have those heavy 

HANDlE IN OPEN 
POSITION 

stacks overhead when they were open. 
Closed, they'd sway. 

All three examples on the next page 
require simple inside measurements 
-wall to wall , ceiling (or beam) to 
floor. All the blinds shown are made of 
fabric , but vanes also come in vinyl, 
aluminum-even wicker. Opaque ma
terials are best for these non-window 
uses. As with mini-blinds, verticals are 
packaged in ready-made standard sizes 
or can be custom ordered. All materi
als on these pages came from Levolor, 
but other makers include Louver
Drape, Flexalum (Hunter Douglas), 
Graber, Clopay, and Newell (see this 
month's "Shop Talk" for addresses). 

Fabric vanes come with a hemmed 
bottom pocket into which you insert 
a flat weight. Small tabs protrude at 
each end to take a chain that keeps 
the vanes from swaying and tangling. 
A wand controls rotating. aiD 

NO COLOR BAND 
ON ROOM SIDE 

TRIM STRIP 

Position handles so prongs are in line. 
With helper, press track against brack
ets, and push handles against track. 
Snap-on valance clips mask gap be
tween track and vanes, if desired. 
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STORAGE 
AREA 

Here's what they can hide 

No "box room" for luggage a nd bulk storage? Partition off 
one end of a room with vertical blinds. As shown a bove, if 
the ceiling's too high, just bridge th e space with a floating 
beam: The one h ere is a 2 x 8 set in a pair of joist hangers. At 
r ight, I e rected a work a lcove. To mask the jumble from 
the rest of the den, I hung verticals of a textured weave. 
Below: Mismatched windows and a n obtrusive air condi
tioner ar e swept behind a unifying wall-to-wall screen . 

WORK 
ALCOVE 

UGLY WALL 

DECEMBER 1984 I 101 



In multi-program auto mode, although 
the camera decides on lens opening 
and shutter speed, you can bias that 
decision in advance (to adapt to spe-

"The programmability of the mod
ern camera is unlimited," says AI 
Parker, manager of technical services 
for Ricoh of America. With a built-in 
computer in virtually every single
lens-reflex (SLR) camera made today, 
the only limits to what a camera can 
do seem to be cost and the customer 
it's aimed at-advanced photographer 
or amateur. Ricoh's latest product, the 
XR-P ["Through the Viewfinder," PS, 
June] is an example of the kind ofpro
gramming-"multi-programming," the 
camera makers call it-that is typi
cal of one new breed of genius SLRs. 
Would you like to shoot in the pro
grammed mode-that is, let the cam
era make all decisions about lens 

Nikon F3AF (below) is based on heavy
duty F3. It offers autofocus with 80-mm 
and 200-mm Nikkor AF lenses, and 
autofocus (via TC-16AF converter) or 
focus-aid operation with other Nikkor 
lenses. Exposure is via aperture-prior
ity automatic or manual control. 

cial conditions). For the horsewoman, 
you'd program for action and a fast 
shutter speed. For portraits and that 
Philippine Jeepney bus (center), you'd 

opening and shutter speed? Easy. Just 
set the XR-P's program selector to the 
"P-normal" position. Want an action 
picture? Try "Pa" for programmed ex
posure biased toward a faster shutter 
speed. Or how about a close-up or a 
scenic shot with programmed exposure 
biased toward depth of field? Try "Pd." 
And besides the programmed modes, 
the XR-P offers standard auto-expo
sure modes-either aperture- or shut
ter-priority- and even manual. 

The Canon T70 ["Viewfinder," PS, 
June] offers similar programmed modes 
but calls them standard, tele, and 
wide. And it has a few slick tricks all 
its own. Look down at the top deck of 
the camera, for example, and you see 

PHOTOS BY THE AUTHOR 

select normal exposure. For close-ups 
and scenic shots such as the tranquil 
scene on the Nile at right, you'd want 
the program to favor depth of field. 

a screen with a liquid-crystal display 
that shows mode, frame number, bat
tery check, film-load check, and film 
speed. Where's the film-advance lever? 
Gone. A built-in motor has eliminated 
it. The T70 also offers a choice of me
tering patterns: center-weighted or 
partial (11 percent of the format). 

OK, but which is the only SLR with 
programmed off-the-film metering? 
Answer: the Olympus OM-28, which 
has a silicon-blue-cell sensor aimed at 
the film in the camera for maximum 
speed and accuracy in adjusting to 
light changes. That's particularly use
ful with flash; the camera itself cuts off 
the flash when exposure is right on the 

Continued 

Nikon FA offers aperture- and shutter
priority auto exposure, manual control, 
and a dual-program mode. In last, 
telephoto lenses of 135 mm or longer 
activate faster shutter speeds. Unique 
multi-pattern metering enables FA to 
cope with special lighting situations. 

Olympus OM-4 (right) 
features aperture-prior
ity auto exposure, with 
speeds from %ooo second 
to a minute, plus man
ual control. With spot 
metering (and times to 
four minutes), eight 
readings can be inte
grated into auto system, 
with further bias con
trol through shadow and 
highlight buttons. 



Advanced electronics in Leica R4 
(above left) and Olympus OM-4 (cen
ter) make possible alternative meter
ing systems: center-weighted or spot-

nose. Like its more professional broth
er, the OM-28 offers spot metering, but 
not with computerized integration. 

Leica, which started the 35-mm 
madness just six decades ago, has its 
own genius SLR. Spin a ring at the 
top of the camera, and letters in a win
dow tell you whether you have aper
ture-priority auto exposure (either 
center-weighted or spot-metered), 
shutter-priority auto exposure, fully 
programmed auto exposure, or man
ual. Viewfinder LEOs give you com
plete status information. 

The Big Five SLR makers (Canon, 
Minolta, Nikon, Olympus, and Pentax) 
won't be happy to see this in print, but 
the first multi-program SLR was the 

Olympus OM-28 (above) is the only 
8LR with programmed exposure con
trol based on readings made directly 
off the film as the picture is being tak
en. OM-28 also offers aperture-prior
ity auto exposure and manual control. 
With the latter, spot metering is availa
ble as well as center-weighted metering. 
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reading .. You dial in your system with 
R4, press a button with OM-4. With 
OM-4 you can get still further empha
sis by pressing highlight or shadow 

Chinon CP-5 with dual programmed 
auto exposure: Pl for most shooting, 
including action, and P2 for scenics 
and close-ups. And how about this: 
With the optional Chinon IR AF zoom 
lens, the shutter won't release until 
the lens is in focus. 

Nikon also has some geniuses in its 
family-the FA and F3AF shown here, 
for example. The FA has a unique pro
grammed mode that goes beyond cen
ter-weighted exposure control. Instead, 
its computer breaks up the picture 
into five areas and makes a judgment, 
based on computerized experience, of 
what the final exposure should be. It 
can compensate automatically, for in
stance, for backlighting. The F3AF, a 

Pentax 8uperProgram 
(below) has LCDs both 
on top deck and in view· 
finder. Information in
cludes aperture, shut
ter speed, and mode se
lected (there are six): 
programmed, aperture
priority, or shutter-pri
ority auto; manual; au
tomatic flash; or pro
grammed auto flash. 

button. Pushing slide of Nikon F3AF 
lens to "A" position (right) puts it in 
autofocus mode. A pro can follow the 
action without concern for focusing. 

specialized version of the rugged pro
fessional F3, offers both automatic 
focus (by means of a motor in the lens) 
and focus-aid operation (indicator ar
rows light up in the viewfinder). Nikon 
also offers a motorized teleconverter, 
the TC-16AF, that not only multiplies 
the focal length of Nikon AI lenses 
by 1.6 but gives them an autofocus 
capability. 

What about Pentax and Minolta? 
Right now, Pentax has its SuperPro
gram camera, offering six modes, but 
is rumored to be working on a multi
program camera. And a reliable source 
predicts that Mino.lta will soon intro
duce an "astonishing new camera that 
works on a truly new principle." 11!1 

Ricoh XR-P offers three-way multi· 
programming (action, normal, and 
depth of field); aperture- or shutter
priority auto exposure; manual; and 
even a mode to photograph TV screen. 
The self-timer button is also the left
hand shutter release. A memory but
ton locks exposure reading. 

C.opyngh Pd material 
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CPVC tubing is a perfect 
material for do-it-yourself 
plumbing. Here, an expert 
tells you what you need to 
know about CPVC planning, 
fitting, measuring, and oth
er installation requirements 
when using this popular rigid 
thermoplastic piping for re
modeling a kitchen, adding 
a bath, or plumbing a new 
house. With proper installa
tion, a CPVC system should 
last for many years. 

By RICHARD DAY 
Illustrations by Carl De Groote 

A
re you planning a major remod
eling job, complete with plumb
ing? You can make the job eas

ier-assuming your local codes permit 
(as most do)-by using chlorinated 
polyvinyl chloride <CPVC) tubing. 
CPVC is ideal for most water-supply 
plumbing work, and its versatility 
makes t he job easier t h a n it seems. 
CPVC has revolutionized home plumb
ing in recent years, making most jobs 
possible for the do-it-yourselfer. But to 
avoid hassles, you still need to know 
exactly how to plan and install a run 
in your home. Here's what I've learned 
from the ma ny plumbing jobs I've 
tackled. 

CPVC tubing generally comes in 
1/:l- and %-inch nominal sizes and in 
10-foot lengths. It can be cut wit h any 
fine-toothed saw or with a tubing cut
ter that has a plastic-cutting wheel. 

s tips on doing it right 

Tubing and fittings are joined by sol- Accurate measurement makes for a ing should be installed in unheated 
Continued trouble-free plumbing system. No pip- spaces unless it can be drained. 
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Planning your v.-ater system and calculating measurements 

CPVC -PLUMBING SYSTEM 

T OILE T 

W ATER 
SOFTENER 

T U B •&M O W E R 

WAT ER 
MEAT ER 

I'" ITT lNG 
GAIN 

C ENT ER· T O·CENTER I'"I TTING 
MEASU R E . GAIN 

1r 
FAC E•TO · I"ACE ll 

MEASU R E I---

MAKEU P 

TWO M E T H ODS 
OF MEASURING 

R U N • 1.414 R IB£ I OR SET J 

RISE l 
. 
I 
· e o • +·- ·- ·- · SET 

FIGUR ING 
SIMP L E 

O F F SETS 

'r-t-r' 

DEDUCT FOR 
FITTING 

GA I N 
AT &OT M 

ENDS 

4&• 
~BOW& 

Plan your supply system carefully, tak· 
ing into account the sizes of tubing 
needed for each branch (top). There are 
two ways of measuring (upper left). 
Most plumbers prefer center-to-center 
measurements because there's no need 
to deduct for fitting gain; a too-long 
tube can simply be cut a bit and used. 
With face-to-face measurements, if you 
forget to add makeup length, the tube 
will be too short, i.e., wasted. Th make 
neat parallel 45-degree offsets (upper 
right), find distance B by multiplying 
distance between tubes (A) by 0.414. 

tees, unions, and male thread adap
ters. For secure mounting of faucets 
and fixture stubouts, there are wing 
elbows and new wing tees. 

Transition unions are also available 
for adapting threaded metal fixtures 
and appliances (transition unions are 
required on pressurized hot-water con
nections to prevent leaks that can be 
caused by thermal movements). For 

A U T O MATIC 
WAS MER 

L EGEN D 

~~;-- 112 " TUBE& 
_:;;; - 5 14 " TUBE& 

a • 0 .414 A o • c + o .a:za ... 

F IGUR ING 
PAR ALLEL 
OFFSE TS 

Th make a parallel turn with 45-degree 
elbows, first figure distance B, as above. 
Find length of D by multiplying dis
tance between two tubes (A) by 0.828 
and adding results to length of C. 
Fitting gain is not a factor except in 
positioning the first fitting. You can 
calculate lengths of 45-degree offsets 
(lower left) by multiplying distance 
from center line to center line (rise or 
set) by 1.414. Deduct for fitting gain 
before cutting tubing. Th find the run 
in compound or rolled 45-degree off
sets, multiply the setback by 1.414. 

instance, use transition unions to con
nect CPVC to the threads of your wa
ter meter, pressure reducer, water 
softener, water heater, and tub-shower 
mixing valves. Simpler, lower-cost 
male adapters may be used at hose 
hibbs, T and P valves, and for non
pressurized shower risers. 

Threaded CPVC male adapters used 
to join with female metal fittings 

should be used for cold water only. 
Be careful not to overtighten, which 
could strip the threads or crack the 
fitting. Use a good pipe dope, silicone 
rubber sealant, or Teflon plumber's 
tape or Teflon paste on the male 
threads before making up the joint. 
When tightening the threaded adapt
er, turn hand-tight, then give a full 
turn further with a wrench. A cor
rectly sized adapter should have 
some thread showing when properly 
tightened. 

You can make piping measurements 
two ways: center-to-center or face
to-face. Center-to-center measure
ment has the advantage of letting 
you easily figure piping offsets using 
trigonometric-based factors (see illus
trations). You then simply subtract the 
fitting makeup (the distance that the 
tubing extends into the fitting at 
each end) before you cut the tubing 
(the lengths vary with the fitting; see 
table). 

With face-to-face measurement you 
have to remember only two figures: 
Add one inch to 1/2-inch tubing, and 
1% inch to %-inch tubing for fitting 
makeup at both ends. 

Figuring piping offsets in which 
only 90-degree water-supply fittings 
are involved is simple. You can deter
mine the length of 90-degree offsets 
by measuring directly, either face to 
face or center to center. 

If calculations get confusing, sim
ply lay the fittings out on the floor 
and take actual measurements face to 
face. Add for makeup, and cut the 
tubing. 

In any case, it pays to assemble the 
parts of a subsystem dry (without sol
vent cement) to see that everything 
fits. You can then take it apart and 
solvent weld. If you make a mistake 
with CPVC tubing-and this is one 
of the virtues of the material-you can 
just saw out the incorrect portion and 
replace it with a correctly made sec
tion, using two couplings to join new 
to old. 

CPVC tubing expands and con
tracts about v. inch for every 10 feet 
of length- don't restrain the tubing. 
Instead, leave space at the ends of 
runs. Make foot-long doglegs on runs 
more than 35 feet long. Taps off mains 
should be free for at least eight inches 
before they are restrained. This lets 
the main expand and contract. Holes 
drilled for tubing should be extra 
large: 7fs inch for 1/2-inch tubing, and 
one inch for %-inch tubing. 

Support CPVC tubing every 32 
inches (every other joist) using straps 
designed for CPVC. The straps hold 
the tubing firmly to the framing yet 
permit the pipework to slide with 
thermal movements. 11!1 
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A fancy en try door made.: 
from an eye-catching hard
wood such as purpleheart 
adds distinction to any house. 
And the door's tongue-and
groove, threaded-rod con
struction makes it a massive 
security panel. 

By RICHARD MARMO 

Y
ou've spent hours rejuvenating 
your house indoors and out, but 
what's the first design feature 

that guests and family see as they 
come up the walk? A bland, dull entry 
door that could be found on any house, 
anywhere. 

You can personalize your home by 
building a unique entry door from 
exotic, eye-catching hardwood that 
will make visitors and family alike 
take notice-and feel safe inside. With 
double-glazed windows and good 
weatherstripping, this door is also en
ergy efficient. 

There are dozens of exotic hard
woods that are well-suited for exterior 
use because their natural oils protect 
against warpage. I chose purpleheart, 
an extremely dense Brazilian wood. 
Other hardwoods, such as moradillo, 
teak, and mahogany, are less dense 
and thus easier to work. 

Purpleheart's almost metallic den
sity means you'll need patience and 
some inventive techniques to drill 
holes for threaded rods and a backset 
and to cut openings for windows. Use 
only carbide-blade tools. The weight 
of the door persuaded me to reinforce 
the jamb and invest in two pairs of 

---:----- six-by-41/:!-inch brass-plated-steel ball
bearing hinges, specially ordered from 

------ Stanley Works for $600. These hinges, 
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along with the intricately designed 
Louis lockset from Schlage ($500), ac
count for most of the $1,400 cost of 
this project. The lumber was only 
$200. A less dense wood- which won't 
require special hinges-and a more 
conventional lockset would cut the 
cost. 

Start building the door by cutting 
each board to the correct length and 
width. Use a slow speed for maximum 
torque and to prevent burning the 
wood. The planks will be joined tongue
and-groove fashion (and then doweled 
with threaded rods), so keep in mind 
that a tongue reduces a board's width 
by % inch. 

To rabbet the tongues, first set the 

Cut tongue-and-groove joints (top), and 
then drill 1/4-in. bole for threaded rods 
(middle). Drill pilot hole at each cor
ner of window location, then cut open
ing with router bit chucked into drill. 

saw blade for a 1/2-inch-deep cut. Then 
place the board fiat on the saw table 
so the blade falls % inch in from the 
edge. Duplicate the cut on the oppo
site face. Then reset the saw blade 
depth to % inch and the rip fence to 
1/2 inch. Set the plank on edge and rip 
it. Turn the board around and repeat 
the cut. 

For cutting the grooves, the plank 
stays on edge. You want to leave the 
outer 1/2-inch edges intact while hog
ging out the center :% inch. Cut the 
boundaries of the groove first , then 
plough out the middle with multiple 
passes. 

Tongue-and-groove joints glued 
with resorcinol are sufficient to hold 

Reinforce door jamb before installing 
ball-bearing hinges needed to swing 
finished door, which weighs almost 300 
lbs. Each hinge leaf is fastened with 
five No. 14 flathead screws. 

together most hardwood doors, but if 
you're using purpleheart, I recommend 
inserting four 114-inch-thick threaded 
rods, spaced about 14 inches apart. 

Do a trial assembly of the planks, 
and outline the position of the win
dows, lockset, and backset before de
termining the spacing of the rods. 
Then take the door apart, and drill 
1/4-inch holes through each board for 
the rods. 

Drill horizontally at very slow 
speed, and use only the pressure nec
essary for the bit to bite. Even with 
an extra-long bit you may need to turn 
the board end-for-end to finish drill
ing (don't flip it over). To countersink 
the rods' washers and locknuts, drill 
:V4-inch holes 11/2 inches deep in the 
door's edges. 

After drilling pilot holes through 
the door at the window corners, I used 
a router bit chucked in my Shopsmith 
Mark V's vertical drill press to cut the 
openings-a slow method, but a saber 
saw will bind in wood this dense. To 
form a ledge for each acrylic window
pane to butt against, cut the opening 
1/4 inch undersize, then rout around 
the original outline to a depth of 1/2 

inch on both sides of the door. 
Next, drill the hole for the backset. 

I used a centrally positioned 16-inch 
lockset that required a one-inch
diameter hole through each plank. I 
needed a drill extension and then a 
long, skinny lathe chisel to tunnel out 
each hole. Don't rush through this 
step-a backset is easily triggered 
and must be installed in a straight, 
smooth hole. 

Assemble the door again, and insert 
the threaded rods. Attach the wash
ers and locknuts, and plug each hole 
with matching hardwood. Before you 
hang the door, reinforce the jamb with 
2 x 4s, as needed, secured with six or 
eight 20-penny nails. Cut the latch 
and hinge mortises, then use a hole 
saw to cut the large opening for the 
lockset. 

When the door is in place, wipe it 
down with several coats of teak oil, 
then install the lockset, backset, and 
related hardware. To install the acryl
ic windows, nail down the outside re
tainer strips, but use screws to secure 
the inside strips-this allows access 
when moisture accumulates in the 
space between panes. lim 

MATERIALS SOURCES 

Door lock: Schlage Lock Co. , P.O. Drawer 3324. San Fran· 
cisco CA 941 19 (D53PD Lou is lockset . XC03-069, 16-in. 
backset link. and 8480 latch); Glazing: Du Pont Co., Wil· 
mington DE 19898 ( lf4-in.·thick dark-bronze super-abrasion
resistant acryhc sheet); liardwood: Frank Paxton Lumber Co., 
2900 Bryan Ave .. Fort Worth TX 76 10 1 (purpleheart); Hinges: 
The Stanley Works. 195 Lake St. , New Britain CT 060 50 
<FBB 168 six·by-4 11.1 US3 ball -bearing, brass-plated steel): 
Sealer: Watco·Dennis Corp., 1756 22nd St. . Santa Monica 
CA 90404 (Watco Marine Teak Oil) 
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$50 to C. W. Bing of Westfield. N.J .. for this idea. Send yours (with 
Social Security No.) to Wordless. POPULAR SCIENCE. 380 Madison 
Ave .. New York. N.Y. 10017. Only purchased ideas are acknowledged. 
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Over 1,000,000 consumers refer to this 
before buying their car or home stereos. 

FREE 
TERE 

Buyer's Guide 
Before buying any car or home 
stereo, you should consult the 
famous Crutchfield Buyer's Guide. 
What you learn may save you 
hundreds of dollars. 
• 92 pages of helpful articles, 

shopping tips, charts, installation 
guides & more. 

• Hundreds of color photos of the 
finest name brand products. 

You get more value shopping 
Crutchfield 
• Low discount prices 
• 17 toll free order & assistance 

lines staffed by helpful sales 
& technical advisors 

• Your order shipped within 24 
hours 

• Huge in-stock inventories 
• Free shipping 
• All major credit cards accepted 
• Confidence of dealing with the 

industry's most respected mail 
order retailer 

• Your complete satisfaction 
guaranteed 

·-------------------------: Call or send this coupon for your: 
1 FREE Buyer's Guide 1 

! 800-336-5566 : 
I In Virginia calltoll·free 800·552·3961 I 
: Be sure to mention Popular Science when calling. : 
1 Rush me your FREE Buyer's Guide. I 
I I 
I I 
I I 
1Name 1 
I I 
I Address I 
I I 
• city I 
I I 
I I 

rCRUTCHFIELD! 
11 Crutchfield Park, Dept. PS, Charlottesville. VA 229061 

·-------------------------· 
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44 satellite TV systems 
{Continued [rom page 95] 

much of the weak signals as possible, 
conventional wisdom has been: the 
bigger the dish, the better. The larger 
the dish , the higher the gain-the 
amount of signal it can collect. 

"An eight-foot dish works well ... in 
Kansas," says one manufacturer. "A 
10-foot dish is probably overkill in 
most parts of the country," says an
other. "It depends on receiver thresh
old-the ability to filter noise out of 
the signal," a third says. "The lower 
the threshold, the smaller the dish you 
can use." 

In the Nashville exhibit hall, where 
all the signals were degraded some
what by a 1,000-foot cable run from 
the parking lot, I noted a range of 
picture quality but found no snowy, 
"ghosty," or otherwise unviewable pic
tures. Picture quality was generally, 
but not invariably, related to dish size. 
But Tennesee is in a good reception 
area for most satellites, and many of 
the smaller dishes were tuned to Gal
axy 1, one of the newest and most pow
erful C-hand satellites. (It transmits 
the most popular cable programs at 
about nine watts per channel.) In 
many parts of the U.S. even the small
est dish will pick up acceptable sig
nals from this satellite. In fact, some 
systems are designed to be aimed only 
at Galaxy 1. "We're serving the urban 
homeowner," Blair Gilbert of Galaxy 
Broadcasting Services says. "He can't 
put a 10-foot antenna in his backyard." 
Galaxy sells a four-foot-diameter dish 
that it claims is better suited to urban 
rooftops. 

Before you decide to buy a small 
dish for use with Galaxy 1, however, 
consider these points: 

• A satellite's signal weakens with 
age (useful lifetime is about seven 
years). A small antenna may not have 
enough gain for a weak signal. 

• A small dish may not be able to 
discriminate between signa ls from 
closely spaced satellites. Current spac
ing is four degrees (about 1,800 miles) 
apart. To make room for more satel
lites, the Federal Communications 
Commission has ruled that orbital 
spacing must eventually narrow to two 
degrees. This will cause interference 
unless the commission also requires 
neighboring satellites to transmit po
larized signals. No one knows whether 
this will happen. 

• Major broadcasters using Galaxy 
1 may scramble their signals and offer 
decoders to home-dish owners. HBO 
has announced plans to scramble in 
1985. I was told off-the-record by sev
eral antenna manufacturers that both 
HBO and Warner-Amex (producers of 
Showtime and The Movie Channel ) 
have discussed plans for Galaxy 1 
decoders. According to Gilbert, the 

circuitry of most receivers is incom
patible with current decoders. Modi
fications could be costly. 

Alphabet soup 
The microwave amplifier that boosts 

the satellite signal comes in three 
versions. The basic low-noise ampli
fier (LNAJ is rated according to the 
amount of noise its own circuits add 
to the signal. The lower the noise fig
ure, the better-especially for small 
dishes. 

The low-noise down-converter (LNC) 
is an LNA combined with a signal 
processor. The combination means one 
less cable run to install. 

The low-noise block down-converter 
(LNBJ processes the entire frequency 
block transmitted by a satellite- all 
24 TV signals instead of only one. If 
your family wants to watch different 
satellite TV channels on different 
sets or record a program on a video
cassette recorder while you watch an
other, you need an LNB. 

The next costly decision is whether 
to invest in a motorized antenna. Low
cost systems have a crank on the dish's 
polar mount to aim it at a satellite. 
To tune the picture you need two peo
ple: one outside at the dish and one 
inside by the TV High-end systems 
have a remote-controlled motor for 
armchair satellite tracking. This is 
practically a necessity if you want to 
scan all channels regularly. 

"It's almost impossible today to buy 
a bad LNA, and it's harder and harder 
to buy a bad receiver. But dish mounts 
and motorized controllers can be gar
bage," says Channel One's Hopen
garten. "Look for mechanical integrity, 
and check for galvanized or stainless
steel hardware. Check the mount- if 
it's zinc-plated, it's going to rust out 
in three years." 

Also , check the controls. Some 
motor mounts simply swivel the dish; 
you must spend considerable time 
moving the dish back and forth until 
you pick up the satellite signal. Other 
motor systems are programmable, so 
you need find each satellite only once 
and lock its position into the motor
ized memory. 

Receivers: plain or fancy 
The least costly receivers have con

tinuous tuning via a radio-type dial. 
Some have signal-strength meters. 
Receivers with click-stop, or detent , 
knobs tune the way most TVs do , 
with positive action. This is an easy 
method, but the receiver should also 
have an adjustment for fine tuning. 

Top-of-the-line receivers usually 
have push-button digital tuning and 
automatic polarity switching; when 
you switch from an odd to an even 

Continued 
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ALL ARE 
40 NCHES WIDE BY 

25 Ft. long & 75 Ft. Fastener 
Stock IIIF-100 Cost:$19.95 
50 Ft. long & 150 Ft. Fastener 
Stock IIIF-101 Cost: $35.95 

I I 

Stop Window Heat Loss Even 
If You Have Storm Windows! 
With the low cost-effective Heat Window II 
Inside Window Insulating System ... 

Energy Arsenal Mfg. Window Systems stops 
cold air infiltration and prevents excessive heat 
loss for less cost than window systems that cost 
many times more. By creating an insulating 
pocket of air, you can keep your living and 
working areas comfortable with lower thermo
stats to save on heating costs. 

This system uses an interlocking fastener 
that is postioned on the window trim in a matter 
of minutes. The 100% clear window film is 
snapped into place between the two fastening 
interlocks, thus forming an air-tight seal. 

PLETE Kl - ELSE TO BUY. 
50 INCHES WIDE BY 

25Ft. long & 75 Ft. Fastener 25 Ft. long & 75 Ft. Fastener 
Stock IIIF-200 Cost: $22.95 Stock #IF-300 Cost $24.95 
50 Ft. long & 150 Ft. Fastener 
Stock IIIF-201 Cost: $38.95 

50 Ft. long & 150 Ft. Fastener 
Stock #IF-301 Cost: $44.91 

DOUBLE-SIDED ACRYLIC 
FASTENING TAPE 
This tape has been developed 
for this special application. 
Used to fasten heat window 
type plastic to window frames, 
mouldings, walls, etc. For use 
from the inside. A paper sepa
rator strip is pulled off to ex
pose the side that the window 

film adheres to. A fast and easy method to use. 
1/2" wide and 110 Feet long -
Stock #T-101 Cost: $3.95 
3/4" wide and 110 Feet long -
Stock #T-102 Cost: $5.95 
Complete instructions with every roll. 
Add $1.00 for Postage and Handling. 

INTERLOCKING FASTENING 
SYSTEM 

75 Ft. long & 200 Ft. Fastener 75 Ft. long & 200 Ft. Fastener 
Stock IIIF-102 Cost: $49.95 Stock IIIF-202 Cost: $52.95 

75 Ft. long & 200 Ft. Fastener r;--;;, 
Stock IIIF-302 Cost: $67.95 t--~-"'-'"'~ 

A quality way to seal off win
dows and door openings. This 
will work with any film from 1 

·'-~ to 4 mills thick. Comes with a 
foam self adhesive attached to 
bottom portion. Installs on 
trim or frame and can also be 

Patio Door/ Picture Wlndow Size - 84 ln. x 9Ft. & 35Ft. Fastener Stock IIPIF-101 
(Add $2.00 for Postage and Handling.) Cost: $9.95 

Heat Window Plastic Film 
This high quality plastic film has been devel
oped especially for storm window applications. 
It's 100% optically clear - durable and strong 
with a high-tensile strength. This is an inside 
gauge film that can be used with excellent 
results. This film can be tightened with a 
household hair dryer. 

CHOOSE FROM THE MANY SIZES AVAILABLE 
40 INCHES WIDE BY 50 INCHES WIDE BY 60 INCHES WIDE BY B4 INCHES WIDE BY 

40Ft. long -
Stock #PF-401 Cost: S7.95 
80Ft. long -
Stock NPF-402 Cost: S14.95 
120Ft. long -
Stock #PF-403 Cost: $19.95 
Add S2 50 for Postage and 
H,1ndtmg. 

40 INCHES WIDE BY 
25Ft. long & 75Ft. Tape 

40Ft. long -
Stock #PF-501 Cost: S9.95 
80 Fl. long -
Stock #PF-502 Cost Sl1.95 
120 Ft. long -
Stock HPF-503 Cost: $24.95 
Add 52.50 tor Postage and 
Handling 

40Ft. long -
Stock #PF-601 Cost: S1 1.95 
80Ft. tong-
Stock #PF-602 Cost: S19.95 
t20 Ft. long -
Stock #PF-603 Cost S29.95 
Add 52.75/ot Postage and 
Handling. 

40 Fl. long -
Stock #PF-801 Cost: S14.95 
80Ft. long-
Stock #PF-802 Cost: $25.95 
120 Ft. tong -
Stock #PF-803 Cost: S35.95 
Add 52.75 tor Postage and 
Handling. 

Our Economical Low Cost Tape On 
Window Insulating System .•. 

A fast and easy low-cost effective window 
sealing system. Our Heat Window can't be beat. 
Stops cold air infiltration - installs in minutes 
from the inside - 100% crystal clear- shrinks 
tight with hair dryer. No tedious measuring or 
cutting. Uses double-sided acrylic polypropy
lene fastening tape. Comes in a complete kit 
nothing else to buy. 

50 INCHES WIDE BY 60 INCHES WIDE BY 
25 Ft. long & 80 Ft. Tape 25Ft. long & 80Ft. Tape 

Stock #HW-101 Cost: $9.95 Stock IIHW-201 Cost: $10.95 Stock IIHW-301 Cost: $1 I .95 
50 Ft. long & 150Ft. Tape 
Stock IIHW-102 Cost: $17.95 

50 Ft. long & 160Ft. Tape 
Stock IIHW-202 Cost: $18.95 

50 Ft. long & 160Ft. Tape 
Stock IIHW-302 Cost: $22.95 

75Ft. long & 225Ft. Tape 75 Ft. long & 240 Ft. Tape 75 Ft. long & 240 Ft. Tape 
Stock IIHW-103 Cost: S23.8B Stock IIHW-203 Cost: $24.95 Stock IIHW-303 Cost: $30.95 
Add 52 50 tor Postage and Hand/mg Add 52. 75/or Postage and Hand/mg. Add 53.00 tor Postage and Hand/mg. 

Patio Door/Picture Window Size-7Ft. x 9Ft. & 35Ft. of Tape - Stock IIPHW-100 Cost: $6.95 + P & H SUS 

OUR GUARANTEE: Should you not feel satisfied, keep the portion you have 
Installed and return the unused portion within 15 days fora complete refund less postage 
and handling. 

painted. No special skills or tools needed to 
install. Comes in white - brown -

25 Feet long/Stock #FS-101 Cost: $6.45 
50 Feet long/Stock #FS-102 Cost: $11 .65 
75 Feet long/Stock #FS-1 03 Cost: $17.45 

100 Feet long/Stock #FS-104 Cost: $23.25 
Please note color on order form. 
Comes in lengths 26" long. 
Add $2.50 for and Ha.n('JI,rna. 

ATTENTION 
ENERGY ARSENAL MFG. CAN CUSTOM MAN
UFACTURE ENERGY SAVING WINDOW KITS 
FOR YOUR EXACT NEEDS-OFFICE BLDGS., 
SCHOOLS, HOSPITALS, FACTORIES. 
Call our Industrial Sales Dept. for Information. 

Call 24 Hrs. a Day - 7 Days a Week 

1·800·523·2004 
VISA - MASTERCARD 

A minimum charge order Is $15.00. ------------------
Energy Arsenal-Dept PS-12 
254 County Line Rd., Hatboro, PA 19040 

OTY. & 
STOCK II COLOR PRICE 

0 Check 

0 M.O. 

0 VISA Postage & Handling 
OMC 

EXP. DATE: PA add 6% Sales Tax 

TOTAL ENCL. 

CARD NUMBER 

SIGNATURE 

~N~A"MttE~---------------------------1 
~~~-----------------------------1 

e . Energy Arsenal-Dept. PS-12 ADDREss t 
~C~I~TY~------~S~TA~T~E~------~Z~IP~C~o=DE~---~ 

254 County Line Rd., Hatboro, PA 19040 _ ~M~MUM CHAR~o~ER 1s s1s.oc:__ __ ......J . 
.__ _________________ _____ _:_ ______________________________ ___!__ t_ o~ yttgil nKl ttldltmal 
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I I want your full-color garden - , ,.., ,. ---~~ *~"" 

I 
catalog describing more than 
1, 800 vegetables. flowers. trees. 

I shrubs, bulbs. and garden aids. 

I (If you ordered from Burpee in 
1984, your new catalog will be 

I sent to you automatically in 
I January.) 
1 Since 1876, Burpee has been 

developing new vegetable and 
I flower varieties that are easier 
I to grow and more productive. 
1 All backed by Burpee's famous 

I guarantee: your money back or 
a replacement if you are not 

I completely satisfied. Special 
1 discount for ordering early. 

I. Bu'ipee 

.a. Burpee 
Gardens 

1985 

' 

I ~ W. Atlee Burpee Company 
I :J 2655 Burpee Building. Warminster. I'A IHY7-t li N~e ____________________ __ 

1 ~ Address-------------

1 ~ City State Zip __ _ 

~------------------
_______ ... 
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More Distriliutors Needed to Handle 
Demaad 
T:ri -Steel sales are booming, and we're 
looking for ,distributors to market our 
groveo line of steel frame .h~mes. We 
give you tbe tools and trammg to start 
your awn successful business; from the 
ground up! . 
· • R!oven sales coneept 

• t::ow initial investment 
• No inventory requiroement 
• Qealer frainmg/suppor:t 
• National advertising leads, plus 

local co-op advertising 
SeleCt lei!itqnes now ~a•labl\1 Yi!th S3950 refundable inVestnient . 
requiiOO. ~Sail tor C(liD( brochure of send $25 fur Home 8U1li!S Guide 
(585 With v~. Specify VHS or Beta) 

1400 Crescent, Denton, 'TX 76201 
CALL TOLL FREE 800-433·5555 

In 800-772-5909 

44 satellite 1V systems 
channel, the receiver automatically 
signals the antenna probe to flip 90 
degrees. On low-end receivers you 
must push an extra button to adjust 
polarity before you can tune in the 
channel. 

Most advanced receivers process ste
reo sound, and many also tune audio 
subcarriers. "You can listen to the 
opera and watch a football game at 
the same time," says Bruce Weston of 
Intersat Corp. The Intersat IQ 160 re
ceiver is one of the most advanced re
ceivers I saw. Its microprocessor lets 
you aim at satellites and tune in chan
nels by moving a cursor around a 
menu displayed on the TV screen. 

The final decision: Should you in
stall the satellite system yourself? In
stallation is costly-l've had price 
quotes ranging from $400 to $2,000. 
Some dealers, such as Birdview Satel
lite Communications, lower the fee if 
you do the digging and cable trench
ing, pour the concrete footings, and 
install the pole. But pole installation 
is also tricky. 

"The accuracy of the polar mount 
is based on that pole being absolutely 
level and plumb," Satellite World's 
Rick Bradshaw says. "But the hard
est part isn't making the mechanical 
connections. The hardest thing is aim
ing the dish." 

Some manufacturers are working 
on this problem. "We include an aim
ing device and instructions with the 
six-foot Junior antenna," says Bob 
Deschene of Janeil Corp. "With it, any 
novice can get a polar arc [set the 
proper angle for tracking the satel
lites] within 20 minutes. And getting 
that arc used to be the hardest part 
for the consumer." m:!l 

FOR FURTHER READING 

Easton, Anthony T. The Satellite TV Handbook. Indianapolis: 
Howard W. Sams & Co .. 1983. 
Long, Mark. and Jeffery Keating. The World ol Satellite 
Television. BoK 310. Mendocino, Calif. 95460: Quantum 
Publishing. 1984. 

DIIIECIOflY OF 23 MAIU'ACIUIIIRS AND DISIIiliUICRS 
Birdview Satellite Communications, BoK ·963, Chanute KS 
66720: Channel Masler, Ellenville NY 12428: 01annel One, 
79 Massasoit St.. Waltham MA 02154: Delta Salellite Corp., 
One Echo Plaza, Cedarburg WI 53012: Dockery Satl!llite, 
Osage Shopping Ctr., Warsaw MO 65355; OownUnlc Inti., 
Box 518, Glide OR 97443; Excalilu Satellite Sysll!tns, 700 
Huron St.. Memphis TN 38107: Francis Enterprises, Box 
906, Poplar Bluff MO 63901: Galaxy Bloadcast SeMc:es, 
Box 349, Kulpsville PA 19433: Ghost F'lllfiiM, Inc. (Gfl), 
Box 9!08, Missoula MT 59807: Hoiillwt Salellite Mfl., R.R. 
1. Brookston IN 47923: lntersat Corp., 1000 Lake Saint 
Louis Blvd., Suite 300. Lake Saint Louis MO 63367; Janeil 
Corp., 6860 Canby Ave .. Suite 113, Reseda CA 91335: 
KLM El«booics, BoK 816. Morgan Hill CA 95037: Paris 
Mountain Group, 3 Manly Dr., Rte. 9, Greenville SC 29609; 
p_. Consultants Microwave (PCM), 3700 Harold, North 
Little Rock AK 72118: Recency Elecbollics, 7707 Records 
St., Indianapolis IN 46226: Satelink, Box 45, Kiowa KS 
67070; Sall!llite Vbtd, Box 640, Cuya~ Falls OH 44222; 
Starview Systems, Box 103 G. Pocahontas AK 72455: 
Uniden Corp. of America, 15161 Triton Lane, Huntington 
Beach CA 92649: United Salellite Anlenna Sysll!ms (USAS), 
Box 577, Deville LA 71328: Wineprd Satl!llite Systems, 
3000 Kirkwood St., Burlington lA 5260 I 
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IBM fights back 
[Continued {rom page 96 ] 

speed math computations (number 
crunching), and a video-output board 
to produce high-resolution graphics. 

Along with PC compatibility and 
higher speed, another advantage of the 
AT is its "multi-user" capability
more than one person can use the com
puter at the same time. To accomplish 
that, IBM offers PC XENIX, a $395 
Microsoft version of the popular AT&T 
UNIX III operating system used by 
professionals on larger mini-comput
ers. With XENIX, up to three people 
(one at the keyboard and two others 
on remote terminals or computers) can 
simultaneously use the AT. 

At present IBM is not offering any 
application programs for XENIX. How
ever, because of t he amount of soft
ware already available for UNIX, 
many programs, such as a Mult iPlan 
program I saw, will be available early 
next year once the conversions are 
made. 

Communications and windows 
"I'm sending electronic mail," the 

demonstrator told me as he pressed a 
key on a PC in front of him. Moments 
later a message appeared on another 
PC across the room. 

Connected by a single coaxial wire, 
the two computers were part of IBM's 
new PC Network, a relatively low-cost 
communications system that allows up 
to 72 computers, printers, and stor
age devices to work together. Each 
computer on the network requires a 
$695 communications board and a $75 
PC Network program. (Each group of 
eight also requires a $595 network 
translator unit .) 

PC Network is available for all PCs 
except the PCjr. But surprisingly, it 
will not work with an AT running 
XENIX. Though IBM doesn't see that 
as a problem, it could be a serious 
limitation for office-system planners. 

Another surprise is a $149 software 
program called Top View, available for 
all PCs except the PCjr. Top View al
lows conventional PC programs to run 
concurrently, share fi les, and be simul
t aneously displayed on the screen 
using windows. Why the surprise? 
Because TopView allows individual 
programs to be used simultaneously, 
the trend to expensive ali-in-one 
packages (word processing, data base, 
at:J,d spread sheet, for instance) may 
change. And because it comes from 
IBM, Top View may dash competitors' 
hopes for sales of similar products that 
are designed to allow concurrent op
eration, such as Microsoft's Windows 
and Digital Research's Concurrent 
PC-DOS. 

But then, the gloves are off-and 
IBM has dashed competitors' hopes 
before. IIIID 

(low speed wheel s) ............. 1728 
With high speed wheels. Item #1125 ......................... 1748 
15V. Ton Item #1132 or#1130(High or low profile splitters). 

chol~• tor onty ............................................ 1888 
1 2.t.v .. Ton, (low profile). Item #1142 ....................... 11388 

(High Profile Splitter). Item #1140 .......................... 11588 
Item # 1125 HAVE A FULL LINE OF SPLITTERS FROM 8 to 35 TON 

GAS 
ENGINES 
Horizontal Shaft 

STANDARD 4-WAY 
CONTROL VALVE 

TARPS 
2 STAGE PUMPS Strong Polyethylene 

8 HP TecumHh, (Cast iron 
sleeve) #8081 ...... .. $182.85 

8 HP Brtgge, (Recoil) llem#8080 

1015 ... .......................... . $157 
22 Gal .. use w1th 10 HP+ and 5" or 
larger cylinder ltem•1017 ... S248 

1984/ 85 

Item# 
1170 
1171 
1172 
1773 
1774 
1775 
1778 
1177 
1178 

CATALOG 

Size 
6'x 8' 

8'x 1 o· 
1 O'x 12' 
12'x 16' 
12'x 20' 
16'x 20' 
20'x 30' 
30'x 40' 

112 Pages of Woodworking 
Supplies 8c Hardwme 

Enclosed 0 $1.00 (3rd Qass) I 0 $2.00 (1st Oass) I 
I Name I 
1 

Address I 

I 

City/ State/ Zip 

1 [[]iBIIr:3i 

I ~~~, I 
I 

Store· 1 
21801 Industrtal Blvd. Dept. H512 

L Rogers, MN 55374 _j 
---- ----

Sh.WI. 
31bs. 
4 lbs. 
4 lbs. 
8 lbs. 
11 lbs. 
12 lbs. 
23 lbs. 
39 lbs. 

Price 
14.75 

8 .85 
10.75 
18.50 
20.00 
28.75 
50.00 
88.50 
88.00 

Only ............... ..... 1215.85 
10 HP Tecumeeh, 1"shaf1. re· 

'coil start. #801 0 ... S232.115 
1 o H PTecumMh, 1"shaft. elec. 
start. Item# 80101 ..... 1278.115 

WE CARRY A HUGE 
SUPPLY OF 3·20 HP 

ENGINES IN STOCK! 

A Fascinating 
Hobby 

. .\ 

Magazine 
LIVESTE~M 
Live Steam engines - whether you . 
build, run or just enjoy reading 
about them - are fascinating and 
fun. Live Steam Magazine offers 
authoritative articles on locomotive, 
marine, automotive, traction, and · 
stationary steam engines, as well as 
complete plans for building 
working models. 

Subscn'be today: $25.00 per year (12 ~es),. 
$28.00 Canada and other countries (US Funds) 
Visa and MasterCard orders phone operator 
35 Toll Free 800-824-7888. Or write: 

LIVE STEAM 
P.O. Box 629-B, Traverse City, MI 49685 
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A world of knowledge ••• 
right at your fingertips! 
The Grolier Corporation. encyclopedia publishers 
for 89 years. produced this big 1984 edition' A 
Canadian distributor overestimated its needs 
and ended up with a surplus quantity. The sets 
are now available at a low liquidation price! 

Loaded with Information. illustrations! The 20 
volumes plus index, provide you with a wealth 
of information. Over 28,000 subject entries are 
covered for people. places. things. etc. There are 
12.000 full-color illustrations including famous 
landmarks, works of art. mechanical views. 
plants, animals. maps. and MUCH more! Infor
mation is presented in an interesting, easy-to
read manner. Even elementary students will be 
able to grasp the ideas. and facts. Family 
members and students will use it as an invalua
ble aid . Business executives can often find it 
useful. too! 
An Impressive addition to your library! Binding is of 
high quality. Sturdy covers have golden 
embossed lettering. Books measure 8" x 10%" x 
11h". 

Mfgr. Sug. Retail .... . S4SO.OO 
Uquidation 
Closeout Price ... 

$ 
Item No. F-723-62996-00 Ship, handling: 115.50 

Price subject to change after 60 days. 
Offer void outside original 48 states. 

Credit card members can order by phone, 
24 hours a day, ~ ~ 
7 days a week. ~ ~ 

Toll Free: 1-800.328-0609 
Your check Is welcome! 

Tc:IIZCheck 
No delays in processing your order. 

• --------------C.O.M.B. CO.® Item F-723·62996.00 
14615 28th Ave. N. I Minneapolis, MN. 55441-3357 
Send Encyclopedia Set(s) at $158.00 per set, plus 
$15.50 per set lor shipping, handling. (Minnesota residents 
add 6% sales tax. Allow 3-4 weeks lor delivery. Sorry, no 
C.O.D. orders.) 
0 My check or money order Is enclosed. (No delays in 
processing order, thanks to TeleCheck.) 

Charge: 0 MasterCard<!'O VI SAO Am. Ex.O Diners Club 

Acct. No. ::-:c=-::-,..-::-:-:-:-:.,..----- Exp. - 
PLEASE PRINT CLEARLY 

~me-----------------

Addre••--------------
City _ _____________ __ 

State•----------- Zip ___ _ 

~on•---------------
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Taking Care ofThur Car 
By STEVE MERCALDO 

Got a useful car tip? Send it (with Social Security No.) to Car Care, 
PoPUlAR SCIENCE, 380 Madison Ave., New York, N.Y. 10017. We'll pay 
$50 if we use it. If two or more readers send the same tip, payment 
goes to the one with earliest postmark. No tips caQ be returned. 

Leak detective 

Pressurizing the cooling system with 
a pressure tester can help pinpoint 
even the smallest coolant leak. The 
tester, a hand-operated pump and 
gauge, clamps onto the radiator neck. 
Once the maximum recommended sys
tem pressure is reached, it's easy to 
spot an external leak in a hose, radi-

Brake tip 

The star-wheel adjuster on a self
adjusting drum brake is equipped with 
a special fiat washer. Its job is to pro
vide the adjuster socket with a seal 
and bearing surface. When servicing 
the adjuster, don't forget to apply a 
thin coat of white lube to the washer. 
Otherwise the adjuster may fail, re
sulting in a low brake pedal. 

a tor, water pump, thermostat housing, 
or heater core. 

If no external leaks are evident but 
the gauge refuses to hold pressure for 
at least two minutes, there may be an 
internal coolant leak. It's best to have 
a professional mechanic take over if 
evidence points to this. 

• 

-
• 

.;.--t-sruo 
fli~--..J!-NUT (TOP) 

~~ Q t-LOCK WASHER 

Manifold procedure 

• 

Removing a stud from an exhaust 
manifold can be an extremely difficult 
task. Try this procedure: Soak the stud 
with penetrating oil. Then screw two 
hex-head nuts with a split-ring lock 
washer between them onto the stud. 
Cinch the nuts tightly together. Now 
use a wrench on the top nut to remove 
the stubborn stud. 

i 
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What do ple say* about the amazing 
FUEI.TRON Gasoline Vaporizer? 

V.H., Ft. Wayne, IN- Opel GT 1900CC 
" ... removes pause when accelerating 
and going from idle jet to high speed 
jet-motor now runs very smooth-plan 
on installing the Fueltron in three more of 
my autos, I'm so pleased." 

J.D., Santa Maria, CA-
1974 Ford Truck E100 
"We the people should make a law 
requiring mandatory factory installation 
of the Fueltron in every car on the road. I 
get faster starts, smoother running, more 
power and acceleration, and my oil stays 
cleaner!" 

G.W., West Warwick, Rl-
19n Dodge Van 8200, 319 cc Engine 
"Since installing the Fueltron the van 
starts easier, runs smoother, has defi
nitely better acceleration and more 
usable power. My van hasn't run this well 
since I bought it. Keep up the good 
work!" 

T.S., Burbank, CA-
1980 Chevrolet Citation 
"Starts easier-don't have to keep the 
choke closed as long to prevent stall
ing- better cold engine driveability and 
throttle response. I wish this had been 
available years ago. I think the new car 
makers should look into this." 

J.C., Freehold Twp., NJ-
19n Pontiac Firebird with Holley 4 bbl 
(Edelbrock SP29) 
" . . . improved low end torque, accelera-
tion and power:· · 

C.H.A., Sheboygan, Wl-1972 Buick 
Electra modified 455 (Stage 1-V8) 
"Can now run regular gas with 10:1 com
pression- plugs stay cleaner. Lumpy 
cold idle is gone." 

B.L., Polson, MT-
1973 Chevrolet 3/4 Ton 350,4 barrel 
"I not only got easier starts and better 
acceleration, but it also improved gas 
mileage 2-3 miles per gallon and it 
stopped run-on that was sometimes a 
problem. I plan to buy another for my 
second vehicle." 

C.L.H., Riverside, CA-
1984 Pontiac 6000 STE 
"Better low speed torque-helped per
formance under 3,000 RPM noticeably'.' 

D.B., Bloomfield, CT-1979 Mazda 
RX7 -45 DCOE sided raft Weber 
"My application was purely performance 
oriented-all aspects of part throttle 
operation improved dramatically- the 

The Amazing 
FUELTRON™ 

Ultrasonic 
Gasoline Vaporizer 

Gives your car more power, more 
torque, better acceleration, easier starts VAPORIZED HOT-SPOT 

FUEl 
WHAT FUELTRON DOES 

To deliver peak performance a gasoline engine 
needs a completely vaporized fuel-air mixture. But 
even the best carburetors will not vaporize all the 
gasoline delivered by the fuel pump. A certain 
amount of raw fuel is pulled into your engine's 
cylinders where not even the hottest spark will 
iQnite it. Besides being wasted, that fuel washes 
vital lubricant off cylinder walls and rings. Fuel· 
tron's ultrasonic transducer turns raw fuel into an 
easy-to·iQnite vapor in millionths of a second! This 
vapor ignites completely and burns with high ener· 
gy before it can be exhausted. 
Fueltron is manufactured under U.S. Pat. No. 4401089 

I 

A~ Fueltroft lrlt Includes an ultl'ltsonlc amplifier 
and flltt}er one (for alngle-IMrrel Clltbsl or two (for 2 or 4 
,.,,.1 Clltbsl transducers. 

YOU NEED FUELTRON ... if you know your car 
should be capable of faster throttle response, 
smoother idle and quieter running ... if gasoline 
waste concerns you . . . if you want to use lower 

Fueltron's ultrasonic ctystaltransducer oscillates 
1.3 million times a second to ins1antaneously vaporize 
gasoline Into a high density, cold vapor. 

octane fuel with reduced engine knock. Only the 
easily-installed Fueltron can 9ive you this com
bination of benefits so economically. 

HOW YOUR ENGINE WASTES FUEL 
Cold-engine starts waste fuel, because the drop
lets of gasoline can't vaporize before they're 
swept into the cylinders, so they don't all burn. Low 
speed operation can be a problem, because air 
isn't flowing rapidly enough through the manifold 
to mix the fuel droplets evenly, resulting in an un· 
even mixture and ragged running. When you 
accelerate, the gasoline from the accelerator 
pump can't be vaporized quickly enough so it 
floods the nearest cylinders, while those farthest 
away can suffer from lean-mixture knock. 

HOW FUELTRON CUTS FUEL WASTE 
Fueltron vaporizes gasoline instantaneously, fool
ing the engine into thinking it's hot even when it's 
cold. Those droplets which would normally hit the 
hot spot at the bottom of the manifold will fall on the 
Fueltron transducer instead, and burst into a cold 
vapor instantaneously. The vaporized gasoline 
mixes more quickly and uniformly with air so your 
engine starts faster and runs smoother, giving bet· 
ter driveability and increased low end torque. The 
uniform fuel/air mixture virtually eliminates lean
cylinder knock, hesitation, stalls and flooding. The 

rotary is more eager to accelerate now-, 
runs smoother and is more responsive 
to light throttle change- exceeds your 
claims of improved performance'.' 

H.B.M., Danville, lL-
1984 Ford Tempo 
"Took 1% hours to install-improved 
starts- runs smoother- better acceler
ation- now get about 26 mpg city'.' 

M.L.F., Phoenix, AZ-
1973 Ford LTD 400cc 
"Better acceleration from idle up to 
speed-smoother running. As a 
designer of electronic circuitry, I found 
the Fueltron to be a very well designed 
and built device'.' 

W.F.M., Mechanicsville, VA-
1979 Ford Fairmont, 8 cyl. 
" It will do all you claimed and more. I am 
a mechanic with forty years of experi-

. ence, and I believe that with it on our car 
there would be no need for pollution 
equipmenf.' 

J.L., Tacoma, WA-
1978 Mercury Z-7, 6 cyl. 
"Eliminated a dangerous flat spot in 
acceleration-easier starts-used to die 
2 or 3 times'.' 
"Full names and copies of letters on file. 

Fueltron Ultrasonic Fuel Vaporizer meets the re
quirements for sale in California\11 works with regu
lar and turbocharged engines, boosting energy 
while reducing waste and pollution. 

THE DETAILS 
Fueltron works with any fuel (or fuel mixture), in
cluding water injection systems. Installation is 
simple; if you know how to remove your car
buretor, the rest is easy, no modifications to car
buretor or manifold required. In the unlikely event 
that Fueltron fails, normal engine performance will 
not be affected. 
(1) State of California Air Resources Bosrd: Exec. Order No. 0·132. 

Thousands of Fueltron Ultrasonic Fuel 
Vaporizers are in use Improving engine 
performance. ORDER YOURS TODAY! 

~ 1984 Fue11ronoc:s Corp. 

••••••••••••••••••••••••••••••••• 
Fueltronics Coraoration 
9101 Greenwood Ave., Niles, IL 60648 

Please send me a Fuetrron Kit 
PS12 

0 Model7000 (2 or4 Barrel) $129.95 + $4.75shippinglhandli 
0 Model7100 ( 1 Barrel) $99.95 + $4.75shipptnglhandling 
(Illinois reS<de<ltsadd -,.. S.T.) Instructions and walfanly suppliedwilhkiL 

NAME-----------------------------

STREET'-------------------------

CITY/STATE/ZIP ----:---------=:----::----:-
Paymenl is by: 0 Cheek 0 Money Order n Visa 0 Mas181Card 

Card No __ , ____________ Exp, _ __________ _ 

(Signarure'>--------------------------
30-Day Money Bad< Guarantee: II unilis re!Yrned whhin 30 days ol recejpl. 
Fueltronlcs Corporalion will refund purchase price less shipping and han
dling charges. 

••••••••••••••••••••••••••••••••• 
Distributor, National Account and OEM prices furnished upon 
request. (Minimum opening order 250 Fueltron Kits.) Include 
O&B rating o r bank & credit references. 





















Booklets, catalogs. and folders listed below provide reliable information, il lustrations, and specifications to help you in planning the pur
chase of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage. 

1201 Power Tools This 1985 Paramount 
catalog of lawn and garden power tools from 
Allegretti & Co. includes electric nylon-cord 
weed-and-grass trimmers and electric power 
blowers and edgers. It also introduces "Tilt
N-Trim," the adjusting-handle grass trimmer. 
Free 

1202 Gardening Catalog Burpee's 1984 
gardening catalog is a comprehensive plant
ing and growing guide that describes more 
than 1,800 vegetable and flower seeds, trees, 
shrubs, bulbs, and gardening aids. Free 

1203 Precision Optics This catalog from 
Celestron International, the world's largest 
manufacturer of precision consumer optics, 
shows you how to capture the beauty of the 
universe with telescopes, binoculars, spotting 
scopes, and telephoto lenses. $3 

1204 Learn to Fly Literature from Cessna 
addresses many commonly asked questions 
about learning how to fly and discusses the 
advantages of being a pilot. The information 
includes a directory of Cessna pilot-training 
centers around the world. Free 

1205 Computer Covers This catalog and 
specifications sheet from Coverguard Corp. de
scribe the firm's covers, available for any brand 
of personal, micro-, or mini-computer. The 
covers are custom-made of featherweight, 
super-strength, waterproof, flame-retardant 
nylon. 25¢ 

1206 Personal-Computer Tips This de
tailed color brochure from CompuServe, 
America's largest information service for 
personal-computer users, tells you how to ob
tain access to its vast data banks for reference 
material, news wires, an encyclopedia, finan
cial and travel information, electronic mail, 
fantastic games, and lots more. Free 

1207 Radar Detectors A Controlonics bro
chure describes Spectrum and Spectrum Re
mote speed-radar detectors, the most sensitive 
and selective units on the road, which filter 
out non-radar signals. Included is the new 
Whistler. Free 

1208 Pruning Catalog Two authoritative 
color booklets entitled "Principals of Pruning" 
and "How to Prune Roses" offer step-by-step 
instruct ions for successful plant-growth man
agement. The Corona Clipper garden-tool cat
alog is also included. Free 

1209 Outdoor Equipment A brochure from 
Echo details its line of grass trimmers, chain 
saws, power blowers, and duster-misters to 
satisfy all your yard-care needs. Free 

1210 Custom Car Parts A leaflet describ
ing Edelbrock Performers tells you how your 
VB engine can come alive with up to 72 ft.
lbs. more torque and three more mpg. Test 
results are included. Free 

1211 Grandfather Clocks A full-color cat
alog from Emperor Clock describes its line of 
3/4-inch solid-hardwood grandfather clocks. 
Easy-to-assemble kits and fully assembled 
clocks are available at low factory-direct 
prices. Free 

1212 Building Energy Analysis Enercomp 
introduces Micropas, a microcomputer pro
gram that allows professionals to estimate the 
energy efficiency of a building during the de
sign process. Free 

1213 Storm Windows This booklet from 
Energy Arsenal offers information on how to 
stop cold-air infiltration and increase R-value 
- an easy, fast, and low-cost method that 
saves on heating bills. Free 

1214 Compact Computer This color bro
chure describes the Epson HX-20 Notebook 
Computer, which features computing power 
comparable with most desk-top computers. 
The HX-20 comes in a battery-operated pack
age small enough to fit in a briefcase. Free 

1215 Sharpening Equipment This two
color, 56-page fully illustrated catalog from 
Foley-Belsaw provides complete specifications 
and prices on its line of sharpening equip
ment for home, garden, and industrial shop 
saws and tools. Free 

1216 Aluminum Boats A brochure from 
Fisher Marine, an established manufacturer 
of aluminum .johnboats, describes its new line 
of semi-V-hulled aluminum fishing craft. Free 

1217 Carbide-Tipped Blade A 20-page 
booklet from Forrest Mfg. describes its saw 
blade/dado for serious woodworkers. It cuts 
all wood materials flawlessly smooth and elimi
nates sanding, says Forrest. $1 

1218 Hardware Discounts A 108-page 
discount catalog from Northern Hydraulics has 
discount prices on log splitters and parts, gas
oline engines, generators, trailer parts. a1r 
tools, heaters, and much more. Free 

1219 Barbecues Full-featured grills with 
superior cooking performance are illustrated 
in a booklet from UNR Home Products, mak
ers of the Happy Cooker barbecue grill , which 
cleans itself l ike a kitchen oven. Free 

1220 Woodworking Supplies A full -color, 
112-page catalog from The Woodworkers' 
Store details a comprehensive selection of 
woodworking supplies, including veneers, 
hardwoods, specialty hardware, finishing 
materials, caning, books, and more. $1 

r • • • • • • • • • • • • • • • • • • • FILL IN COUPON AND MAIL TODAY • • • • • • • • • • • • • • • • • • • .. 

: POPUW SCIENCE P.O. Box 322, Dalton, Mass. 01226 THIS COUPON EXPIRES FEBRUARY 28, 1985 : 
I Note: PoPULAR SciENCE Massachusetts address IS for Product Information only. I 

I Please send the items checked below. I am enclosing $1 handling charge I 
1 (any number of items) plus amount required for priced items. I AM ENCLOSING 1 

: 0 1201 0 1205 25¢ 0 1209 0 1213 o 1217 $1 $ for priced items : 
1 o 1202 o 1206 o 1210 o 1214 o 1218 $1 for handline 1 
1 0 1203 $3 0 1207 0 1211 0 1215 0 1219 $ TOTAL REMITTANCE I 
I 0 1204 0 1208 o 1212 o 1216 o 1220 $1 1 
I I 

: Name (please print) : 

I Address City & State Zip I 
I Please send cash, check, or money order made out to PoPULAR SCIENCE. I 
I No stamps or foreign currency. Allow approximately six weeks' delivery. POPULAR SCIENCE DECEMBER 1984 I 

~-------------------------------------------------~ 
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just pick up a pickup from GMC. that provide impressive off-road agility and 
A truck, you say? Yes, but no ordinary trucks, improved ride, on or off the pavement. So you 

these. We're talking cream-of-the-crop pickups can feel very comfortable in an S· 1 5 ... 
from GMC. When "trucks" is your last name, ~--~~ wherever you go. 
you have to do trucks very well. We do. You can equip an S· 1 5 to haul a boat or 

Our little S· 1 5 is as stylish as can be. snowmobile or other stuff. Or convert to 
You can dress one up with distinctive new a camper. And be generally helpful. 
custom two-tone paint schemes, reflecting Look in the Yellow Pages for the GMC 
your own colorful personality. And equip it truck dealer nearest to you. Buckle 
with the optional luxuries and amenities G_.c;. yourself into a little fun, a little spirit, 
you'd expect in a car. --=---=:::;; a little something you've been missing. 

An S· 1 5 is a useful second vehicle to have Add a little pickup to your life. For a free copy 
around. It's available in either two· or four-wheel· of GMC's 28· page "How To Live Comfortably 
drive models. An optional off-road package With A Truck;' please write to: GMC Truck 
available on the S· 1 5 4X4 Merchandising Headquarters, 
has Delco-Bilstein gas- Drawer 30093, Department 
charged shock absorbers 43 C. Lansing, Ml 48909. 

A truck you can live with. GMC S·l 5 4X4 pickup. 



Easy-going taste in 
a low tar. 

Regular and Menthol 
Kings and 100's 


