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TECHNOLOGY UPDATE

One scientist's vision
revolutionizes the hearing
industry, benefiting millions

of people...

Crystal Ear® uses sophisticated electronics to provide affordable,
cosmetically-pleasing and easy-to-use hearing amplification.

by Harold Sturman

ne day a friend asked my
wife Jill if I had a hearing
aid. “He certainly does,”

replied Jill, “Me!” After hearing
about a remarkable new product,
Jill finally got up the nerve to
ask me if I’d ever thought about
getting a hearing aid. "No way,”
I said. “It would make me look
20 years older and cost a fortune.”
“No, no,” she replied. “This is
entirely different. It's not a hearing
aid...it's Crystal Ear!”

No one will know. Jill was right.
Crystal Ear is different—not the
bulky, old-styled body-worn or
over-the-ear aid, but an advanced
personal sound system so small
it’s like contacts for your ears.
And Crystal Ear is super-sensitive
and powerful, too. You will hear
sounds your ears have been miss-
ing for years. Crystal Ear will make
speech louder, and the sound is
pure and natural.

I couldn’t believe how tiny it is. It is
smaller than the tip of my little finger and
it's almost invisible when worn. There are
no wires, no behind-the-ear devices. Put it in
your ear and its ready-to-wear mold fits
comfortably. Since it’s not too loud or too
tight, you may even forget that youre wearing
it! Use it at work or at play. And if your hear-
ing problem is worse in certain situations, use
Crystal Ear only when you need it.

A fraction of the price. Hearing loss is the
world’s number-one health problem, but in

COMPARE CRYSTAL EAR AND SEE THE DIFFERENCE

MOST
IN-CANAL
BRANDS

Yes

Yes

160 hours
Average
Frequent
Yes
$1,000-2,000

Require fitting
Require testing

Battery life

Impact resistance
Whistling/feedback
Telephone use
Retail price

CRYSTAL
EAR

320 hours
Excellent
Limited
Excellent
$299.85

s 3 _ Innovative,
EGINEAL S22LIFILAL breakthrough
I rREQUENCY [f technology
] RESHONSE: [ solves common
200 Hz to probiem...
{ 5242 Hz Hearing loss, which
f ] \ typically begins
| HARMO!FIE' B prior to teenage
pietnet vears, progresses
I ! e throughout one’s
/| 03%at z W lifetime. Nearly 90
/ percent of people
suffering the type
of loss Crystal Ear
. was designed for
\;‘ AMPLIFICATION: choose to leave the
\1 Superior problem untreated.
1} Class D Crystal Ear is now
| /eircutry” available to help
) these people treat
! their hearing loss
I VOLUME: B vith a small and
Adjustable ® oy affordable

Class | in-the-canal
hearing amplifier.

most cases it goes completely untreated. For
many millions of people, hearing devices are
way too expensive, and the retail middlemen
want to keep it that way. What’s more, treating
hearing loss the old retail way can involve
numerous office visits, expensive testing and
adjustments to fit your ear. Thanks to Crystal
Ear, the “sound solution” is now affordable
and convenient. Almost 90% of people with
mild hearing loss, and millions more with just
a little hearing dropoff, can be dramatically
helped with Crystal Ear. Plus, its superior
design is energy-efficient, so batter-
ies can last months, not just weeks.

You’ll feel years younger! Wear
Crystal Ear indoors, outdoors, at
home and at work. Crystal Ear
arrives ready to use, complete with
batteries, two different fitting
sleeves, a cleaning brush and even a
carrying case. Crystal Ear is a break-
through advance in the hearing
device field. It is made in the USA,
using state-of-the-art micro-manu-
facturing techniques that cut costs
dramatically—savings that we can

pass on to you. The conventional companies,
domestic and foreign, don't like that!

Don’t be fooled by high prices. No hear-
ing device, no matter how expensive, can
eliminate background noise, despite claims
by the manufacturers. Crystal Ear does not
promise miracles—just an affordable, sound
solution to many common hearing problems.

DON'T TAKE OUR
WORD FORIT....

“My father spent
over $5000 on anoth-
er brand. I showed
him my Crystal Ear,
he tried it, and he
decided it worked
better than his
brand, even though
it was a small
fraction of the cost!”

—A satisfied Crystal Ear user

“Over 32 million Americans experience
some loss of hearing. Though most cases go
untreated, over 90 percent of these people
would be disappointed to learn from their
doctor that there is no medical or surgical
cure. There is, however, an effective treat-
ment: electronic amplification.”

—Dr. Dale Massad, MD

Risk-free. Try Crystal Ear and hear what
you've been missing. It comes with a 90-day
manufacturer’s limited warranty as well as
our risk-free home trial. If you're not satisfied,
return it within 30 days for a full refund.

Crystal Ear®:
Three credit-card payments of $99.95 $12 s&H
If not purchasing a pair, please specify right or left ear.

Please mention promotional code 3461-12617.

For fastest service, call toli-free 24 hours a day

800-992-2966

. "7:@- comtrad
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2820 Waterford Lake Dr., Suite 102
Midiothian, Virginia 23113
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Accredited B.S. Degree in

Computers or Electronics
by studying at Home

Grantham C, ollege of Engineering
offers 3 distance education programs:

e B.S.E.T. emphasis in Electronics
e B.S.ET. emphasis in Computers
¢ B.S. in Computer Science

Nincluded in our B.S.E.T curriculums
-Approved by more than 200 Companies,
VA and Dantes, (tuition assistance avail.)

For your free catalog of our programs dial
1-800-955-2527
http://www.grantham.edu

GCE

Your first step
to help yourself
better your future!

Grantham College of Engineering
34641 Grantham College Road

Slidell, LA 70460-6815

ANTIQUE RADIO CLASSIFIED

Free Sample! _-'W&iwii &

Antique Radio's
Largest Circulation Monthly, | EEE)|
Articles, Ads & Classifieds. g

6-Month Trial: $18.95. 1-Yr: $38.95 ($55.95-1st Class).
R.C., P.O. Box 802-L18, Carlisle, MA 01741

AR
Phone:(308) 371-0512  VISAMC _ Fax:(508) 371-7129

sROADCAST FARTHER !

The model 220 is an 80-110 MHz RF amplifier that connects to mono or
stereo FM transmitters and produces a powerful 2-15 watt signal which

could broadcast up to 5 miles or more! Requires 50-150 mw drive.

Step by step plans complete with parl source ’ PLUS $2 S&H
information and amenm deslqns . ONLY NO C.0.D.5
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They’re Baaaack!

What’s back? Terminator 11, the ghosts from Poltergeist? No...it’s
the sunspots! That’s right, after being relatively dormant for about
five years, old Sol is finally starting to come back to life. Qur cover
story, opening on page 21, features “A Beginner’s Guide to Radio
Propagation”—just to whet your appetite to discover more about
this amazing Earth phenomenon.

Funny, when DXers get together amongst themselves they talk
about rare countries, DXpeditions, band openings, and of course,
the sunspots. Some old-timers recall past sunspot cycles with such
reverence, it almost sounds like war veterans recalling their fiercest
campaigns. Let me tell you about my “campaign.”

I was fortunate to have gotten started in ham radio at the onset of one of the highest sunspot cycles
in recent times (Cycle 19). My friend Mike and I had just got our Novice licenses, and we hung out
mainly on the 80- and 40-meter bands. We had an on-going competition on who could work the fur-
thest “DX ™ from Brooklyn, NY. We were both on a somewhat even playing field. He was running
a Heathkit AT, about 40 watts to a 100-foot end-fed antenna on top of a two-story home. I was
pushing about the same power from my Johnson Viking Adventurer on the roof of a six-story apart-
ment house, 1o a “sort of”” 80-meter dipole. I say “sort-of”” because the wire ran zig-zag through the
TV antennas on the roof (let’s not talk about TVI at this time!). | believed the antenna favored the
east-west direction (I used the light towers of Ebbers Field as my reference).

Mike and I had not yet worked anyone west of the Mississippi at that time. We would track our
“DX" on his wall map and stick colored pins in some of our further contacts. Then one day Mike
called me and said he had just worked a station in St. Louis, MO. I was devastated—I couldn’t
get past Chicago. One afternoon after school, I was experimenting with my rig and noticed that
I could load up on the relatively new |5-meter Novice band (my frequency was 21,150 kHz
exactly—Novices were crystal-controlled then). I listened around this frequency. called a slow
CQ (in Morse code, of course) and listened—nothing but noise. Over the next few afternoons 1
actually worked a few stations, but all local contacts. The following weekend I called CQ and lis-
tened patiently. Out of the noise, I heard a slow methodical (——— o e———— ee—e - ). He
repeated his callsign about a dozen times. I was panicky, I never copied a station that did not start
with a K or W. I composed myself, acknowledged his call, exchanged some information, and he
faded away. I looked at my station notebook and saw I copied the call OEIFT, name Franz, and
QTH (location) Vienna—in AUSTRIA!

I ran over to Mike's house, and when I told him I just worked Vienna, he replied, “Sure Vienna,
Virginia!” He disbelieved me and said, “Where’s his QSL card?" 1 ran to the library, looked up
OEIFT’s address in the callbook and sent him my QSL card...and waited. Over the next few
weeks | worked stations in FA8 (Algeria), ON4 (Belgium), PA@ (Netherlands), G3 (England)
and EA1 (Spain). Mike’s walls of disbelief were gradually eroding. Then the coup d'érar—
OEIFT’s QSL card arrived. My pin was off the map! As the other QSLs arrived, our DX com-
petition was over—I had won. [ never realized until later how important sunspots are to amateur
radio, and how lucky I was to get on a great DX band just as the solar flux was on a major
upswing. By the way, Mike (who now lives in California) and I still keep in contact on the air.
He never got into DX, but works 2 meters.

For those hams out there, tune your rigs to the 15— and 10-meter bands and work the world. And

for SWLs—for the thrill of a lifetime, get your ham license and participate in the last sunspot
roller coaster ride of this millennium—Cycle 23.

o AT

Ed Whitman
Managing Editor
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These days, timing is
everything. Between
meetings and appoint-
ments, deadlines and
conference calls, my
# schedule requires that
[ know the time down to
the minute. Even on weekends, I've got
Little League games to coach, shows to tape
and planes to catch. If I'm late, I'm sunk. The
problem is that it's hard if my clocks aren’t
correct. Even the digital clocks can display
time inaccurately. Power outages, dead bat-
teries, time changes...any of these can cause
a clock to be inaccurate. The next thing you
know, you're strolling into that important
conference...an hour late. Now there’s no
need to worry, because advanced radio tech-
nology has produced a clock which gets the
time directly from the U.S. Atomic Clock in,
Fort Collins, Colorado, the standard for
time-keeping the world over. The Atomic
Clock by Arcron is the most accurate, reli-
able and convenient timepiece you can buy.

The most accurate clock on Earth..
Every morning at 1:00 a.m., this “smart”
clock tunes in to the
radio time signal emit-
ted by the U.S. Atomic
Clock in Colorado and
automatically resets
itself to the exact hour,
minute and second. The
U.S. Atomic Clock
is accurate to ten
billionths of a
second per day.
Using molecular
technology, it mea-
sures the vibration
rate of atoms—
a constant—to
calibrate time.
This means that
the clock deviates
less than one sec- §
ond over a one
million year peri-

New clock from Arcron uses radio signals from the
U.S. Atomic Clock in Colorado to display the precise
time, within a billionth of a second.

Desktop Alarm Clock

od! The Atomic Clock even adjusts automat-
ically for daylight savings time, so you don’t
have to remember to “spring forward” or
“fall back”. This clock is the only atomic
clock with an internal calibrator that cre-
ates “intelligent” adjustments based on the
latest signal readings. The desktop model is
the only clock that will not lose time with low
power or when you change its batteries.

An easy time. The most accurate clock in
the world is of no use if it is difficult to
operate. The Arcron Atomic Clock is engi-
neered in Germany using the latest
scientific technology. It comes in two

styles, the wall clock and the executive
desktop model. Both are
designed to be function-
al and easy to use.

The desk
clock’s display
features the
exact time (in
hours, minutes
and seconds),
month and
date, or you
can choose to
display any
two U.S. or
world time
zones. It fea-
tures a sleek,

Every morning at

| 1:00 a.m., this
“senart” clock
tumes in to the
radio time signal

' emitted by the
U.S. Atomic Clock
in Colorado and
automatically
resets itself to
the exact hour,
minute and sec-
ond. The U.S.

Atomic Ciock is European de-
af:c.urate to ten sign, and, at
biflionths of a only eight

second per day. R
"_.1"___' ounces, is the

perfect travel

Wall Clock

clock. It also has dual alarms, per-
fect for couples, and one-touch
F illumination for nighttime viewing.
The handsome wall clock
comes with temperature and
~ humidity gauges. After you install the
batteries, watch the hands spin at 20 times

their normal rate, until the clock has adjusted

to the precise time. Both the executive desk-
top and the wall model have an internal
antenna for superior reception sensitivity,
without unattractive wires.

Imagine having the ability to know the

exact time, all the time. The Atomic Clock
probably costs less than most of the clocks
and watches you own, but you'll be able to
use it to set them all correctly. Isn’t it about
time you had a clock you can trust?
The time to buy is now! Act now and
you can own the world’s most precise time-
piece. Both the executive desktop and the
wall model come with a one-year manufac-
turer’s limited warranty and Comtrad’s risk-
free home trial. If you are not completely sat-
isfied, return your purchase within 90 days
for a full “No Questions Asked” refund.

Atomic WallClock. . ........... $99 $8 SaH
Atomic Desktop Alarm Clock . . . . $99 $8 S&H
Please mention promotional code 2761-12618.

For fastest service call toll-free 24 hours a day

800-992-2966

To order by mail, send check or money order for the total
amount including S&H. To charge it to your credil card,
enclose your account mumber and expiration date.

Virginia residents only—please add 4.5% sales tax.

= comtrad
incustries

2320 Waterford Lake Dr.. Suite 102
Midiothian, Virginia 2311:

$01U0J}08|3 Jejndod ‘966 LA

0



Popular Electronics, May 1998

THE ANSWER IS SAFETY

In the Letters column (Popular
Electronics, March 1998), Joseph
Carr, author of the article “Safety for
Electronic Hobbyists” (Popular Elec-
tronics, October 1997), answered a
reader’s question on grounding. | have
a different answer.

“Why is the center tap on the power
service grounded?” SAFETY!! My
teacher in school (a long time back)
explained it this way.

Let's look at what could happen if
this 110/120-volt system is ungrounded.
The power line feeds several homes. In
your home, the power system is now
floating—there should be no shock haz-
ard touching any line to ground. Let's
say now, that your neighbor has a
defective appliance. The appliance
shorts one end of the service to ground;
no fuses blow or circuit breakers trip.
Back at your home, everything looks
normal, but, unknown to you, you now
have a lethal situation at some outlets
in your home. Instead of having a max-
imum of 110V to ground (hazardous—
yes, lethal—occasionally), you now
have 220 volts to ground {(hazardous—
yes, lethal—yes). That was how he
explained it. =
E.M.
via e-mail

UNSUNG INVENTOR

I've just read Larry Lisie’s article
“Before Their Time” (Popular Elec-
tronics, March 1998). One other
inventor whose idea fell by the wayside
was Professor Woodyard of University
of California-Berkeley (UCB).

In 1942, he put two points onto a
piece of germanium and found he was
getting a larger signal out of it than he
was putting in. In other words, he had
made a solid-state amplifier. He sub-
mitted a patent application through
UCB'’s legal department. Since UCB
was only interested at that time in
cyclotrons, the reaction was what does
a germanium amplifier have to do with
cyclotrons? And no revelation of his
solid-state amplifier (later called a
solid-state transistor) was announced.

I came to learn about this at an IEEE

LerTERS

meeting in 1967 in Palo Alto, CA on the
20th anniversary of the invention of the
silicon fransistor. On the panel were
William Shockley et al, plus Dr.
Woodyard, who told this story of how
the transistor was really invented about
five years earlier than its official date.
R.G.R.

Phoenix, AZ

A FLYBACK TESTER,
ANYONE?

Every month | look forward to receiv-
ing my copy of Popular Electronics
because it presents such an interesting
overview of developments in the elec-
tronics field. As | am an electronics
technician with my own repair shop, |
especially appreciate the unique pro-
jects offered in each issue. | would
like to suggest a project for future
publication.

| repair audio/video equipment with
television comprising a large portion of
my business. In talking with fellow
repairen, | can attest that there is a
definite need for a reliable flyback tester.
While there are such testers currently
available, they are either cost-prohibitive
for the small businessman or, when they
are economical to obtain, they simply
don't work properly. Since a flyback
tester is also an integral component of
computer monitor repair, instructions for
building one’s own tester would proba-
bly be greatly appreciated by those in
the computer industry.

Thank you in advance for consider-
ing this idea.

D.B.
Kenmore, NY

Well, here is another possible con-
struction idea for those “would-be”
designers out there. Add this project to
the list started in the March Letters col-
umn.—Editor

BATTERY QUESTION

| found January's issue of your
product test review on AA alkaline bat-
teries to be very informative. You pro-
vided a concise, unbiased review on a
number of the leading battery suppli-
ers. The data presented was more

than superficial, but not detailed to the
depth which required an engineering
degree. | look forward to similar
reviews on other battery cells/types in
the future.

| do have one question, however,
which | have never seen addressed. |
usually use the Duraceitbrand of alka-
line cell (which came out the best in your
tests) in a number of toys and electrical
gadgets in my house. it seems that after
a few weeks of use, the metal contacts
on the battery holder in the toys start
building up some corrosion, or chemical
reaction, with the battery terminals. This
requires me to remove the battery and
clean off these contacts. This effect is
not noticed with similar batteries from
other manufacturers. Do you have any
suggestions?
J.S.
Lauderdale Lakes, FL

We are not sure what this chemical
reaction could be caused by with the
Duracell brand of alkaline cells.
Perhaps the humid conditions of
Florida might have an effect on this
corrosion, or maybe it is some strange
reaction with the battery-holder materi-
al. We do know that Duraceli, along
with all the major battery manufactur-
ers, has removed mercury from their
alkaline cells, making them safer for
the environment, but we are not expe-
rienced in identifying possible chemical
effects between battery terminals and
the holder. Readers—any similar expe-
riences or possible explanations on this
effect?—Editor

GUITAR AMPLIFIER
IMPROVEMENTS

| really enjoyed the “Guitar Amplifier”
article by Rodrick Seely (Popular
Electronics, December 1997). | re-
member the first guitar amplifier project
you did: the “M/M/M Instrument Amp-
lifier” in the Aprii and May 1968
issues—and each one you publish gets
better. It is a shame you did not provide
a circuit description for the complemen-
tary-symmetrical power amplifier sec-
tion of Mr. Seely’s design, since it is
quite interesting. In addition to the



short-circuit protection provided by Q5
and Q6, he uses a differential input
stage consisting of Q2 and Q3, with Q2
cascoded by transistor Q1. Instead of
just using diodes to bias the output
stage transistors, he incorporates Q4
as a Ve multiplier, which allows precise
adjustment of the output stage bias cur-
rent. These features are not always
incorporated even in professional units,
and they can greatly improve the per-
formance of an audio amplifier.

One standard circuit which | noticed
was not included is a Zobel network
across the speaker. A lpudspeakeris a
series R-L circuit whose impedance
increases with frequency. While the
amplifier can drive a resistive load with-
out any problems, inductive loads can
cause an amplifier to oscillate at high
frequencies because the inductance
appears as an open circuit. This is
aggravated because there is no capac-
itor across R21 to roll-off the high fre-
quency response. A Zobel network is a
series RC compensation circuit which
is connected across the speaker. With
properly selected resistor and capaci-
tor values (a stable film capacitor
should be used), the impedance seen
by the amplifier output stage can be
made to appear constant. This can be
shown specifically in the formula, C2R;
= Lo/Rz—whera the subscript “z” repre-
sents the Zobel values and the sub-
script “s” refers to the speaker values.

As an example, let's assume the
speaker has a DC resistance of 8
ohms and an inductance of 10 pH (the
actual values should be available from
the speaker supplier). In order to have
the ampilifier load appear as a constant
8 ohms, you select:

Cz=Lg/(RRs) =10 pH/ (8 X 8) =
0.156 pF

Thus, by connecting a series combi-
nation of an 8-ohms resistor and 0.15-
wnF capacitor across the speaker, the
ampilifier will be unconditionally stable
at all frequencies.

CH.
Tinton Falls, NJ

HAVES & NEEDS

| would like to ask my fellow
Popular Electronics readers for some
help. 1 am looking for a circuit diagram
for a device that indicates when the
telephone line is busy.

Any response will be greatly appre-

ciated. Thank you for any help you can
give me.

Brenden McNeil

203 S. Cleveland Ave.

Elsmere, DE 19805

e-mail: brenden_mcneil@hotmail.com

| am looking for a circuit which shows
you how to interconnect two telephones
to make an intercom. | think | saw some-
thing in Popular Electronics about ten
years ago. Any references provided will
be appreciated.
Al Conforti
via e-mail: xalbex@aol.com ]
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GIZMO GOES
TO VEGAS!

A look at the hot new products and
technologies shown at the 1998
International Consumer
Electronics Show

Amidst the hustle and bustle, hype and
hoopla of the 1998 International Consumer
Electronics Show (ICES) this January in
Las Vegas, video technologies took center
stage. Don’t get us wrong; there was plenty
happening in the worlds of audio, comput-
ers, telecommunications, and personal elec-
tronics. Throughout the Las Vegas
Convention Center, the Sands Convention
Center, and several surrounding hotels,
manufacturers displayed a huge variety of
consumer-electronics gear, ranging from
such mundane items as carrying cases and
home-theater furniture to high-end audio
and video products. But you couldn’t tum
around without coming face to face with
demonstrations of Digital TV (DTV) and
High-Definition TV (HDTV)—often dis-
played on large-screen, hung-on-the-wall
plasma-display monitors that are as little as
4-inches thick.

In our ICES 98 roundup, we’ll take
close-up looks at DTV, HDTV, and plas-
ma-display devices, and then describe
some of the other neat technologies dis-
played at the show. Next month, we’ll pre-
sent a broader picture of ICES with a spe-
cial “Wish List” of products that brought
home Innovations 98 awards in various
product categories.

HDTV VS. DTV

Drawing crowds to more than a dozen
booths at ICES 1998 were high-definition
televisions that were showing actual, real-
time, real-life HDTV broadcasts, provided
by two local stations: KLLAS-TV (CBS) and
KLVX (PBS). At previous shows, HDTV
sets displayed prerecorded Japanese pro-

-
ot

including Pioneer’s, shown here.

gramming. The 1998 ICES marked the
debut of the first live U.S. HDTV broad-
casts, generating plenty of excitement and
more than a little confusion.
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Displays of HOTV sets drew crowds at a dozen

A

v

booths in the Las Vegas Convention Center,

The experimental HDTV feeds are
forerunners of the HDTV rollout that’s
scheduled to begin this fail, which is also
when the first HDTV sets are expected to




ATAC CERTIFIE®

pIGITAL TELEWI1Si8H

The Consumer Electronics Manufacturers
Association hopes the new DTV certifica-
tion logo, which signifies that a product is
capable of receiving and displaying all
ATSC video formats, will help reduce con-
sumer confusion. A CEMA/ATSC certifica-
tion program will allow manufacturers to
assess their products for conformance to the
ATSC standard.

become available. That doesn’t necessari-
ly mean that you’ll be able to see any HD
broadcasts, however, even if you do have
the big bucks needed to buy one of the
first-generation HDTVs. First, initial
broadcasts will reach only the top ten U.S.
markets (Atlanta, Boston, Chicago, Dallas,
Detroit, New York, Philadelphia, Los
Angeles, San Francisco, and Washington,
D.C.). Second, no one has quite reached a
consensus on HDTV standards (although
the finalized HDTV standards might be
released by the time you read this). Third,
broadcasters must decide how much band-
width they’re willing to allocate to HDTV
and how much to digital standard-defini-
tion TV (SDTV).

As we go to press, this much is known:
HDTYV will deliver about twice the resolu-
tion of National Television Systems
Committee (NTSC) TVs. At the mini-
mum, HDTV will offer a vertical display
resolution of 720 progressive/1080 inter-
lace (or higher): the ability to display a
16:9 image at that resolution; the ability to
receive all Advanced Systems Television
Committee (ATSC) table formats; and the
ability to receive, reproduce, and/or output
Dolby Digital (AC-3) audio. The Federal
Communications Commission has man-
dated that broadcasters must begin the
transition to digital in the top ten markets
by May 1999 and in the top 30 markets by
November 1999, Analog signals will con-
tinue to be sent at least through 2006.
Some cable operators, such as HBO, and
satellite providers, such as DirecTV, have
announced that they will broadcast HDTV

Gizmo is published by Gernsback Publi-
cations, Inc., 500 Bi-County Blvd., Farming-
dale, NY 11735. Senior Writers: Christopher
Scott and Teri Scaduto. Copyright 1998 by
Gernsback Publications, Inc. Gizmo is a reg-
istered trademark. All rights reserved.

Thomson’s ProScan PS3800 multimedia monitor is an interim product, providing peak
video performance from today's DVD players and Internet access devices, and tomorrow's

digital set-top converters.

programming later this year.

But the “‘transition to digital” doesn’t
necessarily mean the broadcasting of
HDTV. Digital TV is a broad umbrella term
that encompasses not only HDTYV, but also
digital standard definition TV and several
other potential systems. The SDTV format,
as you’d expect, delivers lower resolution
than HDTV and doesn’t have a specified
aspect ratio. An SDTV product or system
must have the ability to receive all ATSC
Table ITI formats and to produce “usable
audio” and *“a usable picture.” There is no
specified aspect ratio for SDTV.

Under the FCC ruling, broadcasters
must switch to digital. However, they still
have a lot of options. For example, given
its new channel assignments, a TV station
could choose to broadcast one or two high-
definition signals, or multiple SDTV sig-
nals. It boils down to quality vs. quantity,
because several SDTV broadcasts take up
the same bandwidth as one HDTV signal.
Will HDTV stations demand (and get)
higher advertising revenues? Or will
broadcasters fare better economically with
more stations and less resolution? Those
questions are yet to be answered.

What does all this mean to you as a
consumer? First, if your old TV is on the
fritz, or you’ve been considering making
the move to a big-screen set, don’t put off
the purchase while awaiting a digital set.
Television sets have an average life-span
of 8 years. So if you buy one now, by the
time it needs replacing, DTV sets will be a
well-established, and perhaps even reason-
ably priced, commodity. (Right now,
they’re running from $2000 to $5000 more
than comparable analog models. Current
estimated prices for first-generation
HDTVs are even more prohibitive, with
starting prices between $8000 and
$10,000! Consumer-electronics products

generally cost half their “introductory”
price—in some recent instances, much
less—by their tenth anniversary.) If digital
TV really takes off in the meantime, you’ll
be able to buy a less expensive set-top con-
verter box that will allow your 1998 or
older set to receive digital broadcasts as
well as analog ones.

Keep in mind that it was a full decade
after color TV’s introduction that the one-
millionth color set was sold. HDTV is
expected, by some, to have a much slower
acceptance rate due to initially prohibitive
retail costs, limited programming options,
and the fact that today’s viewers, who
already enjoy better pictures and sound
than ever before from a range of digital
sources, don’t perceive the same urgent
need that spurred color-TV sales.

According to the Consumer Electronics
Manufacturers Association (CEMA), con-
servative estimates predict that 30% of
U.S. households will have digital sets by
2006. On the other hand, consumer accep-
tance of such formats as digital satellite
transmissions, DVD, and Dolby Digital
might indicate that we are getting primed
for HDTV.

The consumer-electronics and broad-
casting industries face a number of hurdles
in the race to deliver HDTV to the
American viewing public. First and fore-
most, perhaps, is convincing less techno-
logically aware viewers that they might
want and need digital TV—a challenge in
light of the fact that, according to a study
on DTV conducted by the Verity Group,
most Americans have little or no idea what
DTV is and what HDTV can mean to
them, and that some confuse DTV with
other technologies, such as DVD and
Digital Satellite System (DSS). Clearly, an
all-out public-education campaign is need-
ed. The Verity study also found that if peo-
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ple are going to spend the money on a
DTV set, enhanced picture quality is not
enough. The set had better offer increased
functionality—for instance, computer
capabilities and interactivity—and
improved sound quality, as well as excel-
lent programming choices, or the buying
public won’t buy.

Broadcasters, on the other hand, face
huge initial expenses in building large
HDTYV transmission towers and purchasing
the necessary equipment, and have worries
about new interference sources. Perhaps
that’s why, out of all the stations in the top
ten markets, only 26 have adopted the
accelerated production schedule needed to
begin digital broadcasting by year’s end.

il LI, SO

Sharp’s 36-inch DTV-ready analog set has
800 lines of resolution, and component
video inputs for use with DVD players and
DTV converters.

What if you just siave to be the first one
on your block to have a digital TV or
HDTV set—and you have deep pockets or
a terrific credit line? If you can wait until
the fall, you’re in luck. More than a dozen
manufacturers showed prototypes or actual
products or announced marketing plans for
such. To resolve the current standards con-
fusion, virtually all of the DTVs shown
have the ability to receive 1080i HDTV sig-
nals as well as the 17 other formats that fail
under the DTV heading. (No, 1080i is not
another form you have to complete and
mail to the IRS by April 15. It refers to 1080
interlaced lines of resolution—as compared
to tcday’s 525 interlaced lines—and if it’s
not found in a DTV’s specifications, that set
is not HDTV compatible.)

Thomson Consumer Electronics not
only showed HDTV hardware but, along
with DirecTV, hosted a demonstration of
the first-ever HDTV direct-to-home satel-
lite feed. DirecTV announced that it would
begin transmitting two HDTV channels
nationwide over the DSS satellite system
sometime this year. At the joint press con-

ference, the companies pointed out that if
just one percent of the current 4 million
DSS subscribers decided to purchase a
high-definition television, that would
translate to 40,000 sets. Thomson hopes
some of those bought will be its ProScan
61000 61-inch, 2,073,600-pixel (1920 X
1080 interlaced) HDTV set. The 61000
HD set has a suggested retail price of
$8000. Thomson also displayed two
ProScan multimedia TVs that are convert-
er-box-ready and offer data-grade picture
tubes. They will be available later this year
at prices yet to be announced.

Mitsubishi hopes to introduce three or
four models in its HD-1080 series before
the end of this year. The mid- to large-
screen sets will have suggested retail
prices ranging from $8000 to $11,000. In
addition to 1080i HDTYV signals, the sets
will provide full Dolby Digital 5.1 channel

_output, and enhanced NTSC processing to

dramatically improve analog images.

Sharp was displaying a variety of DTV
prototypes on the show floor. Said Robert
Scaglione, director of product planning,
“We are taking a broad approach that will
provide consumers with a variety of
options, from set-top boxes that will let
consumers receive DTV signals on their
existing sets to widescreen HDTV projec-
tion sets capable of tapping DTV's full
potential. Prototypes displayed at the show
included a 1080i front projector with a
100-inch screen, digital set-top boxes, and
direct-view and rear-projection DTVs.” In
terms of real products, Sharp plans to
make available early this year DTV-ready
component-input analog televisions, in 27-
to 36-inch sizes, as well as several DTV-
ready SharpVision LCD projectors.

Zenith's digital HDTV receiver/decoder
(top), combined with the company’s Pro900
high-definition front-projection monitor
(bottom), provides a full HDTV home-the-
ater or commercial package, delivering
high-definition images up to 200 inches
diagonal.

Zenith is also taking several different
approaches to HDTV. The company plans
to begin marketing its Digital HDTV
Receiver/Decoder this spring. The Zenith-
Inteq model IQADTV1W is a stand-alone
unit that includes the Zenith-developed
vestigial sideband (VSB) demodulation
system, MPEG-2 video decoding, and

The Zenith-Inteq 64-inch widescreen
HDTYV set will be available this fall.

Dolby Digital audio decoding. Combine it
with Zenith’s PRO900 high-definition
front-projection monitor for a complete
HDTV package, with images up to 200
inches diagonal. The company’s first inte-
grated HDTV set is a 64-inch diagonal
widescreen rear projector, Zenith-Inteq
model IQA64W10W, which will be avail-
able this fall for “more than $10,000.” It
will provide 1920 X 1080 HDTV resolu-
tion, Dolby Digital audio processing, and a
15-pin VGA computer input (along with
three S-Video jacks, 15 composite video
jacks, and four RF inputs).

John Briesch, president of Sony’s
Consumer Audio/Video Products Group,
speaking ‘from Sony’s “unique vantage
point as the only company involved in vir-
tually every aspect of the digital television
chain—from broadcasting and content cre-
ation to TV set manufacturing” noted, “We
believe the transition to digital TV ... will
not take place overnight. It will certainly
be more complex than when consumers
switched from black-and-white TVs to
color sets.” During the transition period,
Sony plans to introduce a “total range of
home entertainment solutions” including
HDTYV products this fall in the ten markets
scheduled to receive HDTV broadcasts,
converter boxes, and a flat-display



Component Cahinet Kits
Kits include the most [ _ 1
popular components ‘
with extra space for | jp——tee=te
your customized
expansion. Each kit | e
includes a 20 drawer | .= W
component cabinet. -

More kits available — call for details!
Part No. Description Price

84953 330 pc. 7400 series IC kit.....$159.95
84961 420 pc. 74LS series IC kit.......119.95
84970 300 pc. CD4000 series IC kit ....84.95
84988 385 pc. Linear series 1C kit .....159.95
108329 540 pc. 1/8 watt Resistor kit... 29.95
81832 540 pc. 1/4 watt Resistor kit.... 28.95
107879 540 pc. 1/2 watt Resistor kit.....32.95
108433 2200 pc. Electr. Hardware kit....39.95
81867 110 pc. Radial Capacitor kit......34.95
81859 320 pc. Ceramic Capacitor kit...29.95
81883 160 pc. Mylar Capacitor kit.......34.95
81841 129 pc. Tantalum Capac. kit ....4
82587 270 pc. Diode kit ....

82595 180 pc. Transistor kit................

75MHz Barebones Pentium®

Monitor,
video card
and hard
drive not
included

e
DO

. _n_'f:_"’ TE

16MB of RAM upgradeabie to 128MB
256KB cache RAM, upgradeable to 512K
Hard disk and floppy I/0 controller card
Four exposed bays (two 5.25°, two 3.57);
one internal 3.5 bay » 3.5" floppy drive
Includes keyboard, mouse and cables
Four PCI slots and three ISA slots

Part No. Description Price

146499. 75MHz Pentium® Sys. [FTITT1$299.95

Ultrasonic Motion
Detector Kit

« Detects motion from 4-7m away

« Switchable latch, red LED indicator

« Solder pad output to drive external
relay or circuits

« Requires 9V battery (not included)

Part No. Description

Price
125090 Ultrasonic alarm kit $29.95

OC to Pulse Width Modulator
The circuit converts a DC
voitage into a series of pulses,
such that the pulse duration
is directly proportional to
the value of the DC voltage.
« Operating voltage:
810 35VDC « PWM range: 0 to 100%

Part No. Product No. Price
JE 2206 Function Generator Kit
Produces sinusoidal,

and square wave- *

forms at frequencies

from 1Hz to 100kHz. Requires 12VDC
supply or +6VDC split supply.

PC board, hardware)

Part No. Description

120539 K8004 ...$20.95
triangular (saw-tooth),

continuously variable o--..-..w,n

» 21 piece kit (chip, components,

20685 Function generator............. $19.95

METEX" 3/.-Digit Digital
Multimeter
« 312-digit LCD
(.5" high digits)
» AC voltage: 200mV, 2V,
20V, 200V, 700V =
» DC voltage: 200mV, 2V,
20V, 200V,1000V
« AC & DC current: 20pA, .;

2004A, 2mA, 20mA, BRul )
200mA, 2A, 20A e 0850
« Resistance: 200Q, 2K(),  werEmSmEs

20KS2, 200KQ, 2MQ,

20M<2 < Input impedance: 10Mg2
« Auto zeroing * One-year warranty
Part No. Product No. 1-4 5-9
27115 M3800... ...$39.95 $35.95

Muscle Wires Project Book

& Deluxe Kit
Get the facts behind the
unusual properties of
Muscle Wires. Study
their uses in heat
engines, industrial,
medical and aerospace
applications, electronic
and mechanical devices,
prosthetic limbs, robotics, virtual reality
systems, and more!
* Includes Flexinol, crimps and instructions
Part No. Description 1-4 59
141348 Muscle Wires kit .....$59.95 $53.95

ViTRAX Programmable
Controller

Control, Measurement, Data
Collection Self-Contained
Development System

148697
Kit or Fully Assembled
* 24 digitat 1/0 lines
« Two serial channels to 19.2K baud:
DE9 interface
« Four externat interrupts for instant response
» 8KB RAM (expand to 32KB)
» 16KB EPROM space for application code
« Buiit-in EPROM programmer
« Optimized BASIC ianguags in ROM—tast!
- 80 commands
- sup. float point, strings, integers, arrays
- interrupt service commands
- serial channe! data manager and buffer
« Power: 5VDC regulated; 250mA
»Size: 4.5°L x 6.5'W + One-year warranty
Part No. Description Price
148700 ViTRAX controller kit . .$129.95
148697 VITRAX - assembled.. 159.95
148734 A/D converter module, 10-bit, 8-ch 39.95
148726 RealTime calendar ciock module ....39.95
148718 LCD interface port: 2x 7 pin mod. .19
134658 Novation power Supply...

JAMECO'

COMPUTER PRODUCTS
© 1998 Jameco 5/98

Order Toll Free 24-Hours E-mail: info@jameco.com
http://www.jameco.com

B 7-Days a Week!

ot.

1355 Shoreway Road
Belmont, CA 94002-4100
FAX: 1080002376948 (Domestic)

FAX: 6500592¢2503 (International) jaké ey,

Call 1-800-831-4242 day or night!

# | JAMECO's 25th Year of Serving You

mission
rontoany PO Multlscope 2

» 20MHz sampling rate; -
10Mhz analog band-
width; built in external
trigger

» ImV/div to
10V/div; built in
adjustable DC .
power supply
output

« Frequency analyzer (FFT) and transient
signal modes

Part No. Description

142834 PC-Multiscope 2

DATAMAN Hand-held
EPROM Programmer/

Emulator
< 512Kbits of RBAM
« Supports EPROMs,
EEPROMSs and Flash
memories up to 8Mbits
« Self-powered and
completely portable -
ideal for field service work
« Maximum pins: 32
Part No. Description Price
124003 EPROM programmer........... $749.95

EXom. 48-Bit Dlgutal IID Card

« Low cost
IBM

PC/XT/AT '
compatible S
Di/0 card
« 48 TTL/DTL compauble d|g|tal 1/0 lines
arranged into 8-bit ports
« Software programmable for inputs/outputs
« Emulates 8255 PPl mode 0
Part No. Description Price

136784 48-bit digital /O card............ $99.95
PAALAX R Basuc Stamps

5
S E

Price

oo |+ Adjustable

127693
Basic Stamps are small computers using a
variation of Basic, calied PBASIC to control
execution of many applications. The BS1-1C
has 8 I/0 lines, while the BS2-IC has 16 1/0
lines which can be connected directly to
buttons, LEDs, registers, and many other

130892

TTL level devaces » One-year warranty

Part No. p Price
127693 Basic stamp BS1-iC ... $34.95
130892 Basic stamp BS2-1C ... 49.95

Easy Photo Reader Scanner
» 133 dpi color
optical resolution
» Up to 1200 dpi color
enhanced resolution
» 24-bit true color
« TWAIN compliant
» Single pass scanning
» Photo reader with feeder 5.5 x 6" x 3",
feeds up to a 5° x 7° photo
» Easily plugs into a parallel port

Part No. Description Price
147264 Photo scanner .. $69.95

Call for your FREE catalog!

=5 Mention
Fed=<. ups V.LP.# 5P8

Hyper Peppy
Robot Kit

» Changes course when
it comes in contact
with an object or hears

a loud sound
Part No. Description Price
140863 Robot Kit.............. B $19.95
Jameco Solderless
Breadboards

« Low static plastic
body - CMOS safe
« Nickel plated clips designed
to withstand up to 5,000 insertion cycles

20773

Part Contact Size

Number  Polnts LxW 1-9 1049
94457 100 $2.25
20600 400 4.49
136901 1,600 19.95
20669 630 4.95
20722 830 6.95
20757 1,360 10.95
20773 1660 15.95
20790 2,390 .22, 20.49
20811 3220 73x7. 5 ...... 30.95 27.95

EDWin NC (CAD/CAE) Software

The first truly seamlessly
integrated suite of software
running in all Windows® for-
mats...simulation, schemat-
ics, and PCB design. Large
start-up libraries.

Part No. Description 1-4 5-9
141680 EDWin NC.......... $149.95 $134.95

Weller 40-Watt Electronic
Soldering Statlon
« 40 watts, T
120V @ 60Hz [
« Lighted on/off
switch
5 watts - 1_—
40 watts
« Temperature is electronically controlled
from 350°F to 850°F UL listed
» Includes ST3 1/8' screwdriver tip, soldering
station, soldering handle and manual

Part No. Description Price
146595 40 watt soldering station.....$44.95

<> Power Authority Il

« Master power
switch and 5
auxilliary
switch for
each outlet
»Heavy duty 8’
cord with 3 line AC protection
» Ground indicator < EMI/RFI filtering
» Static discharge plate (will eliminate
static charge once touched)
« UL approved telephone line protection
» Maximum spike current @ 96,000 amps
» UL1499 clampling voltage: 330 volts
» $15,000 connected equipment
manufacturer's warranty
Part No. Description Price
147011 Power base........ EJTA00  $24.95

SHARP (amera Board
Black and Whlte
492(V

. Composne m

output —380 ——
lines resolution
* 1/50 to 1/1000 sec. shutter speed
» 2.1mm female center positive
Part No. Description 1-4 5-9
127263 Camera board....$129.95 $116.95

A

power from

* EIA system
512(H
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Philips’ 64-inch rear-projection HDTV set
features full ATSC and NTSC decoding,
maximum display of 1080 X 1925 inter-
laced lines of resolution, and Dolby
Digital surround sound.

Trinitron “Wega” TV.

Philips Consumer Electronics Company
president and CEO, Robert Minkhorst,
expressed a more optimistic view: “1998
will be a historical year as the television
industry enters the Digital Era, and Philips
is excited to be a leader in this transition
with our first HDTV offering™—a 64-inch
widescreen rear projection set slated for fall
availability. “The transition to digital marks
a paradigm shift in how consumers will
experience television in their homes—
much the same way that the transition from
black-and-white to color changed television
in the 1950s and 60s.”

Panansonic, which had already intro-
duced a “digital-ready” SVGA TV/moni-
tor, displayed at ICES a prototype 36-inch
widescreen direct-view DTV, a 56-inch
widescreen rear-projection TV, and a set-
top converter box, all still under develop-
ment but expected to be available this fall.
JVC’s top-of-the-line front-projector will
be capable of delivering HDTV signals.
Samsung’s SVP-555JHD 1080i HDTV
features an MPEG-2 video decoder, a uni-
versal format converter to translate any
DTV or NTSC signal to 1080i or 720 or
480 progressive scan, and a Dolby Digital
decoding system for HDTV and DVD.

Unity Motion, which bills itself as
“HDTYV programmers and equipment inte-
grators,” plans to provide both HDTV pro-
gramming and a satellite dish capable of
receiving it, along with direct-view and
rear-projection HDTV sets. Initial tests are
slated to begin in February, four to six
channels are expected by summer, and as
many as a dozen by fall. The company will
market complete packages, consisting of,
for instance, a 28-inch widescreen set, Ku-
band dish, and integerated receiver-

decoder (IRD) ($5500). Substitute the 72-
inch rear-projector, and the price jumps to
about $10,000. Programming will run
about $50 a month.

In other HDTV satellite news, EchoStar
reacted to the DSS HDTV demo with an
“anything you can do we can do better” atti-
tude. EchoStar is currently the only U.S.
Direct Broadcast Satellite (DBS) provider
to use an MPEG2 world standard transport.
It also claims “twice” the capacity of any of
its competitors, even before the March
1998 launch of another satellite. EchoStar
promises to begin HDTV transmissions as
soon as the digital TV sets and program-
ming are out there.

On the business end of DTV, Philips
Semiconductors demonstrated the first in a
series of TriMedia DTV reference plat-
forms, a complete reference design for
developing Advanced Television Systems
Committee (ATSC) T Vs, set-top boxes, and
PCs, supporting all 18 ATSC standards
from SDTV to HDTV and easily pro-
grammed to provide custom features and to
support additional applications such as
video e-mail, video telephony, Internet
access, and communications. The platform
includes both hardware and software to
allow manufacturers to quickly develop
ATSC products. So far, Philips Electronics
Sound & Vision Group and Samsung
Information Systems America have
announced plans to use the TriMedia DTV
reference platform.

Philips Semiconductors’ TriMedia pro-
grammable DTV reference platforms allow
hardware and software manufacturers to
quickly develop ATSC products.

Zenith chose the ICES venue to declare
its collaboration with Intel Corporation in
the development of demodulator cards that
will allow PCs to receive DTV broadcasts,
including data services. Intel’s Tom Galvin,
director of market development, digital
broadcast and broadband, said the joint
development effort “supports Intel’s vision
of bringing exciting digital content and
broadband services to millions of Intel
Architecture-based computers around the
world.” Intel has integrated Zenith’s VSB

The electronics for Philips FlatTV plasma
television are housed in a separate unit,
shown in front. The 4.5-inch thick set fea-
tures datalvideo display capability, multi-
standard display compatibility, and a 160-
degree viewing angle.

technology into a prototype PCI board
design for cost-effective PC implementa-
tion. Zenith’s VSB digital transmission sys-
tem was adopted by the FCC as part of the
ATSC DTV broadcast standard. Any con-
sumer product that receives an ATSC DTV
signal will use Zenith’s patented technolo-
gy. Now, in addition to licensing VSB to
DTV manufacturers, Zenith plans to license
its DTV technology to the PC industry,
under terms that have yet to be disclosed.

Just before the Consumer Electronics
Show, Sony announced that it plans to
work with NextLevel Systems Inc. to
jointly develop digital TV technologies
and HDTV products for cable TV users.
At its ICES presentations, Sony empha-
sized its deep involvement in behind-the-
scenes aspects of DTV, from supplying
broadcasters with HD cameras, monitors,
editing and special-effects equipment to
transferring an archive of more than 200
films to high-definition digital video.

What does it all come down to? The
technologies are there, ready for use. And
the end result is terrific. (We particularly ,
enjoyed Runco’s elaborate high-defini-
tion home theater. Granted, all its varied
components probably cost more than the *
average house, and the speaker arrays '
were the size of a small car. Even the non- |
HDTV digital source material (DVD)
looked and sounded great, but the step up
to HDTV was a noticeable improvement.) ?
But it will take several more years, at
best, for HDTV to hit the mainstream.
Meanwhile, we’ll be hearing a lot more
about digital and high-definition televi- 1
sion, as the consumer-electronics indus-
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ADCOM

10 Timber Lane
Marlboro, NJ 07746
Tel: 732-390-1130
Web: www.adcom.com

AUDIO DESIGN
ASSOCIATES (ADA)
602-610 Mamaroneck Avenue
White Plains, NY 10605

Tel: 914-946-9595

Web: www.ada-usa.com

BOSTON ACOUSTICS

300 Jubilee Drive

P.O. Box 6015

Peabody, MA 01961-6015

Tel: 978-538-5000

Web: www-bostonacoustics.com

CONSUMER ELECTRONICS
MANUFACTURERS
ASSOCIATION (CEMA)

2500 Wilson Boulevard
Arlington, VA 22201-3834

Tel: 703-907-7674

Fax: 703-907-7690

Web: www.eia.org/cema

DENON ELECTRONICS
222 New Road

Parsippany, NJ 07054

Tel: 973-575-7810

Web: www.denon.com

DIREC TV, INC.

2230 East Imperial Highway
El Segundo, CA 90245

Tel: 310-726-4656

Web: www.directyv.com

DOLBY LABORATORIES
LICENSING CORP.

100 Potrero Avenue

San Francisco, CA 94103-4813
Tel: 415-558-0200

Web: www.dolby.com

ECHOSTAR COMMUNICATIONS

CORPORATION

90 Inverness Circle East
P.O. Box 6552

Englewood, CO 80155

Tel: 303-799-8222

Web: www.dishnetwork.com

FISHER

21604 Plummer Street
Chatsworth, CA 91311

Tel: 818-998-7322

Web: www.audvidfisher.com

FUJITSU GENERAL
AMERICA, INC.

353 Route 46W

Fairfield. NJ 07004

Tel: 888-888-3424

Web: www.plasmavision.com

HITACHI HOME
ELECTRONICS (AMERICA)
3890 Steve Reynolds Blvd.
Norcross, GA 30093

Tel: 770-279-5600

Web: www.hitachi-ce.com

MANUFACTURERS
JAMO HI-FI USA, INC.
1177 Corporate Grove Drive
Buftalo Grove, IL 60089
Tel: 847-465-0005
Web: www.jamospeakers.com

JVC COMPANY OF AMERICA
41 Slater Drive

Elmwood Park, NJ 07407

Tei: 201-794-3900

Fax: 201-523-3601

Web: www. jvc.com

LEXICON, INC.

3 Ouk Park Street
Bedford, MA 01730-1141
Tel: 781-280-0300

Web: www.lexicon.com

LUCASFILM LTD, THX DIVISION
P.O. BOX 10327

San Rafael, CA 94912

Tel: 415-492-3900

Web: www.thx.com

MADRIGAL AUDIO
LABORATORIES

2081 South Main Street
Middletown, CT 06457-0781
Tel: 860-346-0896

Web: www.madrigal.com

MARANTZ AMERICA INC.
440 Medinah Road

Roselle, IL. 60172-2330

Tel: 630-307-3100

Web: www.maranrzamerica.com

MCINTOSH SALES
CORPORATION

661 West Redondo Beach Blvd.
Gardena, CA 90247-4201

Tel: 888-979-3737

Web: www.micintoshlabs.com

MERIDIAN AUDIO

3800 Camp Creek Parkway
Building 2400, Suite 122
Atlanta, GA 30331

Tel: 404-344-7111

Web: www.meridian-audio.com

MITSUBISHI ELECTRIC AMERICA
5665 Plaza Drive

Cypress, CA 90630

Tel: 800-823-6372

Web: www.mitsubishi-tv.com

PANASONIC CONSUMER
ELECTRONICS COMPANY
One Panasonic Way

Secaucus, NJ 07094-2999

Tel: 201-348-7000

Web: www.panasonic.comipcec

PHILIPS ELECTRONICS, N.V.
64 Perimeter Center East

Atlanta, GA 30346-6401

Tel: 770-821-2400

Web: www.philipsmagnavox.com

PHILIPS TRIMEDIA

811 East Arques Avenue

Sunnyvale, CA 94088

Tel: 408-991-2646

Web: www.semiconductors.philips.com

PIONEER ELECTRONICS
(U.S.A.) INC.

2265 East 220th Street

Long Beach, CA 90810-1639

Tel: 310-952-2260

Web: www.pioneerelectronics.com

RUNCO INTERNATIONAL
2463 Tripaldi Way

Hayward, CA 94545

Tel: 510-293-9154

Web: www.runco.com

SAMSUNG ELECTRONICS
AMERICA, INC.

105 Challenger Road
Ridgefield Park, NJ 07660
Tel: 201-229-4000

Web: www.sosimple.com

SHARP ELECTRONICS
CORPORATION

Sharp Plaza

Mahwah, NJ 07430

Tel: 201-529-8200

Web: wuww.sharp-usa.com

SHERWOOD AMERICA
14830 Alondra Blvd.

La Mirada, CA 90638

Tel: 714-521-6100

Web: www.sherwoodusa.com

SONANCE

961 Calle Negocio

San Clemente, CA 92673
Tel: 714-492-7777

Web: www.sonance.com

SONY ELECTRONICS INC.
One Sony Drive

Park Ridge, NJ 07656-8003
Tel: 201-930-1000

Web: www.sony.com

TECHNICS (see PANASONIC)

THOMSON CONSUMER
ELECTRONICS

10330 North Meridian Street
INH-310

Indianapolis, IN 46290

Tel: 317-587-3000

Web: www.rca-electronics.com

UNITY MOTION

1201 Crooked Creek Drive
St. Charles, MO 63304
Tel: 314-447-0524

Web: www.unitymotion.com

ZENITH ELECTRONICS
CORPORATION

1000 Milwaukee Avenue
Glenview, IL. 60025

Tel: 847-391-7000

Web: www.zenith.com



try puts its public awareness campaigns
into full swing.

VIDEO HANG-UPS

Another one of those technologies that
the industry has been promising for
decades now is a television that is flat
enough to hang on the wall like a picture.
Well, they’re here. Flat-screen TVs were
hanging from the walls at booths all
around ICES 98. The good news is: They
look really great—wide screen, slim pro-
file, very high “cool” factor. The bad news
is: The picture quality still ranges from so-
so to very good (with high-definition
feeds), and the price is still sky high.

A sampling of some of the MD products
Sony is rolling our in 1998, which it has
dubbed “the year of the MiniDisc.”

Basically, a plasma set uses a layer of
fluorescent gas sandwiched between two
thin glass panels in which rows and
columns of electrodes are embedded.
When a relative low-voltage is applied to
the electrodes, the pixels at their junctions
emit light, the color of which is deter-
mined by which phosphor pigment (red,
green, or blue) is being addressed. The
result is a very flat array of individually
addressable pixels, providing for precise
image control. The depth requirements of
a traditional cathode-ray tube or
CRT—with its electron gun and large,
heavy glass envelope required to contain a
high vacuum—are eliminated. Thus, plas-
ma sets can use much thinner, lighter, flat-
ter screens. That, combined with the fact
that light is evenly distributed all over the
entire screen, allows the flat TVs to be
viewed from angles of up to 180 degrees.

Various manufacturers are involved in
the development of a number of different
gas plasma technologies. A hybrid tech-
nology known as PALC, (for plasma-
addressed liquid crystal) was developed
originally by Tektronix and has been
licensed by Sony, Sharp, and Philips.
Those companies are now Striving to cre-
ate a flat-screen display that will be less
expensive to produce than similar plasma
or thin-film transistor (TFT) LCD moni-
tors while offering better picture quality.

It was difficult to turn around on the

Sharp's MD-X8 minisystem lets you download audio from the Internet and record it ta a
MiniDisc. An optional digital sound card is required for connection to a PC or laptop,
which can then be used to control the music system and to edit and title discs and tracks.

show floor without encountering flat-screen
TV. Mitsubishi, Fujitsu, Hitachi, JVC,
Thomson, Sony, Philips, Panasonic, Sharp,
Samsung, and Pioneer were all showing
them, although not all of the demo models
are currently available to the public or even
have definite marketing plans.

Fujitsu, the first company to sell plasma
displays in the U.S., unveiled its second-
generation Plasmavison 42 at ICES 98. It
offers a 400:1 contrast ratio (the original
model was only 70:1), component video
input, SVGA compatibility, 42-inch-wide
screen (diagonal) and is less than 6 inches
deep. Its suggested list price is $10,999.

Test marketing of Mitsubishi’s Dia-
mondPanel Television began last Christ-
mas. Two dealers in Los Angeles were
offering the 40-inch-wide, 4-inch thick,
flat-panel plasma-display TVs (a wall-
mount and a table-mount)—the first to be
marketed in the U.S—for about $10,000
apiece. A separate control unit functions as
the TV tuner, input selector, and audio
amplifier. At ICES, Mitsubishi displayed a
46-inch DiamondPanel DTV-ready televi-
sion, which will be ready in the second half
of 1998.

Philips’ 42-inch widescreen FlatTV
Plasma television is 4.5-inches thick and
has a 160-degree viewing angle. It offers
video and data display capability and a
complete Dolby Pro Logic surround-sound
system with nine speakers built into a
frame around the display (a stand-alone
subwoofer and rear speakers are also
included). Compatible with NTSC, PAL,
and SECAM standards, the FlatTV is
HDTV-ready with the addition of a set-top
converter box. The electronics, power sup-
ply, and connectors are housed in a sepa-
rate TV receiver. The complete system is

slated for delivery early this year, with a
suggested retail price of $14,999.

Thomson's prototype plasma TV has a
depth of just 4-inches. Intended for bath
home-theater and conference-room use, the
set is scheduled to reach dealers in time for
Christmas 1998, with prices to be
announced.

Sharp displayed a 42-inch PALC-based
set, which the company hopes to market
this fall, followed by a high-definition ver-
sion by the end of 1999. Sony, which is
already selling PALC-based Plasmatrons
in Japan, took a different route at ICES 98,
introducing the “Wega” (pronounced
“Vega") Trinitron, a flat-screen tube-based
set. It uses the FD Trinitron tube, which is
flat both horizontally and vertically for

Philips Audio CD Recorder, which pre-
miered in “select” audio shops last fall,
will be available through mainstream
retailers this year at a suggested retail
price of 8649.

“minimal glare and virtually no distor-
tion.” A larger deflection yoke and longer
electron gun than those found in previous
Trinitron sets promise precise corner-to-
comer focus. Wega also uses two new
Sony technologies: Direct Reality
Creation, said to “effectively double a pic-
ture’s horizontal and vertical resolution,”
and Muiti Image Driver, which converts
most standard video source signals to a
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The DR-700 CD-RICD-RW recorder from Marantz oﬁ’ers direct-to-digita/— ;nd analog

dubbing capabilities on record-once and re-writeable CDs.

The first Dolby Digital-eqiupped audio minisystem is Sharp’s CD-C492, with 240-watt
amp, three-disc CD changer, AMIFM digital tuner, double casseite deck, and six speakers.

higher resolution level.

Cool as they might look, don’t expect
plasma sets to make any inroads on tradi-
tional CRT and projection sets in the next
few years.

THE HEAR AND NOW

Meanwhile, back in the real world, sev-
eral new and not-so-new technologies are
being refined and even redefined. Hot audio
technologies include recardable digital
audio and a slew of home-theater audio
solutions.

DIGITAL RECORDING
OPTIONS

Sony has declared 1998 “the year of the
MiniDisc”—which basically means it’s
spending big bucks to promote a format that
has, so far, been less than a roaring market
success in the U.S. We’ve always liked the
format for its sound quality, portability, and,
of course, recordability. So have consumers
in Japan and Europe. But, other than a pro-
totype of a computer-based CD-to-MD
recording/editing system, Sony displayed
revamped and expanded lines of the basic
home, car, and portable models.

Sharp, on the other hand, was showing
(and is currently selling) a truly innovative

18 MD product. Its MD-X8 minisystem

allows users to digitally download and
store audio from the Internet to a
MiniDisc. Record companies and music
services offer music on their home pages,
and more than 40,000 Web sites broadcast
Real Audio and Webcasts. You can find
simulcast concerts, college sporting
events, and recording samples of signed
and unsigned bands on the Internet. The
MD-X8 connects to a computer through an
optional PCMCIA adapter. Once connect-
ed, the PC or laptop can be used to control
many of the minisystem’s functions, and to
edit and title tracks using the computer
keyboard. The system can also record
music from other digital sources, such as
DSS, Digital-Audio Tape (DAT), and, of
course, CDs. The MD-X8, with three-disc
CD changer, AM/FM digital tuner with 40
presets, front-loading MD player/recorder,
and 80 watts of total power, has a suggest-
ed retail price of $899.95. The Digital
Sound Card with cable costs $299.95.
One of the reasons that consumers have
been reluctant to buy MiniDisc products is
their unwillingness to begin collecting
another whole set of hardware and soft-
ware—ar, home, and portable tape decks,
CD players, and MD recorder/players.
Now, however, it’s possible to record your
own CDs and play them back, with no lass
of quality, on the equipment you already
own. CD-Recordable (CD-R) recorders
are still scarce, but they’re out there, as are

CD-ReWritable (CD-RW) devices.

Although they offer CD-quality sound,
in contrast with MiniDisc’s “near-CD qual-
ity,” CD-RWs can’t match the editing or
playback capabilities of MDs. For example,
you can only re-write the fast track on the
disc—to replace an earlier track, you have
to also erase ali the tracks that follow it on
the disc. Worse yet, because of CD-RW
discs’ low reflectivity, they can’t be played
back on most conventional CD players.
(CD-Rs don’t have that problem.)

Starting next year, Philips plans to
redesign its whole line of CD players so
that they will be MultiRead-compatible
and will play CD-RWs. Pioneer’s new
DVD players also will play back CD-RWs
(and presumably other manufacturers will
follow suit). So, if you really want to buy
a CD-RW recorder now, you can use it to
record CD-Rs until you are ready to buy,
and the manufacturers to sell, a new CD or
DVD player that is compatible with CD-
RW media. Finally, consumer audio CD-
RW machines (but not PC CD-RW drives)
require the use of special “consumer”
blank discs that are more expensive
because their cost includes a royalty pay-
ment. They also contain some anti-piracy
features to prevent digital bootlegging.

Philips’ Audio CD-Recorder, which has
been available since last fall, allows you to
make your own CD mixes, is compatible
with both CD-R and CD-RW media, and
has a suggested price of $649. Philips also
exhibited its OMNIwriter/12 CD-ReWrite-
able storage solution at ICES 98. The PC
peripheral device allows users to read,
write, and rewrite their CDs, and also can
be used for true backup of large-capacity
media. OMNI/12 can create CD-R and CD-
RW audio discs, and can read CD-ROMs.
CD-RW media can be read by DVD-ROM
drives and can record DVD readable discs.
The OMNI/I2 has a suggested list price
of $499.

Pioneer, which has been selling CD-R
recorders for the last four years, introduced
the PD-R5SRW re-writeable CD recorder at
ICES. The unit features a sampling fre-
quency converter for easy digital-to-digital
recording of non-CD sources, such as MD,
Digital-Compact Cassette (DCC), and
DAT, and track-by-track digital synchro-
nization. When recording from analog
sources, an automatic level control system
maintains a steady input level. The PD-
RS5SRW is expected to be available this
summer.

Marantz also introduced a CD-R/CD-
RW deck. The DR-700 CD recorder auto-
matically converts digital audio recorded at



different sampling rates to the 16-bit, 44.1
kHz CD standard when transferring data to
disc. Optical and coaxial digital inputs and
outputs are provided, as are analog connec-
tions for recording tapes or LPs. The DR-
700 will ship in mid-1998; prices have yet
to be announced.

HOME THEATER—
SOUNDING GOOD!

Other audio news at ICES revolved
around home-theater sound: Dolby
Digital, THX, DTS, and Virtual Dolby.

The big news in 5.1-channel Dolby
Digital is price drops. Sherwood, for
instance, plans to have a $399 Dolby
Digital receiver on the market in late sum-
mer. Several other companies have models
with expected street prices of less than
$450. Sharp displayed the first Dolby
Digital mini-system. The CD-C492 fea-
tures a 240-watt amplifier, a three-disc CD
carousel changer, AM/FM digital tuner,
double cassette deck, and six speakers. It
will be available in May with a suggested
retail price of $699.95. Dolby Digital-

Technics’ SH-AC500D can decode both
Dolby Digital- and DTS-encoded source
materials for playback through an audio
system with 5.1 discrete channels.

ready receivers were also seen in abun-
dance, with street prices as low as $199.

DTS, or Digital Theater System, is mak-
ing some inroads in the home-theater mar-
ket. DTS delivers six channels of master-
quality audio. The DTS algorithm encodes
six channels of 20-bit digital audio infor-
mation into the space previously allotted for
only two channels of 16-bit linear PCM.
Then, during playback, the DTS decoder
reconstructs the original six channels of 20-
bit digital audio, said to be audibly superior
to a CD’s 16-bit linear PCM audio.

Dolby Digital is a standard audio type
in the DVD-Video format, which means
that all DVD players are DD-ready
(although not all of them feature on-board
Dolby Digital decoders, and not all DVD
discs feature Dolby Digital soundtracks).
DTS, on the other hand, is an option that is
available to the developers of DVD discs.

Technics unveiled its SH-AC500D
DTS/Dolby Digital Decoder, which, when
connected to a DTS-ready source and an

audio system with 5.1 discrete channels
(left, center, right, left surround, right sur-
round, and subwoofer), will deliver six
channels of “sonic excellence” from any
DTS-encoded DVD, Laser Disc (LD), or

CD. A DD-ready sound system and a DD-

encoded source are required to hear Dolby
Digital material. The DTS/DD decoder
will be available in May with a suggested
retail price of $399.99.

Meanwhile, the first DTS-capable
DVD players were introduced at ICES 98.
The DVD-890 from Marantz, for instance,
can handle both Dolby Digital 5.1-channel
soundtracks and six-channel DTS-encoded
DVD, when the player is hooked up 10 a
DD- and/or DTS-equipped receiver. (The
first DTS-encoded DVDs are currently
becoming available.) The DVD-890, with
a suggested price of $699.99, will be ship-
ping in the second quarter of 1998.

Also unveiled at ICES 98 were a vari-
ety of THX-certified Dolby Digital/DTS
products—and Dolby Digital and DTS are
credited with spurring the awareness,
acceptance, and even sales of Home THX
products. “As more and more Dolby
Digital and DTS products come to market,
it’s interesting—and encouraging—to see
that a growing proportion of those prod-
ucts are part of the Home THX Program,”
noted Marc Spector, director of marketing
for the THX Division of Lucasfilm Ltd. It
certainly seems that manufacturers are
responding to the growing sophistication
of the home-theater market by further
enhancing the sophistication of their prod-
ucts with THX Certification.”

A small sampling of the new THX-cer-
tified products include DVD players from
Denon, Meridian, Pioneer, and Runco,
which showed a 200-disc DVD changer
with  PC-based controller.  Dolby
Digital/DTS-capable system controllers
from Adcom, Audio Design Associates
(ADA), Lexicon, Madrigal, McIntosh, and
Meridian; an integrated Dolby Digital home
theater system from Denmark-based Jamo,
which includes six active speakers and a
digital controller; and in-wall speakers from
the newest THX licensee, Sonance.

In related news, Lucasfilm announced
its intentions to introduce later this year a
new set of THX certification standards
that could be applied to mid-priced audio
products. Spector said that the new stan-
dards, still in the development phase,
might have a different logo than that car-
ried by standard THX-certified products.

What if you want the home-theater
experience without the fuss, the muss—or
the alphabet soup? Two companies dis-

played “simple solutions” to home theater.
Boston Acoustics’ SoundBar Cinema
places three speakers (right, left, and cen-
ter) in a rectangular set-top box that also
contains amplification, equalization, a
Dolby Pro Logic Decoder, and Q-Sound
processing, which widens the front image.
A single separate speaker handles the sur-
round channel. The SoundBar Cinema,

Sonance has joined the roster of THX
licensees and is offering a pair of THX-cer-
tified in-wall home-theater speaker systems
featuring polypropylene and alwminum
cone drivers. plus a directable midrangel
tweerer assembly.

with preprogrammed remote control, is
available at a suggested list price of $799.

Each of the two initial offerings in
Pioneer’s SimipleSolution HTV Series con-
sists of a single slim-line unit that sits atop
a TV and uses Virtual Dolby to create the
illusion that specific sounds come from any
point surrounding the listener. The main
unit contains two high-power amplifiers
that power two full-range speakers and a
subwoofer. The HTV-1, with a 30-watt-
per-channel amplifier and a 60-watt amp
for the subwoofer. and a preset remote con-
trol, will be available in June with a sug-
gested price of $429. The 40/120-wat
HTV-2, with learning remote, will be
available in September with a suggested
price of $499.

DVD-AUDIO

During the 1998 ICES, the DVD WG-
4 Audio Working Group announced that it
had released a draft of its DVD audio spec-
ifications to DVD Consortium members,
major music industry associations, the
Recording Industry Association of
America (RIAA), the Recording Industry
Association of Japan, the International
Federation of the Phonographic Industry,
and WG-4 members. The Group hopes
‘hat feedback from those associations will
help shape the final specifications for the
DVD-Audio format. which will have to
address copy-protection issues in a manner
that is acceptable 1o the recording industry
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You can enjoy DVD video on-the-go with Panasonic’s DVD-LI portable DVD player
with built-in 5.8-inch widescreen LCD monitor.

as well as consumers.

WG-4’s goal is to ‘“‘create the music
industry’s next-generation format using the
superior disc storage capacity of DVD.” In
contrast to the current DVD format, the
audio specifications utilize the disc capaci-
ty by emphasizing improved next-genera-
tion digital sound quality rather than the
playback of 135 minutes of video. When
the specifications are finalized, DVD Audio
will join DVD Video and DVD ROM as a
“compatible family of formats.”

DVD AND DIVX NEWS

DVD video hardware and software
have been selling quite well for a new
product category, although sales have not
been as brisk as manufacturers had initial-
ly hoped. From last March, when they
were introduced, through the end of 1997,
manufacturers shipped more than 300,000
DVD players. It is estimated that 40% to
45% of those units were actually pur-
chased, which means that about 125,000
U.S. households now have DVD players.
For comparison’s sake, 35,000 CD players
sold in 1983, the first year they were on
the market; VCRs were introduced in 1975
and the 200,000th unit sold in 1977.

At least a dozen manufacturers were
exhibiting DVD players at ICES 98. Most
showed second-generation units, although
there were some new players in the DVD
field, including Hitachi and Sharp. Some
of the latest DVD players feature DTS-
compatibility, others add virtual surround-
sound enhancements to two-channel
audio, and several offer component video

outputs. There are also a couple of new
DVD product categories: portables and
changers.

Panasonic’s DVD-LI is a portable
DVD player with a 5.8-inch widescreen
LCD and built-in stereo speakers. It offers
10-bit video DAC and 96 kHz/24-bit DAC
for linear PCM audio. Its rechargeable bat-
tery provisdes two hours of play time, and
an included AC adapter allows it to be
used as a home DVD player as well.
Available this spring, the DVD-LI has a
suggested retail price of $1299.

Samsung calls its P-Theater “the
world’s smallest portable DVD player.”
We won’t argue with that, considering it
weighs in at two pounds and measures
approximately 8 X 6% X 2 inches.
Resembling a portable CD player, the P-
Theater comes with a headset viewer, sim-
ilar to virtual-reality goggles, that is said to
create the sensation of looking at a 40- to
70-inch screen. The P-Theater will ship
later this year; no price has been
announced.

Sharp’s DVD-550 is not portable, but it
is smaller than most. Designed as a com-
panion piece to the company’s Dolby
Digital minisystem, mentioned above, it
has a 270mm-wide footprint. The player
has a built-in Dolby Digital decoder, and
component-video and digital optical out-
puts. It will be available this spring at a
suggested price of $749.

At the show, Runco debuted its THX-
certified SAR-200, a 200-disc DVD
changer that comes with the Runco
Theater Manager, a single-zone controller
for home multimedia sysiems. Compatible

Sharp’s small-footprint DVD player is
designed to go with the company’s Dolby
Digital minisystem.

with CDs as well as DVDs, the SAR-200
is currently available at a suggested retail
price of $14,995. A 60-disc DVD changer
from Fisher will ship to the professional
and institutional markets this fall, at a
price that has yet to be announced.

Also making news—and waves—at
ICES 98 was Digital Video Express. a.k.a
Divx. The company was at the show pro-
moting its pay-per-view version of DVD,
which is backed by Circuit City. Divx dis-
played prototypes in a nearby hotel suite,
and manufacturers including Zenith,
Panasonic, and Thomson announced plans
to sell Divx players this year.

Divx DVD players are compatible with
all DVD titles and CD audio discs, but
Divx discs won’t play on today’s “open”
DVD players. Divx movies will be avail-
able as rentals, costing between $5 and $7
for a 48-hour period, during which time
they can be watched as often as you like.
After that, you can keep the disc. But if
you want to watch it again, you must pay
for each additional 48-hour viewing peri-
od. An on-screen menu and on-board
modem will allow you to order more time,
and view your billing record, and will
allow the authorization center to “unlock”
the disk.

Said Divx chairman Richard Sharp, who
is also the chairman of Circuit City, “Divx
is a feature and not a format. A Divx player
starts as a fully functioning DVD player,
and adds this capability to it.” It allows the
consumer to “watch movies at home in a
substantially different model,” he added.

IT'S A WRAP!

All this talk of new technologies barely
scratches the surface of the Consumer
Electronics Show. Computers, communica-
tions, home-office products, accessories,
mobile electronics, home theater, cam-
corders, and much more are all represented
at the show. For a glimpse at the “best of the
rest,” see next month’s Innovations ‘98
Wish List round-up. i



ave you ever wondered why
Ho signal generated several

hundred or thousand miles
away reaches your location with-
out the aid of connecting wires?
After reading this article you should
have a pretty good understanding
of how and why fthis is possible. In
addition to discussing basic radio
propagation principles and tech-
niques, we will also cover the elec-
fromagnetic spectrum; the nature
of radio waves; the regions of the
Earth’s atmosphere; sunspots and
how the sun affects propagation;
radio propagation modes and
parameters; VHF and UHF propa-
gation modes; using propagation
charts and making forecasts; the
role of personal computers (PCs) in
forecasting; and sources of solar.
geomagnetic, and propagation
indices and data. Before we get
into propagation details. let’s start
with what constitutes the electro-
magnetic spectrum.

The Electromagnetic Spectrum.
The radio spectrum extends from a
frequency of a few hertz (Hz), or 108
meters in wavelength, to about 300
gigahertz (GHz), or 1 mm (1073 m).

That is but a small part of the total
electromagnetic spectrum. which
extends to about 1 attometer (10718
m), or a wavelength of one-quintil-
lionth of a meter. Figure 1 shows the
total electromagnetic spectrum in
terms of increasing wavelength (or
decreasing frequency).

Frequency-wise, those frequen-
cies in the lowest portion of the
spectrum (ranging from zero to 3 Hz)
are known as ulfra-low frequencies
(ULF). Just above ULF lies another
band called extremely low frequen-
cles (ELF). which cover a range of 3
Hz to 3 kHz. Above that grouping.
ranging from 3 kHz to 30 kHz, is the
very low-frequency (VLF) range.
Next are the low frequencies (LF).
from 30 kHz to 300 kHz. The medium
frequencies (MF) extend from 300
kHz to 3000 kHz (3 MHz).

From 3 MHz to 30 MHz are the
high frequencies (HF). Above HF
are the very high frequencies
(VHF), from 30 MHz to 300 MHz. The
ultra-high frequencies (UHF) extend
from 300 to 3000 MHz. or 3 GHz.
From 3 GHz to 30 GHz are the super
high frequencies (SHF). and from 30
GHz to 300 GHz, the extremely high
frequencies (EHF).

How do radio waves get from bere

to there? In this article we will
present some of the basic principles of
RF propagation and give pointers on
how you can use this information as
a radio amateur or SWL.

KARL T. THURBER, W8FX

In this article, we'll be concerned
with but a small portion of the total
electromagnetic spectrum—cover-
ing long wave (LF) through the AM
broadcast band and medium
wave (MF), shortwave, VHF and UHE
and the microwave frequencies
(low end starts at about 1 GHz).

The Fundamental Nature of Radio
Waves. Radio communication is
accomplished via electromagnetic
waves, which travel through the
Earth’s atmosphere. Like light, radio
waves are propagated as electro-
magnetic radiant energy.

Reflection, refraction, and diffrac-
fion. or some mix thereof, play an
important role in radio-wave propa-
gation. Reflection can occur at any
boundary between materials with a
different dielectric (hnon-conducting)
constant. Radio waves can be
reflected by ionized atmospheric
layers, buildings. air mass boundaries,
water, or the ground. Atmospheric
reflection plays a large part in com-
munication. Without an atmosphere,
such as on the Moon or on other
planets, we would not be able to
enjoy the type of radio propagation
we currently experience.
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Refraction—the bending of radio
waves as they pass at an angle
from one medium to another—is
common at boundaries between
air masses; it is particularly notice-
able at VHE UHE and microwave
frequencies.

The term diffraction refers to the
iregular spreading of waves due to
interference of one part of the
wave with another part. It also
describes a change in the direction
and intensity of radio waves as they
pass by an obstacle or aperture.,
Diffraction is related to scattering—
a “disordered” change in the direc-
fion of propagation when waves
encounter matter, something like
what happens when light tries to
penetrate fog.

A practical way to classify radio
waves is by propagation: ionos-
pheric, tropospheric, or ground
waves. lonospheric waves (aiso
known as sky waves) make up most
of the transmitted electromagnetic
radiation. HF radio waves are prop-
agated as sky waves or ground
waves, or a combination of both
modes. Sky waves reflected from
the ionosphere can traverse great
distances, and enable global com-
munication. Ground wave refers to
signals that travel close to the Earth
(though not necessarily fouching it)
and do not leave the lower atmos-
phere. Ground waves, which can
include waves that follow the
Earth’s curvature by bending in the
lower atmosphere or troposphere—
a propagation form known as tro-
pospheric bending—are not very

useful for long-distance communi-
cation because they are greatly
attenuated if they travel more than
few dozen miles.

The term surface wave often is
considered synonymous with ground
wave, but, strictly speaking, the sur-
face wave is a wave that fravels in
contact with the Earth’s surface.
Because of high attenuation, its
propagation range is limited to
about 100 miles or so, depending
on wavelength and several other
factors. Since attenuation increases
with frequency, surface waves are
of little value on HF. Such waves are
most useful for low- and medium-
frequency transmissions, such as
the standard AM broadcast band.

The Earth’s Lower Atmosphere.
The Earth’s atmosphere is the body
of air surrounding the Earth, reach-
ing elevations of more than about
500 statute miles. The atmosphere is
divided into several regions or lay-
ers—the troposphere, stratosphere,
and ionosphere. (There are other
layers, but those listed are the ones
with  which we are most con-
cerned.) Beyond the ionosphere
lies the magnetosphere, as shown
in Fig. 2. (All distances and distance
conversions listed are approxi-
mate.) For the moment, we will
concern ourselves with only the
two lowest regions; the troposphere
and the stratosphere.

The troposphere—which lies
between the surface of the Earth
and the tropopause (the region
that separates the troposphere

from the stratosphere and varies in
height from about 5§ miles at the
poles to 11 miles at the equator)—is
the lowest layer of the atmosphere.
The froposphere plays a major role
in VHF and higher frequency propa-
gation. Immediately above the tfro-
posphere lies the stratosphere, a
relafively calm region of the at-
mosphere that is located from
about 5-30 miles above the Earth’s
surface. The stratosphere shows lit-
tle temperature change through-
out its height. About 99 percent of
all atmospheric gases are found
within the troposphere and the
stratosphere.

The Upper Atmosphere. The ionos-
phere is divided intfo three major
regions or layers: D, E, and F in order
of increasing altitude and electron
density. Each layer piays a distinct
role in ionospheric propagation, and
each reflects or refracts radio waves
depending upon the frequency and
angle of arrival of the incident ener-
gy. The two lower layers of the ionos-
phere, the D and E regions, are
absorbing layers, while the F layers
are reflecting layers. The D layer—
whose electron density is under
direct solar control and in proportion
fo the sun’s height or zenith angle—
forms at from 30 to 55 miles above
the Earth in daylight. The D layer
peaks at about noon and mostly dis-
sipates after sunset; it is also higher in
summer than in winter. The D layer
absorbs energy at the low end of
the HF spectrum. The signal-strength
reduction can be considerable,
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Fig. 1. The electromagnetic spectrum is an array of radiant energies. In order of increasing wavelength
(smallest to longest) or decreasing frequency (highest to lowest), the types of electromagnetic radia-
tion are gamma radiation, x-rays, ultraviolet radiation, visible light, infrared radiation, microwaves,
and radio waves. The illustration shows the total spectrum in terms of wavelength and depicts the
atmosphere’s relative transparency—very important in understanding propagation concepls.
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Fig. 2. Depicted here are the major regions of the Earth’s atmosphere—ranging from the tropo-
sphere (the lowest region) through the stratosphere, ionosphere, and magnetosphere.

especially during daytime.

The E layer—the lowest layer that
can refract HF signals—develops
during the day at between about
60 to 70 miles above the Earth. I,
too, is under strong solar control,
with its ionization density reaching
its maximmum after noon and falling
to a low nighttime level after sunset.
However, the E layer does not com-
pletely disappear at night. The E
layer has daily and seasonal varia-
tions that are similar to those exhib-
ited by the D layer. Signals can
propagate between two points via
the E layer, as they do via the F lay-
ers. However, the maximum ground
distance in one E-layer hop is only
about 1200-1300 miles. Thus, more
hops are usually required on DX
paths. The DX, or long-distance HF
communication, often is the result
of both the F and E layers gefting
into the act in a variety of "mixed”
propagation modes.

At elevations ranging between
about 130 and 260 miles above the

Earth’s surface, the F layer is the
highest ionospheric region. Long-
distance HF communication is most
influenced by F-layer ionization. In
the daytime, the F layer splits into
two parts: F; (at roughly 140 miles),
and F, (at about 200 miles). At night
and during the wintertime, the F
and F, layers recombine into a sin-
gle F layer.

The F, layer, like the E layer is
under strong solar control and
reaches maximum ionization about
an hour after noon. When the F,
region exists as a separate layer. its
propagational effects are similar to
those of the E layer. The F; layer is the
highest layer. It usually has the high-
est electron density and is of great
value in HF ionospheric propagao-
tion. but it is characterized by much
variability. The height of the F, layer
and its density depend on a variety
of factors, including local time, sea-
son, sunspot cycle, latitude, and lon-
gitude. The maximum electron den-
sity of the F, layer usually occurs well

after noon, sometimes even in the
evening. The layer decays slowly at
night. At mid-iatitudes, the height of
maximum electron density is higher
at night than in the daytime, while
at equatorial latitudes, the opposite
occurs. The maximum Earth dis-
tance of one F, layer hop is about
2500 miles, readily enabling global
communication via multiple hops.
While we're most concerned
with the ionosphere. let us not forget
what lies beyond—the magneto-
sphere, at roughly 400 to 100,000
miles above the Earth, This shell is an
asymmetrical magnetic envelope
which shelters the Earth from solar
wind (a stream of ionized particles
ejected from the Sun at high
speeds) by deflecting it into space.
The ionosphere lies closer to the
Earth, but there is considerable cou-
pling (both electric and magnetic)
between these two layers.

How The Sun Affects Propagation.
Solar dynamics have everything to
do with propagation, just as they
have a great deal to do with every-
thing on Earth. The density and
nature of the ionosphere is directly
dependent on the amount of solar
radiation that reaches the Earth.
Sunspots are the sun’s easiest-
observed characteristic. (You may
even have seen these dark spots or
blemishes that appear periodically
in groups on its surfface.) They are
probably caused by intense, local-
ized magnetic fields trapped below
the sun’s surface. Sunspots are the
source of flares, which are violent
solar events that produce a variety
of radiation, including high-energy
particle cosmic radiation, low-ener-
gy particle radiation, and electro-
magnetic radiation, each of which
has an effect on propagation. '
Since the earliest days of ob-
serving solar activity, our measure
of that phenomena has been
based on counting sunspots. Radio
propagation conditions vary with
sunspot number and size, affecting
both maximum usable frequency
(which is the upper frequency at
any given time for which a particu-
lar propagation path is possible)
and signal absorption (which in-
creases as the ionizing radiation
increases). The sunspot number
and solar flux are used as indirect
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The HFx Hop Mode model generates field strength, mode, availability, and signal-to-noise ratio
(SINR) for a given date, transmitter and receiver pair, frequency, and antenna type. The program dis-
plays the data in several formats, including a graphic of sky wave jonospheric hops for each fre-
quency at one-hour intervals, as shown here.

Fig. 4. The HFx Global MUF model generates a color map of Maximum Usable Frequency (MUF),
Frequency of Optimum Traffic (FOT), or Highest Possible Frequency (HPF). Using this model, you
can determine the best frequencies to reach any part of the world. Globat MUF geometry is depict-
ed here on a rectangular projection.

measures of that radiation.

The International Sunspot Num-
ber (ISN) is used as an approxima-
tion of general solar activity. How-
ever, the ISN isn’t just a simple count
of visual spots, but instead involves a
complex formula that takes into
account other factors, such as
sunspot grouping and size. The vari-
ation of ISN falls into well-document-
ed long-term yearly patterns or
sunspot cycles. The ISN can vary
from near zero at sunspot minima to
well over 200 at the peak. Most
propagation models and programs
require that the sunspot number be
specified, while others let you use
solar flux. Generally, the 2800 MHz
(10.7 cm) solar flux, which varies
from about 60 to 300, is considered
fo be a somewhat more depend-
able (yet stil indirect) measure of
radio noise coming from the sun.

Although both sunspot number
and solar flux are used as activity
measures, there isn’t an exact math-
ematical relationship, especially if
daily data is examined. But there is a
fairly close correlation between the
two if @ 12-month running average
(smoothed sunspot number, or SSN)
for both sunspots and solar flux is
used. Episodes of solar activity have
a number of terrestrial effects.
lonospheric propagation Is suscepti-
ble to several kinds of short-term dis-
turbances, which upset the ionos-
pheric electron configuration, there-
by affecting propagation. The distur-
bances weaken signal levels and. in
some cases, make them disappear
entirely. A sudden ionospheric distur-
bance or SIDs—which can last from
just a few minutes to several hours—
or shortwave fadeout (SWF) occurs
when x-rays emitted by a solar fiare
reach the sunlit portion of the D
layer. increasing the electron density
and absorptlon rate of that layer.

An event known as Polar Cap
Absorption (PCA), caused by high
energy protons from large soiar
fiares, occurs as a result of intense
ionization of the polar ionosphere.
PCAs, which begin about 15 minutes
to several hours after protons are
ejected from the Sun, may last from
about an hour to 60 hours or more.
lonospheric storms are caused by a
variety of solar phenomena, such as
coronai holes, coronal mass ejec- *
tflons, and solar fiares. The storms last
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Fig. 5. SKYCOM 2.0, from Fuentez Systems Concepts, Inc., is an easy-to-use Windows program that
presents a “quick-look” prediction for “yes-no-maybe” contact possibilities; you can also obtain a
detailed report. Shown here is the Advanced Parameters Window, where you can fine tune the pro-
gram to better reflect prevailing conditions or set up “what if’ scenarios.

from a few hours to several days.
and some disturbances recur in step
with the Sun’s 27.5-day rotation on its
axis, Although ionospheric storms are
difficult to predict, they occur in con-
junction with geomagnetic storms,
so geomagnetic field disturbances
are an indicator of ionospheric dis-
turbances. Severity is indicated by
the A and K indices included in the
geophysical alert (Geoalert) broad-
casts from the National Institute of
Standards and Technology (NIST)
radio stations WWV and WWVH. In
general, maximum usable frequen-
cies or MUFs decrease and absorp-
fion increases as geomagnetic field
activity increases. lonospheric and
magnetic disturbances may be
accompanied by visible auroras.
Solar radiation is not constant by any
means. There are both relatively
short- and long-term solar cycles
that must be dealt with.

Sunspot Cycles. The first solar cycle
is short-term, based on the sun’s
own approximate 27.5-day rotation
period, which can be observed
visually by noting the periodic
appearance of sunspots on the sur-
face. Generally, sunspots reappear
every 27.5 days, so that ionospheric
propagation conditions tend to
recur with that cycle. Since both

geomagnetic activity and solar flux
reflect the rotation period, you can
make good short-term predictions
for up to about a month in
advance.

The number of sunspots reaches
a maximum every 11 years (10.7
years to be precise), although the
period varies from about 7 to 17
years. Cycle 19, which peaked in
1958, was the highest cycle record-
ed. with an average SSN of over
200. Experts generally agree that
we passed through the trough or
low point between Cycle 22 (which
began in September 1986) and the
current dawning Cycle 23, in mid-
1996. Presently sunspots are again
beginning their awaited climb, and
DX conditions are’ starting to
improve.

Long term predictions, such as
deciding when a sunspot cycle has
ended and another has begun. or
even forecasting next year’s condi-
tions, is problematic. Doing so is A
complex scientific endeavor that in-
volves a variety of sophisticated
techniques. all of which are beyond
the scope of this article. Luckily, fore-
casting the next day’s, week’s, or
month’s radio conditions isn’t all that
difficult. The task has been simplified
by easy-to-use propagation charts
in popular radio journals, as well as

some excellent computer software
developed for that purpose.

High Frequency Communications.
Most long-distance HF communica-
tion depends on the bending
(refraction) of waves in the ionos-
phere, which consists of ionized
regions caused by the Sun’s x-ray
and UV radiation. That ionization is
intense enough to affect the prop-
erties of electromagnetic waves
propagated through it. Upon enter-
ing the ionosphere, HF waves are
refracted in proportion to the layer’s
ionization and the signal’'s wave-
length. If the ionization is large
enough, waves reaching the ionos-
phere are bent back toward the
Earth as if they had been refle<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>