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EDITORIAL

SATELLITE TV TODAY

Back in the late 1970’s and early 1980's, home satellite-TV was
an explosively growing industry. It aiso existed in what was
then a gray area of the law. Owners of home receiving set ups
(called TVRO's) were considered pirates by program providers
and cable companies. The reality, however, was that while
many TVRO owners were attracted by the prospect of “free”
cable TV, for those who lived in rural and remote areas,
TVRO's offered the only hope of getting any TV at all.

In any event, the FCC eventually clarified the status of TVRO
ownership, making it legal, and program providers came up
with an effective and relatively secure method of scrambling.
The later development nearly killed satellite TV. The important
word here is “nearly.” Scrambling drove the freeloaders out,
leaving a smaller, now legitimate industry that has grown
steadily every year.

Today, satellite TV has matured, and offers attractive benefits
that are unavailable via cable or broadcast channels. Those
include quality, variety, and cost.

First, satellite TV offers picture quality that is unparalleled by
cable or broadcast TV—it is equal to that provided by laser
discs. As for variety, virtually any programming imaginable is
available to the TVRO owner. And cost? Even though
programming has to be paid for, it is still less expensive than
programming from most cable-TV companies.

This month, Popular Electronics turns its attention to satellite
TV. In Gizmo, we detail how you can design and install your
own satellite-TV system, and review the components that
comprised our test set up. That story begins on page 5.

In a second article, 200 Channels to Choose From, we look at
the state of satellite TV today. We examine the variety of
programming available, the cost, the benefits and drawbacks
of TVRO ownership, and more. That article begins on page 31.
If you've ever even remotely considered satellite TV, you'll find
both stories well worth your time.

Q2 L

Carl Laron
Editor



A MADE-TO-ORDER
PROJECT

| wanted to share a story about
Jonathan Gordon’s “Gas Gauge
Meter” (Popular Electronics,
February 1993). | have a 1980
Corvette, and | spent weeks
trying to repair its low-fuel warn-
ing-light module, for as little
money as possible. | called GM,
but no one there would help
me—they just wanted to sell me
a new one for $55. We all know
there's only about $5 worth of
parts on the small PC board.
Next, | called about 30 semi-
conductor manufacturers, trying
to cross reference the generic
numbers on the GM part, to no
avail.

Well, | was looking at maga-
zines in the grocery store while
my wife was shopping, when
Popular Electronics fell on the
floor at my feet. It was the
February issue, with “The Gas
Gauge Gets Smart” in big let-
ters on the cover. The magazine
was covered in clear plastic, but
| couldn’t even wait to buy it
before tearing off the plastic
(hoping no one was looking). |
quickly read the article and was
so excited, | started yelling for
my wife. Everyone thought | was
crazy!

Now I'm sitting here with $15
worth of parts in front of me,
about to start building my own
warning light. My thanks to you
all for coming up with projects
like this!

K LTr
Dothan, AL

MADE IN THE USA

In a Popular Electronics edi-
torial titled “Made in Japan,”
which appeared over a year ago
(May, 1992), one sentence in
particular really hit home and
has been going ‘round and
‘round in my mind ever since. It
is: “Two-way trade will only be-

| come a reality when we have

products that are unique, or
better than anything available
elsewhere."”

Mcintosh audio/video equip-
ment fits that description.
Mcintosh Laboratory Inc. is a
quiet company located along
the banks of the Susquehanna
River in Binghamton, NY. We've
been manufacturing some of
the world's best high-end stereo

LETTERS

equipment since 1949. We have
had a very healthy export
standing with the Asian market,
particularly with Japan, for
many years. Not only are our
current models doing very well
in the Japanese market (ac-
counting for 50% of our current
exports), but for years Japa-
nese collectors have revered
our products and have scouted
the American marketplace for
our older equipment. It is truly a
love of “quality.”

Mclintosh recently decided to
reissue the MC 275 Tube Power
Amplifier, which originally was
manufactured from 1961 to 1970
and had a suggested retail price
of $444. Today it is difficult to
find a used MC 275 because
most of them have gone over-
seas. If you did find one, the
cost would be between $3000
and $4000, depending on con-
dition. The reissue of the MC
275 is a direct result of our
distributor in Japan asking for it.
It's sure to whet the appetite of
our loyal foreign customers.

It is that high regard for Mcin-
tosh equipment that prompted
Clarion of Japan to merge with
Mcintosh in 1990. Nothing has
been done since the merger
that affects the uniqueness of
the products or the company. All
products are still proudly hand-
built in New York by the same
dedicated American workforce.
Clarion has provided Mcintosh
with the capital to hire more
engineers and expand its prod-
uct line to.include home-theater
products, a new line of speak-
ers, and updated equipment.
On the back of each product is
stamped “Made in USA.” For-
eign parts are used only if they
are not available here in the
States.

Mcintosh is unique because
we are an American firm that's
Japanese owned. We're becom-
ing more and more of an
international company every
day.

You're absolutely right about
the two-way trade issue. Unique
products, or those that are bet-

ter than can be found anywhere
else, are necessary.

Jean M. Michelbach
Dealer and Press Liason
Mcintosh Laboratory

CALLING ALL D-I-Y’ERS

It doesn’t seem that long ago
when the supermarket, drug-
store, and airport magazine
racks had a fair share of hobby,
experimenting, electronics, and
model-railroad publications.
Now, aside from Popular Elec-
tronics and a very few similar
magazines, the racks are filled
with shallow, light reading on
subjects like sports, sex, scan-
dals, and television—anything
that doesn't require heavy think-
ing.

It is a shame that things are
so difficult for today’s electronics
hobbyists. If, through your and
others efforts, we could some-
how reactivate the creative
interest of electronic do-it-your-
selfers | am sure that some of
them would “stumble onto” in-
ventions worthwhile for all of us.
Some accounts attribute the
telephone to the accidental
spilling of battery acid. | heard
that Kodachrome color pho-
tography was due to two college
boys experimenting with chemi-
cals in their kitchen. Throughout
history, fortunate accidents have
spurred progress.

| wish we had the freedom for
do-it-yourself engineers to see
who could build the best TV
descramblers, and disc and
tape copiers. | remember the
earlier days of radio, when we
could really make a sport of
seeing who could build the re-
ceiver or transmitter with the
furthest range. Our biggest wor-
ry was keeping a regenerative
receiver from going into oscilla-
tion, disturbing the neighbors
radio reception. Today, it is the
scrambled TV signals entering
our TV dishes.

| am retired after 40 years
with Western Electric Company,
formerly the manufacturing and
supply unit of the Bell System of

AT&T. | am a member of the
Telephone Company Pioneers
of America, an organization of
retired telephone workers who
help disadvantaged people get
needed services. For instance, |
volunteered to repair “talking
books” for the blind. With many
of the projects | work on, how-
ever, | experience trouble
finding all the necessary parts. |
think that your Electronics Mar-
ket Center will be very helpful to
me.

PD.N.

Springfield, MO

HAVES & NEEDS

| recently came into possession
of two old, vacuum-tube re-
ceivers. Now | am looking to
beg, borrow, or steal the circuit
diagrams, specifications, and
operating instructions for the
two units: a National NC 126
and a Yaesu Muse (Japan) FR
1003.

There is no real problem with
the National receiver, as | am
fairly famiiiar with that type of
equipment, aithough the infor-
mation would be very useful.

The FR 1003 is a different
story. The dial is calibrated
0-100, and various knobs and
switches have no reference to
frequencies, etc. One control
position is labeled Caus, pre-
sumably for calibration, but |
have no idea how to use it.

Any information on these two
units would be greatly appreci-
ated. Thank you.

Ray Morford

C8 Site 28 RR2
Gabriola Island, B.C.
VOR 1X0 Canada

Thanks for Popular Elec-
tronics. 've been a reader and
faithful subscriber for many
years. Now I'm in need of a
schematic/operator's manual,
including power supply, for a
Swan 500C ham band trans-
ceiver. Thanks again.

John G. Charlton

712 North Ewing Street

Seymour, IN 47274 LB
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How To Become

a Bird Watcher

All you need to know before
you install your own satellite
TV system

In this month’s Gizmo, we boldly go
where we've never gone before—to ex-
plore the world of satellite TV. Although
we've been aware of satellite TV for years,
through books and articles and con-
versations with dish owners, until now.
we’ve had no hands-on experience. If your
experience with satellite TV is as limited
as ours was, we’d suggest you read the
article on page 31 for an in-depth look at
the field. Here, we'll keep background to a
minimum, as we relate the story of our
installatior. while answering the questions
that are most likely to arise. In the re-
mainder of this issue of Gizmo, we discuss
the practical aspects of choosing equip-
ment, and review some statc-of-the-art sat-
ellite gear.

WHAT IS REQUIRED FOR A
HOME-SATELLITE SYSTEM?

A home satellite-TV System, com-
monly kncwn as a TVRO (for TV receive
only). consists of the satelfite dish, which
collects the signals relayed by satellite and
reflects them to the feedhorn, which holds
and adjusts the real antenna The dish po-
sitioner—in modern set-ups a motor-driv-
en actuator—moves the dish into proper
alignment so that it can **see’" the satellite
of choice. The signal received from the
satellite is converted to a lower frequency,
or downconverted. by the LNB. or low-
noise block downconverter. The converted
signal is transmitted via cables inside the
house to the receiver, which processes the
signal so that it can be shown on TV.

WHY GO WITH TVRO?

Whew! If you’re unfamiliar with the
benefits of TVRO, you might wonder why
anyone would bother to spend the time,
money, and effort on a satellite setup, par
ticularly if cable TV was available.

There are a few good reascns, which

‘we'll just touch on here, since the article

on page 31 covers TVRO advantages in
detail. First, satellite offers the widest va-
riety of programs. Second. it provides ex-
cellent audio and vidco qualtty—better
than that of network or cable. And satellite
offers an unparalleled choice of program
suppliers, allowing you to choose from
among dozens of program packagers, in-
stead of being limited to the few options
offered by a single cable company.
Finally. it's easier than you might think

- to enter the world of satellite television.

Whether you choose to install a system
yeurself or hire a local satellite dealer to do
it for you. you'll find the process easier
orce you understand some satellite TV

basics.

CAN 1 DO IT MYSELF?

Installing a satellite TV system-—par-
ticularly, the dish—requires pztience and,
most importan{. carcful plasning. The

TURN PAGE FOR CONTENTS

Satellitz Broadcastzrs and Communica-
tions Asscciation (SBCA) doesn’t recom-
mend that the average person attempt it.
For the most part, we'd agree.

But if we were to make a couple of
assumptions about you, simply because
vou rzad Popular Electronics, we would
guess that you have some basic knowledge
of elecronics and that you weren't afraid
10 apply that know.edge to do-it-yourself
projects. i that holds true for you. then
you shou'd be able to handle a TVRO
installation—with the praper information
and planiing, of course.

WHERE DO | START?

Befcre you cver think of installing a
satellite dish, you have to do a sife survey
to determine that yoa can place a dish
somewheze on your property so thatithas a
clzar view of osbiung satellites. The im-
portance of a s te survey cannol be over-
stated. 1i you don't have a clear line of
sizht (o the satellite’s location, you won't

sowono9)3 seindod ‘ge61L sune
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receive any signals. Buildings. hills, and
trees will block the microwave downlink
signals that are sent from the satellites.

Most satellite systems are instalied so
that the dish antenna can be moved, allow-
Ing 1t to track and receive signals from all
of the orbiting satellites. If you are inter-
ested in the signals from just one satellite.
you could install a fixed dish. But even
then, you must ensure that you have a clear
line of sight.

All of the geosynchronous satellites
used for TV program distribution are in
orbit 22,300 miles over the equator in what
is know as the Clarke Belt. What that
means, generally speaking. is that your
dish should have a clear view of the south-
ern sky. The farther north you are located,
the lower the satellites will be in the sky. If
you are located in the east, most of the
satellites will be west of you, and vice
versa.

Our installation site was on Long Is-
land, NY, at a latitude of 40° 70 + prime
North. longitude 73° 38 + prime West.
That meant that most of the satellites
would be in the southwest sky, and we’d

need a dish with a diameter of at least 8
feet.

WHAT DOES DISH SIZE HAVE TO
DO WITH LOCATION?

The signals relayed to earth (down-
linked) by satellites are, for the most part,
“aimed” at the center of the country. Be-
cause signal strength is greatest at the cen-
ter of the “footprint”—the area that can
receive signals from a satellite—and
weakest at the fringes, folks in Kansas
usually can get by with a 6-foot diameter
dish. while folks in Washington or Maine
might require one that’s 12-feet in diame-
ter. We opted for a 10-foot dish.

HOW DO WE DO THE SITE
SURVEY?

The first step in the site survey is to find
true south. A compass alone won’t do the
Jjob because it will point to magnetic
south. A good way to find true south is to
call a local airport and ask for the magnetic
variation in your area. On Long Island,
true south is about 13 degrees west of mag-
netic south.

The second step is to determine the
bearings to the satellites furthest east, fur-
thest west, and the highest satellite in the
belt as viewed from your location. In the
U.S.. the satellite furthest east is Spacenet
2, which is at a longitude of 69° W. The
satellite furthest west is Satcom FI. at a
longitude of 137° W. The bird that appears
highest in the arc is the one that is closest
to being due south of your location. In our
case, that’s Galaxy 2, which is at a long-
itude of 74°.

To determine whether you have a clear
view of the Clarke Belt, you must first
calculate the azimuth and elevation angles
to those satellites, correct for magnetic
variation, look in the direction of the satel-
lites. and connect the three points in a
smooth arc to look for obstructions.

L™

DO I NEED A MATH DEGREE?

No, but some math skills are required.
Calculating the azimuth and elevation an-
gles to the satellites is an exercise in trig-
onometry. Although it’s possible to
calculate the angles with the formulas
shown here (See *“Calculating Az/E! An-
gles™), there are computer programs avail-
able to automate the process. Some
satellite-equipment suppliers will sell you
data corresponding to your latitude and
longitude and give you the bearings to all
satellites in the belt. Our first set of data
came from a table in the book titled Home
Satellite TV [nstallation and Trou-
bleshooting Manual by Frank Baylin et al.
The book is an excellent review of satellite
TV technology and practice. It is just one
of the satellite-related titles from Baylin
Publications (1905 Mariposa. Boulder,
CO 80302.).

WHAT SURVEYING TOOLS ARE
REQUIRED?

You’ll need a compass, an *‘in-
clinometer’ (a fancy name for a
protractor), and a straight-edge or tube.
Stand so that you’re facing the direction of
the satellite furthest east, and use the pro-
tractor and straight-edge to determine the
proper elevation angle. Do the same for the
highest satellite and the one furthest west,
and then scan between the three points in a
smooth arc. Any visible obstructions will
block satellite signals.

WHAT IF THERE ARE
OBSTRUCTIONS?

Unless you live in a flat, treeless, rural
area. you're likely 1o encounter something
that will block your dish’s line of site. If
that’s the case. raising the dish above the
ground and mounting it on a rooftop could
be the solution. Keep in mind, however.
that the higher the dish, the more that wind
can be a problem.

How blg a dish? The answer depends on where you live! the map shown here will give

you a rough idea of what you’ll need.
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C- and Ku-Band sateliites over North America and their orbital positions.

Our site was not an ideal one for install-
ing a satellite dish. Our small lot in a
heavily treed portion of suburban New
York didn’t provide t0o many options; no
ground location offered a view of the satel-
lites. Because we had decided not to
mount a dish on the roof of the house. the
only feasible location was the roof of a
detached garage in the rear of the lot.

Unfortunately, even from that vantage,
our site survey showed that we did not have
a clear view to all satellites—a neighbor’s
tree would block some of the signals. We
decided to go ahead with the installation
anyway; after all, the dish could still see
more than adozen birds. (And maybe if we
Jnvited the neighbors over for enough pay-
per-view shows, they’d agree to trim a few
of their trees!)

The important point is that the site Sur-
vey let us know what to expect. Imagine
finding out only after you installed a dish
that the satellite you most wanted to see
was blocked!

WHAT ELSE MIGHT A SITE
SURVEY REVEAL?

The next part of the site survey is a
search for any signals that might hamper
‘reception. Microwave towers that relay
‘telephone and TV signals are the most
common cause of terrestrial interference
-or T1. In fact. one of the reasons that C-
Band satellites are low powered is so that
they do not interfere with ground-based
microwave systems! That’s why all of the
new, high-powered DBS (direct broadcast
satellite) systems proposed are in the satel-
lite-TV-only Ku band.

Professional satellite-system installers
often check for T1 with a portable receiv-
ing system. Not being professionals. we
did a TI check by aiming our feedhorn at
the satellite arc while observing its output
on a spectrum analyzer that we borrowed
from Avcom of Virgina. An alternative
would be to use a satellite receiver and a
feedhorn. Our site was not completely free

of T1, but there was no discernible Tl in the
dish’s line of sight.

An important thing to remember about
your search for Tl is that a potentially
troubling source might not be on the air
during your test. It’s a good idea to check
for TI at different times of the day—in
particular, at the time when you’re most
likely to be watching TV—because not all
TI is emitted continuously around the
clock. Even if you cannot avoid T, you
might have success by installing a TI filter.
(Some receivers have TI filters built-in.)
You can also use physical shields to reduce
or prevent T1. A professional installer will
probubly be required to overcome severe
problems.

One final factor to consider is the dis-
tance from your dish to your viewing loca-
tion. Although cable loss is no longer the
problem that it was in the early days of
satellite TV, it can still degrade marginal
signals. Cable runs of over 300 feet should
be avoided.

WHAT IF MY TOWN DOESN'T
ALLOW SATELLITE DISHES?

In 1986, the FCC passed the Pre-emp-
tion Order to stop cities and towns from
restricting the installation of satellite dish-
es. However, seven years later, many town
governments still don’t conform to the Pre-
emption Order, and if you get yourself in
trouble with your local zoning board,
federal help from the FCC might seem
very far away. The SBCA recommends that
dish owners protect themselves from po-
tential ramifications by checking local or-
dinances before setting up a dish.

To avoid any problems, we applied to
our local planning board for a permit to
erect a dish. As is common for many loca-
tions. our village did not have a set pro-
cedure to follow—our request fell into the
category “‘other.”

At our application hearing, we were
asked some rather interesting questions,
among them: “Do you need a license to

operate a satellite dish?,” ~Will the dish
cause interference with your neighbors®
TV reception?”’; and “Why would you
want to watch satellite TV?”" We enjoyed
the opportunity to educate the planning
board members to the many benefits of
satellite TV.

In the end, we paid our $50 and receivec
our permit. But even if we had been re-
fused a permit, we probably would have
proceeded with the installation—after all.
federal law is on our side.

The FCC order doesn’t apply, however.
to homeowners™ associations™ restrictions
-against dishes. That’s because each mem-
ber of the association willingly agrees to
the provisions of the covenant when he
purchase his home. According to the
Community Associations Institute (CAD
an organization that represents home-
owners' groups, about 32 million people
live in residential complexes or subdivi-
sions that restrict the installation of dishes
The SBCA has recently begun working
with the CAl on model covenants tha:
would allow dishes while respecting the
homeowners’ associations’ aesthetic con-
cems.

WHERE DO | BUY TVRO
EQUIPMENT?

Okay, you've decided to go with TVRQO,
and have determined that your site is suit-
able. Now you have to select all the gear.

If you spend any time at all in consumer-
electronics stores, you've probably
noticed that absolutely no satellite equip-
ment is on display. There are a couple of
reasons for that. First. a TVRO system,
dish and all, would make a rather large and
unwieldy display. Second, there are so
many pieces needed for a complete sys-
tein. and so many choices available in each
category. Finally—and probably most im-
portant—most people do require profes-
sional installers, and most consumer-
electronics retailers simply don’t havz
staff qualified to do so. Nor do they want to
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CALCULATING EZ/AL ANGLES

Althoug it atalere G REaths

aiming angles, you can

Azimuth angle = cos

Eievation angle = tan

PG il e AR o~ ¢tV i o e

aiming

ulate azimuth and elevation angles with a couple of formulas

-_ta_n 0

tan fcos~'(cos 6 cos X} |

coglcos™ (cos@ cos x) - 0.15116]

sin|cos’ ! (cos @ cos x

0 = site latitude

X = magnitude of difference between satellite longitude and sitelongitugle

~ The three important satellites to know are the one furthest east (Spacenet 2), the one
furthest west (Satcom C5), and the one closest to being due south of your location. Connect
the three points in a smooth arc, and you'll know where the Clarke Belt is i

be bothered with the post-installation cus-
tomer service that a professional installer
supplies.

Your options are to buy the equipment
through a local satellite-TV dealer. or
through a mail-order catalog such as that
offered for $5.00—but free to Pepular
Electronics readers—from Skyvision,
Inc. (1010 N. Frontier Drive, Fergus Falls,
MN 56537-9973; telephone:
800-543-3025).

For our installation, we went with a 10-
foot Orbitron dish, a Rohn roof mount, a
Chaparral Corotor Il Plus feedhorn. Chap-
arral and Norsat LNB’s. a Thompson Sag-
inaw actuator, ribbon cable. and the
Toshiba 2200 IRD. Each of those items is
reviewed individually in this month’s
Gizmo. Within each review, you'll find
information on how to judge the quality of
satellite gear. what features to look for, and
what the specifications mean.

HOW MUCH WILL IT COST?

Ah, the $64.000 question! You'll be
glad to know that the answer is howhere
near $64.,000.

As with any consurner item, prices vary
according to quality and features. It's pos-
sible to spend between $5000 and $6000
for an installed. dual-band. system with
Dolby surround sound. PIP. MTS stereo,
pay-per-view, and a separate record output
for your VCR. It's also possible to install
your own value-priced C-Band-only sys-
tem with IRD for under $2000. And if
you’re not interested in paying for pro-
gramming, you can pick up a single-band
system without a descrambler for about
$500 to $800. (You can always add a sepa-
rate decoder later.)

Our basic system. had we ordered each
component individually from the Skyvi-
sion catalog. would have cost just over
$3200. including shipping. However, a
package deal in that catalog would be
much more cost-eftective, offering almost
the same quality (the primary diffcrence is
in the actuator) for about $2650.

That's about average, according to a reader
poll conducted by Satellite Orbit program
guide. whose readers spent an average of
$2762 for their systems.

WHAT ABOUT PROGRAMMING?

According to that same Orbit survey.
60% of their readers pay for subscription
programming, and the average amount
they spend each month is about $27. What
can you get for that?

A quick scan through the advertise-
ments in Satellite TV Week, another popu-
lar satellite-program guide. turns up the
following: a 20-station package including
HBO, Cinemax, The Discovery Channel.
CNN, ESPN, Arts & Entertainment,
TNN, and Comedy Central would cost
less than $23 a month: a similar package
offers 22 channels for $26.25: and yet an-
other ofters 20 stations for $19.95 a month
with the ability to add HBO, Cinemax. or
ESPN for just $5.05 a month each. With
satellite programming. it's also possible to
order *“a la carte”—paying for only those
stations you truly want, with prices rang-
ing from a dollar a month for the Weather
Channel or Discovery. to $7.95 a month
for premium movie channels.

Our local cable service, in comparison,
charges $9.95 for basic service—
basically. just the stations we receive with
our rooftop antenna (ABC. NBC, etc.). To
that, we can add such premium channels
as HBO, Bravo. Cinemax, The Playboy
Channel. and The Disney Channel for
$12.95 each. A package that includes
basic cable plus 25 not-quite-premium sta-
tions costs $22.45 a month, to which you
can add premium services at $12.95 euch.
The top-of-the-line package. which in-
cludes virtually every imaginable station
(except Playboy, an additionat $4) costs a
whopping $71 a month!

There are three major differences be-
tween subscription satellite and cable-TV
programming. First, the tremendous com-
petition between satellite programming
suppliers keeps prices in line and gives

viewers a tremendous amount of choice.
Second, you can receive dozens of satel-
lite-TV stations without paying a cent.
Third, many of the stations for which you
do pay are downlinked on more than one
transponder, which means that you can see
three HBO channels and two Cinemax
channels, broadcasting the same programs
but at different times.

HOwW DO WE HOOK UP THE
HARDWARE?

We’ll provide all the installation details
within our reviews of each component in
our TVRO system. Read on!

Sur-Mount-ing
All Obstacles

SAW-HORSE TVRO ROOF MOUNT.
Manufactured by Rohn, P.O. Box 2000,
Peoria, IL 61656. Price: About $215.

What do you do when your site survey
tells you that you can't mount a dish on the
ground because your view of the satellites
is obstructed? Well. perhaps you call your
local cable company and schedule an in-
stallation. Or. perhaps you *‘surmount’
those obstructions by mounting the dish
on your roof!

Our suburban installation site was sur-
rounded by trees and nearby houses. The
only way we could hope to see any satellite
was to get the dish up high enough. Our
chosen site was a compromise (a neigh-
bor’s tree still blocked our view of the
western satellites). But we were able to get
a boost of about 12 feet by putting the dish
up on the roof of our detached garage.

The mount we chose was the Model
SHRM suw-horse roof mount from Rohn. a
company well known for its amateur and
professional antenna towers. The company
also has a complete line of satellite-com-
munications mounts.

Even if you don’t have a problem with
the view from the ground. a roof mount
can be attractive for other reasons. First.
there’s no need to pour the concrete that's
required for virtually all ground installa-
tions. And there’s also the extra security in
knowing that no one can get to your dish
without going through a lot of trouble. so
accidental (or intentional) damage is less
of a problem. A roof mount can also be
attractive (o people who live on small lots.
Why take up what precious little yard
space you have with a dish?

Our mount was located atop a detached
garage, but mounting a dish on the roof of
your house has some added advantages—
the cable run can be very short and there's
no need to dig a trench to bury it! There is,
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ot course, a flip side to the coin. Since the
saw-horse roof maount is attached to your
house, you migh. be required to get a
building permit. And, of course, the high-
er your dish is. the more it will be noticed.
For whatever reasons. some people con-
sider satellite dishes to be unsightly. Even
though the FCC is on the side of dish
owners, many localities try to restrict dish
installations.

Although a roof mount relieves you of
the hassle of pouring concrete to ensure
that it stays securely in place, care musz be
taken to ensure tha. a roof-mounted dish—
and the roof to which it is attached—stays
securely attached to the building! A satel-
lite dish——even a perforated one—is
basically a huge szil. The wind load en a
dish, especially one with a ten-foot diame-
ter (and a surface area of 78 square feet)
can be tremendous. A roof structure is
generally designed to hold itself up in
place. By itself, it won’t be able to support
the forces from 1 satellite dish.

The roof must be reinforced before the

After ensuring that the mount is level
and centered over the peak ot the roof,
the base of the mcunt Is used as a tem-
plate for drilling noles for the eight

threaded rods that hold the mount in
place.

mount is installed. The main purpose is to
spread the wind load across the roof as
much as possible. In an unfinished garage,:
getting access to the roof might be easy. In
a house, it might not be.

The mount is made from heavy angle
steel that is “hot dip” galvanized to pre-
vent rust. After the mount is manufac-
tured, it is immersed in a bath of molten
zinc, which fuses to the metal and prevents
corrosion. While that is desirable in any
mount, it’s especially important for roof
mounts. We certainly wouldn’t want
brown streaks of rust running down our
roof?!

The SHRM mount comes with a set of
assembly drawings. Because of our inex-
perience, we would have preferred if a set
of step-by-step instructions was included
as well. Nonetheless, we didn’t have any
serious trouble putting it all together.
Basic assembly would have taken us just a
little more than a half hour, but we ran into

THREADED Roo<% N

\

) — \
,,IEL_A, |

/ “o-‘

/

y /

\
__HORZ. BRACING
>

gy 4t 4 ___—FLAT WASHER
/ s’
HEX NUT
o L g
/ W g LOCK NUT
SEAL AROUND
BOLTS WITH

SILICONE RUBBER
SEALANT

SPREADER RAFTER
BEAMS TIE

The roof must be reinforced with spreader beams that are lag-bolted to the rafters. The
rafters must also be tied together for additional stability.



a couple of slight problems. First, we had
to take some extra time to clean up excess
galvanizing material on one of the bolts.
Second, we found that two of the bolts
supplied were the wrong size. (We re-
ceived two too many 1-1/2-inch bolts. and
two too few i-inch bolts.) Fortunately, the
problem was fixed with a few flat washers
we had on hand.

The base flanges of the SHRM are the
parts that are attached to the roof. Because
they are adjustable, they can match a wide
variety of roof pitches—from flat to 45°. A
total of eight holes are provided in the
flanges to bolt the mount to the roof. We
used a Rohn hardware. mounting kit that
consists of eight 14-inch threaded rods,
washers, nuts, and roof sealant. We also
used a 30-inch TVRO accessory pipe from
Rohn.

The results? Well. we haven’t had any
70-mph winds—the maximum that the
mount is rated to withstand. But we have
had gale warnings and gusts of more than
40 mph. And nothing’s moved yet!

As Easy as One,
Two, Three,

Four

ORBITRON SST-10 SATELLITE DISH.
Manufactured by Orbitron, Industrial
Center, Spring Green, Wi 53588. Price:
$450-$500.

Never having installed a satellite sys-
tem, we were a little intimidated by the
prospect of erecting a 10-foot dish. We had
heard, however, that Orbitron’s SST-10 was
s0 casy to set up that it could be done by
one person in as little as a half hour. Well,
we didn’t come close to that speed—nor
did we try. But putting the antenna to-
gether was one of the easier jobs we had to
do!

One reason that the SST-10 is so easy to
assemble is that it has only four “pe-
tals”—some dishes can have 16 or more.
The more petals that have to be pieced
together, the longer the assembly takes
and the harder it becomes to keep the
smooth parabolic curve required for good
reception. The only disadvantage to the
four-petal arrangement is that the 10-foot
dish and mounting hardware cannot be
shipped in a box small enough to meet
UPS size limits. Actually, it arrived in two
boxes. The first, weighing 60 pounds, con-
tained the mount, a “spider ring,” and
mounting hardware. The second box. also
about 60 pounds. contained the four mesh
petals. the feed support, and the LNB
weather cover.

The mount comes fully assembled ex-
cept for the plate to which the stationary
motor-end of the actuator is attached. The
plate can be mounted in one of three posi-
tions—the proper one is datermined by
your longitude. Following the instruc-
ticns, we installed it pointing straight
back, aithough we weren't sure why. In
fact, we didn’t really understand the pyr-
pase of the adjustments urtil we had in-
stalled the actuator!

After the mount is asserabled, the next
step is to set it on the mourting pole, a 3-
inch (3%-inch outside-diameter) sched-
ul2-40 pipe. Orbitron recommends using
an 8-foot pole. set in concre’e and project-
ing 4% feet above the gound. As you
know we chose a roof mount instead.
Three tolts hold the mount tightly to the
mounting pole. But they shouldn’t be
tightened yet, so you can mave the antenna
to a convenient location as you assemble
it

The spider-ring rear hub—the part to
which the petals are attached—is then
slipped into the mount, but it shouldn’t be

bolted irto place yet either. Being able tc
rotate the rear hub is what makes the as-
sembly of ‘he SST-10) so easy—you can
spin it asound to that the section or: wiich
you’re working iz always within reach.

The first petal is hang from thz center
hub with a singl= balt. Then the second
petal is placed naxt © the first. and also
held by a single Tol:. (Although ot sug-
gested in the manual, we tightened the
spinning hub while installing the second
section becausz it made the job casier.)
Then ths two mating ribs of the first two
sectione are attached together by four
bolts. Cne of the bolts also goes through
the channe’s of the center hub.

Occasionalle, it was difficult to get a
bolt through the ‘wo zibs. As suggested in
the manual, gent-y tapping the bolt using
block of wood and & hammer schyed the
problem.

Althougn the snstruction manual -sug-
gested thag for the third section it %38 nGt
necessafy 20 insiall the bolt.in thz center
hub. we found:that not doing so made the
job a litcde barder. It was easier and faster to
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Ali of the parts, ready for assembiy. NoW
that doesn’t ook too hard!

The moung, sitting on the support pole.
The motor-end of the actuator will be
attached io the plate pcinting to the
right. The moving end attaches to the
arm that Is pointing left.

.}'&P‘ S i S . ‘ S e
The center “spider ring” hub slips into
the polar tube, and can sgin during as-

sembly.

The first section is attached to the center
hub with a singlz bois.

The second sectian is aitached to the
center hub and to the first section.

1

hang the third petal as we had the others.
The same was true of the fourth petal.

After the four petals are attached to each
other and to the rear hub, the front plate is
installed. The four bolts that were used to
hang the petals from the hub are removed.
{The petals are still held to the hub by the
bolts that extend through the channels.)
Thea the center plate is bolted to the center
with the four bolts that were previously
removed. Four additional clips hold the
center of each petal to the ring mount.

The dish is essentially complete at this
stage, but it needs tc be checked for para-
bolic accuracy. A set of crossing strings
lets you do that. Being able to rotate the
dish makes attaching them a simple job.
Since we were on a wof, we were glad we
didn’t have to get or a ladder to reach the
dish’s high point! I the dish is out of
parabolic shape. the strings won’t lay
right. and won't touch cleanly at the cen-
ter. Our dish ended up a virtually perfect
parabola on our first try!

The SST-10 is available with either a
buttonhook or a quad (four-leg) feed sup-
port. Because the height of our roof-
mounted antenna subjected it to greater
wind stress, we chose the quad support for
its better stability. Tke four legs are bolted
to the face of the dish, and then the feed is
attached to the free ends. The feed must be
installed at the focal point of the dish (with
the SST-10, that's 43.2 inches). and it
must be parallel to tae dish’s central sur-
face. We found all our measurements to be
virtually right-on on the first try. and we
needed to perform-only slight adjust-
ments.

With the feedhorn in place. it’s time to
bolt the dish to the mount so that it can no
longer rotate. That’s where Orbitron’s
“*Spinclination” mount comes in. You just
rotate the dish until a mark on the center
hub aligns with the latitude scale on the
mount, and then yon're ready to tighten
the bolts.

Dectination is the degree of difference

S ’tiiv«\.’:ﬁi’

This is the SST-IC with three petais at-

tachec, ready for the final section.

I + ._ ¥
_. 45
S . b_s“g
The jowth secticn is rmounzed in place.
We found it easier to nang it In place

before fastzning it ‘o Ita reichboring pe-
1als.

¢3

Here, the focal length ie being checked
for accuracy.

s
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The Spinclination scale makes setting the dish’s declination angle a treeze!

between the Clarke Belt and your location.
As the mounting location moves north or
south of the equator, the angie between the
antenna and the Clarke Belt increases.
Spinclination works because the base of
the declination tube (the tube sticking out

«f the spider mount) is cut at aslight angle,
and is also not perpendicu ar to the spider
mount. When the dezlination tube is spun,
the angle is changed. But it’s not neces-
sary to measure the angle bezause the tube
is calibrated in degrees of latitude.

The actuator is installed next. The sta-
tionary (motor) end of the actuator is at-
tached to the actuator mounting plate,
which we installed earlier. The other (mov-
ing) end of the actuator is attached to an
arm on the mount. It took us a little while
1o ‘gure out how to mount everything cor-
rectly. Neither the mstructions that came
with the dish. nor the instructions that
came with the actuator, gave us a very clear
picture bf what was supposed to happen. A
little trial and error got everything work-
ing, though. -

No, we didn’t come close to the 30
minutes that Orbitron suggested. But we
didn’t expect to. Because we were com-
plete rovices, we double- 2nd triple-
checked each instruction, and proceeded
Jeliberately. And we were slowed down
considerably by the February weather—
snow a1d ice made roof-top work too dan-
zerous (and uncomfortahle) for several
days running! But we were surprised at
now easy the assembly was. and would
zxpect that, if we had to do it again (prefer-
ably in June), we could bezt the 30-minute
mark. B

The Focal Point

CHAPARRAL COROTOR Il PLUS
FEEDHORN AND LNB. Manufactured
by Chaparral Communications Inc.,
2450 North First Street, San jose, CA
95131. Prices: Feed, about $150; LNB,
about $120 each.

The job of a satellite dish is to gather the
weak signals from geosynchronous satel-
lites and focus them at a single point. It’s
there, at the *‘focal point”” of the dish, that
the feedhorn and LNB's are mounted. The
job of the feedhorn is to gather as much of
the signals reflected by the dish as possi-
ble, while rejecting noise and off-axis sig-
nais.

The feedhorn that we chose for our in-
stallation was the Chaparral Corotor I
Plus, a dual-band (C and Ku) unit. At the
output of the feedhorn, we mounted a
Chaparral 25 K C-band low-noise block
downconverter (LNB) and a Norsat 1-dB
Ku-band LNB. Chaparral is the unques-
tioned leader in the feedhorn industry. In
the most recent dealer survey by Sarellite
Rezailer magazine, Chaparral took the top
three places in the feedhorn category. The
company estimates that more than three
quarters of the feedhoms in use inthe U.S.
are made by Chaparral.

The Corotor 11 Plus is a scalar feedhorn;
its concentric scalar rings help to direct the
microwave signals in its vicinity into the
opening of the waveguide. The scalar
feedhorn is efficient at gathering signals
from the perimeter of the dish. (Most of
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the energy reflected by adish comes from
the irner thwee quarters of its area.)

If the fezdhorn *‘sees’ an area larger
than the dish, the system is said to be
“aver-illuminated. ™ Theresult would be a
high level of environmental noise. If the
feedhom sees too litlle area, very little
ncise will de intreduced. but the signals

would be weaker. too—the effect would be
the same as using a smaller dish. The ratio
of a dish’s focal length to its diameter (the
f/D_ratio) is what determines where a
f=edhorn must be lacated.

An adjusiable scalar ring allows the
Corotor I Plus to »e fine tuned to properly
illuminate dishes of all sizes. An {/D
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gauge 1s cast into the side of the wave-
guide, so setting the ring is a simple mat-
ter. Our 10-foot Orbitron dish has an f/D of
0.36. so we just set the ring to 0.36 and
tightened the sct screw. Using a spectrum
analyzer from Avcom of Virginia, we later
verified that the setting was optimum.

The installation of the feedhorn was
aided by a small card that properly aligns
the feed with the polar axis of the dish so
that the real satellite antennas inside the
throat of the feedhorn are properly align-
ed. The Corotor Il Plus features a C-band
probe and a Ku-band dipole. According to
Chaparral, the dipole is virtually invisible
to the C-band probe and does not degrade
C-band performance.

The antenna probes in the feedhorn can
rotate to receive horizontally and ver-
tically polarized signals. The satellite re-
ceiver provides the proper signals to
control the servo motor mounted in the
feed. Since adjacent satellite channels are
not adjacent—they 're actually on the same
frequency but have oppesite polarity—
when you flip from channel to channel. the
servo motor rotates 90 degrees for proper
alignment. We tend to flip a lot. That's
why we felt good about Chaparral’s long-
life servo motor, which they claim will
work in temperatures ranging from — 40°
to 140°F

The feedhorn feeds the signals that it
gathers to the LNB via waveguides. The
signals that reach the LNB—even after
being collected and focused by a large
dish—are at incredibly low power levels.
How low? On the order of a hundred thou-
sandth of a billionth of a watt! The L.NB,
the first active component in the system,
has to be able to amplity the signals by a
factor of about 100,000. Because of the
low signals involved, the amplifiers must
add very little noise if it is to avoid drown-
ing out the signals. The feedhorn delivers
the amplified signals to standard F-type
connectors.

The latest technology to improve LNB's
is P-HEMT-—pseudomorphic high-elec-
tron-mobility transistor. The result is a C-
band noise temperature of 25 K, and a Ku-
band noise figure of 1 dB (about 75 K). The
lower the noise temperature—a measure-
ment that describes how much noise an
LNB adds to a satellite signal while it
amplifies it—the better. Noise tempera-
ture is measured in kelvins (formerly de-
grees kelvin) for C-band LNB's. Ku-band
LNB’s are usually described by their noise
figure, expressed in decibels.

We were impressed by the ease with
which we were able to get the feed in-
stalled correctly-—the first time. We had
anticipated that the electronics hookup
could present problems. Thanks to good
design and excellent enginecring, even we
novices got it working—and working
well—without a hitch! |
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Arming the Dish

PERFORMANCE PAK BALL-SCREW
DISH ACTUATOR. Manufactured by
Thomson Saginaw, P.O. Box 9550, Sag-
inaw, Ml 48608. Price: about $180.

A dish that can’t move is like a fish out
of water. An actuator arm is what gives a
dish the ability to move and track the satel-
lites in the Clarke Belt.

When we began our installation plan-
ning, we didn’t give much thought to the
actuator. A dish mover, we thought. was a
dish mover. But then we began to consider
Just how much force could be required to
move a ten-foot dish in the wind. And we
thought about how the actuator is always
exposcd to the elements. Then we began to
take the actuator a little more seriously.

FINDING THE HIDDEN SIGNALS

Along with the hundreds of video chan-
nels and the hundreds of audio
subcarriers that you can pick up with a
satellite system, there are hundreds more
‘hidden signals” that are transmitted by
satellite. These SCPC or single-carrier
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per channei services are used to dis-
tribute audio services across the nation.
Everything from National Public Radio
news feeds to music programming, from
Radio Martie to the Los Angeles Dodgers
Radio Network, can be found if you have
the right equipment to aid in your search
Next month, we'll show how the
SCPC-100 from Universal Electronics
(4555 Groves Rd., Suite 13, Columbus
OH 43232) can open a new world of hid-
den signals to you Ll

Linear actuators—the kind that we in-
stalled on our dish—come in two “fla-
vors:” acme and ball-screw. An acme
actuator is basically a threaded rod and a
nut. A motor turns the screw, and the nut,
which is prevented from spinning, travels
lincarly in one direction or the other. At-
tach the nut to atube, and attach the tube to
a dish, and you can move the dish by
turning the screw.

Anyone who has ever tightened a nut
with considerable force knows first hand
that an acme screw is not very cfficient—
friction causes the nut and bolt get hot
when you tighten them. When an acme
screw moves a heavy. wind-loaded dish, it
has to work harder to overcome its inherent
inefficiency.

Thomson Saginaw’s Performance Pak
actuators, which we chose for our installa-
tion, use ball screws instead. A ball-screw
actuator solves the friction problem by re-
placing the nut threads with ball bearings.
The screw has a helical grove which forms
the inner race for the ball bearing. The nut
(the outer race for the ball bearings) has an
internal groove. Ball bearings recirculate
in the grooves between the screw and nut.
The result is very little friction—torque
can be converted to thrust with an efficien-
cy of over 90 percent. (That’s why bail
screws are used in such applications as
moving airplane wing flaps, landing
gears, and the like.)

One problem for satellite do-it-your-
selfers is that installation manuals for most
satellite-TV gear is written for dealers, not
consumers. Since we had never installed a
system before, we needed some things
spelled out for us. The instruction sheet
supplied with the actuator didn’t do that.

We were able to dope out the mechan-
ical installation without too much trouble
Just by examining how the dish could move
in its mount. The electrical hookup proved
to be a little more difficult. A dealer who
installs a hundred systems each year prob-
ably doesn’t even look at the instructions.

The Performance Pak actuator has a
two-wire reed sensor that sends pulses to




BALLNUT

BALLSCREW

RETURN TUBE

Ball bearings reduce the friction between nut and screw in the Performance Pak

actuator.

tae receiver: which controls the dish move-
ment. The receiver knows where the dish
is by counting the pulses that are generated
by the reed switch as it moves.

When we wired the actuator, our best

guess of how it should be done—which we
made after studying both the receiver anc
the actuator manuals—yielded disap-
pointing results. When we told the receiver
to move the dish, it would move slightly

But then the receiver would display an
crror message on the screen telling us that
no return pulses were received from the
actuator. Next time we’ll know that the
receiver’'s GROUND and PULSE terminals
should be connected across the reed sen-
sor. The receiver’s +5V terminal is not
used, nor is the third wire in the actuator
cable.

Perhaps a ball screw is a bit of design
overkill for the mundane task of moving a
satellite dish. But the other features of the
actuator are down to earth: The travel lim-
its are adjustable. which can ensure that
you don’t damage the dish or arm by mov-
ing it too far. The reed switch produces 40
counts per inch of movement, which per-
mits accurate dish positioning and thus
maximum signal gain. The actuator’s
weather-protection boot and vented design
ensure long life—and if anything goes
wrong. the actuator is protected by a two-
year warranty.

Maybe overdesign is sensible. After all,
as much as we enjoyed our learn-by-doing
satellite installation, we don’t want to re-
place our actuator any time soon! |

e
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Space-Age
Receiver

TRX-2220 SATELLITE RECEIVER. Man-
ufactured by Toshiba America Consum-
er Products, Inc., 1010 Johnson Drive,
Buffalo Grove, IL 60089-6900. Price:
$2295.

In the early days of home-satellite sys-
tems. a satellite receiver functioned pri-
marily as & tuner, allowing the signals from
the downconverter to be displayed on the
TV. In thz days betore major manufac-
turers recpgnized a growing market for
satellite gear, a receiver was likely to re-
semble a home-brewed electronic project,

warranties were virtually unheard of, and
quality was anything but standard. Dishes
had te be aimed by hand. and it you want

.ed to change satellites you had to go out-
- side to re-position the dish, while
- someone stayed by the TV to let you know

when you’d found the right satellite.
Things have certainly changed since

.~ then! Today, a receiver is expected to act as

command central for the entire satellite
system. It contains built-in descrambling
circuitry (hence the moniker IRD, for inte-
grated receiver/descrambler). an actuator
controller, an array of video and audio
ports. an infrared or UHF remote control.
an AB switch, and polarity controls. And
those are just the basics. Most modem
IRD's also offer C- and Ku-Band recep-
tion, on-screen graphics, favorite-channel

programiming, a terrestrial-interference
filter, and a parental-lockout feature. Wait,
we 're still getting warmed up. Mid-range
models are likely to offer both satellite and
channel memory. a built-in modem for or-
dering pay-per-view movies and events,
and stereo sound. Some top-of-the-line
models even offer a VCR-type timer, pic-
ture-in-picture. MTS stereo, and Dolby
surround-sound processing. And today’s
IRD’s are no slouches in the looks depart-
ment either!

The Toshiba TRX-2220 is a prime ex-
ample of a state-of-the-art satellite re-
ceiver. A glance at its sleek. futuristic
front panel doesn’t begin to reveal its ca-
pabilities—that is, until you power it up
and illuminate its “Image Magic” LCD
readout.

The animated display keeps you in
touch not just with your other TVRO com-
ponents, but with the satellites up in the
Clarke Belt. The left half of the 6 X 3-inch
display contains graphics depicting a sat-
ellite dish. with the band of satellites. from
east to west. in an arc above it. A solid line
extends from the dish to the spot in the
Clarke Belt at which it currently is aimed,
and a flashing bar points to the location of
the satellite you've just selected. providing
visual tracking of the dish’s movements.
The satellite name and channel number are
prominently displayed, along with smaller
indications of the band (C or Ku) and
polarity (horizontal or vertical). At the
right side of the display. video- and audio-
signal levels are depicted by bar graphs.
Other indicators on the LCD let you know
if you've activaied the favorite-channel,
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timer, automatic frequency control,
VCRS, auto, or mute functions. and
whether you' ve chosen to view regular TV
or satellite TV. All of that information ap-
pears in bright amber against a black back-
ground.

Other than the display. the front panel
features only five buttons. Four black,
oblong buttons are stacked to the right of
the display, recessed into a concave inden-
tation. Those are the up and down controls
for selecting satellites and stations. The
long, thin, red power button is placed ver-
tically at the left side of the front panel.
The combined effect of the animated dis-
play and the sparse control buttons give the
TRX-2220 a striking, space-age ap-
pearance.

The rest of the IRD’s functions are ac-
cessed via its remote control. The remote
is UHF, rather than the standard IR, al-
though the TRX-2220 can receive com-
mands from -either type of remote
(allowing the use of a universal remote). A
UHF remote was chosen for its long range.
We were able to use it—albeit with some
*“iffy-ness”—at our dish (about 100 feet
from the receiver) to control our actuator
during the dish-aiming process. If you
have more than one TV hooked up to your
receiver, you can use the remote from other
rooms of the house.

And you can hook up almost anything
your heart desires to the TRX-2220. The
back panel. with its wide array of inputs
and outputs, immediately clues you in to
the IRD’s versatility. There are two satel-
litc-antenna inputs, allowing connection
to dual LNB-systems. Other outputs in-
clude RF, video, and S-Video. There's
even a telephone jack on the rear panel!

All those connection options could po-
tentially get pretty confusing. Luckily. the
manual supplied by Toshiba clearly illus-
trates the various ways in which you can
connect the TRX-2220 to the satellite-an-
tenna system and to your TV, VCR, and
VHF antenna.

Making the connections is just the be-
ginning of the set-up procedure, however.
You have to spend a bit of time teaching the
receiver all the tricks that will make your
satellite viewing a breeze.

First, you must teach the TRX-2220
where each satellite is. The IRD can mem-
orize up to 60 satellites (30 in each band);
41 have been partially preprogrammed by
Toshiba and assigned two-digit alpha-
numeric codes. The code of each satellite
designates its band, polarity, and audio/
video frequencies, which have been facto-
ry programmed. It's up to you. however, to
program the locations for those 41 birds.

Actually. once you have your dish
aimed correctly. so that it's pointing in the
general direction of the satellite closest to
being directly south of your location and is
at the proper elevation to view the Clarke

You can keep track of your dish’s pro-
gress as & tracks the satellites, with the
TRX-2220°s animated display.

The Category screer iets you choose
projramuming by type, making it easier
to f ad the shows you want to see.

You can choose any of itine news chan-
neis by zressing the number corresond-
ing tc your choice.

If you're into pop-music videos, you'll
want? to pragram VH-1 ino your faworita-
procram list.

Belt. the receiver does most of the work.
After putting the IRD into channel-scan
and auto-tuning modes, and selecting ei-
ther the C- or Ku-band, you press and hold
the EAST or WEST key on the remote to
move the dish until a picture appears on
your TV screen. Then you identify the
satellite, using a programming guide as a
reference, if necessary.

When you have identified the first satel-
lite, you can either enter its 2-digit code or
scroli through an on-screen listing of satel-
lites until its name appears. Once you en-
ter the name. the TRX-2220 automatically
adjusts the skew and antenna position. The
skew adjustment “fine tunes” the polarity
setting for each transponder. The results of
the automatic tuning are set into memory.
so each time you return to that satellite you
get the best possible picture. (That the
picture truly is the best possible became
obvious when we compared our local CBS
station to two CBS satellite feeds that were
showing the same program-——the dif-
ference in reception and picture quality
was amazing.)

That procedure must be repeated for
every satellite that you wish to set into
memory. Once you've made the first
positive 1D, it’s casy to identify that satel-
lite’s **next-door neighbors” immediately
to the cast and west.

While ID’ing the satellites, you get your
first glimpse of free satellite-TV program-
ming. During our set-up, for instance, we
saw the French-language version of
Jeopardy (and we thought it was tough in
English!), several subscription sports
channels that we shouldn’t have picked up
for free, an ESPN sportscaster discussing
his makeup as he prepared to uplink his
report and asking “Do | look like Tom
Selleck now?,” a sale of hand-sewn
Amish quilts, and an ostrich auction!

Once the process is complete, it’s al-
ways easy to move from satellite to satellite
and channel to channel. You can either
press in the 2-digit code (first selecting the
proper band) using the alphanumeric key-
pad on the remote, use the EAST and WEST
keys on the remote. or use the front-panel
satellite and channel buttons. When mov-
ing between satellites, an on-screen mes-
sage will say ‘‘east move™ or “west
move, " and you can watch the dish move
on the animated display.

You could stop at that point and be able
to watch TV to your heart’s content. How-
ever, once the novelty of choosing from
hundreds of stations has worn off. you'll
probably decide it's time to bypass the
ostrich auctions and quilt sales in favor of
the programming that you really want to
see. It isn’t easy to keep track of all your
viewing options—even before you start
subscribing to “the good stuff.”

Luckily. the TRX-2220 has a much bet-
ter memory than we mere mortals. Pro-
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grammed into its memory are various
categories of programming—movies,
sports, variety, networks. pay-per-view.
etc.—and the satellites and transponders
on which they appear. A press of the
CATEGORY key calls up a menu of program
types. When you select a category, a sub-
menu lists the station name and the satel-
lite and channel on which it appears. By
choosing any station from the list. the
TRX-2220 automatically goes to the right
satellite and transponder.

Another way to get around the immense
satellite-TV dial more efficiently is to
make use of the favorite-channel feature. If
you find you like the home-repair and re-
modeling shows on channel 2 of F3 (Sat-
com F3), as you watch it you can use the
on-screen programming to assign it a fa-
vorite-program number. To retum to a fa-
vorite channel in the future, you press the
FAVORITE button on the remote control. An
on-screen message requests the favorite-
program number; keying it in brings you
right there automatically. As many as 20
favorite channels can be programmed. If
you have trouble recalling the numbers
you’ve assigned, pressing FAVORITE two
times brings up a list of the program ser-
vices.

Despite the wealth of programming
available to TVRO owners at no charge,
most dish owners end up subscribing to
premium stations. We were no different,
signing up for two movie services within a
half hour of getting our IRD set up.

When it came to buying programming.

our previous experience was limited to
rather unpleasant dealings with our local
cable company. In our area, if you are
considering subscribing to cable TV, you
can’t simply call up and ask for price
quotes over the phone. You can’t even re-
quest that they mail you literature with
price structures. Instead, you must set an
appointment with a sales person, who
comes into your home to do a hard sell of
the benefits of various programming op-
tions-—pressuring you to buy the $71-a-
month super package. Then you have to
make arrangements for the cable to be
brought into your home. Within a week or
two of the initial phone call, you might
have the programming you want (and quite
a bit that you could do without!). It’s no
wonder that we don’t subscribe to cable.
Imagine our surprise, then, when we
called three different toll-free numbers and
received quotes over the phone from each
program supplier. The operators were
pleasant and helpful, but not pushy, even
though they work on commission. If we
hadn’t been fighting a deadline for this
issue (and if we weren't receiving those
sports channels for free. for some reason
that we're not about to question), we
would have ordered more channels and
spent more time comparison shopping. As
it is. we subscribed to HBO and Cinemax
for $17 a month—not a bad price. We
weren 't ready to make any long-term com-
mitments 30-minutes after sctting up our
system, or we might have gone with the
program supplier’s winter special and re-

ceived those two stations for a full year for
$90—an incredible $7.50 2 month! (An-
other important differcnce between cable
and satellite is that when you subscribe toa
satellite service. you can pick up all its
feeds: We counted six for HBO and two for
Cinemax, for a total of eight stations for
your money.)

The ordering process is simple when
your receiver contains a VideoCipher 1I
Plus descrambler, as does the TRX-2226.
An “Installation Data” screen provides all
the necessary information. The program
supplier asks for your unit’s ID numbes,
and the name and address to which the
account will be billed. She then asks you
to tune to a transponder on which the pro-
gram will appear, and then stays on the
phone for the minute or so that it takes for
the station to be activated. We were watch-
ing a movie before we hung up the phone!

The TRX-2220 contains not only VCH
descrambling, but also the yet-to-be-acti-
vated VCRS (VideoCipher Renewable Se-
curity) module. VCRS represents the next
level of programming security—a backup
system for that time when VCII is cracked
by hackers. What happens when VCRS is
cracked? The system will accept smart
cards that change the encryption method.
If you have a VCRS module, before th:
encryption changes, you'll be sent an up-
dated TvPass card that you simply plug
into your VCRS module.

As if hundreds of free stations anc
scores of available subscription stations
weren't enough to keep you glued to the
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Once you have your dish—complete
with actuator, feedhorn, and LNB's
erected, and your integrated receiver/de-
scrambler set up on a shelf in your enter-
tainment center, you have to supply a
means of communications between the
two. The signals from both LNB's must be
sent to the receiver, and the receiver must
send control signals to the servo motor in
the feedhorn. Depending on the distance
between your dish and your receiver, that
can require hundreds of feet of cable. You
need two coaxial cables to carry the sig-
nals in from the C- and Ku-band
feedhorns; three-conductor, 20-gauge
stranded cable to link the IRD and the
feedhorn motor; 14-gauge stranded ca-
ble to power the actuator; and three-con-
ductor, 22-gauge stranded cable, plus a
bare wire, for the actuator sensor.

In the old days, you had to run each of
those cables separately. Today, however,
it's easy to find all-in-one ribbon cable
specially made for satellite-TV installa-
tions. We used the cable package offered
in the Skyvision catalog, which includes
the wires mentioned above, and a “cable-

OUT OF SIGHT, OUT OF MIND
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All-in-one ribbon cable contains the two
strands of coax needed to bring the C-
and Ku-band signals to the receiver, and
two wires to bring control signals out to
the actuator and feedhorn.

S

fitting” pack of connectors. (The catalog
is free to readers of Popular Electronics.
Contact Skyvision Inc., 1010 North Fron-
tier Drive, Fergus Falls, MN 56537
800-543-3925.) The cable package is
available in lengths ranging from 100 to
350 feet (although a line amplifier might |
be required with the longer lengths). Our |
175-foot package costs $104 plus $27
shipping and handling

Unless your dish is mounted on the roof
of your house and the cable runs directly
down through the roof to your living room,
all of those cables are going to be subject
to the rigors of outdoor use. The ribbon
cable we used is intended for direct bur-
ial—and once the ground thaws (another
problem we encountered doing our in
stallation in February!), we intend to dig a
trench from the garage to the house for
that purpose. For now, it's inside some
PVC piping. Although the ribbon cable
appears to be quite durable, we plan to
play it safe and bury it in the PVC pipe for
added protection against gnawing ro-
dents or mishaps with a shovel.

e e e —




tube around the clock, you can also order
pay-per-view (PPV) movies and events.
The TRX-2220 contains a MOM, or
modem on-board module, that automates
most of the process. Called VIDEOpal,
the system uses standard telephone lines
and is connected with a standard phone
jack. The manual provides a toll-free
number of a PPV program provider. The
activation procedure is virtually the same
as for ordering subscription services, right
down to the friendly operator. aithough it
takes a bit longer for the authorization to
be processed. Generally, in less than 15
minutes line six on the screen will read
“VIDEOpal enabled” and you can begin
ordering pay-per-view features. There’s a
%20 initial authorization fee, a charge for
each movie, and a $1.50 service charge
every month that you use PPV. Movies cost
$2.99 or $3.99 each, while sporting
events might cost $25.

After the initial installation, you rarely,
if ever, have to talk to another program
supplier—all communication is done
through the VIDEOpal module, which
communicates with the supplier by
modem (using a toll-free number) and
with you via an series of on-screen menus.
For instance, it will ask you to select a
purchase password, so that your kids (or
their babysitters) don't run up big tabs
behind your back. Dubbed the **order re-
corder,” it also lets you know the title,
cost, and start time of next available pro-
gram; takes your order; *‘delivers” that
order to the program supplier. keeps tabs
and reports on Your credit status; and
keeps you informed of the financial end of
things. You can even call up an on-screen
list of the 16 most recent programs or-
dered. VIDEOpal won't interfere with an-
swering machines or services like call
forwarding and call waiting; however, if
you have a party line (we thought those
went out with tube radios!), or if you can’t
make long-distance calls without an oper-
ator's assistance or dial out through a
PBX, VIDEOpal won't work.

It’s possible to videotape PPV movies to
watch at a later time, although you do have
to be home an hour or so before the movie
starts so that you can order it. For record-
ing other satellite-TV programs, you can
set the TRX-2220’s 8-cvent/one-year
timer to turn the unit on and tune in the
right satellite and station at the same time
that you've set your VCR to record. And if
you have a Super-VHS VCR, the movies
you record from satellite will be of
noticeably better quality than any you can
rent at your local video store.

If your oider kids have your permission
to order PPV movies, and you’ve given
them your password. you can still place
some restrictions on what they are able to
see. A separate Ratings Password can be

(Continued on page 24)
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Faster than
Lightning

TOWERMAX SAT TVRO LIGHTNING
AND- SURGE PROTECTOR. Manufac-
tured by Panamax, 150 Mitchell Bivd.,
San Fafael, CA 94903-2057. Price: Tow-
ermax Sat and SCL/8, $269; CT modaule,
$89.

Imagine for a minute that you’ve fol-
lowed all the information we've supplied
here in Gizmo to purchase and install your
own satellite-TV system. You've done a
site survey, mounted the dish in the best
possible location, aligned it to clearly
“see” the satellites, hooked up the actu-
ator 2nd LNB, run cables to the house, and
made all the connections to your IRD.
Now you're completely ready to plug it in
and start scanning the skies for program-
ming, right?

Wrong. There's one important element
that's missing.

Common sense tells you that if you've
raised a metal dish (or an aluminum dish
on a metal pole) so that it's standing free
from or placed above any obstructions,
you're tempting fate if you don’t protect
that dish—and the thousands of dolfars of
equipment connected to it—against the
possibility of lightning strikes. It takes
lightning only about 1000 nanoseconds
(billionths of a second) to reach damage-
causing levels. According to the Institute
of Electrical and Electronics Engineers
(IEEF) estimates, a lightning surge, mea-
sured at an interior wall outlet, could be as
grea: as 500 amps at 6000 volts.

it doesn’t take anything near such a
catastrophic surge to upset or destroy the
delicate electronic components in a satel-

lite-TV system. The spikes and surges that
occur frequently on the AC power lines
can, at the very least, cause an [RD to lose
some of its memory settings, and a near-by
lightning strike can bum out components.

While a direct hit might not be too likely
in the Northeast, the Plains states are
known for severe lightning storms. And a
direct hit can do a lot more than just
damage your TVRO system—it could de-
stroy your home.

Wherever you live, there are some basic
precautions that you can take to reduce the
risk of damage from power surges and
voltage fluctuations. A lightning rod, or
ground rod, can be erected. Your entire
TVRO system should be joined together to
one common ground. (Proper ground-
ing—an eight-foot rod driven into the ear-
th—also minimizes a form of interference
known as *‘huri bars. ) A surge protector,
which will instantly transfer large voltage
spikes to ground, bypassing your equip-
ment. should also be installed.

Due to the nawre of Gizmo, it’s highly
unlikely that the satellite-TV system we
describe in this issue will keep the same
configuration for very long. We wanted to
be sure that. as we find new TVRO compo-
nents to hook up and review. our surge-
protection system could keep up with the
changes. That's why we went with Pan-
amax’s Towermax Sar, a modular system
that can grow with our TVRO setup. Your
satellite-TV set-up might not change as
often as ours will, but there’s a good
chance that you’ll want to connect addi-
tional television sets, add pay-per-view ca-
pabilities. or hook up an SCPC receiver
sometime in the future.

The basic Towermax Sat system con-
sists of two parts. The Towermax AC sig-
nal-line base unit protects a satellite
system against power disturbances ori-
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The Towermax Sat system grows with your TVRO installation. Modules can be added

to protect each new piece of equipment.

ginating in the AC power lines as well as in
the C- or Ku-Band video lines. The Tower-
max Sat also includes noise-filtration cir-
cuitry said to remove up to 99.7% of EMI/
RFI noise. The attached SCL/8 module
defends against lightning or other exter-
nally created power problems that can oc-
cur on the control lines. Together, the two
pieces provide effective lightning and
other surge protection on all current-carry-
ing pathways.

The system provides true ground-refer-
ence equalization—the base unit and all
modules are connected to a single ground.
That eliminates the chances for power
problems to get through on any current-
carrying pathway. Each new module added
to the system will automatically connect to
that ground.

As your TVRO system grows, it’s easy
to upgrade the Panamax system by adding
other modules. The Towermax CT module
is the one to choose if you plan to add pay-
per-view or FM-stereo capabilities to your
system. The module screws right on to the

main module to provide protection for a

telephone line and any additional video--

signal line—for cable TV, FM reception,
standard TV, or any other coaxial-based
signal. An autoground strap ensures that
your system still has complete ground-ref-
erence equalization by automatically tying
the grounds together when you install it.
You can keep adding CT modules as you
add additional incoming lines. See Fig. |
for a look at one possible system config-
uration.

Panamax offers a generous warranty: If
the Towermax Sat or any connected mod-
ule ever fails—even due to a direct light-
ning strike—the company will repair or
replace the unit. And if any satellite equip-
ment that has been properly connected to
the Towermax Sat should sustain surge
damage, Panamax will pay to repair or
replace that equipment as well.

To avoid accruing such expenses, Pan-
amax built multilayer protection into each
module. Metal-oxide varistors (MOV’s),
choke coils, capacitors, and then more

MOV’s are used to completely dissipate
spikes and surges. The first group of three
MOV's covers the hot, neutral, and ground
wires. After the MOV'’s clamp the voltage
to a safe level, two large choke coils slow
the surge. Three more MOV’s serve to
clean up anything that makes it through
the first two protective stages. Finally, the
capacitors and the choke coils work to-
gether to remove EMI/RFI noise.

The MOV’s used in the Towermax Sat
begin working in less than one nanose-
cond—a thousand times faster than light-
ning. And each MOV is able to withstand
more than a thousand 500-amp/6000-volt
surges. In the event of a catastrophic (more
than 5000 amp) surge, a high-speed fuse
automatically disconnects the power to
your satellite system.

We had horrible weather during our in-
stallation—two snow storms severely
hampered our progress. But if there’s one
good thing you can say about New York in
February, it’s that you’re not likely to be
struck by lightning. Although we didn’t
getto put the Towermax Sat to the ultimate
test, we felt secure knowing that our equip-
ment is protected against possible damage
from electrical spikes and surges. [ |

SPACE-AGE RECEIVER
(Continued from page 23)

set up so that no one can order a movie
rated higher than PG (or whatever rating
you chose) without knowing the password.

Two other parental-control features are
supplied by the TRX-2220. Antenna lock-
out can be used to restrict the viewing of
all the programming from a satellite, while

channel lockout is used to restrict specific,

individual stations.

Once you have fully loaded the
TRX-2220 with your personal instructions
and customized all its optional features, it
couldn’t be easier to use. Gather up some
junk food and get ready for some marathon
viewing sessions—there’s plenty to keep
you occupied for weeks on end, with no
further effort on your part. It’s a couch
potato’s dream! About the only thing that
we found lacking was audio—we’d like to
have seen surround-sound built in. Of
course, you can always hook up an A/V
amplifier with Dolby Pro Logic.

Our hats are off to those hardy pioneers
of home satellite TV. They perceived its
potential before the manufacturers and
programmers did. They created a demand
for products, and that demand spurred the
growth of a whole new industry. And that
industry has made it easy for even the most
dedicated couch potato to enjoy the full
benefits of satellite TV—Ileaving units like
the TRX-2220 to efficiently handle all the
dirty work! |
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YOURS FREE FOR 30 DAYS!

AMATEUR RADIO ENCYCLOPEDIA

This is the single most complete guide to Amateur
Radio you can own. From absorption wavemeter to
Zurich sunspot number, this fully illustrated encyclo-
pedia provides you with articles on over 1000 topics
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INTERNATIONAL ENCYCLOPEDIA OF
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of circuit functions, pinout diagrams, internal
schematics, manufacturers’ documentation tables,
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EVERYTHING YOU NEED TO BE A CET!
CET STUDY GUIDE—3rd Ed.

“For those. . . interested in or planning to
take the CET Exam, this book will be a great
help in your preparation.”

—Electronic Servicing & Technology,

on the second edition

Find everything you need to know to pass
the tests, including basic theory and work-
bench techniques. 280 pp., 188 illus.
#4076H, $21.95

THE CET EXAM BOOK—3rd Ed.
This new edition covers every CET certifica-
tion including the Journeyman options, and
can be used in conjunction with the study
guide. You get sample quizzes on each topic,
and full explanations of electronics princi-
ples. 304 pp., 265 illus. #4199H, $21.95

SAVE 15%—0rder both guides (#586274-3)
for only $47.50—regularly $55.90

TELEPHONE REPAIR ILLUSTRATED
Learn how to install, maintain, and repair telephones
and answering machines. This guide gives you the
troubleshooting tables, service guidelines, and illus-
trated techniques you need to make safe and speedy
" repairs. Covers rotary, electronic, cordless, and cell-
ular telephones, plus two-tape, voice-synthesizing,
and digital answering machines. 240 pp., 169 illus.
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TECHNIQUES Enjoy the power of RF with cir-

cuits you build yourself. Turn to this vital sourcebook
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how you can use it. Plus, get the powerful solutions
you need to easily design and troubleshoot RF
generating circuits, transformers, and coils.

320 pp., 220 itlus. #4228H, $32.95

MASTERING TECHNICAL MATHEMATICS
Become an electronics math wizard! Step-by-step,
illustrated instructions and techniques guide you
through solving problems in basic arithmetic,
algebra, geometry, trigonometry, and calculus.
586 pp., 420 ilius, #3438H, $39.95

BUILD YOUR OWN UNIVERSAL
COMPUTER INTERFACE use your computer

to control your home security system ... run labor-
atory experiments .. . collect data . .. and more. You
get step-by-step instructions for building electronics
interfacing circuits that enable almost any computer
to control external devices.

285 pp., 224 illus. #3122P, $21.95
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WAVETEK

LP50 LOGIC

PROBE

If you’re in the market for a logic probe, then here’s one worth taking a look at.

echnicians around the world
I will agree, that buying good
test equipment is addictive.
Anyone who regularly tinkers with
electronics will find that they can nev-
er have enough test equipment. Even
if a particular tool is found to be useful
for only one or two tasks, the tool soon
becomes ireplaceabile for doing just
those few tasks.

When a technician has his bench
set up just so, and his test leads ar-
ranged just so, repetitive test pro-
cedures become a breeze. Removing
just one of his tools will “"gum up the
mechanism,” and increase the time it
takes to thoroughly test something.
Since removing test equipment tends
fo increase troubleshooting time, it
makes sense that adding new pieces
would shorten froubleshooting time.
And thats something everyone can
appreciate.

Usually the desire for test equip-
ment starts with a simple general-pur-
pose multimeter, and eventually
works its way up to oscilloscopes and
logic analyzers. But between purchas-
ing a basic multimeter and an ad-
vanced oscllioscope or analyzer,
there are typically many other pieces
of equipment picked up along the
way.

Take, for example, a basic logic

probe. Atthough to some itmay be an
insignificant tool, a logic probe is ac-
tually very handy, even if you already
have the function built into your multi-
meter. Thats because it can get very
tiresome when you have to keep
switching your meter between, say,
voltage, resistance, and logic. Also, if
you really need to check for logic
pulses, then the multimeters probe
function may not be fast enough to
properly do the job—many multi-
meters have a very “slow” logic probe
built into them. The logic probes on
many multimeters are minimal and
often seem Iincluded so that the fea-
ture can be advertised.

The LPS0. When you need a logic
probe, you need a fast one like the
Wavetek LP50 TTL logic probe. It can
detect TTL-logic pulses as brief as 10
nanoseconds at repetition rates as
high as 50 megaheriz. Now thats a
logic probel!

The LP50 is a TTL (Transistor-Tran-
sistor-Logic) logic probe, meaning
that itis only useful for TTL-level signals.
The LP50 will assume that anything
over 23 0.2 volts DC is a valid TTL
high, and that anything under 0.8
+0.2 volts DC is a valid TTL low. In the
TTL world, those are the only two valid
levels, which gives us reliable logic 15

and 0 to run our digital circuits.

Even though the LP50 can measure
only TTL levels, it can be powered from
any voitage between 4 and 18 volis
DC. it draws onty 30 milliamps from a
5-volt supply and 80 milliamps from ¢
15-voit supply. That way the LP50 car
be powered directly off the board
you're testing without significantly
loading down the power supply. The
LP50 is power-supply protected at
+20 volts AC or DC for up to 15 sec-
onds. Lets take a closer look at the
LPS0 and how it's used.

Specifics. The LP50 is easy to hold
and use. It measures about 8 inches
long and i's about the thickness of a
cigar. is also lightweight, weighing i
at only about 1.2 ounces (actually less
than a fat cigar).

A sharp metal probe tip makes it
easy to test an IC pin without slipping
and possibly shorting out something.
Two power leads are all that have to
be connected to the circuit under
test. The ground lead has a mini al-
ligator clip for easy attachment to any
grounded portion of the circuit or
chassis. The positive lead has a mini-
hook on the end so you can get
power off an IC pin—even the power
pin on the IC that you're testing—in
case there’s no other easily accessible



source. In addition, the LP50% input
impedance is 120 kilohms, which
won't load down and alter the signal
being measured.

Two arrow-shaped LED's (a red one
pointing up and a green one pointing
down) are used to indicate what logic
level the probe is reading. You'd think
that only two LED's couldn't provide
that much information, but that's not
true; two LED's can actually tell you
quite a bit abouta TTL signal. Naturally,
when the red "high” LED is fully lit, the
probe is detecting a steady TIL high,
and when the green “low” LED s fully
lit, the probe is detecting a steady TTL
low.

When neither LED lights, there is ei-
ther an invalid TTL voltage or open
circuit present. When the LEDS light
alternately, the probe is receiving a
low-frequrency a squarewave. If both
LED's appear to be dimly lit, you are
measuring a faster squarewave. If the
low LED is dimiy lit and the high LED is
off, the probe is detecting a narrow
positive pulse. If the high LED is dimly lit
and the low LED is off, the probe is
detecting a narrow low-going pulse.
(Thats alot of information provided by
just two LED's)

A few words on the instruction man-
ual: we wish there was one. The LP50
comes in a bubble-type package,
with a cardboard back. All of the in-
structions are on the back of the pack
summed up in just a few poorly word-
ed sentences, some of which don’t
make any sense. As an example, a
small chart shows a half-filled circle,
and the symbol key provided there
says that that means the "LED may or
may not be on.” What it actually
means is that the LED is flashing, but at
such a fast rate that it will appear to
be dim. Frankly though, you don't
really need detailed instructions for
something as simple and straightfor-
ward as a logic probe.

Alogic probe is a valuable addition
to anyone'’s tool box. With a list price of
$45, and a 1-year warranty, there's no
reason not to consider the LPS0. It is
well-made, easy-to-use, and afford-
able.

For more information on the LP50,
contact Wavetek’s Instruments Division
{3883 Ruffin Road, San Diego, CA
92123-1898; Tel. 619-495-3200) di-
rectly, or circle No. 119 on the Free
information Card, which can be
found elsewhere in this magazine. B

Your very own sophisticated
pocket health monitor, PULSE
STICK IlI, checks your pulse rate
quickly and accurately anywhere.
Regular monitoring of your pulse
rate during exercise will enable you
to plan an exercise regimen suit-
able for your stage of fitness. pulse
stick |l provides an early warning
that you may be exceeding your
own capabilities.

PULSE STICK I photoeiectri-
cally measures the changes
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in the pulsed intensity of infrared
radiation emitted by superficial
blood vessels below the skin of the
thumb. The time intervals between
pulses are automatically measured
and analogued by the micro-
processor based circuitry and dis-
played in a liquid-crystal display
(LCD).

Before attempting any exercise pro-
gram, consult your doctor. Ask for
guidance regarding the recom-
mended safe pulse ranges for your
exercise program. Follow

your doctor’s instructions
carefully.

",
.

Ideal for running, walking and
aerobic training programs!

------------------4
Print Name
Address
City State Zip _ .=

No telephone orders or C.O.D. Signature re-
quired on credit card orders. Al prices include
postage and handiing. Payments in U.S.A.
funds only. New York residents must include
local applicable sales taxes. No foreign orders.

Mail orders to CLAGGK Inc. Puise Stick Il
Offer, PO. Box 4099, Farmingdale, NY 11735.

FAX orders (0 1-516-293-3115.
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By Len Feldman

Yamaha
CDC-735
5-Disc

CD Changer

PRODUCT
TEST REPORTS

amaha (6600 Orange-

thorpe Ave., Buena
Park, CA 90620) offers a
pair of 5-disc CD changers
that incorporate many
electrical and convenience
features not found in other
multiple-disc CD players.
This month, we will look at
the model CDC-735, which
is the less expensive unit of
the pair.

For starters, the unit offers

CIRCLE 120 ON FREE INFORMATION CARD

The Yamaha CDC-735 5-disc CD changer.

“PlayXchange,” a proprie-
tary Yamaha feature that
isotates the disc being
played from the changer
drawer to eliminate vibra-
fion. That feature also
permits up to four of the
five discs in the rotary ca-
rousel tfray to be removed
and replaced while the fifth
disc is playing.

The player uses a single-
bit digital-to-analog con-
version system, called S-Bit
Plus by Yamaha. The core of
that single-bit processing is
an independent pulse-den-
sity modulation (I-PDM) D/A
converter that is said to
reproduce pulse waveforms

more precisely than pre-

viously available converters.
According to Yamaha's en-
gineers, this approach is
supposed to improve low-
level linearity, low-level sig-
nal purity, and high-
frequency response clarity.

Other performance fea-
tures include variable and
remote-controllable output
and headphone levels, and
a coaxial digital output (in
addition to the usual ana-
log line-level outputs).
Yamaha has also incorpo-
rated several new
convenience features in the
CDC-735. A new table of
contents (TOC) stores track
information for all discs
loaded info the 5-disc fray.
This provides faster access
as programming and play
decisions are activated. A
tape-edit feature also func-
tions with all five discs so
that a favorite-hits tape can
be assembled easily.

Other features of the
CDC-735 include a 100-
disc program file, disc skip,
2-mode random play, 4-
mode repeat play, direct
frack access, 5-disc direct
access, music search/skip
search, 4-mode time dis-
play, 3-mode display
illumination, and a front-
panel headphone jack. The
CDC-735 is supplied with a
32-key remote control and
is compatible with other
Yamaha RS-system remote
components.

CONTROLS

Controls on the front pan-
el include the power switch;
open/close button; output-
level control; disc-selection
buttons; play, pause, and

stop buttons; the disc-skip
button; the "PlayXchange”
button; the required numer-
ic buttons; as well as other
buttons used in program-
ming. Random play, search,
track-skip, and repeat but-
tons, as well as the time-
mode buttons are also
found on the front panel.
The display area is located
o the left of the numeric
buttons and the disc tray
occupies much of the up-
per half of the front panel.

The supplied remote con-
frol duplicates all of the
front-panel controls except
the power on/off switch
and adds a dimmer button
(for lowering the display in-
tensity) and an “index”
button for starting play at a
selected index point (for
those CD's whose tracks are
sub-divided into index
points).

However, the index but-
ton does not permit you to
move from one index point
o the next. In other words,
you can choose to begin
play from index number 2
of frack 3 but, having made
that selection, you cannot
advance to index point 3 of
the same track, using the
index button. In that re-
spect, the index access
feature differs from those
we have encountered on
other CD players.

The rear panel of the
CDC-735 is equipped with
a coaxial digital-output jack
and the usual analog line-
output jacks.

LAB TESTS
The published frequency-
response specification of
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As shown in this plot, the published frequency-response
specification of +0.3 dB was easily met. In fact, deviation never

exceeded 0.1 dB.
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not reaching overload lev-
els and are properly
designed to handle the
amplitudes involved.

Next, we used the FFT
spectrum-analysis ca-
pability of our Audio
Precision test equipment to
attempt o separate the
actual distortion compo-
nents from the residual
noise. We found that what-
ever actual harmonic
components there may
have been, they were “bur-
ied” in the noise floor, which
never exceeded —115 dB
at any frequency! Those re-
sults are fully as good as
anything we have ever
measured, even including
single-disc CD players.

signal-to-noise ratio for the
CDC-735 measured
—114.73 dB for the left
channel and —113.73 dB
for the right channel. An
unweighted spectrum anal-
ysis of residual noise while
playing the “no signal”
track of our CBS CD-1 test
disc, using a ¥3-octave
band-pass filter showed
peaks in noise at 60 Hz, 120
Hz and, to a lesser degree,
at 180 Hz; those were gen-
erally caused by the line
frequency of the power
supply. The worst of those,
however, was a full —128
dB below the maximum re-
corded level, and therefore
inaudible at any listening
level.

This plot shows how THD-plus-noise varied with signal
amplitude. Note that the overall low THD-plus-noise level is
maintained even at high (0-dB) signal levels.

+0.3 dB to 20 kHz was
easily met. In fact, deviation
from perfectly flat response
never exceeded 0.1 dB!
Output levels from left and
right channels were almost
identical in amplitude.
When we plotted har-
monic-distortion-plus-noise
versus frequency for signals
at the maximum recorded
level, we found that our
sample unit actually ex-
ceeded the published
specification of 0.0018%,
with a reading of a barely
measurable 0.0015% at 1
kHz. Whats more, we were
impressed by the fact that
THD-plus-noise did not rise
significantly at the higher
treble frequencies, as is the

case with many CD players
we have tested.

We next looked at how
THD-plus-noise varied with
signal amplitude. We found
that both channels ex-
hibited virtually the same
THD-plus-noise figures.
Readings across almost the
entire level-range from
maximum to — %90 dB
hovered around —98.0 dB
below maximum recorded
level. That corresponds to a
percentage of 0.00125%,
yielding close correlation
with our earlier findings.
That level of THD-plus-noise
was almost maintained
even at the 0-dB recording
level, indicating that the
output analog stages were

HARMONIC COMPONENTS OF 1 kHz SIGNAL RECORDED AT 0 DB LEVEL, YAMAHA COC-735
0.0 — - | y:
-40.00 ————— | 1 _I_,_| |
-60.00 —:!— -
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Using a spectrum analyzer to separate the actual harmonic-
distortion components from the residual noise, we found that if
any distortion components existed, they were “buried’ in the

noise floor.

Channel separation
measured between 102
and 104 dB, depending
upon which channel was
measured. However, sepa-
ration decreased
substanticlly at higher fre-
quencies, measuring only
about 63 dB at 16 kHz. Of
course, 63 dB of separation
is more than adequate at
high frequencies, but from
a purely academic point of
view, we wondered why
such a decrease in separa-
tion should have occurred
in this CD player.

The overall A-weighted

Linearity was about as
excellent as we have ever
measured for any CD play-
er, whether it be a single-
disc unit or a multiple-disc
changer such as this one.
Deviation from perfect lin-
earity, using undithered
signals, was less than +1 dB
at —90-dB below the max-
imum recorded level.

Additional low-level lin-
earity measurements were
made using dithered sig-
nals. In that instance, we
noted even less deviation
over the range from —70

(Continued on page 80}
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TECHLINE™ Tools—The new standard in strength and precision!

TECHLINE 5-Piece Mini Hand Dirill.
Ideal for many electronic, assembly
and hobby jobs. Fits in the palm of
your hand. Features precision gear
drive and comes with 332", V8’ 5/32”

and 3he" bits. #64-1979 ... .. 12.99

TECHLINE Mml Bar CIamp Fast and

easy pistol-grip adjustment! Use this
sturdy clamp to steady projects or PC
boards, for gluing and hobby work.
The extra-strong jaws open to 6"
wide. #64-1984 .. ... ... .. .. 14.99

a Precision-crafted with top-quality materials
a Designed for long life and ease of use
a Backed by Radio Shack’s 1-Year Limited Warranty

New TECHLINE tools represent Radio Shack’s uncompro-
mising dedication to quality. Each is precision-crafted of
long-lasting, hard-working materials and employs the lat-
est design innovations for comfort and ease of use. And,
each is backed by our full 1-year limited warranty.

Micronta® AC Power Inverter. For
camping, fishing, emergencies. Con-
verts car/boat 12VDC to 115VAC for
powering a TV, VCR, light or tool.
Compact and efficient. Rated 140W
continuous. #22-132 .. ... ... 99.99

Mini Butane Torch. De-
velops up to 5000° F! Per-
fect for brazing and silver
soldering. With two tips,
butane and two micronox
cylinders. #64-2165, 27.95

TV/VCR Spike Protector.
Guards four components
and 75-ohm antenna/
cable line. installs in sec-
onds in 3-prong AC outlet.

15A. #61-2787 ... 27.95 aerosol. #64-3325 .. 4.99

Dust Remover. Just the
thing for cleaning printed
circuit boards, hard-to-
reach areas, cameras,
copiers and more. 6 0z.

Automotive Blade-Type
Fuse Kit. A “"'must” for your
vehicle. One each of most-
needed types: 5, 7V2,10,15
and 20 amps.

#270-1201,

Coax Cable Stripper. Ad-
justable. Get perfect strips
on RG6, RG59, RG58,
RG8M, RG62 and other ca-
bles %s"” to She" dia.

Set of 5/1.99 #278-240 .. ...... 12.95

Speedy service and low prices on thousands of parts and accessories!

Prices apply
at participating
stores and dealers.

m FREE delivery to Radio Shack on orders $5 and up

m Semiconductors and ICs m Hard-to-find batteries

m CB and scanner crystals m Long-life vacuum tubes

m Phono cartridges/styli m SAMS® service books

Why pay more for mail-order? Your Radio Shack stocks 1000 electronic
components, and another 15,000 are available fast from our special-order
warehouse. Ordering is easy! Bring in the exact part number (or old part).

we’'ll check availability and order by phone. Delivery time to your nearby
Radio Shack for most items is a week.

Radlo Shack -~

MERICA'S TECHNOLOCGY STORE

CIRCLE 5 ON FREE INFORMATION CARD



Learn the true story behind
satellite TV, and how you can
enjoy the unparalleled quality
and quantity that it offers

BY TERI SCADUTO and
BRIAN C. FENTON

Think “sci-fi” and “outer space,”
and what comes immediately
to mind is expanding human
horizons and enriching our lives by ex-
ploring distant planets and establish-
ing communications with extrater-
restrial beings. Think “reality” and
“outer space,” and not all that much
has been going on in terms of man-
ned exploration in the last 25 years—
not even Michael Jackson is “moon-
walking” these days.

That's not to say that nothing is go-
ing on up there. In fact, a concept first
postulated almost 50 years ago by
sci-fi writer Arthur C. Clarke and put
into effect in the early 1960 has en-
riched our lives by establishing a com-
munications network not with aliens,
but with other humans around the ey T
world—in effect, shrinking our hori-
zons. Clarke proposed a communica-
tions system based on a series of
satellites in geosynchronous orbit with
the earth, at approximately 22,300
miles up. Simply put, because the sat-
ellites would orbit at precisely the
same angular speed as the earth’s

surface, they would appear to be not
moving at all. Transmissions beamed
up from earth could be relayed to
another place via those geostation-

ary satellites.

Back in the 19405, the scientific
community scoffed at Clarke’s idea.
No one laughed at the USSR's 1958

launch of Sputnik, however, or at
America’s successful launch and
placement into orbit of the Explorer |
the following year. In 1962, AT&T
launched and orbited Echo |, the first
active communications satellite. In

1963, Syncom 1, the first geostationary
satellite, was launched, proving Clar-
ke’s theory. By the end of the decade,

a series of Intelsat Il satellites were
orbiting over the Atlantic, Pacific, and

Indian Oceans, providing worldwide ‘
satellite communications. Today,
more than 100 communications satel-

TESHIBA
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lites are orbiting earth in what has
come to be known as the “Clarke
Belt.”

While the first television satellites
were placed in orbit in the early
19605, it wasn’t until the 70’ that satel-
lite TV became a burgeoning industry,
as domestic satellites were launched.
Live and taped programming was
fransmitted by the networks and for
reception by cable companies. The
relayed programming was not origi-
nally intended to be transmitted di-
rectly to individual homes, but in 1976,
Bob Cooper Jr. built and installed the
first working home satellite-TV system,
and wrote articles in Radio-Flec-
fronics magazine that described pre-
cisely how everyone could do the
same. The idea caught on, and six
years later, thanks in great part to
Coopers efforts, the FCC granted ap-
proval to home reception of satellite
signals. By the end of this year, more
than four-million homeowners are ex-
pectedto have TVRO (TVreceive only)
systems.

¥

W

This RCA Satcom model is just one of
the kinds of satellites in the Clarke Belt.
Models from other companies (Hughes,
GTE Spacenet, and others) have
different looks.

In this article, we will take a look at
the technology behind satellite TV
and what advantages a home satel-
lite-TV system offers the viewer. We will
also explain the new technologies—
anti-piracy signal encryption and dig-
ital video compression—that have
brought the satellite industry to a
crossroads. If you find yourself in-
tfrigued by the idea of satellite TV and
are itching to set up your own TVRO

Spacenet I (122° WL)

Expected 72 MHz C-Band EIRP Performance

26.9 dBW

29.9 dBW
32.9 dBW
35.9 dBW
36.9 dBW
37.9dBW*”
37.9 dBW

EIRP (dBW)
ANCHORAGE. ............. 338
ATLANTA ... ... 38.1
BOSTON. . ................ 36.9
CHICAGO. .. .............. 37.7
DALLAS ... ... ....... ... .. 379
HONOLULU ... ............ 279
HOUSTON ................ 375
LOSANGELES .. ........ ... 37.7
NEWYORK ............... 372
ORLANDO .. ... ........... 37.3
SANFRANCISCO. . ......... 379
SEATTLE. . ................ 375

For more information call: 703-790-7700
GTE Spacenet Corporation,

1700 Otd Meadow Road.

McLean, VA 22102

This data sheet from a GTE Spacenet satellite launched in 1985 shows the satellite’s
“footprint.”” EIRP is the satellite’s effective isotropic radiated power, which is
measured in dBw, or decibles referenced to I watt. The actual power levels seen on the
earth’s surface ore on the order of a fraction of one billionth of a billionth of a watt per
square meter! Designed with a life expectancy of 10 vears, Spacenet | is still active. Its

location has changed, however, to 120° W,

system, turn to this month’s Gizmo sec-
tion. There, you'll find step-by-step di-
rections for a dish installation and
system hookup, along with reviews of
some state-of-the-art satellite gear.

How it Works. Three separate sys-
tems are needed to get the picture to
your TV, First, the original signal is trans-
mitted to the satellite (“uplinked");
then it is relayed back to earth
("downlinked"); and, finally, it is picked
up by your home TVRO system. Actu-
ally, even if you dont have a TVRO
system, much of your TV programming
comes to you via satellite: Cable and
broadcast networks use satellites to
relay programming around the coun-
try. The difference is that with a home
satellite system, you can pick up that
programming—more than 200 chan-
nels of video, and hundreds more of

audio—directly, without the picture
degradation and noise inherent in
the re-transmission of signals from ca-
ble companies or networks.

The Earth Station. The program-
ming is produced in the same man-
ner as any television show; it can be
live or videotaped, or a combination
of the two. The program is sent via
land-based facilities to the uplink fa-
cility, or earth station. The uplinker is
equipped typically with a 30-foot-di-
ameter dish that beams the program-
ming up to a satellite. Most news
organizations also use transportable
satellite newsgathering earth stations
to beam stories from remote areas.
Some programmers—CNN and PBS,
for instance—maintain their own ear-
th stations, while smaller, independent
programmers pay an uplinking fee to



It's hard for many satellite enthusiasts to
hide their love of satellite TV. Although
small dishes can be used in the central
U.S., those of us on the coasts will need
8- or 10-foot dishes.

a common carrier. Signals are
beamed up to the satellites in the
5.9-6.4-GHz band.

Birds in Space. Satellites are
basically space-based microwave re-
lay stations. Because they orbit in tan-
dem with the earth, no expensive
tfracking antennas are required at the
earth stations. To make up for slight
orbital variations due to the earth’s
gravitational fieid, the “birds” are
equipped with small rocket motors
that are controlled by command sig-
nais sent from earth to keep the satel-
lite in its precise geostationary
position. Each satellite is equipped
with a receiving antenna and up to 24
fransponders, or transmitting anten-
nas. Signals received from earth sta-
tions are amplified and filtered,
converted to a specific fransponder
frequency, reamplified, and then
downlinked to earth. US. satellites are
usually aimed at the central states.
Some satellites have “spot beams”
that are aimed at the coasts.

The Clarke Belt is a limited re-
source—there are a finite number of
orbital “slots” that can be used be-
cause of the threat of interference
between adjacent satellites. Satellites
are now spaced two degrees apart.
Closer spacing would require dish an-
tennas with more precise focusing
ability, which comes only with in-
creased size. To further avoid inter-
ference, adjacent satellites polarize
their signals differently. Satellite B
might have all even-numbered tran-
sponders horizontally polarized, while

the adjacent sateilites A and C have
vertically polarized even-number
fransponders.

Two bands are used for relaying sig-
nals from the satellites to earth. The
original band, called the C-band,
uses downlink frequencies of 3.7-4.2
GHz. There are 23 C-Band satellites in
orbit over North America today.

In 1984, another 500-MHz band was
allocated for satellite downlinking.
The 11.7-12.2-GHz Ku-band is divided
by the FCC into two segments. The first
(11.7-12.2 GHz) is known as the Fixed
Satellite Service, or FSS; there are 21
FSS satellites orbiting over North Amer-
ica. The 12.2-12.7-GHz frequency
range is called BSS, or Broadcast Sat-
ellite Service; it will be used for the first
fime at the end of this year.

The main difference between the
C- and Ku-Bands is power output. C-
band transponders are required to be
relatively low powered so that they
don't interfere with ground-based mi-
crowave communications, which
share the same band of frequencies.
Satellites in the C-Band range in

DISH

FEED
|

ACTUATOR

The satellites fransmit cone-shaped
microwave beams back to earth. The
shape of that beam, and the power
levels associated with it, is known as
the satellite’s “footprint.” The power
level within a footprint varies, with the
highest power at the center and the
fringes receiving only weak signals.
Because most C-Band satellite trans-
missions are aimed at the middle of
the counitry, the size of the dish also is
influenced by your home's geograph-
ic location. A homeowner in Kansas
(ot the center of the footprint) might
get good reception from a 6-foot
dish, while someone in Florida or
Maine might require a 12-foot dish.

On the Homefront. That brings us to
the third part of the system—the
home sateliite-TV system, also called
a TVRO (for television receive-only). A
TVRO consists of the dish, the dish posi-
tioner, the feedhorn, the low-noise
block downconverter (LNB}, cables,
and the receiver. (We'll describe the
system components briefly here; for
more details see Gizmo)

FEED COVER

IRD

A basic satellite-receiving system consists of a dish, which reflects the signals to the
feed. The feed collects the weak signals and sends them on to the dish-mounted low-
noise block downconverter or LNB. Cable gets the signals into the house to the IRD or
integrated receiveridescrambler. It also provides control signals to the electronics at
the dish, and to the actuator arm, which moves the dish into position.

power up to 16 watts per transponder,
and require receiving antennas 6 to
10 feet in diameter to pick up their
signals. FSS Ku-Band satellites are
more powerful, ranging up to 50 watts
per transponder, so they require
smaller dishes (3-5 feef). The upcom-
ing BSS Ku-band birds will range in
power from 100 to 200 watts per tran-
sponder, which means that dishes as
small as 18 inches can be used.

The dish, a parabolic reflector,
gathers the microwave signal frans-
mitted from the satellite. The dish must
be installed precisely, aimed at the
proper level to be able to "see” the
satellites in orbit, with no obstacles
such as trees or buildings blocking
their view. The dish positioner moves
the dish to the proper position to re-
ceive signais from a specific satellite.
Modern dishes have motor-driven ac-
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BROADCAST SYSTEM

Much of the programming you currently watch—even if you don’t have a dish—comes

10 vou via satellite.

tuators, controlled by the satellite re-
ceiver, that have limited the need to
position a dish manually. The hard-
working actuator stabilizes the dish as
it targets a satellite, and moves it from
one satellite o another.

The dish reflects the collected sig-
nal to the feedhorn, located at the
focal point in front of the dish. Inside
the feedhorn is the actual antenna, a
small probe that can be rotated to
receive either horizontally or vertically
polarized signails.

From the feedhorn, the signal is sent
to the LNB, where it is amplified more
than 100,000 times and converted to
lower frequencies ("downcon-
verted”). Downconverting the signai
makes it possible to use standard, in-
expensive coaxial cable to bring the

signal into your house to the satellite
receiver. Because the LNB downcon-
verts the entire block of signals sent by
the satellite, and not just those from
one fransponder, it's possible to watch
a different station (from the same sat-
ellite) on a second TV if a second sat-
ellite receiver is used.

The receiver—which, if it includes a
descrambler, is called an IRD or inte-
grated receiver/descrambler—mod-
ulates the signal on a channel {usually
channel 3 or 4) that your TV can tune.
If your TV also is a monitor, the satellite
receivers direct video and audio out-
puts can be connected to the
monitor inputs, providing exceptional
picture and sound quality—par-
ticularly if your receiver is equipped
with stereo-audio outputs.

s
UPLINK FACILITY

Today's receiver is more than just a
satellite tuner. Many receivers incor-
porate a dish positioner that lets you
move the antenna from the comfort
of your home; satellite memory—the
ability to remember the position of
each satellite—which lets you choose
a satellite as easily as you can select a
channel; and something we've all
come to regard as a necessity, not an
opftion: aremote control. In addition, it
is likely to include a descrambiler that
allows you to view the pay stations to
which you subscribe.

The Scoop on Scrambling. While
there's plenty of free satellite pro-
gramming, most dish-owners also pay

to watch such premium channels as

HBO, The Disney Channel, Showtime,



The Playboy Channel, and the like. To
prevent unauthorized viewing of
those channels, the signals are
scrambled. To view them, satellite
owners must have a descrambler that
has been authorized to decode the
encrypted signal. But piracy has
plagued the industry since program-
mers first began charging for their
product.

The most basic video scrambling is
accomplished with signal inversion
and sync suppression. Signal inversion
converts each image into its nega-
tive, while the suppression of horizon-
fal and vertical synchronization sig-
nals causes an unstable picture.
Those two techniques were com-
bined in various ways in early, un-
sophisticated scrambling systems. It
was pretty easy, however, to unscram-
ble such a picture.

To combat illegal descrambling, a
third element was added to create
VideoCipher, the first industry-stan-
dard scrambling system. The audio
signal was digitized, encrypted, and
then inserted where the sync pulses
should have been. That meant that
even if an enterprising hacker man-
aged to stabilize the picture and re-
verse the inverted signal, there would
be no audio accompanying the pic-
ture. Along with the encrypted audio,
subscriber “addresses” are transmit-
ted. A descrambler that doesn‘tsee its
address will not decscramble the sig-
natl.

Hackers are a determined and in-
trepid bunch, however, and Vid-
eoCipher was soon “cracked.” When
General Instrument (Gl) upgraded to
VideoCipher I, hackers responded
with a chip that fooled it into recog-
nizing all scrambled channels as
being authorized for viewing. The
Three Musketeers chip ("all for one
and one for all”) was used so exten-
sively that some industry insiders be-
lieve that at one time there were more
illegal than legitimate descrambilers
in use. Another chip, called the Wiz-
ard, duplicates a legitimate de-
scrambler (called the"mother”) that
has been authorized to receive every
scrambled station, making up to 100
cloned “daughter” receivers. lllegal
units could go for as much as $2000,
since the buyer was promised that
he'd never have to pay for program-
ming. Gl countered by developing a
method to disable all the daughters

Receivers come in all shapes, sizes, and
prices. The Chaparral Monterey 95 is a
high-end (about $2000) model that offers
such home-theater features as Dolby
Surround Sound, picture-in-picture, and
more.

whenever it catches a mother re-
ceiver, and by infroducing the more
sophisticated VideoCipher Il Plus.

The latest step in the descrambling
wars is the introduction of Vid-
eoCipher |l Plus Renewable Security
(VCRS). The VCRS module has a slot
into which a WPass card (a kind of
smart card) can be inserted. Easily in-
serted by the consumer, each card
contains an upgrade of the encryp-
tion security code, making it easier
(and for General Instrument, cheap-
er) to stay one step ahead of the pro-
gram pirates.

According to the Satellite Broad-
casting and Communications Associ-
ation of America (SBCA), the transition
to VC Il Plus went smoothly, with vir-
tually no interruption of service for
legal subscribers. lilegal users were
left high and dry, although they had
the option to buy a module and join
the fold, paying for subscriber pro-
gramming.

TVRO Today. If you still have to pay
for the good stuff, and even the bare-
bones description of satellite TV given
above sounds pretty complex (not to
mention expensive), why would any-
one want to bother with a home satel-
lite-TV system? Not only is the system
not as complicated as it sounds, but
there also are a few distinct advan-
tages to TVRO: the incredible diversity
of programming, superior picture
quality, and freedom from cable
companies.

There's no question that the first
TVRO systems were anything but user-
friendly. In the early days, equipment
was unstandardized, rarely guaran-
teed, and difficult to use. Before the
days of electronic dish positioners, the
viewer was the dish positioner, ventur-
ing out in all sorts of weather to man-

ually move the dish from one sateliite
to another while another person kept
his eye on the screen and shouted
directions.

Although those days are long past,
VRO has retained a reputation as
being unwieldy and difficult to use (in
much the same way that most people
still are ofraid fo program a VCR be-
cause of the poor design of the early
models). And, to some extent, TVRO
owners have retained the image of
being rural do-it-yourselfers, willing to
put up with any inconvenience to get
their eyes on the programs that their
more fortunate urban counterparts
receive via cable.

In reqlity, a state-of-the-art, dealer-
installed, turnkey TVRO system requires
only a lite more effort to use than a
cable box. And while most TVRO
owners do reside in rural areas (after
all, metropolitan areas are not likely to
offer the clear line of sight required by
satellite dishes) and many are also
avid D-I-Y'ers, recent reader polls con-
ducted by Satellite Orbit and Satellite
TV Week prove beyond a doubt that
VRO owners are anything but un-
sophisticated “country mice.” Com-
pared to the U.S. population in
general, the subscribers to those two
popular satellite-programming
guides are much more likely fo be
college educated and to own their
own homes, projection TV's, comput-
ers, VCR's, and recreational vehicles.
So what do those savwvy country VRO
owners have thattheir urban and sub-
urban counterparts are missing out
on?

What's in It for You? The two main
advantages o home satellite-TV sys-
tems are quality and quantity. That is,
the picture quality is superior to what
you can get from cable or network
broadcasts, and the quantity of pro-
gramming is tremendous.

Home satellite reception is superior
because it cuts out the middleman. In
a typical cable transmission, for ex-
ample, the program is uplinked to a
satellite, then downlinked to a receiv-
ing station. At that point, the picture
quality is the same or better than
what your TVRO system can deliver.
But before that high-quality signal
Qets to your TV it is sent over miles of
cable, being re-amplified many times
to make up for signal losses. By the
fime you see it. the signal has picked
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up a significant amount of noise. The
direct video signal from your TVRO is
about the same quality as that on a
super VHS tape, and the audio quality
approaches that of a CD.

For most TVRO owners, high-quality
audio and video is a bonus. By far the
primary reason for investing in a TVRO
system is the personal choice offered
by the sheer quantity of program-
ming. Viewers can select from ap-
proximately 200 channels of pro-
gramming at any one time. Some of
those channels are scrambled by the
programmeyr, and viewers must pay to
receive them, as they would with ca-
ble TV. The big difference—besides
the greater variety of programming,
that is—is the greater variety of pro-
gramming packages. avaiiable.
There’s no need 1o buy a pre-pack-
aged program assortment, with
which you often end up paying for
some channels that you never want-
ed in the first place to have the priv-
ilege of receiving the stations that you
do want. There’s a lot of competition
between sateliite program suppliers,
which translates to a lot of choice for
viewers who don't have to deal with a
cable-company monopoly. And even
if you choose not to pay for
scrambled programming, there’s
plenty to watch—more than 150 free,
unscrambled channels are available.

Another advantage available only
to satellite-TV viewers is the ability to
watch direct feeds and “wild feeds.”
Many live news and sports programs
are “fed” to a satellite as they occur.
Those direct feeds, or live feeds, are
downlinked to television and cable
stations to be edited and retransmit-
ted to standard viewers. TVRO owners
receive the unedited signals directly,
giving them the chance to see and
hear plenty of action that was never
intended for public consumption. You
can catch sportscasters chatting,
news correspondents setting up be-
fore covering an event, and maybe
even see celebrities in some embar-
rassing situations. (For instance, pa-
tient satellite viewers last year got to
see Jesse Jackson spend 45 minutes
adjusting his tie before an interview)
More important, with a direct feed
you can hear that part of a corre-
spondents report that the network
deemed unimportant or unnecess-
ary.

Watching wild feeds should appeal

DirecTv promises to deliver more than a hundred channels of programming to

consumers who need only to install an 18-inch dish, buy a set-top decoder and, of

course, pay subscription fees.

1o scanner buffs and SWLs. Wild feeds
are tfransmissions of syndicated pro-
grams to network affiliates and inde-
pendent stations. Close to 400 of
them are broadcast every week, but
they change transponders frequently,
requiring a lot of hunting on the view-
ers part. If you don't like looking for a
program, the “Tracker Bob” column in
Satellite TV Week is devoted to finding
new feeds for you.

Another bonus stemming from
feeds is that TVRO owners can pick up
the same programming at different
fimes. Say, for instance, that you sub-
scribe to HBO. That channel is trans-
mitted via several different transpon-
ders, with programming correspond-
ing fo different time zones. So, if you're
on the east coast, and the movie you
want to see starts at 4 PM—iwo hours
before you get home from work—you
also have the option of picking up the
movie on the HBOW (west) satellite at
7 PM, after you've had a chance to
change into something comfy and
have a bite to eat.

The variety of video programming
available to dish-owners is incredible.
Sports fans, in particular, can tune into
virtually every televised college and
professional game. More than 1600
major-league baseball games are
shown on satellite each year, but that's
just the tip of the iceberg. There’s foot-
ball, basketball, hockey, and soccer—
but there’s also fishing, rodeo, auto

and truck racing (even tractor pulls),
curling from Canada, darts from En-
gland, and such international events
as the America’s Cup and the Olym-
pics seen in their entirety (often with-
out commercials). You can pick up a
whole world of news, including un-
edited coverage from various foreign
countries—providing a glimpse of
world events previously limited to SWL
enthusiasts, but with the added at-
traction of video. There are several
movie channels (offering current hits,
foreign fare, classics, and made-for-
satellite originals) And there are
channels that specialize in educa-
tional, family, comedy, foreign-ian-
guage, shopping, science fiction,
weather, court-room, religious, music-
video, TV nostalgia, and children’s
programming. if you want, you can
even pick up Domino Pizza’s training
videos!

Non-Video Satellite Reception.
Satellite reception is not limited to
television signals, however. You can
also receive radio programming from
around the country and around the
world. Again, the variety of program-
ming is impressive, ranging from news
fo religious programs, from jazz to
rock. You can pick up National Public
Radio feeds, as well as the Canadian
Broadcasting Corporation’s program-
ming. On the Radio Talking Book Net-
work books and magazines are read



on air. “Let’s Talk Radio” is a show for
ham-radio operators. Data is also
available via satellite. A variety of de-
vices are available that hook up to
your TV or home computer and aliow
you to receive wire services from
around the world.

Dish Drawbacks. If we've done a
good job selliing you on TVRO's good
points, you might be wondering why
more people don‘t have home satel-
lite-TV systems. First, a large segment
of the population lives in metropolitan
areas, where tall, closely placed
buildings don't allow the use of dish
antennas. Many others wrongly be-
lieve that their towns don't allow the
installation of satellite dishes. In reality,
a 1986 FCC ruling bans any state, city,
or town laws prohibiting dish instalia-
tion. Other folks are reluctant to spend
thousands of dollars on a system to
get what they perceive to be “cable
television” programming, when many
cable companies offer free hook-up
specials. Still others haven’t shaken
the old image of unsightly dishes and
unwieldy, hard-to-use systems.

Other than urbanites who truly are
unable to set up satellite dishes on the
apartment terraces, most people
who wouldn't consider installing a sat-
ellite system are influenced by unfor-
tunate misconceptions. In part, the
satellite industry is to blame for not
properly educating consumers.

But therein lies one source of the
problem—satellite systems have nev-
er redlly been considered “consum-
er” electronics. TVRO systems aren‘t
well suited for showroom display at
consumer-electronics stores—which
means that if you’re checking out
widescreen TV's you might be tempt-
ed by the laserdisc players promi-
nently on view—but you won't be
able to play with the latest satellite
receivers. And, just as the average
consumer would have difficulty install-
ing a satellite system, so would the
average owner of a consumer-elec-
fronics shop. The dichotomy between
TVRO and consumer electronics also
means that when you're in the store,
asking advice on what components
should go into your home-theater set-
up, no one is going to suggest setting
up a satellite-receiving system.

The home-theater boom could, of
course, drive up the sales of TVRO sys-
tems just as its perked sales of AV

receivers and large screen TVs. The
superior picture quality demanded
by consumers who are shelling out big
bucks for their home theaters simply
isn't available except from satellite,
super VHS, and laserdisc. There is a
group of consumer-electronics spe-
clalists who already set up custom in-
stallations with high levels of customer
support that is expected of satellite
installers—custom AV installers, rep-
resented by CEDIA (Custom Electronic
Design and Installation Association). In
fact, Chaparral recently became the
first satellite-manufacturer member of
CEDIA.

But if anything is likely to bridge the
gap between satellite-TV and con-
sumer electronics, it will be the new
high-powered “direct broadcast” ser-
vices.

Direct Broadcast Satellite. Why,
you might wonder upon hearing of all
its advantages, isn't satellite TV.-more
popular? The main drawback is the
large dish required to pick up C-Band
fransmissions, the complexity of the in-
stallation, and the expense of setting
up a TVRO system. Direct Broadcast
Satellite, or DBS, will address each of
those problems,

DBS will use high-powered satellites
operating in the upper frequencies of
the Ku-Band. Those high-powered
satellites will beam down signals so
strong that they can be picked up
with dishes ranging in size from 12 to
18 inches. The DBS birds will have up to
32 fransponders each, but unlike tra-
ditional satellites, they won't be lim-
ited to one channel per transponder.
That’s because DBS will put digital vid-
eo-compression technology to use,
squeezing in as many as eight chan-
nels-per-transponder, for a total of
more than 250 channels-per-satellite.
Because one satellite using video
compression can provide so much
programming, there’s no longer a
need to track different satellites
across the sky. Eliminating the big dish
and the dish positioner helps keep the
cost down, and one-bird aiming
makes the job of antenna installation
much easier.

DBS has been making news for
some time now. Beginning in 1990,
medium-powered systems such as
SkyPix and PrimeStar began making
headlines with promises of hundreds
of stations, easy on-screen menus,

and extensive pay-per-view movie li-
braries. Lately, however, the only news
stories we've seen have been con-
cerned with finances and
courtrooms. A battle for ownership of
SkyPix led to bankruptcy court, and
several lawsuits have been filed, leav-
ing the company in fimbo. PrimeStar,
a service operated by a group of ca-
ble company owners, had begun to
infroduce into test markets a package
of several superstations and pay-per-
view channels, as well as digital radio
and data services. PrimeStar would
lease the necessary hardware (in-
cluding a five-foot-diameter dish until
it began using a higher-powered sat-
ellite) as part of the programming
package, which would be available
only through the owners’ local cable
systems—who probably won't offer it
to homes that are served by cable.
That arrangement has brought up
possible antitrust implications. As we
go to press, the situation at PrimeStar is
iffy.

But don't count out DBS yet! The pri-
mary player at this point is Direclv, a
150-channel service that Hughes
Aerospace plans to launch (literally) in
the early months of 1994. The home
portion of the system will consist of an
RCA-brand set-top decoder box and
an 18-inch-diameter antenna. Behind
that simple facade, however, are twa
extraordinarily high-powered Hughes
satellites, and digital video-compres-
sion technology.

Hughes' high-powered HS-601 sat-
ellite, scheduled for launching in De-
cember 1993, and the second HS 601
(launch date in 1994), each will carry
16 120-watt DBS transponders. (That
compares to typical C-Band power of
16-watts per transponders and Ku-
band’s 50 watts) That strong signal,
coupled with the wider spacing of
DBS satellites, will allow the use of dish-
es smaller than two feet in diameter.

Eight orbital positions, spaced 9 de-
grees apart, have been allocated by
the FCC for U.S. DBS satellites, and the
12.2-12.7-GHz portion of the Ku-Band
has been set aside exclusively for DBS.
Because they are spaced so far
apart, small-sized dishes will have no
frouble discriminating between sig-
nals, as they would with closer-
spaced birds. The two HS 601 satellites
will provide coverage over the 48
contiguous states.

(Continued on page 75)
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Build a
Beverage
Cooler

BY JAMES MELTON

Keep your soft drinks cool, even
during a sweltering summer heat wave!

here are several reasons why
I electronics hobbyist elect to
build projects; for example, it
can be fun as well as educational.
However, there is a practical side to
the hobby; hobbyist often must build
things that they cannot afford to buy,
or those that are simply not commer-
cially available. The Solid-State Bev-
erage Cooler described in this article
falls into the latter category. The Solid-
State Beverage Cooler, as its name
implies, is a project that is designed to
keep a soft drink or other beverage
cold. That is, if a canned drink is
placed in the cooling chamber, it will
be kept cool indefinitely.

About the Project. The Solid-State
Beverage Cooler is built around a
cooling module that makes use of the
“Peltier effect,” which is similar to the
effect used in thermocouples; how-
ever, the effect is applied in reverse.
What that means is that instead of a
temperature difference between two
junctions causing a current to flow, a
current flow is used to cause a flow of
heat.

A thermocouple is formed when
two different metals are joined to-
gether. You can make your own ther-
mocouple for experimental purposes
by screwing two pieces of copper
wire on either end of an aluminum
standoff, as shown in Fig 1. If a volt-
meter is attached to the copper wires,

and one of the copper/aluminum
junctions is placed in proximity to a
heat source (such as a candle flame),
the meter will register small amount of
voltage. The hotter the heat source,
the higher the voltage. Similarly, the
cooler the cold end gets, the greater
the voltage.

With a crude thermocouple like the
one shown in Fig. 1, of course, you'll
not be able to power any equip-
ment—it does, however, demonstrate
the thermoelectric effect. It also simu-
lates the Peltier effect. If a current is
passed through the copper/alumi-
num junctions, one of the two junc-
tions will experience a temperature
rise, while the other junction will expe-
rience a temperature decrease. But
that effect will be so slight on this
crude model so as to be virtually un-
detectable.

Modern solid-state Peltier junctions
are formed from various metals, which
are doped like semiconductors. De-
pending on the doping, the metal will
either have an excess of electrons (P-
type material) or holes (N-type mate-
rial) in its atomic structure. The metal
junctions formed from the two types of
doped material act kind of like a ther-
mocouple, but are much more effi-
cient.

Figure 2 illustrates the make up of a
commercial Peltier cooler junction. In
a commercial junction device (cool-
ing module), more than 50 junctions

are series-connected electrically and
parallel-connected thermally. That re-
sults in a device with an impedance
thats high enough so that the cooling
modules can be connected directly
to a 12-volt power supply.

The Cooler. The cooler itself was built
using almost every available means
to make it easy, fast, and fun. The cool-
ing module was bought commer-
cially. (I have included the addresses
of two places that sell cooling mod-
ules in case you have trouble locating
one; see the Materials List.) Most of the
construction of the cooling module/
heat-sink combination was done with
epoxy adhesive. Thatleaves the top of
the unit clean in appearance, and
helps a little more with the heat trans-
fer efficiency.

The power for the circuit is provided
by a commercial (surplus) 12-volt DC,
3-amp power supply that was origi-
nally intended for computers. Such a
regulated power supply is required
because a “brute force” supply will
have too much ripple, which will pro-
duce excessive heat that must be dis-
sipated somehow. For the con-
venience of using the cooler in my
car, | attached a 12-volt cigarette-
lighter power adapter to the unit's
cord.

The heat sink has two major require-
ments: it must be big (far larger than
you might think) and it should not
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Fig. 1. Modern solid-state Peltier devices are formed by joining two dissimilar metals,
which are doped in the same vein as semiconductors to form junctions. Depending on
the direction of the applied current, one junction will experience a temperature
increase, while the other will experience a temperature decrease.

COLD SIDE

TOP PLATE

JUNCTION

_ m»«& A a-m $ond g w\,;%;'f-'
HOT SIDE

\f.~;'w~“‘. ‘;\?‘** \*“‘ ‘\i.',
BOTTOM PLATE

R
POWER
SOURCE

Fig. 2. This illustration shows the make up of the commercial Peltier cooler junction.
In a commercial junction device (cooling module), more than 50 junctions are series-
connected electrically and parallel-connected thermally.
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Fig. 3. A small muffin fan is connected in parallel with the cooling module. and in
series with the power supply so as to increase the amount of cooling available from the
heat sink by several degrees.

 MATERIALS LIST FOR
THE SOLID-STATE

Thermoeleetric cooling module
{Melcour CPL.4-T1-06L or
equivalent)

12-valt DX miniature muffin Gn

12-volt DO power source (see ext)

Large heat sink

Double-walled soft drink container

Power supply (see fext)

Enclosure; wire, solder, E[‘.‘EI‘K}'.

- hardware, ele.

Note: Cooling medules can be

 obtained from Melcour, 1040
Spruce Street, Trenton, NJ DB648
Tel, 609-393-4178; and American
Science and Surplus, 601 Linden
Place, Evanston, 1L 60202,
Contact the companies directly for
current pricing. shipping, elc.

have any holes at aii in the area
where the cooling module is o be
mounted. That last requirement might
be a little hard to meet with general
junkbox materials, however, it is essen-
fial that you have the best heat frans-
fer o the heat sink obtainable.

As shown in Fig. 3, a small muffin fan
is included in the project so as fo in-
crease the amount of cooling avail-
able from the heat sink by several
degrees. The lowest temperature of
the cooling module, after the excess
heat of the soft drink has been re-
moved, depends on the lowest tem-
perature that can obtained on the
heat sink. In the design presented
here, the lowest possible obtainable
temperature is approximately 30°F
below the ambient temperature.

You need a soft-drink container of
the type typically sold in gas stations.
Such containers are double walled
and are ideal for the cooling cham-
ber of this project.

Construction. Begin construction of
your cooler with the base (or en-
closure), which will hold the cooling
module/heat-sink combination and
the muffin fan. Obviously, there is
nothing crifical about the dimensions
or layout of the base—it merely has 1o
have sufficient room to accommo-
date the cooler components.

The cooling module by itself is very
ineffective, so you have fo help it out
every step of the way. To that end, a
hole, about 2 inches in diameter, must
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Fig. 4. Here is the cooling module prior
to installation in the project. Unmarked
units can be tested by attaching a D-cell
battery to the cooling module's two leads
to determine the hot and cold sides of
the device. Under power, one side of the
module will be hot while the other will
be cool.

be made in the top of the base to
expose the heat sink. Cut the hole
carefully; the cut-away portion of the
hole will be used later. Then flip the
base over, cut another circular hole in
the bottom of the base for the fan. The
material from this cut-out will also be
used.

After cutting the holes, mount the
heat sink inside the enclosure, cen-
tered under the 2-inch top hole and
flush o the inside surface of the base,
using epoxy—the epoxy makes for the
best heat transfer possible and also
leaves the top of the box smooth.

Figure 4 shows the cooling module.
While it’s free of its enclosure, attach a
D-cell battery to its leads—red to
positive and black to negative. Feel
both sides of the cooling module to
determine the hot and cold side; then
mark the hot side with an "H” using a
soft pencil. That helps to orient the
device in the cooler later.

After the epoxy holding the heat
sink has cured, place the cooling
module on top of the heat sink, and
mark appropriate holes in the heat
sink for the ieads of the cooling mod-
ule to go through. Then drill and de-
burr the holes. Next mount the muffin
fan. The muffin fan should be
mounted so that it blows out of the
bottom (as the author did) or the side
of the base. However you mount the

e T 1

Fig. 5. Using the pieces of aluminum left over from the holes in the base, make a
platformn (which consists of two pieces) for the soda can. A rectangular aluminum
piece, which rests against cooling module, lifts the top circular platform piece into the
chamber where it can coniact the beverage can.

-

Fig. 6. With the top plate and insulation
in place, allow the epoxy to cure, before
moving on to the final phase of the
cooling chamber construction.

Fig. 7. Here is the business end bf the
Solid-State Beverage Cooler.

fan, make sure that the flow of air is
unobstructed. (tcannot stress enough
that the amount of air flow and the
size of the heat sink will have a major
effect on the final temperature of the
cooler)

Place the cooling module back on
top of the heat sink and pre-form the
leads so that there is no strain when
the cooling module is epoxied in
place. After forming the leads, epoxy
the cooling module to the smooth top
surface of the heat sink, Pass the leads
through the heat-sink holes. While the
epoxy is curing, clamp or weight the
cooling module to ensure that there
will be a good strong bond.

Using the pieces of aluminum that
you saved when making the holes in
the top and bottom of the base,
make a piece that will serve as a plat-
form for beverage cans. The platform,
which consists of two pieces, is shown
in Fig 5. The rectangular piece, which
rests against cooling module, lifts the
top circular piece into the chamber
where it can contact the beverage
can. The rectangular piece also
leaves room for some foam insulation
between the cool fop plate and the
hot bottom piate. | used the bottom
from a foam drink keeper for the in-
sulation.

(Confinued on page 81)



Experimenting With

Shaped Memory Alloys

Learn about Shaped Memory Alloys and how they work, then perform some

hands-on experiments with these fascinating materials

BY JOHN 1OVINE

haped Memory Alloys (SMA)

are alloys of two or more met-

als that have some interesting
properties. One property of the mate-
rial is that it contracts when heated.
This is analogous to the contraction of
muscle tissue; note that this effect is
the opposite of standard metals,
which expand when heated and
contract when cooled.

Another property of these alloys is
called the Shaped Memory Effect
(SME). Simply put, this material will,
when heated to a critical tfempera-
ture, return to a shape that it has been
trained fo “remember.” In short, this
material could be twisted, bent, and
folded, but when heated it will return
1o its original shape.

History. In 1932, Arne Olander, a
Swedish researcher, discovered the
Shaped Memory Effect in a gold-cad-
mium (AuCd) alloy. In 1951, two re-
searchers, L.C. Chang and TH. Read,
analyzed the crystal structure and
changes of the Shaped Memory

Effect in the AuCd dlloy, and in 1958

those two researchers made a cyclic
weight-lifting device to be displayed
at the Brussels World Fair.

In 1961, William Beuhler working at
U.S. Naval Labs discovered SME in an
alloy of tfitanium-nickel. At the time,
Beuhler and his team were looking to
develop a heat and corrosion resis-
tant alloy. In any case, the alloy they
discovered was, by far, cheaper and
safer to work with than any SME alloy

to date. The team named the new
alloy Nitinol, pronounced night-in-all.
The material's name is representative
of its elemental components and
place of origin. The "Ni” and "Ti" are
the chemicai abbreviations for nicke!
and titanium, and *NOL” stands for the
“*Naval Ordnance Laboratory” where
it was discovered.

In |ater years, other alloys were dis-
covered that exhibited SME. In 1985,
Dr. Dai Homma of Japan's Toki Corpo-
ration announced an improved ver-
sion of Nitinol. That improved version
of Nitinol is sold in this country under
the name trade name BioMetal. A
California company, Mondo-Tronics,
sells Nitinol wire under the frade name
of Flexinol.
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There are many interesting ap-
plications for this material. NASA had
proposed using Nitinol to make space
craft antennas_that would deploy
when heated by the sun, or a second-
ary heating unit. More down to earth
ventures are its use in eyeglass frames,
dental-alignment material, pumps,
blood filters, solenoids, and an ar-
tificial heart.

How it Works. The properties of
Nitinol rely upon the crystal structure
of the material. That structure is sen-
sitive to both external stress and tem-
perature. Before we discuss the actual
mechanics involved, we must define
the temperature phases of the mate-
riat,

Parent Phase refers to a state that
exists above the transition tempera-
ture, the temperature where the wire
contracts or returns to a previously de-
fined shape. In this phase, the crystal
structure is cubic. The transition tem-
perature depends upon the exact
composition of the material. For the
Nitinol wire we will be working with
later on in this article, the transition
temperature is 100-130°C
(190-260°F).

Martensitic Phase refers to state
that is below the transition tempera-
ture. The crystal structure is needle-like
and is collected in small domains.
Within each domain, the crystals are
aligned. The material is cool and can
be bent or formed into other shapes.
That external stress transforms the
crystal structure of the material. It is
sometimes called stress-induced
martensite.

The Annealing Phase occurs at a
temperature where the material will
reorient its crystal structure to re-
member its current shape. The an-
nealing phase for the material we are
working with occurs at a temperature
of 540°C.

With those definitions under our
belt, we can discuss how the material
works: When a cooled wire is bent or
twisted, the crystal structure is trans-
formed. if the wire is then heated
above its fransition temperature (Par-
ent Phase), the crystal structure
changes from needle-like to cubic.
Since the cubic crystals don't fit into
the same space as the needle-like
crystals, they are formed under strain.
To relieve this strain they move and
change their positions to relieve the

strain. This “least strain” position hap-
pens to be the original shape (or the
annealed shape) of the material.
Where the wire hasn't any stress-in-
duced transformations, the crystal
structure stitl changes, but that
change results in no net movement.

Properties. Nitinol metal can gener-
ate a shape-resuming force of about
22,000-pounds-per-square-inch. In
our experiments later on, we will be
using a 6-mil wire. Even so, a 6-mil wire
(006 inch diameter) can generate a
contractive force of 11 ounces. If you
want more pull, simply multiply the
wires till you reach the contractive
force you require.

Nitinol wire, as stated previously, is
sold under the trade name of Flexinol
by Mondo-Tronics. The wire diameter
is given in micrometers as a number
suffix of the name Flexinol. So Flexinol
180 is a Nitinol wire with a diameter of
180 micrometers. To convert microm-
eters to inches multiply by .00003937.
Doing that, we find the diameter of
Flexinol 150 is 6 mils (006 inch).

The wire can contract up to 10% of
its length. To extend the life of a given
sample (greater than 1,000,000 cy-
cles), you should restrict the con-
fraction to only 6% of its length.

Reaction time can be quite short,
measured in milliseconds. In addition,
full strength is developed at the be-
ginning of the cycle.

The Nitinol material is stronger than
many steels. The 6 mil wire has a
breaking strength of about 6 pounds.

Activating Nitinol Wire. The easiest
way to heat the wire is by passing an
electric current through it. The wire’s
resistance to the current heats the
wire and causes it to contract. The

CRIMP
CONNECTOR

FLEXINOL
WIRE

I
CUT LINE

Fig. 1. Soldering directly to the Nitinol
wire could adversely affect it. The
supplier mentioned in the article
supplies crimp terminals that get around
that problem.

PARTS LIST FOR THE
NITINOL DEMONSTRATION

UI—4011 quad ¥anp pate, integrated
circuit '

QI—IRF511 MOSFET transistor

R1-—15.000-chm, Y-watt, 10% resistor

Cl—1-uF, 35-WVDC, tantalum
capacitor

BI-—9-volt transistor-radio battery

81, 52—3PST toggle switch

Nitinol wire. perfboard or plastic,
hardware, rubber band, enclosure, ete.

The following are available from Mondo-
Tronics, 524 San Anselmo Ave,,

- #107; San Anselmo, CA 94960 Tel,
415-455-9330, B00-374-5764. Shape
Memory Wire Guidebook and Sample
Kit {part no. 3-074), $29.90; 40
inches of Flexinol 150 (part no.
3-072). $14.95. Please add $4.00 for
shipping in the U.S.; international
orders add $9.00. California residents
migst add 8.25% sales tax.

volume of the wire doesn't change
during contraction, so as the wire de-
creases in length, it diameter in-
creases by a proportional amount,
keeping the volume the same. The
activation temperature of the wire is
100 to 130°C (or 190-260°F).

Care should be taken not to over-
heat the wire or its properties will de-
grade. The wire has an electrical
resistance of a little less than 1-ohm-
per-inch. Flexinol wire is supplied with
crimp terminais (see Fig. 1). These ter-
minals are used to make connections
to the material because the Nitinol
wire should not be heated to the tem-
perature that would be required for
soldering.

Direct Electric Heating. Nitinol wire
can be activated using low voltage,
such as a 9-volt transistor-radio bat-
tery. Asimpile circuit can be built using
abattery, switch, and a smalt iength of
Nitinol (see Fig. 2).

Again, care must be taken not to
overheat the wire. In addition, con-
nections to the Nitinol will draw heat
away from the ends of the wire. That
results in the center of the wire heat-
ing faster than the ends. So aithough
direct electric heating works, a better
method is pulse-width modulation.

Pulse-Width Modulation Heating.
In this technique, a squarewave from
a simple circuit is used to turn the
electric current on and off. Depend-
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Fig 2. While this is the simplest way to
activate Nitinol wire, it has some
important limitations.

ing upon the frequency and duty cy-
cle of the squarewave, we can adjust
the amount of contraction and main-
tain the wire in a contracted con-
dition for a ionger period of time.
Because of the rapid on and off ac-
fion of the waveform, the wire has
time tfo distribute the heat, which re-
sults in @ more uniform heating. That is
the method that we shall use in our
experiments.

The Circuit. The circuit we shall use
(see Fig. 3) is designed around a 4011
quad nanp gate. The nanp gate is con-
figured as a squarewave generator.
The circuit can be operated manually
using a switch ($1), or it can be inter-
faced to any computer by deleting
the switch and connecting the circuit
{via pin 1 of U1) to a port line that can
be brought high and low under pro-
gram control. The 4011 can’t handle
the current requirements of the Nitinol
wire, so the wire is inferfaced to the
rest of the circuit via an IRF511 MOSFET.

Nitinol Demonstrations. To dem-
onstrate the potential of this material,
we need to build a small mechanical

device. If you're like me, you'll want .

the simplest unit to start with. To make
our electric "muscle,” the materials
you'll need are 3 machine screws with
six nuts, a piece of perfboard or plas-
tic, a small rubber band, and, of
course, a length of Nitinol material.
Look at Fig. 4. Three machine
screws are arranged in a friangular
pattern in the perfboard or plastic as
shown. The Nitinol wire is connected
to the two top screws. The rubber
band is looped around the bottom
machine screw, with the Nitinol wire
looped through the top of the rubber
band. Begin by drilling two holes fo
accommodate the top two screws. To
determine the location of the third
(bottom) machine screw, stretch the
rubber band from a position that is
parallel with the top screws and
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Fig. 3. This circuit produces a squarewave output and provides a much better way to
activate the wire. It can be manually controlled as shown, or, with some simple
modifications, can be interfaced to a computer.

TO CIRCUIT

I

NITINOL g oot
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Fig 4. This simple demonstration is easy to build, and shows off the basic properties of

the Nitinol wire.

down. Remember the Nitinol has a
pull of about 11 ounces so don’t make
the rubber band so tight that the
Nitinol isn’t able to contract and move
upwards, although it should be tight
enough for it to take up the slack of
the Nitino! wire when it is relaxed. Drill
the third hole and build the assembly

Is WARM
~~ . _POSITION
-~

S

SHEET OF PLASTIC OR
PIECE OF PERFBOARD

TO CIRCUIT

-l

as shown. Finish up by connecting the
Nitinol wire to the circuit of Fig. 2.

When the unit is activated, the wire
gets hot, contracts, and pulls up the
rubber band. When the unit is deacti-
vated the wire cools, elongates, and
lowers the rubber band into its resting
position.
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P -3
;]

PLASTIC
OR
PERFBOARD

NITINOL

WIRE

/ WOGD BLOCK
STAND

2T O (B
Fig 5. Another simple demonstration, this time showing how the Nitinol wire can be
used to move a lever.

3-HOLE SOFT CRIMP

RUBBER TUBING TERMINAL POWER CONNECTIONS

MOVEMENT

A
NITINOL

B
NITINOL

WIRE ¢ B
corper  VIRE
WIRE
X B

Fig. 6. This simple one-digit flexor can be bent to the left or the right depending on
how power is applied to the three leads.

| also built a second Nitinol demon-
strator, shown in Fig. 5. That unit shows
how you can amplify the mechanical
motion of the wire using a lever. The
lever pivots on screw A. The Nitinol wire
is attached to the lever and screw E.
The wire is threaded around screws B,
C and D. When activated, the lever
rises.

The lever can be made from wood,
plastic, or metal. If you use a metal
lever, you can make the electrical
connections to the wire through
screws A and E. If the lever is made
from a non-conductive material, use
screws B and E for the electrical con-
nections.

Going Further. We have just
scratched the surface of the potential
of this material. It is quite possible to
build a reaqlistic android hand. As an
example, consider the simple singie-
digit flexor that is illustrated in Fig. 6A.
That unitis built using a three-hole soft-
rubber or silicone tube. The Nitinol
wire is threaded in a loop through the
two outer holes. A copper wire is
threaded up through the center hole.
The loop of Nitinol wire and the end of
the copper wire is crimped in a small
terminal. By applying current be-
tween the copper wire and one end
of the Nitinol you can make the tube
flex right (A-C) or left (B-C), as shown in
Fig. 6B. Or by applying power to the
two ends of the Nitinol wire the tube
will flex backwards.

Heat engines are another fertile
field for experimentation and de-
velopment. One company sells a toy
boat powered by Nitinol wire. The
boat has a small cargo bay for ice.
The difference in temperature be-
tween the ice and the water the boat
rests in powers the toy boat.

You may want to attempt to train a
piece of Nitinol wire to a particular
shape. You can do this by bending the
wire to the shape you want, clamping
it in position and heating it to about
540°C. You aiso might want to try di-
rect electric heating of the wire to
reach the annealing temperature.

Mondo-Tronics sells a book titled
Working with Shaped Memory Wires,
which shows various actuators and
uses of this material. Several Nitinol-
wire samples with various diameters
are included with the book. It is a
worthwhile investment if you plan on
doing any experimentation. |



ower supplies are not some-
Pfhing that we think about

often—we usually take them
for granted. But when you think about
it, where would electronic projects be
without them? And for that matter,
where would this magazine be with-
out them? The fact is, we don't usually
think about power supplies until we
need one.

Usually a power supply is built spe-
cifically for a certain project, and in-
corporated right into the project itself.
However, general-purpose power
supplies can be even more useful,
lending themselves to all sorts of ap-
plications. So, whatwe've gothere isa
very basic power supply that can be
adapted to almost any project. The
12-volt power supply that we came up
with was actually buiit for powering
car radios indoors, but it is useful for
any 12-volt accessory. With just a few
part substitutions, the supply can have
an output of from 1.2 to 33 volts—
which should be good for nearly any-
thing you can think of. If you'd like to
build one of these no-nonsense
power supplies, then read on.

Adjustable Voltage Regulators.
The adjustable voltage regulators that
are readily available today are a
great boost to hobbyists building
power supplies. Unlike fixed reg-
ulators, adjustable units can be pro-
grammed to output any voltage
within their operatingrange. (The min-
imum and maximum output voltage
varies from model to model and man-
ufacturer to manufacturer) Further-
more, the devices come in positive
and negative “flavors” to suit any rea-
sonable application.

Qur power supply uses an LM317
positive-voltage adjustable regulater.
It can produce an output voltage
ranging from around 1.25 to 33 voltts.
We buy these units in place of stan-
dard regulators (5-volts, 9-volts, 12-
volts, etc) simply because they can
provide any voltage required to suit
most needs. As long as one or two of
those devices are around, there’s
nothing to stop us from building any
project we desire.

As regulators go, adjustable units
provide excellent ripple rejection and
have a neat short-circuit shut-off fea-
ture: If you short the regulator’s output,
it shuts down and automatically turns
back on when the short is removed.

Build a

CONFIGURABLE

POWER SUPPLY

An inexpensive, configurable power supply to suit any
device in need of 1.2 to 33 volts at up to 1.5 amps!

BY JOHN YACONO AND MARC SPIWAK

They also shut down if they become
100 hot.

To add to their value, adjustable
regulators are easy to use. In Fig. 1A, a
positive adjustable regulator is shown
with its two programming resistors in
place. A negative adjustable reg-
ulator is shown in Fig. 18. For the sake
of discussion, we'll talk about positive
regulators, but keep in mind that the
exact same rules apply for negative
regulators; the only difference is that
the input and output voltages for
negative regulators are, of course,
negative.

Resistor R1 is usually chosen to be
around 240 ohms to provide optimal
performance, but we often use 220-
ohm resistors without the least bit of
trouble. While the value of R1 is pretty
standard, the value of R2 determines
the output voltage of the regulator

according to the relation:
Vour = 125(1 + R2/R1) + R2%

where |, (the adjustment current, as
its called) is usually between 40 and
50 pA. That amount of current is so
small that you can often disregard it
and use this abbreviated equation:

Vour = 1.25(1 + R2/R1)

Since you usually know the voltage
you want, lets rearrange the equation
to find R2 based on V7!

R2 = R1Voyud125 — 1)

There are just three restrictions that
you should bear in mind when using
an LM317. First, the supply to the reg-
ulator should be filtered to supply at
least 3-volts rms more than the desir-
ed Vg,» That fact will help you fo de

termine the secondary voltage of the
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‘f PULSATING 0
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POSITIVE LM317 N LM337
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Fig. 1. Adjustable regulators are easy 1o use. Whether you need a positive (A) or a
negative (B) output volrage, you just have to add mwo resistors and a filtered source of
pulsating DC.

D1
1N4001

4

+(RED)

LM317
ADJ

c1

1000 T

ADJUSTMENT

| 4

Fig. 2. The adjustable supply can easily be reconfigured by altering the value of R2
and beefing up some other components as necessary.

~ (BLACK)

CASE IS QUTPUT

METAL CAN PACKAGE
BOTTOM VIEW

Because the case size was chosen for the size of the transformer, there’s plenty of room
inside for the board.

PARTS LIST FOR THE
CONFIGURABLE POWER
SUPPLY

SEMICONDUCTORS

Ul-—LM317 adjustable positive-
voltage regulator, integrated circuit

BR1-—2-amp, 50-PIV, full-wave
bridge rectifier (see text)

D1—1N4001 1-amp, 50-PIV rectifier
diode

RESISTORS

(All fixed resistors are Ya-watt, 5%
units.)

R1—240-ohm

R2—2200-ohm

CAPACITORS
C1—1000-p.F, 50-WVDC electrolytic
C2—0.i-pE ceramic-disc

ADDITIONAL PARTS AND
MATERIALS

F1—0.4-amp fast-biow fuse

PLi—3-terminal moided AC power
plug with line cord

SI—SPST toggle switch

T1—125-volt primary, 12.6-volt, 2-
amp secondary, power transformer
(see text)

Perfboard, case, rubber grommets,
heat sinks. fuse holder, wire,
solder, hardware, etc.

transtormer that you should use to
supply the LM317 in your design. Sec-
ond, make sure the the difference be-
fween the input voltage to the
regulator and the output voltage from
the regulator is less than 12 volts rms,
That will guarantee at least a 1.5-amp
output at the rated voltage, with a
possible maximum current of 3.4-
amps with good heatsinking. Third, if
substantial current (more than Ya-
amp) is o be drawn from the reg-
ulator, use o heat sink.

One last thing to be aware of is the
fact that adjustable regulators have
different pinouts than constant-volt-
age models. In a similar vein, positive
and negative adjustable regulators
don’t have the same pinouts as one
another. That’s enough theory for now,
lets get to the real circuit.

The Circuit. The transformer’s pri-
mary in the power supply (see Fig. 2) is
connected to the AC line via $1 and
F1. The value of F1 has been selected
to prevent the secondary (yes, the
secondary) from experiencing too
much current.

{Continued on page 81)



Receiver Preamplifiers

That You Ca

BY JOSEPH J. CARR

-

Design and build a “‘front end’’ for your shortwave or VHF/UHF receiver

eceiver preamplifiers, which
R are used to boost weak signals

before they are applied to a
receiver’s input terminal, come in two
basic forms: tuned and untuned. The
tuned version, also called a preselec-
tor, passes only one frequency at a
time. The untuned version, on the
other hand, is designed to pass a
wide range of frequencies at the
same time.

Until very recently, the task of de-
signing and building very wideband
amplifiers was daunting. Stray induc-
tances and capacitances, as well as
the limitations of the active devices
(usually transistors) in the circuit, con-
spired to thwart success. While there
were a lot of circuits laid out in print, it
wasn’t until monolithic microwave in-
tegrated circuits (MMIC's) came on
the scene that very wideband pre-
amplifiers became easy for elec-
tronic hobbyists to build.

Although MMIC’s had been around
for a while, they were previously lim-
ited by price to high-cost equipment.
Today, however, hobbyists can easily

obtain MMIC’ at iow cost. The MAR-x
series of MMIC's (available from Mini-
Circuits, PO. Box 350166, Brooklyn, NY,
11235-0003}) are some of the most
useful for projects like the preamplifier
circuits that will be discussed in this
article.

MMIC. Figure 1 shows the MAR-x
package outline. On the surface, it
looks like any UHF/microwave tran-
sistor. The leads (radiating outward
from the body of the unit) are not
wires, as with other devices, but flat
strips that reduce inductance (a
prime limiting factor in VHF and higher
frequency amplifiers).

As shown, MAR-x devices have only
four leads, two of which are grounds
(leads 2 and 4) terminals. The reason
for two grounds is to distribute ground-
ing, thereby reducing the inductance
of the leads. The other two terminais
are the RF input (lead 1) and the RF
output (lead 3). Note that lead 1 is
marked in two ways: the end of the
lead is beveled, and there is a color
dot next fo it.

MAR-x's come in several varieties
(which are designated by a number
replacing the “x” in the dummy type
number above). The MAR-1 can oper-
ate from DC to 1000 MHz (1 GHz), and
provide gains of up o 18.5 dB, while
providing a noise figure of 5 dB. Other
devices (carrying suffixes 2, 3,4, 6,7, or
8) operate to 2,000 MHz, with noise
figures as low as 2.8 dB. Thus, the MAR-
x series can fulfill the requirements of a
large number of applications.

Table 1 lists several MAR-x devices
along with their capabilities and the
unique color dot that indicates the RF-
input terminal; the color of the dot
indicates the MAR-x version.

An interesting aspect of the MAR-x
series is that the input and output im-
pedances of the device are inher-
enfly 50 ohms. There is no need to
match impedances if the source and
load impedances are 50 ohms. That
single fact makes MAR-x devices ex-
fremely interesting to use, because
much of the complex and finicky cir-
cuitry associated with RF amplifiers is
for impedance transformation.
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GROUND

2.15mm

/_ (0.085 IN.)
s |

11.68mm

COLOR DOT

<m: IN RFOUT (0.460IN)
BEVEL
2 . e

GROUND

Fig. 1. The package outline of MAR-x
series MMIC looks, on the surface, like
any UHF/Imicrowave transistor, with its
flat leads radiating outward from the
body of the unit. The leads (flat strips)
help to reduce inductance, a prime
limiting factor in VHF and higher
frequency amplifiers.

V+

*SEE TEXT

Fig. 2. In the basic MAR-x-based
circuit, shown here, both the input and
output are comprised of a single DC-
blocking capacitor (Cl and C2 for the
input and output, respectively). The DC
power-supply nerwork (comprised of L1
and Rl1) is attached to the MAR-x via the
RF -output terminal (lead 3).

Basic MAR-x Circuit. Figure 2
shows a bare bones, MAR-x-based cir-
cuit that works well in nearly alt cases.
Note that both the input and output of
that circuit consist of a single DC
blocking capacitor (C1 for the input
and C2 for the output). For frequen-
cies up to 100 MHz or a little higher, C1
and C2 can be ceramic-disc unifs,
but above 100 MHz, they should be
chip capacitors. (Digi-key—PRO. Box
677, Thief River Falls, MN, 56701-0677;
Tel. 1-800-344-4539—sells Panasonic-
brand, type 0805 and 1206 chip ca-
pacitors in 100-unit quantities.) In most
cases, C1 and C2 should be 0.001-pF
units, although for HF (below 30 MHz})
circuits, 0.01-wF units are more suit-
able. For projects that are strictly for
above 100 MHz, 100-pF; or smaller ca-
pacitors are used.

TABLE 1—MAR-X CAPABILITIES

DEVICE Hl{I.HIFEI;Eﬂ. GAIN (100/50/1000 MHz) N.F COLOR
MAR-1 1,000 18.517.5156.5 5 Brown
MAR-2 2,000 13128125 6.5 Red
MAR-3 2,000 1312:B012.5 6 Orange
MAR-4 1,000 B.2/828 7 Yellow
MAR-G 2,000 201916 248 White
MAR-7 2.000 13.5/13.112.5 3 Vialet
MAR-8 1,000 Jai2e23 3.5 Blue

There is also a DC power-supply
network, comprised of L1 and R1. The
DC power-supply network is attached
to the MAR-x via the RF-output termi-
nal (lead 3). The basic component
needed in that network is current-lim-
iting resistor R1, with an RF choke (L1}
being used in some cases. The resistor
is used to limit current to a designed
optimum value, which for the MAR-1 is

15 mA. The value of the resistor de-

pends on the value of the V+ and the
desired current ievel, as follows:

R1= (V+) =W

where V+ is the power-supply volt-
age, V is the voltage at the RF-output
terminal of the MAR-x device, and | is
the current. Consider this example for
the MAR-1 operating from a 12-volt DC
supply, and providing + 5 volts DC for
\4

R = (+12) - (5)/0.015
R = 7/0.015 = 467 ohms

Because the standard vaiue of 470
ohms is close to 467 ohms, that value
is selected instead. (Note: A 5% toler-
ance 470-ohm resistor may well have
an actual resistance of 467 ohms,
anywayl) The power dissipation of the
resistor is 0.105 watts, so a quarter-
watt resistor is sufficient. The resistor
selected for R1 should be a non-in-
ductive type such as carbon com-
position ar metal film. No form of wire-
wound resistor should be used in the
circuit, nct even those touted as non-
inductive because they are non-in-
ductive cnly in the audio-frequency
range.

The oplional RF choke (L1, which is
used in many practical circuits} has
two purposes: Choke L1 is used to pre-
vent the RF output of the MAR-x from
getting into the power-supply circuit
or vice versa. The choke’s other pur-
pose is to act as a peaking coil to
improve the circuit’s upper-frequency
response The latter purpose is fulfilled
because the load impedance seen

by the MAR-x is the combination of the
inductive reactance of L1 and the re-
sistance of R1. Because L1s reactance
increases with frequency, the load im-
pedance is also higher at higher fre-
quencies.

Now that we've got the basic cir-
cuit, let’s put it together and make a
workable project. | selected two proj-
ects. The first is a shortwave-band
(high-frequency) preampilifier, and
the other is a VHF/UHF preamplifier for
monitors and scanner receivers.

HF SW Receiver Preamplifier.
Figure 3 is an HF preamplifier that is
designed to be used in front of short-
wave receivers. it can be used to
boost weak signals or to form a basic
kind of active-antenna circuit (more
on that later).

The input to the circuit consists of a
broadband toroidal fransformer that
was made by winding 3 turns of #26
enameied wire on an Amidon Associ-
ates (PO. Box 956, Torrance, CA 90508)
T-50-2 (red} core for L1-a, and then
winding 10 turns of #26 enameled
wire on the same core for L1-b.

From there, the signal is fed fo a
complex LC network comprised of a
1600-kHz, high-pass filter and a 32-
MHz, low-pass filter. Those filters are
used to limit out-of-band signals. AM
broadcast-band signais (less than
1600 kHz) are usually very strong at
most locations, and can easily drive
the preamplifier into saturation, caus-
ing big problems. The high-pass pi-
filter (which is comprised of C1-C3, L2,
and L3) is designed to attenuate sig-
nals below the 1600-kHz point, reduc-
ing their effect on the amplifier.

Inductors L2 and L3 can be made
by winding 26 turns of #26 enameled
wire over an Amidon Associates T-50-2
(red) toroidal core. However, | used a
Toko adjustable core (available from
Digi-Key). The Toko 332PN-T1018Z (Digi-
Key part no. TK5136) is a good bet (¢
actually used a retuned 5.6.H version
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Fig. 3. The HF SW Receiver Preamplifier is comprised of a broadband toroidal
transformer (L1-a and LI-b), a complex LC network (comprised of a 1600-kHz, high-
pass filter and a 32-MHz, low-pass filter), L2 and L3 (26 turns of #26 enameled wire
wound on an Amidon Associates T-50-2, red, toroidal core), a pair of resistive
attenuators (ATTNI and ATTN2), and of course, the MAR-x device.

R1
6.20
INO- AN 0 oUT
R2 ¢ 3 m
s0nd $ 9100

Fig. 4. Shown here is the composition of
the basic 1-dB pi-network resistor
attenuator used in the circuit of Fig. 3.

SHIELD

Fig. 5. The purpose of this receiver-
interface circuit is to pass RF to the
receiver through capacitor C9, while
adding DC power to the feedline through
R2 and RF choke L7.

of the same coil in the model | built
and tested for this article, but that is
not an optimum choice). The capaci-
tors are NPO ceramic-disc units,

The two-section 32-MHz low-pass fil-
ter is designed to attenuate local VHF/
UHF signals, but pass HF-shortwave
signals. The capacitors can be NPO
ceramic-disc or silvered-mica (the
former are preferred) units. Inductors
L4 and L5 (0.3-p.H units) were made by
winding 9 tumns of #26 enameled wire
on Amidon T-50-6 (yeliow) cores.

make them from ordinary Ya-watt,
carbon-composition or metal-film re-
sistors) Figure 4 shows a basic pi-net-
work attenuator pad that will drop the
signal 1-dB with 50-ohm input and
output impedances.

The output of ATTN1 is fed to U1. That
portion of the circuit is essentially the
same as the basic circuit of Fig. 2, with
a 1-mH RF choke and a 150-ohm re-
sistor supplying the DC power. The
power supply end of the resistor is
connected to the coaxial connector
that carries signal to the receiver. The
MAR-x's input and output capacitors
(C6 and C7) are 0.01-nE ceramic-disc
units.

In order to improve performance at
higher frequencies, it is necessary to
strip the leads of those capacitors of
the ceramic material that flows down
onto them during manufacture. A pair

‘7 REGULAR
SHORTWAVE
ANTENNA
COAXIAL
CABLE
| G \i c | INTERRAGE SHORTWAVE
< + =

Fig. 6. In this set up, the preamplifier is used with an ordinary SW antenna (such as a
random-length wire, vertical, or dipole) in the conventional manner.

_—WHIP ANTENNA

COAXIAL
CABLE

EERMELIPIR: | BOX RECEIVER

f=——OPTIONAL _L_ 1

= GROUND = =

Fig. 7. In the active antenna setup shown here, the SW antenna from the previous
setup is replaced by an 18-to 30-inch whip antenna.

From the 32-MHz filter, the signal is
fed to the first of two 1-dB, 50-ohm
resistive attenuators (ATTN1 and
ATTN2) used in the signal line at the RF
input and output of the MAR-x. Those
attenuators are used to swamp out
impedance variations in the source
and load. Those impedances can
vary considerably, and the at-
tenuators help level them out as far as
the MAR-x device is concerned. (I
used Mini-Circuit's A1 1-dB shielded
attenuators for the project. But if you
don‘twant to purchase those parts, or
cannotfor some reason, thenyou can

of long-nose pliers will crush the ce-
ramic overflow so that it can be re-
moved.

The preamplifier circuit can be
placed remote from the receiver; i.e.,
mounted on the antenna mast or
other support structure. That remote
capability is possible because the cir-
cuit sends DC power up the same
coaxial-cable feedline that's used by
the RF signals. Sometimes, a decoup-
ling capacitor is used at the junction
of L6 and R1 to limit the load imped-
ance to the reactance of L6 (a 1-mH
Toko choke, Digi-Key part #TK4312).
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SHORT BIPOLE ANTENNA

H§

Fig. 8. Here the preamplifier is modified
to unground the input coil (L1-a in Fig.
3) so that a bipole (a small, two-
element) antenna can connected.

I
TO ANTENNA

route it to the external power source. A

0.01-uF decoupling capacitor is

needed in that case.

The preamplifier should be built into
a shielded metal box, either die-cast
type, or a sheet-metal box with over-
lapped edges between the top and
bottom covers. That type of box pre-
vents RF leakage into or out of the box.
Flush-fit boxes are not well shielded
and should be shunned for RF proj-
ects.

Receiver Interface. A receiver inter-
face for the preampilifier is shown in
Fig. 5. The purpose of the interface is
to pass the RF signal to the receiver
through capacitor C9, and fo add the
DC power to the feedline through R2
and RF choke L7. The DC power sup-

INTERFACE
BOX

Fig. 9. Here's a VHFIUHF version of the preamplifier. The VHF/UHF preamplifier is
similar to the basic configuration shown Fig. 2, while using the DC power-supply, feed

system used in Fig. 3.

-

8
T

11mm

l

17mm ——

4mm |
ALL
AROUND -
EXCEPT "
WHERE NOTED

Fig. 10. The circuit can be assembled on perfboard, using adhesive backed copper foil
and following the pattern shown here. The back of the board is a solid copper-foil

ground plane.

If you wish 10 use the preamplifier
closer to the receiver, with a DC
power source that is not fed through
the coaxial cable, then break the DC
power line at point X in Fig. 3 and

ply is a 9-volt transistor-radio battery.
As a precaution, an AC-derived
power source is not recommended
because the preamplifier is often
used outdoors. Switch $1 (an SPST unif)

is used to turn the preamplifier on and
off.

The project can be built on a sec-
tion of perfboard. There is some point-
to-point wiring on the bottom side of
the board, although the MAR-x con-
nections are on the component side.
Large ground-plane areas are made
from adhesive-backed copper foil.
{The foil material is sold in electronic
parts stores for those who want fo
make pseudo-PCB's.)

Figures 6—8 show three different
ways that the preamplifier can be
used in shortwave-receiver systems.
Figure 6 shows the conventional man-
ner, in which the preamplifier is used
with an ordinary SW antenna (such as
a random-ength wire, vertical, or di-
pole).

An active antenna setup is shown in
Fig. 7. In that setup, the SW antenna
from the previous setup is replaced by
an 18-to 30-inch whip antenna. In
testing that setup. | had good short-
wave reception from my dining room
table, using a 20-inch telescoping
whip antenna that was soldered to
the center conductor of a coaxial
connector. The original antenna was
intended as a portable radio re-
placement type.

Another active antenna setup is
shown in Fig. 8. In that setup, the pre-
amplifier is modified 1o unground the
input coil (L11-a in Fig. 3) so that a
bipole antenna can connected to it.
So whats a bipole antenna? | coined
that word for a small two element an-
tennaq, similar o a dipole. it is not a
dipole because the antenna is of sim-
ilar size to the whip used in Fig. 7. A
regular dipole for shortwave bands
would be at least 16-feet long for ten-
meters, and as much as 150-feet long
at the lower bands.

VHF/UHF Preamplifier. Figure 9
shows the schematic diagram of a
VHF/UHF version of the preamplifier.
The VHF/UHF preamplifier is similar to
the basic configuration shown Fig. 2,
while using the DC power-supply,
feed system shown in Fig. 3. The ca-
pacitors for the RF input and output
must be 100-pF or 0.001-pF chip ca-
pacitors. In this circuit, the RF choke
(used in Fig. 3) has been replaced by
an Amidon Associate FB-43-101 ferrite
bead, which is more suitable for VHF/
UHF applications.

(Continued on page 98}




Build a

Whistle Switch

You won’t just be whistling in the dark with this simple
circuit that lets you turn on a lamps, a TV, a radio,
or other electronic device with the right whistle tones.

BY DANIEL B. COOPER

There are many ways to turn a
lamp on and off—via the
switch on the lamp itself, a wall
switch or touch-sensitive panel, or by
remote control .. .and the list goes on.
However, the most efforttess way to
accomplish that is fo use some type of
sound-activated control. Sound con-
trol offers possibilities. For instance, a
voice-command-activated switch
based on the VCP200 voice-recogni-
fion chip. Such a circuit would have its
charm, but might be prone to false
triggering during normal con-
versation.

Another possibility is the old “hand-
clap” switch, which responds a clap
of the hand or some other sharp
noise. The difficulty with such a device
is that it will react to any loud noise,
including those notintended to switch
the lamp! There is, however, a third
alternative—the Whistle Switch thats
described in this articlie—which offers
the precision of a voice-activated
switch with the simplicity of the hand-
clap type, while offering better resis-
tance tfo false switching than either.

Whistle Switch Design. The Whistle
Switch, simply put, is a circuit that re-
acts to a specific tone or combination
of tones. The easiest way for a human

to generate a tone is by whistling.
However, if the switch were to be de-
signed to respond to a single occur-
rence of a single tone, it would be
prone to false triggering if that tone
were to materialize during normal
speech or while listening music (per-
haps from a television show; stereo, or
person in the room).

To prevent that from happening,
the Whistle Switch described herein
was designed fo respond only to two
or more occurrences of a specific
tone (or a certain sequence of tones)
within a specified period. Aithough ei-
ther of the aforementioned designs
would be relatively simple to imple-
ment, the latter offers better control
and some interesting options.

The Whistle Switch uses two closely-
spaced tones, both of which must be
“hit” to trigger the circuit. The simplest
design, of course, would be to have
successive rising whistles cause the
output (and thus the lamp) to switch
on and off. However, our design uses a
rising whistle (i.e.. a low-pitched tone
ascending to a high tone) to cause
the output fo switch on. A descending
whistle (i.e., high-pitched tone de-
scending to a low pitch) causes the
output to switch off. A short rising whis-
tle that covers the range of both tones

is simple to manage, while reducing
the possibility of both tones being ac-
cidentally produced within the re-
quired period.

Although such a circuit has several
applications, our circuit was design for
switching a 117-voit AC load, such asa
lamp. Since the output relay specified
has contacts rated at 2 amperes, al-
most any AC device up to 250 watts
can be controlled. For heavier loads,
the on-board relay can be used to
drive a heavier relay, which would, in
turn, control the heavier load.

Inside the Switch. A functionat
block diagram of the Whistie Switch is
shown in Fig. 1. The circuit, which is
comprised of an electret micro-
phone, an amplifier, a pair of tone
detectors, two timer circuits, and a
flip-flop, is a lot simpler than it may
appedar.

In that circuit, the electret micro-
phone picks up the trigger signal
(whistle) and feeds it o the amplifier,
which provides a gain of 300. The am-
plified signal is then fed to a pair of
tone detectors (one for the high tones
and the other for the low tones). If the
two tones arrive within a pre-deter-
mined period and are both within the
frequency range of the tone detec-
tors (1100-1500 Hz for the low-tone de-
tector and 1400-1800 Hz for the high-
fone detector), the output toggles ei-
ther on or off.

A complete schematic diagram ot
the Whistle Switch—which is built
around seven common IC's—is shown
in Figure 2. At the heart of the circuit
are the two aforementioned tone de-
tectors, each of which is built around
an LM567 tone decoder. Supported
by a minimum of additional compo-
nents, the LM567's respond with a log-
ic-low output whenever they detect
tones within a preset range. Both the
center frequency and width of the
range can be set, using R12 (for the
low-tone detector) and R15 (for the
high-tone detector). That adjustment
range allows the circuit to be “tuned”
to respond to a person’s characteristic
whistle. The detection bandawidth for
each is about 200 Hz.

The whistle tones are picked up by
MIC1 (the electret microphone) and
fed to U2-a (half of an LM358 dual op-
amp configured as a high-gain am-
plifier), whose gain is set by R2 and R3.
Capacitor C6 (a 220-pF capacitor
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Fig. 1. The Whistle Switch is comprised of an electret microphone, an amplifier, a pair
of tone detectors, two timer circuits, and a flip-flop, as shown by this functional block

diagram of the circuit.

connected in parallel with feedback
resistor R3) provides high-frequency
attenuation to reduce amplifier over-
load. The output of U2-a is fed to U2-b
{the second half of the LM358), which
is connected as a comparator. Pin 3
of U2-b is connected to the junction of
R5 and Ré, establishing a reference,
and is slightly offset from the artificial
ground-threshold of the amplifier (as
set by the junction of R4 and RS5).

Any signal at the comparators in-
verting input (pin 2) that exceeds the
reference at its non-inverting input
(pin 3) causes its output to switch
states, swinging from one supply rail to
the other. That provides a sharply-clip-
ped, fixed-amplitude signal. The offset
between the amplifiers signal ground
and the comparator reference pro-
vides the Whistie Switch with a degree
of immunity to low-level sounds like
normal speech. Sounds that are be-
low a certain volume produce output
levels that are too low o cause the
comparator fo switch. While signals
that are strong enough to exceed the
comparator reference are converted
intfo a clean, sharply-clipped output.

Resistors R8 and R divide the out-
put of U2-b by a 10:1 factor, producing
120-mV rms signal that is coupled via
C8 to two tone decoders (U3, the low-
tone detector and U4, the high-tone
detector), which are built around a
pair of LM567 tone detectors. The
center point of U3's and U4's detection
band is set by an RC pair. Boih detec-
for circuits use identical RC networks

{consisting of R12/C11 and R15/C15)
for tuning. The difference in the two
circuits is that R11 (connected to pin 5
of U3) is 82k, while R14 (connected to
pin 5 of U4} is 47k. The detection
bandwidths of the two decoder cir-
cuits is set by a 1-uF capacitor (C10
and C13, respectively).

When no signal of the right frequen-
cy is detected, the outputs of the two

decoders are held high by pull-up re-

sistors R10 (U3} and R13 (U4). But when
either decoder detects a signal that’s
within its detection band, pin 8 goes
low after a short detect-and-lock de-
lay of a few dozen milliseconds (as set
by C9 and C12). The output remains
low as long as that tone is present.

The outputs of U3 and U4 are fed to
the trigger inputs of U5-a and U5-b,
respectively, whose outputs, it turn, are
fed to one input of U7-a and U7-d
respectively. The outputs of U3 and U4
are also inverted by Ué-a and Ué-d
and used to drive the second inputs of
U7-a and U7-d. The oulputs of U7-a
and U7-d are fed to the set (s) and
reset (r) inputs of aflip-flop, comprised
of U7-b and U7-c.

When a rising whistle is detected,
the low tone (which arrives first)
causes the output of the low-tone de-
coder tfo trigger the low-period timer
{U5-q). The period of the timer is a little
less than a second. If the high-tone
decoder detects a proper tone dur-
ing the low-period timer's active inter-
val, the output of the flip-flop is
latched high. (The same thing hap-

pens in reverse with a descending
whistle; the high-period timer is trig-
gered, and the detection of a low
tone within the timer's period causes
flip-flop’s output to go low).

To prevent simultaneous triggering
of the high- and low- period fimers,
the output of each is inverted (by ei-
ther U6-b and Ué-c) and coupled fo
the other’s reset input. As long as the
outfput of one timer is high, the other
will be prevented from triggering. The
second input of both Ué-b and Ué-c is
connected to a common RC pair
(C18 and R18) that holds both timers in
the reset state for a few seconds at
power-up.

The output of the flip-flop (com-
prised of U7-b and U7-c} is fed to the
base of @1 to control output relay K1
(a 5-volt unit with 117-volt AC, 2-amp
contacts), which can be used to con-
trol loads of up to 250 watts.

The circuit (which draws about 100
mA) is powered from conventional
power supply, comprised of T1 (which
can range anywhere from 6 1o 12 voits
AC at 300 mA), BR1 (a fullwave bridge
rectifier), U1 (an LM7805T), and several
fitter capacitors (C1-C4).

Construction. The author’s pro-
totype of the Whistle Switch was as-
sembled on a printed-circuit board,
measuring about 4 by 3% inches. A
template of the author’s printed-cir-
cuit layout is shown in Fig. 3. Once
you've etched and drilled your circuit
board, clean the copper fraces thor-




June 1993, Popular Electronics &

‘Suauodwiod
[puonippy Jo wnwiiui v &g paiioddns aap yduym 4IpoIIP U0l /9SINT UD pUnoup Jjing
S1YNYM JO YOD3 ‘$1013319p 2101 Jo 110d D 24D YINIMS IISIYA Y1 JO 1aDaYy Y1 1y "7 “814

t
. EF S g ol
o 10 _+ . 20 < 64 b ]
rs @ ) ¥1d _ qJu |
N &  L0ovNL NNy » B ﬁ L0
| 1a aLoov v/, . L} 2 1 uw NG <& U022 10
_ & e 1 & e Y
] " 910 T3
0> $ K
v 119 ® ot 199M0 8SEWT |¥
e N L ¢u 9 ¥n ,|m.e 2, 1| | e
Y <& € X ; 10
£ z e-Zn )
aLLoY v/, SWM_S S| 8] ¢ wZ F: L 5 »w_»m(— ¥
‘el A N0Lb o
AAA, £y
2l g 1 My \AAS Pi T
¥ 9 iy 9IN0L WA
b | 2 "
e ¢ o doze
> 5001 DINEE AT < 89 Yol & 40z
* AR 3 e S 99
4100y v/, A
T —
1 g i w L L
= WF . s | .
N T EE
y 510, .
o_.a 6 S goov v/, ol L 2|
a1L10y v\— U F\ . 1L FA * 9
e M_No 9591 2/ %1 & 199W1
ZZLINT i e-Gl 8 AL £n ) :
§,\ & AA
SRSEL auov Y, 5 ol WA
5 8100¥ ¥/, %Z8
b L . " Lid w e
AE'E S 3 egn( ¢
614 vt I €
nl ! 9INEE ¢ ¥z ¢
oy ¢ o ¥

108
H @ N N Ywooe
ACL-9
QVALLL 11

1d



11 P A e
> xnn «m.ﬂ\ﬂx- B f _” .,.n_ |
e - ¢ [~ AW.._ :




