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HDTV: The digital revolution
continues
As the article "The state of new con-

sumer electronics technology" in this
issue points out, there is a great deal of
change on the horizon for people who are
involved in consumer electronics in any
way, largely as a result of the advent of
high -definition television (HDTV). The
change will have a major impact on the
individuals who service this new tech-
nology. It boggles the mind to consider
what the new technology truly means, and
no doubt many of its implications are still
not clear, even to the companies and indi-
viduals in the forefront of the technology,
but will begin to unfold as HDTV systems
are put in place.

As an example of the things yet to be
made clear, consider the statement in the
article itself: "In addition to all of this, you
can carry immense amounts of data over
the channel, either by dedicating some
portion of the channel capacity, or by
using the channel opportunistically. The
Grand Alliance did an experiment with a
BMW commercial produced in HDTV.
When the car swooshes across the coun-
tryside, it takes most of the channel to
reproduce top-quality HDTV pictures,
but when the BMW logo is shown for a
few seconds, much of the channel capac-
ity is available for data. Over the course
of this 51 -second commercial, 60Mbytes
of data (40 floppy diskettes worth!) was
transferred through the channel, simulta-
neously with the delivery of a high -qual-
ity HDTV commercial. Thus, the chal-
lenge for using the DTV transmission
capability for information services is not
in squeezing data through, but it is a mar-
keting challenge to figure out which data
applications consumers will desire."

Yikes! I was going to try to make some
kind of comment about that tremendous
data capacity here, but until I've had a
chance to think about it a great deal I'm
just left speechless. Imagine, all that data
in about one minute. Multiply that by 60,
then by 24, and that gives you an idea of

how much data might be transmitted in a
single day. On one channel.

But how about this thought? Web TV
is a reality. I see those set -top boxes and
keyboards in the stores even now. No
doubt many people who have not seen fit
to buy a computer are buying them. In the
future, when HDTV sets are available, no
doubt it will become a purchasing deci-
sion whether or not to buy one with or
without the circuitry that will allow the
owners to access the internet.

And will sets come with a remote key-
board instead of the type of remote con-
trol available now? And a floppy disk
drive or a zip drive or some other totally
new type of recording device? After all,
if TV stations will be capable of trans-
mitting all that data in addition to the pro-
gramming, wouldn't it be necessary to
have some type of recording device?

And since TV receivers will be able to
access the Internet, will TV programming
be available on the net? At the moment,
the answer might seem to be "no,"
because of the limited data capacity of the
telephone lines that most of us use to con-
nect to the Internet, but there are other
ways to connect to the Internet.

For example, telephone companies are
now offering connections for computers
using the integrated services digital net-
work (ISDN). It costs several hundred
dollars to set up, and the monthly charges
are considerably more than for the aver-
age telephone line, but the connection
allows computer users to transfer data
much faster than they can over a standard
telephone line, and carry on a telephone
conversation and/or send a fax at the same
time as data transfer is going on.

And cable companies will no doubt get
into the act. That TV cable that comes into
your home works both ways. And it has
a broad bandwidth. In Lawrence, KS, for
example, there's a cable company that is
providing data communications on an
experimental basis for some of its cus-

tomers. According to a report on the per-
formance of the system, when a customer
accesses a site on the Internet she doesn't
experience that delay and slow painting
of the page on the monitor screen that
those of us who use a telephone line expe-
rience. Once contact is made with the site,
the page virtually jumps onto the screen
instantaneously. With coaxial cable
between a customer and her internet
provider, why wouldn't it be possible to
transmit video programming via the net?

And as long as we're dreaming, how
about this? With TV sets becoming
increasingly digital, why wouldn't we
one day have "virtual" TVs. That is, TV
sets that are so "programmable," or per-
haps a better term would be versatile, that
the type of signal that it would accept
could be determined by changing the soft-
ware on which the set operates. And, hey,
we could change the software program-
ming in the set by downloading it from
the local TV station, cable provider, DSS
system, Internet TV program provider, or
who knows what program originator in
the future.

If this were to come to pass, then it
would no longer be necessary for an entire
industry to gear up for a major change
such as we're now doing for HDTV. If a
program originator developed some new
type of signal that provided better picture
or sound quality, he could just reprogram
your set on the fly to display it. That would
then give that program originator a com-
petitive advantage.

Ok, maybe now I've gone to far. But
the possibilities for the future of TV and
other information delivery for the future
do seem to be almost limitless. It's cer-
tainly fun to think about. Let's not spoil
it by thinking about all the work service
centers are going to have to do to gear up
for servicing it.
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NEWS

The New York State Forum & Expo
The New York State Forum & Expo,

"Planning Together for the Digital Age,"
is scheduled for Tuesday Evening and
Wednesday, October 14 and 15 at the
Holiday Inn, Plainview, NY. This event,
sponsored by the Greater NY Electronics
Service Dealers Association (Greater NY
ESDA), Western NY Electronics Guild
(WNYEG) and the New York State
Electronic Service Dealers Association
(NYS-ESDA), is an opportunity for
attendees to meet with distributors, com-
puter hardware and software companies,
and manufacturers. Exhibitors will be
showing their individual product lines
and providing free catalogs, as well as
other information for attendees.

This event will provide a chance for
service dealers, manufacturers, third -
party administrators and distributors to
meet in an open forum to begin planning
together for the digital age. The mission
of the event is to help to determine what
is required to continue servicing con-
sumer electronics products in the future.

The evening of Tuesday October 14 is
scheduled for the New York State
Electronic Service Dealers Annual
Meeting and Election of Officers. This
meeting is open to all attendees.

On the morning of Wednesday,
October 15, 1997, there will be a Forum
in which attendees will be invited to dis-
cuss subjects of interest with manufac-
turers, third -party warranty administra-
tors and parts distributors. Subjects will
include warranty, parts availability, ser-
vice literature, CD ROM training, DVD
and high definition television.

During the afternoon of October 15
there will be a Manufacturers and Service
Dealers Roundtable that will feature sev-
eral 20 to 30 -minute time segments with
a moderator and manufacturer's repre-
sentatives with whom attendees will be
able to discuss their own problems in the
areas of warranties and parts.

Also in the afternoon there will be a
lecture by Randy Whitehead of NESDA,
based on a full day seminar on Certified
Service Management that is given annu-
ally at the National Professional Ser-
vicers Convention.

An Expo and Trade Show will he held

in the evening, where distributors and
manufacturers will have booths in which
to exhibit information and materials of
interest to all service centers.

For more information, write to New
York State Forum & Expo, Mrs. Pat
Viscardi, Chairman, 3995 David Place,
Seaford, NY 11783, or call Mrs. Viscardi
at 516-221-6403.

Digital set makers summit itiark
historic gathering

Television set manufacturers gathered
in June in Arlington, Virginia for the first
ever Consumer Electronics Manu-
facturers Association (CEMA) summit
focusing on television engineering and
marketing issues raised by the shift to dig-
ital television (DTV). The program
offered attendees an opportunity to learn
about several engineering and marketing
issues affecting the industry as the coun-
try prepares for regular broadcasts of dig-
ital television signals.

At a joint session, CEMA President
Gary Shapiro called the gathering a first
for CEMA and the industry because it
"allowed us to talk about opportunities
and issues as our era fully shifts to digi-
tal technology."

"We all know that the next 18 months
will be extremely difficult for the televi-
sion industry, but the summit laid out the
myriad of common challenges we face
through an open dialog among set manu-
facturers. There was candid give-and-
take with the participants. They ques-
tioned long held assumptions, discussed
current needs and debated the next steps
required to launch DTV. Numerous issues
still remain, including what efforts
CEMA can undertake to support stronger
analog set sales," added Shapiro.

Attendees also urged CEMA to keep
promoting analog television and to not
shy away from discussing its capabilities
and value. Other topics included CEMA
managing and administering an Ad-
vanced Television Systems Committee
(ATSC) TV Set Certification Program,
standardizing definitions to ensure con-
sumer understanding, HDTV program-
ming opportunities during the 1998

Winter CES, retailer education initia-
tives, channel numbering and navigation,
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cable ready DTV sets, converter boxes,
and antenna and reception systems.
While no program decisions were final-
ized, several companies volunteered to
begin reviewing options to ensure that
consumers understand that today's ana-
log TV set is a terrific value which will
provide several years of use. Future ini-
tiatives also are planned to help educate
the retail community about digital televi-
sion and its capabilities. Consumer DTV
promotions will not be planned until at
least next year.

More than 100 people from 27 compa-
nies attended the all day sessions that
included a luncheon address by CEMA
Senior Economist Todd Thibodeaux, who
provided attendees with a glimpse of mar-
ket expectations for DTV.

According to Thibodeaux, "We're
faced with a CE market vastly changed
and infinitely more diverse then when
color TV was introduced. Marketing to
early adopters is much more complicated
but open to much more opportunity. We
now have entire pockets of consumers
who early adopt wireless technologies,
groups who early adopt computer tech-
nologies, and of course we still have those
on the lookout for new stereo and video
products. By my own count, some 30 mil-
lion U.S. households are early adopters of
at least one consumer electronics catego-
ry, including video games, telephones,
autosound, and accessories."

He went on to recommend marketers
look closely at who their early customers
are and be prepared to deliver more tar-
geted messages than what are traditional-
ly expected from our industry.

"Selling DTV to an early adopter who
owns a computer and a DSS is going to
be a different task from selling DTV to
someone who owns a cellular phone, a
19" TV, and a VCR, even if they are iden-
tical in a demographic sense they come to
the market with different expectations for
the technology and value in home enter-
tainment. If we as marketers try to lump
all the different product constituencies
together under the single umbrella of
early adopter, we're likely to miss some
opportunities to exploit the true potential
of DTV. And, we're likely to create a
generic message which reaches no one."

Cordless phones continue torrid sales
pace fax machines also strong in 1Q
Following a record -setting 1996 in

which more than 20 million cordless tele-
phones were sold to dealers, cordless
sales continued to climb in the first quar-
ter of 1997. According to statistics
released by the Consumer Electronics
Manufacturers Association (CEMA),
over five and a half million cordless
phones were shipped to dealers from
January to March, representing a 32 per-
cent increase from last year.

Thanks to rapidly growing consumer
demand for 900MHz models, dollar sales
shot up 43 percent to $342 million. The
900 MHz category constituted $135 mil-
lion of that total -a whopping 107 per-
cent increase.

Despite the fact that 96 percent of U.S.
households already own at least one cord-
ed telephone, the corded market remains
steady. Manufacturers shipped over five
million corded models to dealers in the
first quarter, amounting to $120 million
in sales - down one percent.

Unit sales of telephone answering
devices (TADs) were up slightly from last
year, but price erosion led to a 10 percent
decline in TAD dollar sales, to $186 mil-
lion. Cordless combination models
showed the most success, ringing up
$118 million.

Consumer fax machines sold particu-
larly well in the first quarter, jumping 39
percent. With high -end models showing
strength, dollar volume shot up 62 per-
cent to $328 million.

VCR, camcorder sales continue to
expand; led by large -screen models,

color TV posts may gains
VCRs and camcorders ran neck -and -

neck in the May sales sweepstakes, with
color television finishing strong as well,
as reported by the Consumer Electronics
Manufacturers Association (CEMA).
Sales of VCR decks and camcorders each
grew 14 percent last month, and on a year-
to-date basis each is up 16 percent rela-
tive to the first five months of 1996. Of
the 1.2 million VCRs sold to dealers in
May, more than 500,000 were stereo -
equipped, a 22 percent improvement over

the same month a year ago. Year-to-date
sales of VCRs exceed 5.6 million.

Like VCRs, the camcorder category
experienced its best May ever, reporting
unit sales of nearly 300,000 as consumers
gear up for graduations, summer wed-
dings and vacations.

Through May, 1.39 million camcorders
have been sold to U.S. dealers. Color TV
receivers grew a modest yet resilient two
percent last month, due mainly to a 16 per-
cent jump in sales of large -screen sets
(defined by CEMA as direct -view mod-
els measuring 25 inches and above). More
than 1.4 million color TVs were sold to
dealers in May, and on a year-to-date
basis, TV sales are almost precisely what
they were during the first five months of
1996 - some 7.3 million units. The total
number of video hardware units shipped
last month rose seven percent as com-
pared with May 1996, with the year-to-
date increase also at seven percent.

Projection television and color TV/
VCR combinations encountered some
softness in May. Projection TV declined
five percent last month, yet on sales of
264,000 units is running fractionally
ahead of last year's pace. TV/VCR com-
binations, despite a seven percent drop in
May, continue to outperform last year's
totals by a wide margin. For the first five
months, 817,000 TV/VCR combinations
were sold to dealers, a 25 percent surge
over the 652,000 sold at a comparable
point last year.

On the digital side, more than 27,000
DVD players were shipped to dealers last
month, bringing this product's total to
96,000 units for the year. By contrast,
May sales of laserdisc players plummet-
ed 81 percent to some 1,800 units.

Rising eight percent in April, systems
outperform other audio sales

Amounting to $111 million, April sales
of audio systems were led by compact
systems, which surged 34 percent to $72
million, according to data gathered and
analyzed by the Consumer Electronics
Manufacturers Association (CEMA). For
the first four months of the year, $473 mil-
lion worth of audio systems were shipped

(Continued on page 59)

September 1997 Electronic Servicing & Technology 5



The state of new consumer
electronics technology
Based on information provided by the Consumer Electronics Manufacturers' Association (CEMA) and
the Advanced Television Standards Committee (ATSC)

This is an interesting time to be
alive. It's possible (well, almost)
fora person to speak to anyone else

anywhere on earth, (and actually, some
who may be orbiting above it). Anyone
with a few thousand bucks to spare can
have a theater in his/her own home.
Anyone with a computer and a modem
can access information from thousands of
other computers throughout the world,
thus tapping a virtually limitless infor-
mation resource. In a few years, individ-
uals in this country will be watching high
definition television, from broadcast
antennas, cable, satellites, or possibly
some other signal source.

Since so much is happening in con-
sumer electronics, on such a number of
fronts, this seemed to be an opportune
time to recap some of what has been hap-
pening, and present some information
from the industry that's making it happen.

Keep in mind that the dates noted here
were those projected at the time this arti-
cle was written. Some may change and
some may have already changed.

Digital HDTV background
The ATSC (Advanced Television

Standards Committee) Digital Television
Standard adopted by the FCC was based
on a system built by the Grand Alliance,
a consortium of digital television (DTV)
system proponents who were finalists in
the first round of testing under the FCC
Advisory Committee on Advanced
Television Systems (ACATS).

ACATS (composed of representatives
of the computer, broadcasting, telecom-
munications, manufacturing, cable tele-
vision, and motion picture industries)
worked with the Grand Alliance to review
the design of the proposed system, and
gave its approval to final specifications
for system modules: audio, transport, for-
mat, compression and transmission. The
ATSC documented the system as a stan-
dard and ACATS adopted the Grand

Alliance system in its recommendation to
the FCC on November 28, 1995.

On July 25, 1996, the FCC proposed
policies for developing the initial DTV
allotments and procedures for assigning
DTV frequencies to broadcasters. Under
the proposed plan, all DTV service would
eventually be located in a core region of
spectrum currently allocated for broad-
cast television, namely the spectrum
existing at channels 7 through 51. This
plan is intended to allow early recovery
of the spectrum outside the core region:
channels 60 through 69.

On November 27, 1996, members of
the broadcasting, consumer electronics
manufacturing, and computer industries
reached agreement on which elements of
the standard should be mandated by the
FCC. At the request of these industries,
the FCC on December 31, 1996 formally
adopted every aspect of the ATSC stan-
dard except for the video formats. While
not adopted by the FCC, the video for-
mats will remain a part of the ATSC stan-
dard, and are expected to be used by
broadcasters into the foreseeable future.

On April 3, 1997, the Commission allo-
cated digital spectrum to broadcasters.
Network affiliated broadcasters are
required to transmit digital broadcasts in
the top 10 markets within 24 months of
this ruling. In each of the top 10 markets,
at least one broadcaster, and more often
more than one, has promised to send dig-
ital broadcasts within 18 months.
Television manufacturers have indicated
that they will be marketing digital televi-
sion receivers by late 1998.

NTSC and digital TV sets in the U.S.
Currently there are nearly 250 million

television sets in use in the U.S., with
annual sales averaging 23 million to 25
million sets a year for the past five years.
While initially HDTV television sets will
be expensive, the gradual move to digital
HDTV will not make current National

Television Standards Committee (NTSC)
televisions obsolete. Inexpensive con-
verter boxes will enable consumers to
receive digital programming on their cur-
rent NTSC sets as broadcasters convert to
digital programming.

What is the Advanced Television
Standard Committee (ATSC) digital

television standard?
These are the highlights of the ATSC

digital television standard.
 Video compression is based on the

international MPEG-2 (Motion Pictures
Experts Group) Standard. Video formats
include standard (STV) and high defini-
tion (HDTV), in both progressive and
interlace scan.

Audio compression is based on
Dolby AC -3 technology offering digital
surround sound.

 A packetized data transport system
that allows the transmission virtually any
combination of video, audio, and data ser-
vices. The combination of services can be
changed dynamically by the broadcaster
offering new business possibilities.

As an example, a broadcaster might
transmit multiple channels of standard
definition television (SDTV) during the
day and high definition television (HDTV)
during prime time. New data services can
accompany both of these transmissions.

 An extensively tested and proven
modulation technology, 8-VSB (vestigial
sideband), which provides robust and
reliable terrestrial transmission. The 8-
VSB modulation system assures a broad
digital television coverage area, reduces
interference with existing analog broad-
casts and provides immunity from inter-
ference into the digital signal.

Technical questions and answers for
digital television

Here are some answers to questions that
people have had about HDTV.
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Q: What is the agreed upon definition
for high -definition TV?

A: There is a generally agreed upon
definition of HDTV: approximately twice
the vertical and twice the horizontal res-
olution of an NTSC TV. Because HDTV
also has a wider screen, HDTV pictures
contain about five times as much picture
information (picture elements or "pix-
els") as conventional TV: twice as much
vertically, twice as much horizontally,
and then a bit more to fill the wider screen.

HDTV usually also includes multiple
channels of digital surround sound as
well. In the case of the ATSC DTV
Standard based on the Grand Alliance
HDTV system, the standard offers CD -
quality surround sound.

To many people, high -definition means
1,000 vertical scan lines in the picture, but
things aren't quite that simple. For the
same number of lines, a progressively
scanned picture offers a higher effective
resolution than a picture using interlaced
scanning where only half of the lines are
shown at a time. Thus, there are two fun-
damental HDTV formats in the ATSC
DTV Standard: 1080 lines x 1920 pix-
els/line; and 720 x 1280 pixels per line.
These two fundamental pixel arrays are
used at three different frame rates: 60
frames per second for live video, and 24
and 30 frames per second for material
originally produced in film.

Thus, there are six HDTV formats in
the standard. All of them use progressive
scan except one, the 1080 x 1920 at 60
frames per second. This particular format
requires the most bits, and the only way
that this format can be fit into a 6MHz ter-
restrial broadcast channel is to use inter-
laced scanning, which is essentially a fur-
ther compression technique which
reduces the bit rate by only reproducing
half of the picture at a time.

Here is a summary of HDTV formats
(P indicates progressive scan, and I indi-
cates interlace scan).

 1080 x 1920 24P, 30P, 601
 720 x 1280 24P, 30P, 60P
Although knowledgeable people often

refer to the 1080 interlaced format as pro-
viding the highest level of resolution, in
fact, it's more complicated than that: 720
progressive is roughly comparable in
effective vertical resolution to 1080 inter-
lace, although the 1080 x 1920 format will
offer greater horizontal resolution. And
of course the 1080 x 1920 progressive for-
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Different types of programming would
cause you to choose different tradeoffs,

thus the inclusion of multiple formats to
choose from in the Standard.

Q: What is the difference between dig-
ital television (DTV) and high -definition
TV (HDTV)? Can the terms be used inter-
changeably?

A: Digital Television (DTV) is a broad
term encompassing all types of digital
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Video and computer industry facts

Consumers are already spending $45 billion annually on
video entertainment products and computers and software

 $17 billion Video
 $28 billion Computer
Consumers spend $29 billion a year on televisions and

computers alone.
 $10 billion TV
 $19 billion on home PCs
60% of the people who own a big screen TV also own a

computer, while more than 80% of the people who own a com-
puter also own a big screen TV.

Consumers are spending $40 billion annually for video pro-
gramming, video software, computer software, and subscrip-
tions to on-line services.

Television manufacturer brand names are known for enter-
tainment among consumers.

There are 250 million TVs being used in U.S. households
every month and 44 million personal computers.

The inventory of TVs turns over about every 8 years.
60% of multimedia computer owners use their systems to

listen to audio CDs.
50% of computers owners consider their systems more as

entertainment products than work tools.
Computer display monitors are made by household TV man-

ufacturer names like Sony, RCA, Philips and Zenith.
70% of families who set-up a home theater spend more time

together.
16 million households in the U.S. have a complete home

theater system.
A color TV which cost $500 in 1955 would cost $2,500 in

today's dollars, but instead, the average price of a color TV is
just about $325 (35% lower than in 1955) with dramatically
better picture and sound quality.

Consumers are already spending more than $2.4 billion
annually on color televisions (about 25% of all TV sales) with
price points $1,300 and above.

When HDTV is introduced we could expect, based on his-
torical trends in consumer electronics prices, for the price to
drop by more than 50% within 10 years.

At least 18 million U.S. households identify themselves as
early adopters of new technologies, which at a minimum
could mean 1 in 5 households with an HDTV within 8 years.

Consumers spend nearly $25 billion annually on consumer
electronics products priced at $750 and above.

On average, U.S. households annually spend $800 on con-
sumer electronics products.

88% of teenagers would prefer a computer over a video
game if they could only have one to play games with.

68% of teenagers prefer a computer for playing games even
when they already own a state-of-the-art video game system.

Senior citizens (50 and over) owning a computer spend an
average of 11 hours per week working on their computer and
about 18 hours a week watching TV.

Currently only about 1 in 5 computer owners are interested
in having the capability to watch TV through their computer.

The typical adult consumer watches about 20 hours a TV
a week.

On average, consumers interested in a TV/PC would prefer
a screen about 30 inches. 42% would prefer a screen 30 inch-
es or larger.

47% of consumers interested in a TV/PC would expect to
pay at least $3,000.

Consumers interested in a TV/PC would have the follow-
ing uses: % likely

77% Watch TV programming
73% Watch prerecorded videos
63% Record TV programming
59% Word Processing
50% Browse the Internet
43% Send and receive email
36% of consumers are interested in a flat panel 16 x 9

color TV.
Sound and picture quality are two of the top three reasons

10 million people have purchased a digital satellite system.
So far this year about 40% of computer sales have gone into

first time homes.
Source: Consumer Electronics Manufacturers Association (CEMA). Based

upon recent consumer surveys and other original research.

transmission. HDTV is a subset of DTV
indicating greater than 1000 lines of hor-
izontal resolution.

Another type of DTV is Standard
Definition Television (SDTV) which has
picture quality equivalent to (or slightly
better than) a good analog picture. Since
it requires less data to generate a SDTV
picture, a broadcaster will be able to trans-
mit multiple channels of SDTV within its
6MHz digital channel.

What broadcasters can send in a 6MHz
channel is frequently misunderstood and
misstated. It depends entirely on the type

of program material that is being sent. For
the toughest live video, i.e., fast -action
sports like basketball, it does require most
of the channel to send a single HDTV pro-
gram. However, for more typical video
like game shows, you could usually send
one HDTV and one SDTV program con-
currently over the channel.

For film -based material (all movies and
70% to 80% of prime time programming),
you can send two high definition TV pro-
grams simultaneously.

Here's a summary of what you can send
concurrently over the channel:

 Sports/Action Video - 1 high defin-
ition, or 2 to 3 SD

 Typical Video - 1 high definition
plus 1 SD, or 4 SD

 Movies/Slow video -2 HD, or 6 SD
In addition to all of this, you can carry

immense amounts of data over the chan-
nel, either by dedicating some portion of
the channel capacity, or by using the chan-
nel opportunistically. The Grand Alliance
did an experiment with a BMW com-
mercial produced in HDTV. When the car
swooshes across the countryside, it takes
most of the channel to reproduce top -
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quality HDTV pictures, but when the
BMW logo is shown for a few seconds,
much of the channel capacity is available
for data. Over the course of this 51 -sec-
ond commercial, 60Mbytes of data (40
floppy diskettes worth!) was transferred
through the channel, simultaneously with
the delivery of a high -quality HDTV
commercial. Thus, the challenge for
using the DTV transmission capability
for information services is not in squeez-
ing data through, but it is a marketing
challenge to figure out which data appli-
cations consumers will desire.

Q: Does high -definition only mean
interlaced, or could it also mean 1080
lines of progressive scan?

A: The term "high definition'. could
apply to 1080 lines of progressive scan.
While the technology does not yet exist
to allow broadcasters to transmit 1080
lines of progressive scan in the digital
channel, such technology should be avail-
able in the future.

High -definition most definitely does
not only mean interlaced. Indeed, five of
the six ATSC HDTV formats are pro-
gressive. One of the most exciting things
about the standard is that film -based
material, including all movies and 70% to
80% of prime time programming (like
ER, etc.) can be shown in 1080 x 1920
progressive scan (at 24 frames per second
or "Hz"). And by the way, all film mate-
rial will be automatically transmitted
using progressive scan formats. It would
be inefficient and more difficult to use
interlaced scanning for the transmission
of film -based material. Thus from day
one, most digital TV programming will
be transmitted in progressive scan.

As noted, ATSC cannot yet fit 1080 x
1920 progressive at 60Hz into a 6MHz
channel, and it's not even close right now.
ATSC has just started work on a layered
coding approach to enable them to do this
in a backwards compatible way, but addi-
tional invention is required. It's hard to
say when this might be possible, but it's
very unlikely in the immediate future.

Q: What are the intentions of broad-
casters to use both progressive scan and
interlaced formats?

A: It's a complicated issue for broad-
casters to decide which formats to use, but
it's virtually certain that they will use a
variety of formats for different purposes.

CBS has spoken out clearly in favor of
1080, interlace, for video, progressive for
film. NBC has stated clearly that they will
offer substantial amounts of HDTV, but
they have not clearly indicated whether
they'll use 1080, 720 or a mix of both.
ABC has said they'll offer HDTV, and
they have shown a preference for pro-
gressive scan, i.e. 720 progressive, but

that could change. Fox originally spoke
in favor of SDTV to the exclusion of
HDTV, but last year Rupert Murdoch
seemed to indicate that a quick look at the
business case for multiple SDTV had
rekindled Fox's interest in HDTV. There
is no pivotal cost issue on progressive vs.
interlace. You will see both progressive
and interlace, in both HDTV and SDTV.
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Q: Why would anyone buy a regular
NTSC TV set now with HDTV coming?

A: These sets will work forever with
everything but broadcast. For broadcast
signals they will work until 2006 and then
low cost converters are available. Even if
the broadcast analog signal is ended in
2006, a $1,000 set bought in 1997 would
cost about three cents a minute of aver-
age use for the next ten years.

Q: What short term effect will DTV
have on the sales of standard TV sets?

A: If the manufacturers do their jobs
and explain the situation carefully, it
should not have an impact. Standard
broadcast television signals will work
until the year 2006, and well beyond.
Also, televisions will continue to work
with cable, DSS and VCRs. Furthermore,
they expect low cost (under $150) con-
verters to be available when digital sig-
nals replace analog, so viewers will be
able to receive the DTV broadcast.

Q: When the analog signal stops in
2005, will people throw out obsolete sets?

A: Not likely. First, the TV sets will
work with cable, home satellite, VCRs,
DVD and other products. Second, for
broadcast television, manufacturers
expect low cost (under $150) converters
to be available when digital signals re-
place analog signals.

Once the transition to Digital Tele-
vision begins, inexpensive converter
boxes will be available that will allow the
consumer to view DTV broadcasts. That
means the television that a consumer buys
today will receive both analog/standard
broadcasts and DTV broadcasts.

Q: What does the year 2006 termina-
tion really mean?

A: 2006 is a "target." In Washington,
Democrats and Republicans want to bal-
ance the federal budget by the year 2004.
Auctioning the analog spectrum has
become a mantra for politicians in order
to recoup revenues as one method to help
offset a portion of the budget deficits. In
reality few people believe that DTV pen-
etration by 2005 will allow the shutting -
down of the analog signals by 2006.

Even though the budget is a political-
ly explosive issue, broadcasters are com-
mitted to making huge investments to
protect their existing franchises.

Q: How much will HDTV sets cost?
A: The first HDTV sets in 1998 will be

limited in quantity and very expensive
($2,000 - $5,000). As mass production
occurs, prices will drop rapidly.

The Advanced Television Systems
Committee (ATSC)

The Advanced Television Systems
Committee (ATSC), established in 1982,
is an international organization develop-
ing voluntary technical standards for the
entire spectrum of advanced television
systems. There are approximately eighty
ATSC member companies and organiza-
tions, which represent the many facets of
the television, computer, telephone, and
motion picture industries.

On December 24, 1996, the Federal
Communications Commission (FCC) of
the United States adopted major elements
of the ATSC Digital Television Standard
(Doc. A/53) in the FCC's Fourth Report
and Order. Under this decision, the video
and audio compression, the packetized
data transport structure, and the modula-
tion and transmission system specified in
the ATSC standard are mandated by the
Commission for use by terrestrial broad-
casters, while the specific video formats
to be used for digital broadcast television
will be the subject of voluntary industry
standards.

Standards for ATSC television sets
The Advanced Television Systems

Committee (ATSC) announced in April,
1977 that it will be creating a program to
certify television sets, computers and
other consumer video devices which are
capable of receiving all ATSC video for-
mats for the new digital era.

"Consumers will need to know that what
they buy will work no matter which ATSC
format is used by programmers," said
Robert Graves, Chairman, ATSC. "This
certification program will be simple and
will indicate that a consumer video receiv-
er will work with all of the video formats
in the ATSC Digital Television Standard."

This certification program is aimed at
avoiding consumer confusion as the new
digital TVs come to the marketplace.
"While this program will provide infor-
mation to indicate whether a television
will receive all of the ATSC video for-
mats, it will leave the choice of the dis-
play type such as progressive or interlace

scan, high -definition or standard -defini-
tion, to the consumer," said Mark Richer,
Executive Director, ATSC. The ATSC
may also consider certification of other
types of devices that serve different or
limited functions. ATSC members in-
cluding representatives of the computer,
consumer electronics, broadcast, tele-
phone, satellite and cable industries will
finalize the technical details of certifica-
tion at future ATSC meetings.

"This program will help consumers
make informed choices when purchasing
new products; it should reduce market-
place confusion," said Linda Golodner,
President, National Consumers League.

Home automation
The increasing sophistication and ever

decreasing size of electronic circuitry
made it inevitable that one day electron-
ics would be used to control functions in
the home. Today, home automation tech-
nology has begun to result in real -world
products and services, and has the poten-
tial to become an important part of the
U.S. consumer electronics industry.

Functional and Flexible
Using home systems and products and

one or more of the 5 industry standards
(CEBus, LonWorks, NEST, SMART -
HOUSE, X-10), consumers are now able
to perform a wide variety of home
automation tasks. For example, home-
owners can electronically check their
security systems before retiring for the
night, turn off the lights, close the shades,
adjust the thermostat, turn off the TV and
set it to wake them up in the morning, sim-
ply by touching the bedside controls or
clicking the mouse of a PC.

From a remote location, the homeown-
er can regulate the temperature or turn the
lights on or off by telephoning the house
and punching in the appropriate codes.
For those fortunate enough to own a get-
away house at the beach or the mountains,
a quick call from the car phone will ensure
that the home is both comfortable and
well -illuminated upon arrival.

For those concerned about an elderly
relative, motion detectors have the abili-
ty to sense when the person is unusually
still, and if a query doesn't receive a
response, can automatically telephone a
pre -designated number for help.
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Becoming a reality

While often associated with custom
built luxury homes, home control systems
are becoming more common in planned
communities, tract housing, and other
developments of affordable housing.

For example, it's possible for windows
to be closed automatically when it rains,
for lights to be controlled automatically,
and more.

Utilities
Many utility companies across the

country are utilizing home automation
standards, such as CEBus or LonWorks,
for consumer energy management pro-
grams. In the future, these programs may
become standard, as users determine their
energy needs and spending habits based
on real time pricing information.

One utility company is now involved
in a trial program that includes 1,000
homes. Utilizing the LonWorks standard,
the utility places an LCD unit in the cus-
tomer's kitchen, and the customer can
input changes to the energy management
system. Messages received on the LCD
are product or service oriented; for exam-
ple, high cost warnings, utility messages
(tree trimming day, etc.) warnings of low
voltage periods, restoration of services,
load management, itemized billing -
both estimated (this month's bill) and
actual (last month's bill). Users can com-
pare usage to the previous year, and can
break down bills by appliance. Meter
reading, both water and gas, is also
accomplished remotely.

Meters are individually addressable;
that is, they can send and receive mes-
sages to and from a particular source/
home. Meters can be set for a certain num-
ber of hours each month - an "energy
goal" - and the meter will issue a warn-
ing when that number is approaching.
Later in the program, the company hopes
to tie in to other outlets and conduct all
programming via television or PC.

Industry standards in home

automation technology

Thanks to years of work in product
development labs, committee rooms, and
the field, manufacturers and contractors
now have a number of choices in enabling
technologies and standards they can put

What the industries are saying about digital HDTV

"We at PBS are determined to give our fellow citizens more choices and more
reasons to choose the services we provide. And so, we look forward to the rise of
Advanced Digital Television."

-Ervin Duggan
President and Chief Executive Officer, Public Broadcasting Service

"The full ATSC standard will be the vehicle for the most powerful and produc-
tive era broadcasting has ever seen. It will serve the needs of all in the television
industry - in video, audio, and data. It provides the choices we need to compete in
the marketplace and maximize local and network services in our communities."

-Eddie Fritts
President and Chief Executive Officer, National Association of Broadcasters

"ABC is committed to digital television, and is poised to be a leader in bring-
ing free TV into the digital age. ... we are deeply dedicated to the task and look
forward to being among the first to bring this exciting new service to the public."

-Robert Iger
President, ABC, Inc.

"Today, ATSC digital and widescreen high definition will escalate "Broadcast
Quality" to a plateau never before imagined, and through this technology, we at
CBS are determined to take our broadcasts and services to this new quality plateau."

-Michael Jordan
Chairman and Chief Executive Officer, Westinghouse/CBS Inc.

"Digital HDTV offers consumers the choice of crisp, clear, digital quality video
and audio. Our industries are dedicated to bringing Digital HDTV to the American
public as rapidly as possible."

-Gary Shapiro
President, Consumer Electronics Manufacturers Association

"The HDTV process we began a decade ago is now a reality, and the American
public, which broadcasters serve with free and universal service, will be the
beneficiaries."

-Margita White
President, Association for Maximum Television Service

"Moving quickly and decisively to implement the ATSC Digital Television
Standard is important to our success as a network, as stations, and as producers.
That is why NBC has committed to an aggressive buildout of its owned and oper-
ated stations and why we have prepared ourselves to provide regular and special
high resolution programming to our affiliates in the latter part of 1998 when new
TV sets will be available."

-Robert Wright
President and Chief Executive Officer, NBC Television Network
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to use to make systems integration and
automation happen in the home. Among
the most pervasive and high profile are
the following:

CEBus

The CEBus standard gives manufac-
turers from multiple industries a uniform
way to link household products. Home
LANs (local area networks) treat the
home's electronic devices and equipment
as nodes on the LAN. Products attached
to the home LAN put messages on and
take messages off the home LAN. The
CEBus standard tells manufacturers what
their products must do to send and receive
CEBus compliant messages on a home
LAN. The CEBus standard also defines
how the home's wiring can be used to
transport messages between CEBus com-
pliant products throughout the house.

Options include: the home's powerline
wiring, telephone wire (4 pair), video
wire (dual coax), and wireless transmis-
sion options such as radio frequency (RF)
and infrared (IR) signals.

Manufacturers using CEBus to devel-
op products for home LANs can give their
products CEBus compliant features dur-
ing the manufacturing process. They also
have the option of creating an add-on
module that gives their product the abili-
ty to send and receive CEBus compliant
messages via the home LAN.

Features:

 CEBus, which allows for five differ-
ent mediums of transmission, can handle
a great many more commands per second
than standards utilizing power lines.

 CEBus makes high bandwidth data
channels available, and can assign them
to appliances facilitating use.

 The CEBus system provides for 2 -
way communication.

 The CEBus standard is a consensus
specification developed for industry, by
industry and remains controlled by indus-
try - unlike proprietary standards.

 The CEBus standard provides uni-
form speed on all media. The signaling
speed for control channel messages is the

same on the powerline, twisted pair, coax-
ial wire, radio frequency and infrared. No
buffers are required.

 A home with a CEBus automation sys-

tern is "future -proof," that is, ready for the

technological advancements of tomorrow.

LonWorks

In a LonWorks network, no central con-
trol or master -slave architecture is need-
ed. Intelligent control devices, called
nodes, communicate with one another
using a common protocol. Each node in
the network contains embedded intelli-
gence that implements the protocol and
performs control functions. In addition,
each node includes a physical interface
that couples the node microcontroller
with the communications medium.

LonWorks is an "open" technology and
is accessible to all. The Neuron chip,
which is the enabling technology for, and
the core component of every LonWorks
node is manufactured and sold worldwide
by both Motorola and Toshiba.

Features:

 The technology can work with exist-
ing power lines.

 Small control components consume
little power and are ready to be designed
into home products.

 Increasing volume is rapidly lower-
ing the cost of the Neuron Chip.

 Any product with a LonMark can
work as part of a system, regardless of
who made the part.

SMART HOUSE

Molex created the SMART HOUSE
home automation system, unifying cables
for power and signal distribution and
making available a wide selection of
"intelligent" outlets and switches. Cables
direct all communication functions into
the system controller, providing a path-
way through which the system infra-
structure is accessed.

Features:
 Easy to install.
 Easily upgraded.
 Has no contention problems.
 Provides benefits of client -server

networks to the system.
Provides secure off -site access and

programmable notification.
 Has three primary options for inter-

facing with the network.
 Enables closed loop power control.
 Has hardware and software develop-

ment tools available.

 Has local control default in the event
of network failure.

 Has built-in diagnostics.
The two leading manufacturers of

SMART HOUSE System Integration and
Control Technology are AMP Inc. and
Molex Inc.

X-10

The X-10 Group designs, develops,
manufactures and markets a wide variety
of home automation and security prod-
ucts that work by sending signals over
existing power line wiring. These home
automation products are called "power
line carrier" (PLC) devices. X-10 also
manufactures compatible PLC products
which are installed in commercial build-
ings and private homes by professional
contractors and electricians. The com-
mercial applications are primarily for
energy management. The residential
products are often installed by builders
who want to offer home automation as an
additional selling feature.

The home automation line consists of
"controllers" that automatically send sig-
nals over existing electric power wiring
to receiver "modules", which in turn con-
trol lights, appliances, heating and air
conditioning units, etc.

Features:

 X -10's PLC technology saves labor
and wire, since the ability to send control
signals from point A to point B does not
require additional wiring.

 The necessary controllers and mod-
ules are considerably less expensive than
hardwired models and do not require the
initial expense of a server or a node.

 X-10 systems require less than 20 per-
cent the time needed to install a hardwired

system; add-ons and modifications are
simple to implement.

 To make a home X- 10 compatible, just
replace a home's wall switches, dimmers
and receptacles with X-10 components.

 X-10 manufactures their own prod-
ucts and they own the patents.

 X-10 is more readily available and
cost effective. A consumer can walk into
a nearby electronics store, such as Best
Buy, Home Depot, Incredible Universe
and Lowe's, and purchase all of the nec-
essary equipment to automate his or her
home with the X-10 standard.
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Test Your Electronics Knowledge

Power calculations and miscellaneous
By J.A. Sam Wilson

Sam Wilson is currently busy with other urgent projects, and
was therefore unable to prepare What Do You Know About
Electronics/Test Your Electronics Knowledge for this issue.
This is a reprise of articles that appeared in a previous issue.

1. A certain power amplifier increases the input power by
3dB. If the input power is 5.2W, what is the output power?

2. A certain transmission line introduces a 3dB loss to input
power. If the input power is 9.8W, what is the power output from
the transmission line?

1.3V 3.6V

5.6K0 1.6Kf/

Figure 1. What is the dB gain of this amplifier?

3. Figure 1 shows an amplifier with a signal voltage input of
1.3V and an output signal voltage of 3.6V. What is the dB gain
of the amplifier?

4. What is a stroboscope used for?

5. What does VCO stand for in a phase -locked loop?

Figure 2. In this Lissajous pattern, the horizontal sinewave frequency
is 450Hz. What is the vertical frequency?

6. Consider the Lissajous pattern of Figure 2. The horizontal
sinewave frequency is known to be 450Hz. What is the vertical
frequency?

7. What is the impedance of four 4n speakers in parallel?

8. Is the following statement correct: Partition noise does not
occur in a MOSFET.

A. correct
B. not correct

9. Is the following statement correct: Decreasing the gain of
an amplifier will automatically increase its bandwidth.

A. correct
B. not correct

10. Is the following statement correct: The drain voltage of
an enhancement MOSFET is never greater than 36V.

A. correct
B. not correct

(Answers on page 60)

TEST HIGH -END MONITORS
FOR A LOW -END PRICE

Test displays up to 1600 x 1280 with the new 801SL
video generator. The programmable clock rate of up to
160 MHz generates up to 256 colors from a palette of
16.7 million colors. Over 150 test images and over 100
formats come preprogrammed. BNC, CGA/EGA, Mac,
VGA, and VESA output connectors make it simple to
service most kinds of monitors. Portable, lightweight
and user-friendly, the 801SL also has an optional carrying
handle/support stand.

QuanTura DATA®

2111 Big Timber Road  Elgin, IL 60123 USA
Phone: (847) 888-0450  Fax: (847) 888-2802

URL: http://www.quantumdata.com
E-mail: sales@quantumdata.com

Wilson is the electronics theory consultant for ES&T.
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Multimeter safety
Based on information provided by Fluke

Engineers who analyze multimeter
safety often discover that units
failed because they were subject-

ed to a much higher voltage than the user
thought he was measuring. There are
occasional accidents when the meter,
rated for low voltage (1,000V or less).
was inadvertantly used to measure medi-
um voltage, such as 4160V. In other cases.
the damage to the meter had nothing to
do with misuse; it was a momentary high -
voltage spike or transient that hit the mul-
timeter input without warning (Figure 1).

Voltage spikes: an

unavoidable hazard
As distribution systems and loads

become more complex, the possibilities
of transient overvoltages increase.
Motors, capacitors and power conversion
equipment such as variable speed drives
can be prime generators of spikes.
Lightning strikes on outdoor transmis-
sion lines also cause extremely hazardous
high-energy transients.

If you're taking measurements on elec-
trical systems, these transients are "invis-
ible" and largely unavoidable hazards.
They occur regularly on low -voltage
power circuits, and can reach peak values
in the many thousands of volts. In these
cases, you're dependent for protection on
the safety margin already built into your
meter. The voltage rating alone will not
tell you how well that meter was designed
to survive high transient impulses.

Early clues about the safety hazards
posed by spikes came from applications
involving measurements on the supply
bus of electric commuter railroads. The
nominal bus voltage was only 600V, but
multimeters rated at 1000V lasted only a
few minutes when taking measurements
while the train was operating. A close
look revealed that the train stopping and
starting generated 10,000V spikes. These
transients had no mercy on early multi -
meter input circuits. The lessons learned
through this investigation led to signifi-
cant improvements in multimeter input
protection circuits.

Figure 1. When a technician is making measurements on live electrical circuitry, a high -voltage
spike on the system can damage or destroy the meter.

New safety standards
To protect the user against transients,

safety must be built into the test equip-
ment. What performance specification
should you look for, especially if you know

that you could be working on high-energy
circuits? The task of defining a new spec-
ification for test equipment was recently
addressed by the IEC (International
Electrotechnical Commission). This orga-

Figure 2. Power distribution systems are divided into categories that describe the power that
might be available at that point during a high-energy transient such as a lightning strike.
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organization develops international safety
standards for electrical test equipment.

For a number of years, the industry stan-
dard was IEC348. That standard has been
replaced by IEC1010. While well -

designed IEC348 meters have been used
for years by technicians and electricians,
the fact is that meters designed to the new
IEC1010 standard offer a significantly
higher level of safety. Let's see how this
is accomplished.

Transient protection
The real issue for multimeter circuit

protection is not just the maximum steady
state voltage, but a combination of both
steady state and transient overvoltage
withstand capability. Transient protection
is vital. When transients ride on high-
energy circuits, they tend to be more dan-
gerous because these circuits can deliver
large currents. If a transient causes an arc -
over, the high current can sustain the arc,
producing a plasma breakdown or explo-
sion, which occurs when the surrounding
air becomes ionized and conductive. The
result is an arc blast, a disastrous event
which causes more electrical injuries
every year than the better known hazard
of electric shock.

Overvoltage installation categories

The single most important concept to
understand about the new standards is
the overvoltage installation category.
The new standard defines categories I
through IV, often abbreviated as CAT I,
CAT II, etc. (Figure 2/Table 1). The divi-
sion of a power distribution system into
categories is based on the fact that a dan-
gerous high-energy transient such as a
lightning strike, will be attenuated, or
dampened, as it travels through the
impedance (ac resistance) of the system.
A higher CAT number refers to an elec-
trical environment with high power
available and higher -energy transients.
Thus a multimeter designed to a CAT III
standard is resistant to much higher
energy transients than one designed to
CAT II standards.

Within a category, a higher voltage rat-
ing denotes a higher transient withstand
rating: e.g., a CAT III 1000V meter has
superior protection compared to a CAT III
600V rated meter. The real misunder-
standing occurs if someone selects a CAT

DMM Test Leads
Designed to
IEC1010 Standards

Designed for comfort yet ruggedly duraole,
Pomona's latest test leads feature silicon nsu-
lated wire for enhanced voltage protecticn and
longer service life. Precision manufacturing
and the best materials ass.tre accurate ccntact
Available in Pomona's Test CompanionTM Kits,

and test probe and lead sets.

Rated For 1000 Volts,
Ready For Anything

Engineered to the latest international >afety
standards, a complete ;election of test
probes, Maxigrabber' test clips and insulated
alligator clips are ready to plug -on to nost
test leads. They 're ready t3 do the job in
either heavy-duty industrial applications or
testing low -voltage dev ces on circuit boards.
Included in many of Pomona's newest test
accessory kits or available in individual sets.

Ask for your FREE copy of Pomona's
New Test & Measurement Acces
Catalog. See your Pomona
Distributor or call us. And visit u
anytime at www.ittpomona.co
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Figure 3. If a high-energy transient should happen to strike the power line while a technician is taking measurements, the result could be a high
fault current that might cause damage to the meter or serious injury to the technician.

II 1000V rated meter, thinking that it is
superior to a CAT III 600V meter.

It's not just the voltage level
In Figure 2, a technician working on

office equipment in a CAT I location
could actually encounter dc voltages
much higher than the power line ac volt-
ages measured by the motor electrician in
the CAT III location. Yet transients in
CAT I electronic circuitry, whatever the
voltage, are clearly a lesser threat.
because the energy available to an arc is
very much limited.

This does not mean that there is no elec-
trical hazard present in CAT I or CAT II
equipment. The primary hazard is elec-
tric shock, not transients and arc blast.
Shocks, which will be discussed later, can
be every bit as lethal as arc blast.

To cite another example, an overhead
line run from a house to a detached work -
shed might be only 120V or 240V, but it's
still technically CAT IV. Why? Any out-
door conductor is subject to very high -

Figure 4. Inadvertently measuring voltages with the meter in ammeter mode is essentially plac-
ing a short circuit across the points being measured. It's wise to use a multimeter protected with
high-energy fuses and replace a blown fuse only with the high-energy fuses specified by the
manufacturer.
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energy lightning -related transients. Even
conductors buried underground are CAT
IV, because although they will not be
directly struck by lightning, a lightning
strike nearby can induce a transient
because the lightning generates powerful
electromagnetic fields.

When it comes to overvoltage installa-
tion categories, the rules of real estate
apply: it's location, location, location.

Transients, the hidden danger
Let's take a look at a worst -case sce-

nario in which a technician is performing
measurements on a live three-phase
motor control circuit, using a meter with-
out the necessary precautions (Figure 3).
Here's what could happen:

I. A lightning strike causes a transient

on the power line, which in turn strikes
an arc between the input terminals inside
the meter. The circuits and components to
prevent this event have just failed or were
missing. Perhaps it was not a CAT III
rated meter. The result is a direct short
between two measurement terminals
through the meter and the test leads.

2. A high -fault current, possibly sever-
al thousands of amps flows in the short
circuit just created. This happens in thou-
sandths of a second. When the arc forms
inside the meter, a very high pressure
shock wave can cause a loud bang, very
much like a gunshot or the backfire from
a car. At the same instant, the technician
sees bright blue arc flashes at the test lead
tips, the fault currents superheat the probe
tips, which start to burn away, drawing an

arc from the contact point to the probe.
3. The natural reaction is to pull back,

in order to break contact with the hot cir-
cuit. But as the technician's hands are
pulled back, an arc is drawn from the
motor terminal to each probe. If these two
arcs join to form a single arc, there is now
another direct phase -to -phase short, this
time between the motor terminals.

4. This arc can have a temperature
approaching 6,000C (10,000F) which is
higher than the temperature of an oxy-
acetylene cutting torch. As the arc grows,
fed by available short-circuit current, it
superheats the surrounding air. Both a
shock blast and a plasma fireball are cre-
ated. If the technician is lucky, the shock
blast blows him from the proximity of the
arc. Though the technician would be

Overvoltage Category In Brief Examples

CAT IV Three-phase at utility connection,
any outdoors conductors

 Refers to the "origin of installation",
i.e., where low -voltage connection is made
to utility power.
 Electricity meters, primary overcurrent
protection equipment.
 Outside and service entrance, service drop from
pole to building, underground line to well pump.

CAT III Three-phase distribution,
including single-phase
commercial lighting

 Equipment in fixed installations, such as
switchgear and polyphase motors.
 Bus and feeder in industrial plants.
 Feeders and short branch circuits, distribution
panel devices.
 Lighting systems in larger buildings.
 Appliance outlets with short connections to
service entrance.

CAT II Single-phase receptacle
connected loads

 Appliance, portable tools, and other household
and similar loads.
 Outlet and long branch circuits.
 Outlets at more than 10 meters (30 feet) from
CAT III source.
 Outlets at more than 20 meters (60 feet) from
CAT IV source.

CAT I Electronic  Protected electronic equipment.
 Equipment connected to (source) circuits in
which measures are taken to limit transient
overvoltages to an appropriately low level.
 Any high -voltage, low -energy source derived
from a high -winding resistance transformer, such
as the high -voltage section of a copier.

Table 1. IEC Standard 1010 describeslwr categories of electrical installation, based on the degree to which a high-energy transient generated
by an event such as a lightning strike on a power line will pass through to the installation.
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injured, he would be alive. In the worst
case, the victim is subjected to fatal burn
injuries from the fierce heat of the arc or
plasma blast.

In addition to using a multimeter rated
for the appropriate overvoltage installa-
tion category, anyone working on live
power circuits should be protected with
flame resistant clothing, should wear
safety glasses, or, better yet, a safety face
shield, and should wear insulated gloves
(Figure 4).

The dangers of misusing

test equipment

Transients aren't the only source of
possible short circuits and arc blast haz-
ard. One of the most common misuses of
handheld multimeters can cause a similar
chain of events.

Let's say a user is making current mea-
surements of signal circuits. The proce-
dure is to select the amps function, insert
the leads in the mA or amps input termi-
nal, open the circuit and take a series of
measurements. In a series circuit, current
is the same everywhere. The input imped-
ance of the amps circuit must be low
enough so that it doesn't affect the series
circuit's current. The input impedance on
the 10A terminal of one meter is 0.0152.
Compare this with the input impedance
on the voltage terminals of 10MS1
( 1 0,000,000S2 ).

Independent testing
To be sure that a meter meets a specification, look for a symbol and listing num-

ber of an independent testing lab such as UL, CSA, TUV or other recognized test-
ing organization. Beware of wording such as "Designed to meet specification...."
Designers' plans are never a substitute for an actual independent test.

How can you tell if you're getting a genuine CAT III or CAT II meter?
Unfortunately, it's not always easy. It is possible for a manufacturer to self -certify
that its meter is CAT II or CAT III without any independent verification. The IEC
(International Electrotechnical Commission) develops and proposes standards, but
it is not responsible for enforcing the standards.

Look for the symbol and listing number of an independent testing lab, such as
UL, CSA, TUV or other recognized approval agencies. That symbol can only be
used if the product successfully completed testing to the agency's standard, which
is based on national international standards. Standard UL3 1 1 1 , for example, is based
on IEC1010. In an imperfect world, that is the closest you can come to ensuring
that the multimeter you chose was actually tested for safety.

What does the CE symbol indicate?

A product is marked CE (Conformite Europeenne), to indicate its conformance
to certain essential requirements concerning health, safety, environment and con-
sumer protection established by the European Commission and mandated through
the use of "directives." There are directives affecting many product types, and prod-
ucts from outside the European Union can not be imported and sold there if they
do not comply with applicable directives. Compliance with the directive can be
achieved by proving conformance to a relevant technical standard, such as IEC101
for low -voltage products. Manufacturers are permitted to self -certify that they have
met the standards, issue their own Declaration of Conformity, and mark the prod-
uct "CE." The CE mark is not a guarantee of independent testing.

If the test leads are left in the amps ter-
minals and then accidentally connected
across a voltage source, the low input
impedance becomes a short circuit

Figure 5. Technicians making measurements on live electrical circuits
should take precautions against injury that might be caused by high-
energy transients.

(Figure 5). It doesn't matter if the selec-
tor dial is turned to the volts position, the
leads are still physically connected to a
low -impedance circuit. That's why the

Figure 6. Look for category am voltage ratings of test
multimeters.

leads and
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amps terminals must be protected by
fuses. Those fuses are the only thing
standing between an inconvenience and a
potential disaster.

Use only a multimeter with amps inputs
protected by high-energy fuses. Never
replace a blown fuse with the wrong fuse.
Use only high-energy fuses specified by
the manufacturer. These fuses are rated at
a voltage and with a short circuit inter-
rupting capacity designed for the safety
of the user.

Overload protection

Fuses protect against overcurrent. The
high input impedance of the volts/ohms
ensures that an overcurrent condition is
unlikely, so fuses aren't necessary.
Overvoltage protection, on the other hand
is required. It is provided by a circuit that
clamps high voltages to an acceptable
level. In addition, a thermal protection
circuit detects an overvoltage condition,
protects the meter until the condition is
removed, and then automatically returns
to normal operation. The most common
benefit is to protect the multimeter from
overloads when it is in ohms mode. In this
way, overload protection with automatic
recovery is provided for all measurement
functions as long as the leads are in the
voltage input terminals.

Applying categories to your work
Here are some quick ways to apply the

concept of categories:
 The rule of thumb is that the closer

you are to the power source, the higher
the category number, and the greater the
potential danger from transients.

 It also follows that the greater the short
circuit current available at a particular
point, the higher the CAT number.

 Another way of saying the same thing
is the greater the source impedance, the
lower the CAT number. Source imped-
ance is simply the total impedance,
including the impedance of the wiring,
between the point where you are measur-
L'e and the power source. This impedance
is t /hat dampens transients.

 Finally, if you have any experience
with the application of TVSS (transient
voltage surge s uppression) devices, you
understand that TVSS device installed
at a panel must have a higher energy -han-
dling capacity than cane installed right at

the computer, TV set or other sensitive
device. In CAT terminology, the panel -
board TVSS is a CAT III application, and
the electronic device is a receptacle con-
nected load, and therefore CAT II.

As you can see, the concept of cate-
gories is not new and exotic. It is simply
an extension of the same common-sense
concepts that people who work with elec-
tricity professionally apply every day.

Multiple categories

There's one scenario that sometimes
confuses people trying to apply cate-
gories to real -world applications. In a sin-
gle piece of equipment there is often more
than one category. For example, in office
equipment, from the 120V/240V side of
the power supply back to the receptacle
is considered a CAT II. The electronic cir-
cuitry, on the other hand, is CAT I. In
building control systems, such as lighting
control panels, or industrial control
equipment such as programmable con-
trollers, it is common to find electronic
circuits (CAT I) and power circuits (CAT
III) existing in close proximity.

What do you do in these situations? As
in all real -world situations, use common
sense. In this case, that means using the
meter with the higher category rating. In
fact, it's not unrealistic to expect people
to be going through the category defining
process all the time. What is realistic, and
highly recommended, is to select a mul-
timeter that is rated to the highest cate-
gory in which it could possibly be used.
In other words, err on the side of safety.

Understanding voltage

withstand ratings
IEC1010 test procedures take into

account three main criteria: steady-state
voltage, peak impulse transient voltage
and source impedance. These three crite-
ria together will tell you a multimeter's
true voltage withstand value.

When is 600V more than 1000V

Table 2 can help understand an instru-
ment's true voltage withstand rating.

 Within a category, a higher "working
voltage" (steady-state voltage) is associ-
ated with a higher transient, as would be
expected. For example, a CAT III -600V
meter is tested with 6000V transients.
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Electric shock
Monitor Test Equipment

Now you can repair and test Computer monitors
with ease. With sweep rates up to 64Khz., eight
step gray scale, white screen, single color mode,
Mac II, EGA, CGA support, you can run almost
ANY PC monitor. And it is EASY to use. Color
front panel displays show just what you should
see. Don't let its' small size fool you. It is
the most powerful handheld available, and it
supports ALL basic VGA modes (some don't).
It is suitable for bench or field operations. Battery
or AC operation. PRICE:$295

Looking for a SMALL battery operated monitor
test pattern generator that will fit in your pocket?
The Checker Jr. is it. It displays a very useful
64 color pattern. You can evaluate size, focus,
linearity, color tracking, and balance. It operates
in the 640  480 mode (31.5Khz 60Hz.), and is
very easy to use. Use it anywhere.

PRICE: $99.95

Need to check-out or burn -in multiple mon
The Checker VI is the tool you need. It is a stand-
alone (no computer required) 6 output test
pattern generator. You can run 1 to 6 monitors
from the small (1" 5" 6") Checker VI. It oper-
ates in the 640 , 480 mode, displaying an 8  8
8 -color pattern which shifts every 3 minutes to
reduce screen burn. PRICE: $249

Computer & Monitor
Maintenance, Inc.

1.800.466.4411  770-662.5633
http://www.computermonitor.comn 7-]

While most people are aware of the danger from electric shock, few realize how
little current and how low a voltage are required for a fatal shock. Current flows as
low as 30mA can be fatal. Lets look at the effects of current flow through a "typi-
cal" 150 pound man.

 At about 10mA, muscular paralysis of the arms occurs, so that he cannot release
his grip on the conductor.

 At about 30mA, respiratory paralysis occurs. His breathing stops and the results
are often fatal.

 At about 75mA to 250mA, for exposure exceeding five seconds, ventricular
fibrillation occurs, causing discoordination of the heart muscles; the heart can no
longer function. Higher currents cause fibrillation at less than five seconds. The
results are often fatal.

Now let's calculate the threshold for hazardous voltage. The approximate skin
resistance from hand to hand across the body is 100052 under dry conditions. A
voltage of only 30V across 10005/ will cause a current of 30mA. Under wet con-
ditions, or if there is a cut in the skin, resistance drops radically. The threshold of
hazardous voltage is cut in half.

For multimeter manufacturers and users, the objective is to prevent accidental
contact with live circuits at all cost. Look for these characteristics:

 Meters and test leads with double insulation on them.
 Meters with recessed input jacks and test leads with shrouded input connectors.
 Test leads with finger guards and a non -slip surface.
 Meter and leads made of high -quality, durable, non-conductive materials.

Work safely

No tool by itself can guarantee your safety. It's the combination of the right tools
and safe work practices that gives you maximum protection. Here are a few tips to
help you in your work. While some of the tips may be more applicable to electri-
cians working on wiring systems, we thought that the list might be useful for any-
one working with electricity.

 Work on de -energized circuits whenever possible. Use proper lock-out/tagout
procedures. If these procedures are not in place or not enforced, assume that the
circuit is live.

 On live circuits, use protective gear:
- insulated tools
- safety glasses or a face shield
- insulated gloves
- remove watches or other jewelry
- stand on an insulated mat
- flame retardant clothing.

 When making measurements in live circuits, use this procedure:
- Connect the ground clip first, then make contact with the hot lead. Remove

the hot lead first, the ground lead last.
- Hang or rest the meter if possible. Try to avoid holding the meter in your hands

to minimize personal exposure to the effects of transients.
- Use the three-point test method, especially when checking to see if a circt, t

is dead. First, test a known live circuit. Second, test the target circuit. Thin', test
the live circuit again. This verifies that your meter worked properly before and after
the measurement.

- Use the old electricians' trick of keeping one hand in your pocket. This lessens
the chance of a closed circuit across your chest and through your heart.
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Overvoltage
Installation Category

Working Voltage
(dc or ac-rms to ground)

Peak Impulse Transient
(20 repetitions)

Test Source (52 = V/A)

CAT I 600V 2500V 30 Ohm source
CAT I 1000V 4000V 30 Ohm source
CAT II 600V 4000V 12 Ohm source
CAT II 1000V 6000V 12 Ohm source
CAT III 600V 6000V 2 Ohm source
CAT III 1000V 8000V 2 Ohm source

Table 2. These are the tests that are applied to meters for the various category and working voltagecombina ions. A meter tested to a higher cat-
egory may provide a higher degree of protection than a meter that is tested to a higher voltage within a lower category.

while a CAT III -1000V meter is tested
with 8000V transients. So far, so good.

 What is not as obvious is the differ-
ence between the 6000V transient for
CAT III -600V and the 6000V transient for
CAT II -1000V. They are not the same.
This is where the source impedance
comes in. Ohm's law (resistance = volt-
age/current) tells us that the 2f test
source for CAT III has six times the cur-
rent of the 1252 test source for CAT II.
Since power is proportional to the square
of the current, the CAT III source has 36
times the power of the CAT II source.

The CAT III -600V meter offers greater
transient protection than does the CAT II -
1000V meter, even though its so-called
"voltage rating" could be perceived as
being lower. It is the combination of the
steady-sta e voltage (working voltage)
and the category that determines the total
voltage withstand rating of the test instru-
ment, including the all-important tran-
sient voltage withstand rating.

A note on CAT IV: test values and
design standards for Category IV are not
presently addressed in IEC1010, but are
under consideration for the second edi-
tion. Therefore the highest -rated meters
currently available are CAT III -1000V.

Creepage and clearance
In addition to being tested to an actual

overvoltage transient value, multimeters
are required by IEC1010 to have mini-
mum "creepage" and "clearance" dis-
tances between internal components and
circuit nodes. Creepage measures dis-
tance across a surface. Clearance mea-
sures distances through the air. The high-
er the category and working voltage level,
the greater the internal spacing require-
ments. One of the main differences
between the old IEC348 and IEC1010 is
the increased spacing in the latter.

The bottom line
If you are faced with the task of replac-

ing your multimeter, do one simple task
before you start shopping: analyze the
worst case scenario of your job, and deter-
mine what category your use or applica-
tion fits into.

First, choose a meter rated for the high-
est category you could be working in.

Then, look for a multimeter with a
voltage rating for that category matching
your needs (Figure 6). While you're at
it, don't forget the test leads. IEC1010
applies to test leads too: they should be
certified to a category and voltage as
high, or higher than, the meter. When it
comes to safety, don't let test leads be the
weak link.

II one - .1 Wait...

Better, faster, cheaper
Windows -based Service
Management software
is coming.

"ItAALwill be worth waiting for..."
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Oscilloscope update:
The fundamentals
By The ES&T Staff

The oscilloscope is one of the fun-
damental pieces of test equipment
for any measurement purpose. Just

about any signal that is either electrical in
nature, or can be converted into an elec-
trical signal by means of some kind of
transducer can be displayed, observed and
analyzed on the screen of an oscilloscope.

For example, a technician can connect
the probes of an oscilloscope to any point
in a TV set and compare the signal
observed to the signal that the manufac-
turer says should be there, and thereby
learn something about the nature of the
problem that the set may be exhibiting. A
doctor can place sensors on the skin of a
patient in the vicinity of the heart and
monitor its electrical activity, thus deter-
mining if it is operating properly or mal-
functioning. An automotive engineer can
place a transducer on an engine block and
monitor the output of the transducer,
which is the electrical analog of the
engine's vibration.

The analytical capabilities of the oscil-
loscope are limited only by the availabil-
ity of transducers to convert any kind of
phenomenon into an electrical equiva-

lent, and the imagination of the individ-
ual using the oscilloscope.

Understanding the fundamentals
According to legend, and possibly to

fact, at the beginning of each new season,
the then coach of the Green Bay Packers,
Vince Lombardi, began his coaching at
the first team meeting, with the statement,
"gentlemen, this is a football," then pro-
ceeded from there through the rest of the
fundamentals, including the objective of
the game of football, through the method
of achieving that objective. Mr. Lombardi
was a very successful coach.

Unfortunately, in consumer electronics
servicing, as in most pursuits, there's lit-
tle time to sit back and give or receive
coaching in the fundamentals. There's so
much work to be done, and there are so
many new things to learn. Still, if we don't
review the fundamentals once in a while
we may lose sight of our objective. So,
gentlemen, this is an oscilloscope.

What's going on in there?
The following may be obvious, but just

in case it's not, we'll address the idea of

a "waveform." We use the term loosely,
but what does it actually mean? What
constitutes a wave?

In the case of a radio signal, or a TV
signal, broadcast from an antenna, the
term is apt. The signal is actually moving
outward from the antenna into space. Like
a wave. If we could halt the movement
instantaneously and make measurements
of the amplitude of that signal at various
distances from the antenna, they would
vary depending upon the distance.

That is not really what's going on with-
in a television set, for instance. If we
measure an ac signal at some point of
interest in the set, we would see that it is
simply increasing and decreasing con-
tinuously. As an analogy, consider the
output of a dc power supply. Connect a
voltmeter to it and crank the control
clockwise and counterclockwise. The
needle would swing, or the digits would
count up and down (Figure 1). That's a
low frequency ac voltage.

Now do that up and down smoothly
sixty times per second around a zero ref-
erence voltage and you've got 60Hz ac.
There are two problems with that: one,

Figure 1. If you connect a meter to the output of a dc power supply and vary the voltage. you'll see the meter pointer moveup and down, or the
numbers on a DMM change up and down.
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Figure 2. If you connect an oscilloscope (with "Sweep" off) to the output of a dc power supply and vary the supply output voltage manually. you
will simply see a dot move up and down vertically in the certer of the screen

you cannot twist the knob that fast and,
two, the meter display wouldn't be able
to keep up with it.

Ok, to take care of one part of that prob-
lem, let's just pretend that you can twist
the knob as fast as you want. And to take
care of the second part of the problem,
let's substitute an oscilloscope. And let's
start with the sweep off.

Connect the scope to the supply and

start twisting the knob. As you twist in a
clockwise direction, you'll see the little
dot on the screen move upward (Figure
2). As you turn the knob counterclock-
wise you'll see the little dot move down-
ward. As you turn the knob faster and
faster, at some point the movement of the
dot will be so fast that you won't be able

to see the dot moving anymore. You'll just
have a vertical line on the screen (Figure
3). What to do?

The way to overcome this problem is
to apply a varying voltage to the hori-
zontal deflection plates that are arranged
on either side of the neck of the oscillo-
scope's cathode ray tube (Figure 4). Start
out with the voltage set up so that it's pos-
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Figure 3. If the voltage varies fast enough, you will see a vertical line on the face of the oscilloscope.

itive in the direction of the left side of the
screen as you view it, then gradually
decrease the voltage until it is zero (at this
point the dot will be in the middle of the
screen), then increase it in the opposite
direction until the dot has reached the far-
thest right position, then instantaneously
reverse the voltage and start again.

As you increase the voltage output of
the dc power supply, causing the dot to
move upward on the screen, the varying
voltage between the horizontal plates is
moving it to the right. The effect is a
"waveform" on the scope face that shows
you how the supply voltage is varying. It

is a representation in space (the width of
the oscilloscope face) of what is happen-
ing in time (Figure 5).

Definitions

The foregoing has created definitions
of some of the common terms we use in
relation to oscilloscopes. Let's assume for
the sake of the rest of this discussion that
the amount of time between positive
swings of the supply voltage are equal,
and that the variation occurs smoothly,
that this is a regular periodic "waveform"
(Figure 6). For starters, the values to
which we increase and decrease the volt -

VERTICAL
DEFLECTION

PLATES

CRT

HORIZONTAL
DEFLECTION

PLATES

Figure 4. By applying a varying voltage to the horizontal plates on the oscilloscope, you will be
able to see the varying voltage output of the power supply, even if it's so fast that the trace would
otherwise be a vertical line

age is the "amplitude" of the "signal"
we've created. The highest positive value
of the voltage is the "peak" value. The dif-
ference between the greatest negative
value and the greatest positive value is the
"peak -to -peak" value.

The time between positive peaks, or
negative peaks is the "period". The num-
ber of times this happens in a given
amount of time is the "frequency."

The point in time at which we start the
horizontal voltage swing to synchronize
with the voltage swing of the varying sup-
ply voltage so we can display one period
of the "waveform," is the "trigger" point.
In this case we triggered the horizontal
"sweep" manually, but oscilloscopes are
designed so that they can be triggered
automatically at various points in the
waveform, depending on what the user
wants to see (Figure 7).

Bandwidth

We know that we can display a dc value
on the oscilloscope. A dc voltage simply
displaces the dot (or the horizontal line if
the sweep is turned on) by a vertical dis-
tance proportional to the voltage of the
source. We also know that an oscilloscope
is designed to display voltage variations
overtime. What is the fastest voltage vari-
ation (highest frequency) that an oscillo-
scope can display? That depends on the
design of the particular oscilloscope.
Some oscilloscopes can't usefully display
signals that are higher in frequency than
20MHz. Others can display signals with

(Continued on page 39)
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Oscilloscope (from page 26)
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Figure 5. The "waveform" on the scope face is a representation in space (the width of the
oscilloscope face) of what is happening in time.

frequencies up to several hundred or even
several thousand MHz.

But the display of the oscilloscope
doesn't just stop showing displays of
waveforms above the designed upper end
of the bandwidth. At that upper end of the

bandwidth the amplitude of the displayed
waveform is reduced to 70.7% of the actu-
al amplitude (the -3db point). This is a
definition of the bandwidth.

As the operator tries to observe wave-
forms above that frequency, the amplitude

of the displayed waveform becomes still
smaller, compared to the amplitude of the
actual waveform. It's important to keep in
mind as you're observing signals whose
frequencies are approaching or above the
bandwidth of the oscilloscope, that they'll
appear on the screen to be smaller in
amplitude than the actual waveform. They
may be distorted, as well.

Rise time
The term "rise time" is another mea-

sure of the useful frequency range of an
oscilloscope. The rise time of any signal
is the amount of time it takes for it to
increase from 10% of its value to 90% of
its value. An oscilloscope cannot accu-
rately display pulses with rise times that
are faster than the specified rise time of
the oscilloscope

Bandwidth and rise time are related by
the following formula.

Bandwidth = 0.35/Tr.

Time to use the oscilloscope
To many technicians, the oscilloscope
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Figure 6. A regular periodic waveform has several characteristics. including amplitude.
frequency and period. The frequency of the signal is 1/period.

is the second instrument of choice. The
DMM is frequently the first choice, since
it's smaller, more portable and easier to
use. In many cases the DMM is all that's
needed to determine what's wrong with a
product. But when the problem doesn't
yield easily to voltage and resistance mea-

surements. it's usually time to bring out
the oscilloscope. By using the scope's
ability to provide a kind of"window- into
the operation of the product being ser-
viced, the technician can frequently solve
a service problem as he/she can with no
other piece of test equipment.

OSCILLOSCOPE
TRACE
PERIOD

OSCILLOSCOPE
RETRACE
PERIOD

Figure 7. Applying a sawtooth waveform of specified amplitude and known frequency to the
horizontal plates of the oscilloscope. results in a waveform that fills the scope screen horizon-
tally, and from which attributes such as frequency and period can be ascertained.
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Servicing RCA's CTC166 power
supply circuits
By Homer L. Davidson

The low voltage power supply cir-
cuits in any TV chassis are criti-
cal to the operation of the set. If

the power supply or portions of it do not
operate perfectly, the chassis might
appear dead, cycle off and on, cause inter-
mittent operation, or produce an over-
loaded circuit, causing the chassis to shut
down. Both the low voltage and sec-
ondary power supplies have produced
some common as well as some unusual
service problems in RCA CTC166 sets.

One of the most unusual service prob-
lems is the cycle on and off symptom. One
technician might describe the symptom as
"cycling off and on," while another refers
to it as "pulsing off and on." The nature
of this symptom might suggest that the
cause of the problem is in another section
of the TV chassis, even though the prob-
lem is in fact in the low voltage sources.

A dead set, or one that is in shutdown,
is usually caused by the horizontal and
low voltage power supply circuits.

If the symptom is one that suggests that
its cause is in the power supply circuits,
you can locate the low voltage power sup-
ply circuits with the help of the main
board parts placement layout chart
(Figure 1). If the schematic diagram is not
handy, a good way to find the power sup-
ply is to look for the four silicon diodes
in the full -wave bridge rectifier, and large
filter capacitor C4007 (680uF-200V),
with the low voltage components nearby.
To quickly service the low voltage power
supply and to take critical voltage mea-
surements, the schematic is a must item.

Dead chassis - shutdown
One of the most common symptoms

encountered in TV servicing is a dead set,
or a set that shuts down abruptly. In the
RCA CTC166, a frequent cause of a dead
set is an open fuse, a faulty resistor, R4001
(2.752), faulty silicon diodes in the bridge

Davidson is a TV servicing consultant for ES&T.

Figure 1. Examine the TV set to locate the various voltage sources.

circuits, and problems in the horizontal
output circuits. A leaky or shorted hori-
zontal output transistor (Q4401) can
cause a dead set symptom. Improper hor-
izontal sweep from the deflection IC or
horizontal driver transistor can produce a
dead set or shutdown.

The components in the horizontal
sweep section that are most likely to
become defective are the horizontal out-

put transistor and the driver transformer.
If you encounter a set that is dead, fails
to start up, or one that shuts down after
operating, resolder the driver transformer
terminals. Notice that the common com-
ponents in the primary winding circuit are
at ground potential, while the secondary
winding parts have a common hot chas-
sis (Figure 2). When troubleshooting in
the secondary circuits of transformer

Q4301
HORIZONTAL
DRIVER

T4301
Driver

-= C4317
0.0047p F

R4308
680

C4306
4.TAF

2.6

R4305
240

11

Q4401
HORIZONTAL

OUTPUT

CR4707

+26V

= Hot ground

To
flyback

Figure 2. The most likely component to cause the set to fail to start up, or to shut down, are a
faulty driver transformer or poor driver transformer terminal connections.
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T4301, measure all voltages, and observe
all scope waveforms and voltages with
reference to the hot chassis or your obser-
vations will be misleading.

If the set remains dead, or shuts down
after you have soldered all four terminal
connections, inspect the driver trans-
former for burned marks. Measure the
resistance of the primary winding to see
if it is as specified. The Sams Photofact
for this set lists the primary winding resis-
tance as 2.652. This resistance is very low
and should be measured with an accurate
DMM. Often, a burned primary winding
can cause a dead set or shutdown.

If you replace the horizontal output
transistor, Q4401, and the set operates,
but Q4401 runs hot, check capacitor
C4306 (4.7uF) by placing a known -good
capacitor in parallel with it. Check R4305
for burned areas or a change in resistance.
In some cases, you may find that CR4707
is shorted or leaky.

Dead chassis - standby

Another possible cause of a dead set is
a defective component in the +12V or
+5V standby voltage supply circuits. A

R4162
18 CR4163

CR4162

R4159
1.5K

+12V

04162
ON/OFF
SWITCH

R4171

R4170
4.7K

0
To

U3101

150

CR4164
. C4176

100iF

6 8V
Source

Figure 3. If you encounter an RCA CTC166 that operates intermittently. check 04162. on/off
switch. CR4162, and CR4164 fo- intermittent operation.

separate power transformer (14601) pro-
vides low ac voltage (21.4Vac) to the
bridge rectifiers. This transformer is ener-
gized all the time when the power cord is
plugged in the ac receptacle. The stand-
by 12V and 5V sources from the standby
regulator circuits feed to the control
microprocessor (U3101) for standby
operation.

A voltage measurement at the emitter
terminals of Q4161 and Q4160 can deter-

mine if the standby circuits are normal.
Check Q4161 and Q4160 to see if they
are open. If either of these components is
open, the set will have no 12V or 5V.
Remove one end of each diode for accu-
rate leakage measurement.

Check R4164 and R4163 to see if the
resistance of each of them is as specified.
Resistor R4163 (1.252) has been known to
increase in resistance causing a dead set.
Remove one end of R4163 to make sure
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Figure 4. Check and resolder all transistor terminals in the regulator circuits if the set cycles off
and on.

that you're measuring only the resistance
of the resistor and not some other compo-
nent that might be in parallel with it as
well. Do not overlook an open filter capac-
itor C4605 (220uF) and C4160 (1500uF)
as possible causes of the problem.

An overloaded component in another
connecting circuit can load down the 12V
or 5V sources, so look for possible prob-
lems in adjacent circuits. A leaky filter
capacitor, control microprocessor
U3101, transistors, and zener diodes in
either the 12V or 5V sources can cause a
reduced dc source voltage. Remember the
standby voltages are fed to the horizontal
driver stage, control microprocessor
U3101, and off/on switch circuits.

Intermittent shutdown
Other than a defective driver trans-

former, other possible causes of intermit-

tent shutdown are R4163 and CR4160 in
the standby power supply. Test R4I63
(1.2k52) for an increase in resistance and
CR4160 for intermittent operation. When
in doubt, simply replace both components.

Defective diodes, both rectifying and
zener, seem to cause a variety of differ-
ent symptoms in the low voltage power
supply. A leaky sawtooth generator tran-
sistor (Q4103) and zener diode (CR4120)
have been known to cause shutdown
problems. An open Q4103 transistor can
cause shutdown. Also check silicon
diodes CR4101 and CR4103 in the saw -
tooth generator circuits as possible caus-
es of set shutdown.

The on/off transistor switch (Q4162)
has caused intermittent operation in the
flyback secondary voltage circuits
(Figure 3). Replace Q4162 with the man-
ufacturer's exact replacement part num-

From
error 04103
amp SAWTOOTH

R4112' GENERATOR
75K

R4131* R4129'
33K 22K

+33V

NOTE:
= Check.

R4108"

Ur.
R4109'
620

CR4112' A -

From
oscillator

CR4103'

0
+33V

CR4100'

01'4101

C4108'
0.0033pF

Figure 5. Check the following components for pulsing off and on problems: CR4100, CR4103,
C4108 (0.0033uF) and C4118 (0.001uF).
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T4401
10Part of

flyback

CR47014-

NOTE:
* = Check.

C4713
680pF

R4701*
CR4702*

0 +194V

C4703 C5005
47H F 0.001g

Figure 6. If the screen is dark, or if there is no color, check to see if R4701 is open, or if CR4702
has developed leakage.

ber 146850, or a universal replacement.
While in the off/on switch circuits,

check diode CR4162 and zener diode
CR4164 for lower voltage that feeds the
horizontal deflection integrated circuit
and Q4302 horizontal buffer transistor.
When any transistor or diode in the low -
voltage power supply is suspected, it is
best to replace it at once.

Pulses or cycles off and on
While a leaky or open zener diode or

silicon rectifier in the low voltage power
supply might produce shutdown, it could
possibly cause a pulse off and on symp-
tom as well. Sometimes the chassis might

cycle off and on several times before the
set shuts down. A change in resistance of
critical resistors in the regulated circuits
can cause a pulse on and off symptom.
Check all transistor leads for poor sol-
dered connections in the case of inter-
mittent cycling problems (Figure 4).

A change in resistance of R4175
(41.21M), R4116 (41.2M), 84132
(61951), and R4118 (422051) resistors in
the regulated B+ adjustment might cause
a pulsing off and on symptom These crit-
ical resistors should be checked with an
accurate digital multimeter (DMM) and
replaced with the original part number if
their resistance is not as specified.

Replace with metal film resistors:
R4175 (176500), R4116 (17650), R4132
(195725), and R4118 (195724). Also
check the resistance of R4129 (221M) and
R4109 (82011) for cycling off and on.

Diodes CR4160 and CR4161 have
been known to cause cycle off and on
symptoms in several RCA sets. Often, the
standby voltages should be somewhat
higher than the 12V and 5V sources. If
the +5V source is extremely low, check
C4160 (1500uF).

Poor connections at the terminals of the
sawtooth generator transistor (Q4103)
might cause cycling and shutdown prob-
lems. Replace diodes CR4100 and
CR4103 if they appear to be leaky and the
set pulses on and off. Check correspond-
ing bypass capacitors C4108 (0.0033uF)
and C4118 (0.001 uF) as well when the
symptom is intermittent operation or
cycling (Figure 5).

A defective CR4104 zener diode can
cause cycling problems in the 33V
source. This 33V source provides supply
voltage to the various components in the
error amp and sawtooth generator cir-
cuits. If the set pulses off and on, suspect

4.90

R3201$
100

IC3201

10.01

5V
E12 from

one-shot circuit
output

U3201
EEPROM

2K

III 7

72V

479V

) To
U1001 and

) U3101

RCA CTC 175 color TV
A RCA color TV with a CTC 175 chassis was brought in for

repair. The set was dead. There were no signs of start-up, or
clicking of degauss relay, etc. I checked the fuses, all of them
were operating properly. The +5V source was OK. I decided to
check the EEPROM, U3201, which plays an important part in
the operation of this TV set. Pin 8 had the 4.9V as shown on the
diagram. I checked pins 5 and 6. Both pins checked much lower
than what was needed, and there was no change when the power
was turned on and off or other buttons were pressed. After
replacing U3201 the TV would turn on with sound, raster, pre-
sent, but the horizontal frequency was way off. There are no
controls for adjusting horizontal frequency, vertical frequency,
etc. After examining the label inside of the back cover, I found
the information for reprogramming the EEPROM. I went
through the procedure and reset the horizontal frequency and
performed all of the other adjustments that were required. After
doing this, the TV was again up and operating.

LEADER
-

-.1) A i.41 ( \t". (H 1 al "1 1 1 1 1 I \'C

FREQUENCY COUNTERS from 5495w

 1.3 GHz & 550 MHz Models  Extended Low Frequency
Rance to C..1 Hz  Low -Go -High Preset Limits  High Speed
Reciprocal Countiig  Freq., Period, Totalize Relative & RPM

Fuictions  Comparator Mode Against Preset Reference
 .03 ppm & GPIB Options Available

See Your Distributor for Details - Model LF 827 Shown

1 -800-645-51 04 / N.... Icaderusa.com

LEADER
FOR PROFESSIONALS WHO KNOW

THE DIFFERENCE

380 aser Ave Haulpaule. Ni' '1788  Tel: (516) 231-6900  Fax (516)231-5295

Circle (77) On Reply Card For Product Information Only.
Circle (78) On Reply Card =or Product Information and Demonstration

September 1997 Electronic Servicing & Technology 45



F4001*
5A

R4001*
2.7

L4001 C4002 =r X CR4003* C4003-X CR4003*

120V AC 0 +165V

C4001 X CR4004* C4004 = T CR4002* IC4005
680µF
200V

R4002
NOTE:

* = CHECK.
2.7M

Figure 7. If a set has been hit by lightning, check the components that are connected to the power line and replace any components that have
been damaged.

higher than normal voltages in the vari-
ous low voltage power supply circuits.
Notice that all voltage measurements at
the terminals of transistors and compo-
nents in the regulator circuits should be
with reference to hot ground.

Service problems in the secondary
circuits

The horiz,ontal circuits must operate
before any voltages are produced in the
secondary windings of the flyback.
Check to see if resistor R4125 (3.9E2) is
open or has increased in resistance if the
set pulses off and on, then shuts down.
Inspect resistor R4172 (22E2) for open or
burned areas if the +9V regulator tran-
sistor (Q4107) has developed leakage. If
the screen is dark, or if there is no color
output voltage (194V), suspect that resis-
tor 84701 (10E2) is open (Figure 6).
Some technicians perform a quick in-cir-

Figure 8. Locate the silicon diodes. transistcr regulator and standby components to the left of
the flyback transformer.

CR3402

NOTE:
* = Check.

U3401*
IR AMP

2 4 5 8

7

2.6V

R3401
10

C3402
3.3pf

C3401 .
11.1FI

2V I3V 4V 5.2V

, R3402
133K 0.17V

(WITH LEAKY U3401)

0.8V

C3004 1 R3404
471.IF I 47

R3406
1.3K CR3401*

+11V

CO 03401
IR AMP

> To control
IC U3101

IC3406
I0.01 uF

Figure 9. Measure the voltage at pin 8 of the IC to determine if U3401 IR preamp or zener diode CR3001 in the remote control receiver circuits
are defective.
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cuit test of all transistors and diodes in
the secondary circuits of the set to locate
a defective component.

Another possible cause of intermittent
shutdown, is the on/off switch transistor
(Q4162) if it has become open or devel-
oped leakage. If transistor Q4162 has
become open, the voltage at its collector
will be much lower than the specified
voltage. This 9V source feeds the hori-
zontal sweep, video and sound output
circuits. Double check CR4165 and
CR4168 before installing a new regula-
tor transistor.

Lightning damage
Extensive damage can occur in the low -

voltage power supply circuits when light-
ning strikes the home or if the power line
is struck. Usually, only the fuse, isolation
resistor R4001 (2.752) and silicon diodes
are damaged when there is a surge or spike
on the power line. If lightning strikes, say,
a block away, the same components may
be damaged, or the fuse may be the only
thing that is damaged. If lightning strikes
the house, or the power line entering the
home, sometimes the whole TV set is
extensively damaged and must be con-
sidered a total loss.

You may have to replace F4001,
R4001, CR4001 and CR4004 in the low
voltage power supply before you can even
begin to determine how much damage has
been done (Figure 7). If you find that
some of the printed circuit traces on the
power supply circuit boards have been
damaged by overvoltage and overcurrent
to the set, check the power cord. It may
have been damaged enough that it must
be replaced. If the damage to circuit traces
does not seem to be excessive, use hookup
wire to replace any printed circuit traces
that have been destroyed.

If the raw power (+165V) across the fil-
ter capacitor C4007 (680uF) is within
specification, but the regulated +129V
supply to the horizontal output transistor
measures OV, suspect a damaged compo-
nent in the regulator circuits. Test tran-
sistors Q4104, Q4103, and Q4101 using
in -circuit tests.

Determine if a standby voltage is pre-
sent at the collector terminal of Q4161
and filter capacitor C4605 (220uF). If not,
suspect an open primary winding of
T460 I or damaged silicon rectifiers.
Quickly, test Q4161, Q4160, CR4161,

and CR4160 with in -circuit tests. Of
course, if you find that pc traces on print-
ed circuit boards in other circuits have
been damaged by the overvoltage/over-
current, consider the set a total loss.

Unusual symptom - no control
On one CTC166 set, the remote control

transmitter unit would not control the set.
When a remote control transmitter unit
from another set was substituted, it didn't
control the set either. I referred to the ser-
vice literature and inspected the set and
quickly located the remote receiver and
standby voltage power supply (Figure 8).

Voltage at the supply pin, pin 8, of the
IR preamp IC (U3401) measured very
low. The run voltage was traced back to
an +11V source from the +12V run regu-
lator transistor. Here the voltage was nor-
mal (+13V). I located filter capacitor
C1815 (1000uF) and measured the volt-
age there. This voltage was +10.9V.

Since I have found that the 5V zener
diode regulator (CR3401) had caused
remote control problems in the past, in
another set, I disconnected one end of this
diode and tested it. It was normal. The
diode showed no signs of overheating.
Resistor R3406 (1.3K) was found to be
running a little warm. The resistance to
common ground at pin 8 was lower than
the specified resistance. The conclusion
drawn was that the infrared preamp IC
(U4301) was leaky (Figure 9).

After disconnecting pin 8 from the pc
wiring, another voltage measurement was
made at the end of R3406. The voltage
increased to 5.1V, confirming that the pre -
amp IC had developed leakage. The IC.
U3401, was removed and replaced with
the manufacturer's exact replacement
part, number (195885). This corrected the
problem. The leaky IR IC had loaded
down the 11V source.

Conclusion
Shorted components, or components

that have developed leakage, that are in
circuits connected to the various voltage
sources, can cause low voltage or shut-
down. Notice when the set is energized
what section is dead, for only a few sec-
onds, that might be causing the set to shut-
down. Check that circuit for a possible
defective component. Look for leaky
transistors, ICs, diodes, and electrolytic
capacitors in the overloaded circuits. 
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What Do You Know About Electronics?

The "Toss it" syndrome
By J.A. Sam Wilson

Sam Wilson is currently busy with other
urgent projects, and was therefore unable
to prepare What Do You Know About
Electronics /Test Your Electroncis Know-
ledge for this issue. This is a reprise of
articles that appeared in a previous issue.

For years, the United States has been
gradually painted into a corner; and,
unless you start to do something about it,
you're going to have your outdoors pic-
nics on a mountain of garbage.

How many times have you heard state-
ments such as these?

"If it costs less than $100.00, it is cheap-
er to throw it away than it is to fix it."

"It's not worth fixing. You can get a
new one for about $60.00."

"Even if I wanted to fix it, I couldn't
get parts for it."

"I'll tell you what, I'll give you $5.00
for it on a trade in."

So, an AM/FM receiver goes to the
landfill because it needs a two -cent resis-
tor. A small black and white TV receiver
goes to the landfill because it needs a five -
cent capacitor. A clothes dryer goes to the
landfill because it has a broken wire. And
on and on and

Used electrical equipment is fighting
for space in a landfill already clogged
with "disposable" diapers, hamburger
wrappers and containers for household
cleaners that will last 500 years without
deteriorating in the least.

Wilson is the electronics theory consultant for ES&T.

In the next few years this country is
going to be hit with a problem that many
people are blissfully unaware of.
Landfills are going to start closing down
because there is no place to make new
landfills. There just isn't that much land
available. Add to that the NIMBY (not in
my backyard) attitude, and the problem is
very serious indeed.

If you are an electronics technician, ser-
vice center owner, manufacturer or con-
sumer, you are in a position to solve this
problem, as well as the new baby's mom
next door. If we're going to survive, we
are going to have to stop throwing stuff
away and start fixing things. Further-
more, you need to stop encouraging peo-
ple to throw things away. This is a prob-
lem that must be addressed.

Now think about this: when you throw
that AM/FM radio away, you are not only
hogging up the scenery and using up
rapidly diminishing landfill space, you
are also helping to use up one of our most
important reserves: energy. It takes ener-
gy to build a new radio. Furthermore, it
takes metals and chemicals. I know that
this is going to be a big surprise to many
people; but, we do not have an endless
supply of these materials.

Is anyone listening?
I remember when tantalum capacitors

first hit the market. There was some con-
cern about the fact that the tantalum might
cause a problem with the environment. A

brave parts supplier in my area made a
valiant effort to solve the problem. He put
a barrel in the corner of his showroom
with a sign asking technicians to throw
their discarded parts into the barrel when-
ever they came to buy parts. There was a
special emphasis on the tantalum capac-
itors, paper capacitors and transformers.

Within one week the barrel was half full
of cigarette and cigar stubs, and wrappers
from anything you could imagine.

Is that funny? Where do you suppose
all the parts that were supposed to be in
that recycling barrel went? How do you
recycle cigarette stubs?

Let's switch over to the way manufac-
turers are contributing to the landfill prob-
lem. My friend Frank, owner of a service
business in Arizona, once told me that the
greatest contribution I could make to the
consumer servicing industry was to solve
the parts problem. The shop owners
couldn't do it. The technicians couldn't
do it, and the manufacturers couldn't do
it. So I guessed I'd better jump in. But I
couldn't solve it either.

What does that have to do with the land-
fill problem? Here is a set that has been
waiting six weeks for a part. The customer
is irate. Solution: sell the customer a new
set. Give a good trade-in allowance. Then
send the old set to diaper heaven.

Some electronic equipment that should
be relatively easy to service is being sold
in sealed containers. They are not
repairable only because they are sealed

TRANSMITTER FEEDLINE
DUPLEXER

AND
CIRCULATOR

200W 4DB -4DB

ANTENNA

= 200W + 2DB

+10DB

Figure 1. A system consists of a transmitter that has a power output of 200W, a feedlinewith 4dB loss, a duplexer and circulator with 4dB loss,
and an antenna with 10dB gain. What will be the effective radiated power of this system?
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TRANSMITTER

120W

FEEDLINE

5DB

DL PLEXER
AND

CIRCULATOR

4DB

ANTENNA

= 200W 3DB

6DB

Figure 2. A transmission system consists of a transmitter that has a power output of 120W, a feedline with 5dB loss, a duplexer and circulator
with 4dB loss and an antenna with 6dB gain. What will be the effective radiated power of this transmission system?

and there is no service literature available.
More landfill fodder.

Some equipment is being made with
absolutely no servicing information
available; not even a schematic. If you
don't believe that, try to get a switching
regulator schematic for a certain popular
computer. That subassembly has been
deemed by the manufacturer as not
repairable. Now I am talking about prof-
it and landfill fodder.

Is there any way out of this mess? Some
companies make laundry products that
have been selling refills for their bottles.
That means that someone knows about
the problem besides us. Is there anything
you can suggest? Let me know. We're all
in this together.

FCC test problems about
radiated power

Let me introduce you to Phronsie
Dwitrong. When he graduated from high
school he took a job inspecting buggy
whip holders. He also dabbled in radio
service, so he started thinking about him-
self as an electronics technician. He even
read some stuff about it in a library book.

After four years he started to look
around for another job. An ad in the help
wanted section of the paper got his atten-
tion. They were looking to hire electron-
ics technicians.

When he applied, Phronsie was told he
would need a FCC license and he would
also do well to try for a CET rating.

The FCC publishes all of the questions
and answers for the GROL (General
Radio Operator License). So, Phronsie
borrowed a copy from his former high
school shop teacher and spent about two
hours looking through the pages. He was
sure he was ready, so he took the test. He
wasn't ready. Here is an example of a
question he couldn't answer.

"What is the effective radiated power
of a repeater with 200W transmitter
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power output, 4dB feedline loss, 4dB cir-
culator and duplexer loss, and 10dB
antenna gain."

Phronsie took a wild guess and missed
the answer by a mile.

The solution
(Note: in the FCC problems, the effec-

tive radiated power is referenced to a stan-
dard dipole antenna.)

It's too bad that Phronsie didn't sub-
scribe to ES&T. By reading this column
he would know how easy it is to solve that
kind of problem.

Every time the power is increased by
1dB, the power is multiplied by 1.259.

As shown in Figure 1, in the system
described in the problem there is an over-
all gain of:

-4dB + (-4dB) + 10dB = 2dB.
So the power will increase to:
(200 x 1.259) x 1.259 = 317W.
Just remember to multiply the power

by the factor 1.259 as many times as there
are 1dB increases.

All of the FCC problems involve a
value of power that is raised or lowered
by an even number of dB, so this simple
method can be used for every FCC prob-

lem that involves raising or lowering the
power by a number of dB.

When the value of dB is negative, it
means that there is a lower output power
compared to the input power. In this case,
every time the power is decreased by
1dB, the power is divided by 1.259. That
rule is demonstrated in the next problem
from the FCC pool of questions for
GROL examinations.

"What is the effective radiated power
of a repeater with 120W transmitter out-
put power, 5dB feedline loss, 4dB duplex-
er and circulator loss and 6dB antenna
gain? Refer to Figure 2.

Solution to the problem
The overall gain is -3dB. In other

words, there is a 3dB loss. Therefore, the
power is divided by 1.259 three times:

120W/1.259 = 95.3W
95.3W/1.259 = 75.7W
75.7W/1.259 = 60.6W
The FCC answer is 60W.
This should come as no surprise to

experienced technicians. It is a well-
known rule that reducing power by 3dB
cuts the power in half. Also, raising power
by 3dB doubles the power.

R756 Q709
To 220

U700
Pln 7

R761
680K

+12.3V

3.53V

C711
11.1F

50V

3.91V

ILO

C702
6.8 R758
50V 220 To

base of
Q703

R726 C704
12K 100

+23V

RCA CTC 101A color TV
A RCA color TV using a CTC 101A chassis was brought into the service center

for some repairs. The customer said that the picture was bad. I checked it and found
that there was very little video. I warmed up my oscilloscope and started tracing the
video signal. The video out of the U700 luminance processor was normal, pin 7 and
a 4V p -p video signal feeding the base of Q709 second video emitter follower, but
there was no video present on the emitter. I checked the Q709 in circuit and it checked
out allright. I then checked the voltages on Q709. The emitter voltage was near zero.
It should be 3.91V. I removed R726, a 12K 1/4W resistor to get a reliable check on
it. R726 was totally open. After replacing R726, normal operation of the TV was
restored. This was not a difficult problem to locate, but it proves how systematic
troubleshooting, the use of an oscilloscope, and the use of voltage and resistance
measurements can locate a defective component quickly and easily.

If you use the better value of 1.2589 in
the above calculations, you get 60.1, and
that is significantly closer to the actual
one-half power mark.

Using logarithms to solve the
first problem

If you are a technician who prefers the
solution from a more formal stance, here
is how it goes. The equation is:

dB = 10log(PA/PB)
If there is a dB gain, let PB be the start-

ing power and PA be the new (increased)
power. If there is a dB loss, let PA be the
initial value of power and PB be the new
reduced power.

In the first problem discussed earlier,
there is a dB gain, so PB is the starting
power (200W) and PA is the new power.

Then:
2dB - 10log(PA/PB)

Divide both sides of the equation by 10:
0.2 = log(PA/200)

Take the antilog (log-') of both sides of
the equation:

log -1(0.2) = log-I[log(PA/200)]
1.584893192 = PA/200

PA = 1.584893192 x 200 = 316.97.
Rounded off the three places that

becomes 317W.

Using logs to solve the
second problem

In the second problem, there is a 3dB
loss. So PA is the starting power (120W)
and PB is the new power.

3dB = 10log(120/PB)

Divide both sides by 10
0.3 = log(120/PB)

Take the antilog of both sides
1.995 = 120/PB

Rearrange to get PB alone on one side
of the equation.

PB = 120/1.995 = 60 (approximately)

The truth is that decreasing a power by
3dB does not exactly divide the power by
2. Likewise, increasing the power by 3dB
does not exactly double the power. Those
rules give a good approximation and they
are used by the FCC to get answers to
their problems.
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BOOKS

Linear Integrated Circuits, By Joe
Carr, Newnes, 352 pages, paperback
$37.95

The linear IC market is large and grow-
ing as is the demand for well trained tech-
nicians and engineers who understand
how these devices work and how to apply
them. Linear Integrated Circuits pro-
vides in-depth coverage of the devices
and their operation, but not at the expense
of practical applications in which linear
devices figure prominently. This book
will attract a wide readership from FE and
first degree students, to electronics hob-
byists and professionals.

Chapter 1 offers a general introduction
that will provide students with the foun-
dations of linear IC technology. From
chapter 2 onwards there is thorough cov-
erage of the operational amplifier - per-
haps the most common of all linear IC
devices. The book continues to develop
the theme of op -amps over several chap-
ters and then switches to non -op -amp
forms. Finally, because microwave linear
IC devices (MMIC chips) are becoming
increasingly important, a chapter is

devoted to high -frequency devices VHF
and up). All of this is clearly presented
with useful examples.

The book contains an Introduction to
linear integrated circuit devices; The IC
operational amplifier; Inverting and non -
inverting operational amplifier configura-
tions; Dealing with practical operational
amplifiers; Instrumentation amplifiers;
Isolation amplifiers; Non -operational IC
linear amplifiers; High frequency, VHF,
UHF and microwave linear IC devices; IC
waveform generators and waveshaping
circuits; DC power supplies for linear IC
circuits; and the Index.

Newnes, 313 Washington Street. Newton. MA 02158-1626

Newnes Digital Logic IC Pocket Book,
By RM Marston, Newnes, 256 pages,
hardcover $24.95

This reference guide to modern `74' -
series and `4000' -series digital ICs pre-
sents 620 useful and carefully selected
circuits, diagrams, graphs and tables, sup-
ported by informative test and captions.
Detailed descriptions of and practical
applications information on more than
185 TTL and CMOS ICs are provided.

This wealth of information is clearly
and logically arranged so that specific
information can be quickly and easily
located. Fifteen chapters cover from IC
basics and TTL and CMOS principles, to
the practical circuitry of logic ICs, wave-
form generators and multiplexers. While
aimed at practical design engineering and
technicians, this pocket book will also be
of use to amateurs and students of elec-
tronics. The subject is dealt with in a read-
able and essentially non -mathematical
manner, with the emphasis on practical
`user' information and circuitry.

Newnes. 313 Washington Street, Newton, MA 02158-1626

Understand Electronic Filters, By
Owen Bishop, Newnes, 180 pages,
paperback $24.95

This book covers a field of electronics
which is very mathematical and presents
difficulties to electronics students at all
levels. It aims to provide the reader with
enough math to really understand what
electronic fillers are, how they work and
how to use them. The book assumes a
knowledge of mathematics at about
GCSE level, and a minimum of electrical
and electronic theory.

It proceeds by easy stages to describe
the structure. action and uses of filters,
introducing and explaining the necessary
additional math at each stage. The dis-
cussion is backed up by descriptions of
practical working filters of all types. All
the filter circuits contained within the
book are simulated on computer, and this
provides a wealth of computer -generated

diagrams and accurate graphs, many in 3-
D, to illustrate the text. To ensure the read-
er is confident with what they learn, short
sets of questions are included periodical-
ly throughout the text under the heading
"Keeping Up?". At the end of each chap-
ter there is a more demanding set of "Test
Yourself' questions, designed to rein-
force the understanding acquired by read-
ing each chapter. Answers are given at the
end of the book.

Newnes. 313 Washington Street, Newton. MA 02158-1626

Introduction to Fiber Optics; A
straightforward guide, By John Crisp,
Newnes, 240 pages, paperback $28.95

This book provides a thoroughly read-
able introduction to fiber optics, assum-
ing the reader has no previous knowledge
of the subject, nor technical or mathe-
matical background. It is suitable for
engineers, technicians, students, hobby-
ists and installers, and covers the full
range of fiber types.

The books contents include: Intro-
duction; The physics of light refraction
and reflection; Propagation of light along
the fiber; Decibels; Some losses on an
optic fiber; Real cables; principles and
problems in joining optic fibers; Fusion
splicing; Mechanical splices; Con-
nectors; Couplers; Light sources and
detectors; Testing systems; Designing
systems; Introduction to transmission
systems: Next steps; Glossary; Answers
to problems and the Index.

Newnes. 313 Washington Street. Newton. MA 02158-1626

ES&T READER SURVEY
It's a mini survey

about you.
Bound into :his issue is the ES&T Reader

Survey card.

We would like to hear about the problems
you face, the opportunities you see and the
equipment you use during the course of your
work day.

The postage is paid. All you have to do is
fill it out and mail it.

What could be easier?

Please fill yours out
and mail it today.
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Test equipment, tools and .1,1)1) I ies
catalog update

A 64 -page update from Contact East
comes with hundreds of new test instru-
ments and tools for engineers, managers,
technicians, and hobbyists. Featured are
quality products from brand -name man-
ufacturers for testing, repairing, and
assembling electronic equipment.

New product highlights include:
DMMs and accessories, oscilloscopes,
scopemeters, soldering tools, clamp
meters, custom and "create -your -own"
tool kits, power supplies, milliammeters,
and graphical multimeters. Also includ-
ed are communication test equipment,
datacom tools and testers, adhesives.
measuring tools, precision hand tools.
soldering/desoldering systems, static
protection, ozone -safe cleaners, magni-
fiers, inspection equipment, tool cases,
workbenches and chairs, and more.

Circle (24) on Reply Card

Relay and accessory guide
Philips ECG products has introduced a

new, easier to use, version of their popu-
lar Relay and Accessory Guide. The 8th
Edition Guide has expanded to 772 types
and includes over 60,000 industry part
numbers covering 218 brand names.

The guide now contains 98 individual
series of parts including: electromechan-
ical, solid state, reed type, PC mountable,
high current, latching, and more.

The following new series are added for
the first time: photoelectric sensors, sur-

face mount relays, phase monitoring
relays, alternating relays.

Also included are the company's lines
of: proximity switches, circuit breakers,
time delay relays, I/O modules, cube
timers, and contactors.

The cross-reference section is available
on 3.5" HD diskette for Windows or DOS.
The relay Insta-Cross Program quickly
identifies the correct ECG relay for any
listed industry part number.

Circle (25) on Reply Card

Test instrument catalog
A series of newly developed test instru-

ments, including RF generators, ac mill-
livoltmeters, portable power supplies,
digital multimeters and analog meters are
among the products featured in the latest
HC Protek, Inc. catalog.

This 52 -page publication details more

Test Instruments
Rcnch. I icld. R sa Arch hr School

than 75 instruments and incorporates
quick reference guides for selecting dig-
ital and analog products, including digi-
tal storage scopes, portable and bench
type scopes, state-of-the-art DMMs and
other instruments.

The catalog also provides comprehen-
sive specifications data for all products
along with cross-reference indexing for
easy identification.

Circle (26) on Reply Card

Online product selection and
ordering system

Jameco Electronics has made available
its offering of more than 5,000 electron-
ic components and computer products for
purchase via the World Wide Web at
www.jameco.com.

The new electronic catalog allows
Internet users to quickly search for a part
by number or keyword. Customers can
then add the item to a virtual shopping
cart and continue adding products or
place their order securely using purchase
order, credit card or C.O.D. payment.

Realizing the customer's need for
speed and ease of use, the electronic cat-
alog was optimized for quick downloads.
Product listings include only a textual
description and current pricing for fast
downloading. State-of-the-art equip-
ment, high-speed connectivity and pow-
erful databases provide for fast searches
and reliable data transmission

The web site also offers special pro-
motions, an automated catalog request
form, technical support, company infor-
mation, an e-mail directory and links to
product manufacturer web sites. A link to
the company's FTP site on the technical
support page provides access to drivers,
device lists, utilities and hundreds of
pages of data sheets and manuals.

Circle (27) on Reply Card

25th anniversary catalog
Elenco Electronics introduces the 25th

anniversary issue of their full -line 48 -
page color catalog.

Featured are trainers, tool kits, tools,
educational kits, solder kits, oscillo-
scopes, power supplies, counters, gener-
ators, breadboard aids, multimeters, etc.

Circle (28) on Reply Card
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Now There's
To Help
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Book
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PUBLICATIONS
Computer Monitors

Howard W. Sams & Company
Computer Monitor Troubleshooting & Repair

This book can save you the money and hassle of
computer monitor repair by showing you how to fix it yourself.

4"°' There is an ever increasing number of computer sys-
Howard W. Sams & Company tems in homes, offices, and schools. An integral
Computer

Troubleshooting

!..
,.

1r,

Monitor
and

95

r

Repair

part
of that system is the computer monitor. Its job is to
process electronic signals and present them to the user
in an intelligible way. When a computer monitor fails
at this task, it is up to a technician to find out what is
wrong and repair the problem. In light of this, the
demand for computer monitor repair information has
exploded, and manufacturers' service data is nearly
impossible to find.

Computer Monitor Troubleshooting and Repair makes
it easier for any technician, hobbyist, or computer
owner to successfully repair dysfunctional monitors.
Learn the basics of computer monitors with chapters
on tools and test equipment, monitor types, special

29 'PROMP c 'ESPOSITO$ . _ ., KEAN ;ARABEDIAN
safety procedures, how to find a problem and how to
repair faults in the CRT.

rt.
,c. 1 Fr r.1/ r..._r r I FT 1---7:...;:'

Call Today For More Information and
Receive a FREE 1997 Annual Index.

Howard Sams' Annual Index is your complete guide to
PHOTOFACT service data, VCRfacts, manufacturers' data,
PROMPT Publications, Butterworth -Heinemann books, Macmillan
Computer Publishing, and UCANDO educational videos.

1-800-428-7267
Circle (119) on Reply Card
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Laser printer tester
A microprocessor -controlled laser

tester, LaserTest SX30 from Laser
Wizard provides the service technician
with a variety of features needed to trou-
bleshoot laser printers. The technician
can now disconnect the laser printer from
the computer, remove all the covers, the
toner cartridge, paper trays, have the top
open, even remove the system board and
still be able to operate the printer. This
permits the technician to look for
mechanical problems during printing,
pinpoint board failures and power supply
problems as well as distinguish between
toner cartridge or printer problems. The
tester utilizes the power of the printer it
is testing to operate. LaserTest is designed
to operate on all laser printers that utilize
the Canon SX engine.

The tester was also designed to be
expandable. By use of add-on modules
like the NX60 a variety of laser printers
can be serviced. The NX60 piggybacks
onto the LaserTest SX30 host unit and can
test all Canon NX engine -based laser
printers. The connection can be made in
a few simple steps.

Circle (30) on Reply Card

"Mini -Stick" meters
Wavetek introduces an innovation in

hand-held meter design with the ST75
and the TM45. Traditional handheld

DMMs require the user to perform the
cumbersome and awkward tasks of set-
ting down the meter and concentrating on
holding and placement of test leads, all
while trying to read the meter's display.
These meters allow the operator to safe-
ly read the meter's display while test leads
are in contact - using two hands and with-
out having to set down the meter.

For added convenience, the small thin
style of the meters allows for better fit in
tool belts and less space in tool boxes.
They are convenient in applications such
as tight spaces, quick trace on wiring pan-
els and circuits, blower and motor circuit
troubleshooting, etc..

The ST75 measures dc and ac voltage
to 600V and resistance to 325-2. Key mea-
uring features include digital and analog

bargraph display, high resolution of 3200
count, autoranging, data hold, quick con-
tinuity checking and diode testing.

The TM45 is a digital thermometer
with a range up to 2000°F/1300°C.
Features include switchable °F/°C, Type
K thermocouple compatible, data and
max display hold and selectable 0.1°F/°C
temperature resolution.

Circle (31) on Reply Card

Microphones
A new series of electret condenser

microphones, designed for a wide range
of applications including the latest mul-

timedia and voice modems, is now avail-
able from the Intervox Division of
International Components Corporation.

The new series includes omnidirec-
tional, unidirectional, and noise cancel-
ing types, in pin or pad configurations.
Dimensions range in size from as little as
6.0mm diameter by 3.0mm high to
9.7mm diameter by 10.0mm high.

Frequency range is wide: 20Hz to
16000Hz for omnidirectional types,
100Hz to 16000Hz for unidirectional and
noise canceling types. Tolerance is ±3dB
for omnidirectional types, and ±4dB for
unidirectional and noise canceling types.
Signal to noise ratio is >35dB, >38dB, or
>40dB. Standard operating voltages
include 1.5, 2.0, 3.0, or 4.5V.

Circle (32) on Reply Card

Function generator
Developed to satisfy the needs of gen-

eral purpose experimentation both for
R&D labs and the technical education
market, the LG 1301 function generator
from Leader Instruments.

The LG 1301 provides versatile con-
trol over waveshape, output level and dc
offset. Wide frequency range and modu-
lation capabilities as well as linear and log
sweep complete this instrument.

Frequency range covers 0.002Hz to
2MHz while the output can be set for sine,
square, triangle, pulse and ramp with con-
trol over symmetry where applicable. The
basic oscillator is voltage controlled, per-
mitting both internal and external control
of frequency. Rear panel jacks output the
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generator control voltage (GCV) and
accept external control voltage (VGC).
The unit provides a 505I output with 0dB
to 70dB attenuators and dc offset control.
A fused output provides protection
against overload.

Circle (33) on Reply Card

Handheld DMM
B&K Precision's Model 5390 high

accuracy, high resolution handheld DMM
offers 0.025% dcV basic accuracy.

The meter measures the true rms val-
ues of complex signals via ac or (ac + dc)
coupling at frequencies to 100kHz, and is
autoranging on all functions including
capacitance and dB. Other features
include min/max/avg, resistive power
measurement, a 34 -segment bar graph,
frequency counting to 500kHz, and
extensive pule measurement capability.

Calibration is performed via a serial
interface without opening the unit, and
optional Lab Windows software. The cal-
ibration parameters, including full ISO
9000 documentation, can be output to a
PC or printer.

Circle (34) on Reply Card

Desoldering braid dispenser
A hand-held desoldering braid dis-

penser that lets users dispense, position,
and cut off braid using one hand, while

holding a soldering iron in the other, is
available from Xuron Corp.

The Wickgun Desoldering Braid
Dispenser eliminates the handling of
braid, burned fingers, and manual curing,
and speeds desoldering operations by
three to five times and cuts braid waste
by up to 50%, claims the firm.

Featuring replaceable cassettes, pre -
loaded with 15 ft. of pure copper braid,
impregnated with water clean flux, the
dispenser advances/retracts braid using a
thumbwheel. Squeezing the trigger cuts
off used braid.

Circle (35) on Reply Card

Multimeter with adjustable display
Extech's new multimeter with

adjustable display measures dcV to
1000V with an accuracy of ±0.5%, acV
to 750V, ac and dc current, resistance,
capacitance, and temperature in selec-
table F or C. Readings appear in a large
0.98" (25mm), 3-1/2 digit, LCD display.
Features include diode and transistor

tests, audible continuity, color coded
input terminals, and auto power off.
Complete with test leads, temperature
probe, rugged heavy duty drop proof case,
and 9V battery.

Circle (36) on Reply Card

Digital CC/CV triple -output
dc supply

The Global Specialties new triple out-
put CC/CV dc power supply offers 3 out-
puts, 2 each of OVdc to 32Vdc at 2A and
1 output variable from 4.5Vdc to 5.5Vdc
at 5A. Each of the two OVdc to 32Vdc at
OA to 2A outputs offer adjustment con-
trols for voltage and current, series and
parallel operation, allowing the operator
the option of two additional outputs OVdc
to 64Vdc at 2A for OVdc to 32Vdc at OA

to 4A. Additional features include a float-
ing ground feature that allows for outputs
of either full negative or positive output
potential from the two outputs separate-
ly, constant curent/voltage mode LED
indicators, easy -to -read eye -pleasing
green digital LEDs, voltage and current
indicators in the digital viewing area, and
heavy-duty transformers with isolated
design and short circuit protection.

Applications for the supply include
experimental set-ups, circuit design and
development, production line testing and
repair, battery charging, incoming, elec-
tronic inspection and vocational -techni-
cal schools and universities.

Circle (37) on Reply Card

Hand-held frequency counters
Elenco Electronics introduces two new

hand-held frequency counters, Models F-
2800 and F-2850.

Both counters offer wide input ranges.
The F-2800 displays frequencies from
1MHz to 2.8GHz and the F-2850 range is
10MHz to 2.8GHz.
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EMT Calendar
Internationale Funkausstellung/
USA Pavillion
August 30 -September 7, 1997
Berlin, Germany
540-372-1414

PSC 97 (Pers. Communications
Industry Association)
September 10-12, 1997
Dallas, TX
703-739-0300

CTIA Breakaway '97
September 18-20, 1997
San Diego, CA
702-268-1818 ext. 310

CES Mexico
October 8-10, 1997
Mexico City Mexico
Sponsored by EIA/CEMA
703-907-7620

ASEA (AZ) Annual State
Convention
October 10-12, 1997
Casa Grande, AZ
602-937-3241
e-mail: Lunncet@aol.com

NASM 42nd Educational Congress
October 12-16, 1997
Dallas, TX
847-310-9930

NY State Forum & Expo
October 14-15, 1997
Plainview, NY
516-221-6403

Networks Expo Dallas/Windows
World
October 29-31, 1997
Dallas, TX
201-346-1400, ext. 145

TeleCon XVII (ABC/Applied
Business teleCommunications)
November 5-7, 1997
510-606-5150

'98 International Consumer
Electronics Show
January 8-11, 1998
Las Vegas, NV
703-907-7600

The Consumer Electronics Future
January 12-14, 1998
Las Vegas, NV
703-907-7660

Home Automation Show &
Conference
February 25-27, 1998
Orlando, FL
203-840-5482

NESDA 48th/ISCET 28th/NIAS 6th
Annual
August 10-15, 1998
Kissimmee, FL
817-921-9061

PCS 98
September 23-25, 1998
Orlando, FL
703-739-0300

Personal Computer & Electronics
Expo
October 15-18, 1998
Uniondale, NY
800-886-8000
516-889-6000

PCS 99
September 22-24, 1999
New Orleans, LA
703-739-0300

Each unit has a 250MHz direct count
range for high resolution. The F-2850
also reads period and has auto triggering.
Both units have data hold and 16 -segment
signal strength bargraph.

Circle (38) on Reply Card

Software for oscilloscope products
Fluke has introduced a new Windows

software package that extends the docu-
menting capabilities of its popular line of
ScopeMeter test tools. The new
Fluke View (version 2.0) for ScopeMeter
software supports both the ScopeMeter
90 Series and the new industrial
ScopeMeter 123 test tools.

Designed to run on Windows 3.1 and
Windows 95, the software offers all the
capabilities and ease of use of previous
software, while adding the ability to read
both graphical and numerical data simul-
taneously from the test tool's display.
Utilizing a new proprietary format, the
software can save multiple screens, wave-
form data, and logged readings in a sin-
gle data file.

This software also enables users to
export graphical images as separate files
in .BMP and .PCX formats and to add
descriptions to the images to help identi-
fy data in the future. In addition, numer-
ical waveform and logging data can be
saved separately using ASCII format files
(.CSV and .TXT), making it easy to
import information into standard com-
puter spreadsheet programs.

Circle (39) on Reply Card

Duster
CRC Industries announces CRC Duster.

The cleaner is formulated to remove con-
taminants such as dirt, dust and lint from
electrical and electronic equipment, with-
out damaging sensitive components or
surface finishes.

According to the company, spraying the
product in the direction of undesirable
surface contaminants will effectively
clean the area.

The product cleans with the powerful
propellant blast that evaporates instantly,
there is no need for wiping or dusting.

The product is non-abrasive, non-flam-
mable and plastic -safe.

Circle (40) on Reply Card
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EWS (from page 5)

to dealers, a healthy 14 percent improve-
ment over January -April 1996.

Despite impressive gains by the sys-
tems category, factory sales of all con-
sumer audio products slipped six percent
in April. The dollar volume of manufac-
turers' sales to dealers totaled $503 mil-
lion in April, down from $536 million
posted during the same month last year.
On a year-to-date basis, the audio equip-
ment sector reported $2.08 million in fac-
tory sales, a three percent dip relative to
the same period for 1996.

Components continued to show the
most slippage, dropping 17 percent in
April with sales of $103 million.
Surround sound speaker packages, which
rose five percent for the month, were the
only subcategory to enjoy an increase. On
a year-to-date basis, component sales
now stand at $451 million, 16 percent
below last year's pace.

In aftermarket autosound, April sales to
dealers had a combined value of $157 mil-
lion, down 11 percent from $175 million
during April 1996. For the first four
months, sales of in -dash CD players
jumped 24 percent but were unable to lift
the overall category into positive territo-
ry. April sales declined 11 percent to $157
million, and on a cumulative basis auto -
sound sales now stand at $620 million.

As for portable audio, sales dipped
fractionally in April to $132 million, and
for the first four months are running seven
percent below their 1996 pace. Within
this category, however, home radios grew
11 percent, radio/tape boomboxes nearly
20 percent and CD boomboxes - the
largest portable category in terms of dol-
lar volume - by one percentage point.

CEMA and SBCA announce satellite
education partnership at

'98 Winter CES
The Consumer Electronics Manu-

facturers Association (CEMA) and the
Satellite Broadcasting and Communi-
cations Association (SBCA) announced
that they have agreed to jointly sponsor
the satellite education and conference
programming at the 1998 International
Winter Consumer Electronics Show®

(WCES). Under an agreement announced
today by the two organizations, SBCA
will be responsible for coordinating and
developing the content for the sessions
held at the WCES January 8-11, 1998, in
Las Vegas, Nevada.

"The joining of these two organizations
represents a turning point in the satellite
industry efforts to broaden its impact on
the consumer marketplace," said Gary
Shapiro, CEMA's president. "We respect
the SBCA and our pooling of resources
will strengthen our mutual interest in pro-
viding dealers with the best possible
information. SBCA's sponsorship in-
stantly enhances the depth and value of
the satellite conference program at the
Winter CES. These sessions will provide
manufacturers, retailers and press an
opportunity to learn about the latest
developments the industry has to offer."

SBCA will be responsible for selecting
and coordinating moderators and pan-
elists for 12 marketing and business ses-
sions targeted to the satellite retailer. Each
session will be 90 minutes in duration and
in the Las Vegas Convention Center.

"This partnership will be a cost-effec-
tive educational forum for attendees and
exhibitors," exclaimed Charles Hewitt,
SBCA's president. "It is another way to
provide opportunities for our mutual con-
stituencies and our members. Winter CES
is the most recognized trade show in the
consumer electronics industry and will
naturally complement our National Show
in Nashville. We're confident this part-
nership will help grow our members' busi-
nesses as they continue to identify new
ways to communicate with one another."

CEMA is a sector of the Electronic
Industries Association (EIA), the 73 -
year -old Arlington, Virginia -based trade
association representing all facets of elec-
tronics manufacturing. CEMA represents
U.S. manufacturers of audio, video,
accessories, mobile electronics, commu-
nication equipment information products
and multimedia products. The SBCA is
the national trade organization represent-
ing all segments of the home satellite tele-
vision industry. It is committed to expand-
ing the utilization of satellite technology

for the broadcast delivery of entertain-
ment, news, information, and education
programming. SBCA is composed of
satellite manufacturers, retailers, distribu-
tors, DBS companies, mass merchandis-
ers, encryption vendors and programmers.

9th Annual Digital Engineering
Conference set for Las Vegas in 1998

The Digital Audio & Video Workshop,
produced annually by the Consumer
Electronics Manufacturers Association
(CEMA) and co -sponsored by the IEEE
Consumer Electronics Society, has a new
name and location.

First produced in 1988, the Workshop is
now renamed the Digital Engineering
Conference - the Consumer Electronics
Future, and will be held in conjunction
with the International Winter Consumer
Electronics Show® (CES®) in Las Vegas,
NV. For 1998, the Conference moves to
January 12-14 at the Las Vegas Hilton.

Geared toward engineers and product
development managers, attendees will
gain powerful technical insight on
trends, changes and advancements in
digital audio, video, computer and
access technologies, plus be able to
enhance professional contacts and cross
engineering disciplines.

The Conference opens with a discus-
sion of digital television (DTV) and dig-
ital versatile disc (DVD) in a session
chaired by David Naranjo of Panasonic
and Mike Isnardi of Sarnoff Research
Center. Designs must progress for all dig-
ital receivers while consumer standards
for parts of the DTV product such as chan-
nel numbering are still being developed.

Attendees will hear a panel of experts
give their opinions on "The DTV
Challenge", as moderated by Electronic
Engineering Times consumer electronics
journalist Junko Yoshida.

Following the DTV and DVD discus-
sions. IEEE Spectrum Magazine will lead
a future -oriented discussion on the trends
that are emerging from the changing
nature of consumer electronics. New
challenges abound such as copy manage-
ment, high speed residential networks,
increased capabilities of the Internet
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Test Your Electronics
Knowledge
Answers to the quiz (from page 13)

1. The output power is approximately
twice the input power, or 10.4W. (See
WDYKAE? in this issue.)

2. The output power is approximately
one-half the input power, or 4.9W. (See
WDYKAE? in this issue.)

3. 13.9. If you tried to calculate the
gain using the equation:

dB = 20log(V2/V1),
you got the wrong answer. That equa-

tion only works if the input and output
impedances are the same. Calculate the
input and output powers using:

P=V2/R.
Then use the equation:
dB=10log(P2/131).

4. It is used for measuring RPM (rev-
olutions per minute).

5. Voltage controlled oscillator.

6. See Figure 3. Note that horizontal
and vertical lines are drawn against the
curve. The number of times the curve
touches the vertical line divided by the
number of times it touches the horizon-
tal line is equal to the horizontal fre-
quency divided by the vertical frequen-
cy. In this case 3:2 = 4501v Therefore,
fv=(450 x 2)/3 = 300Hz.

7. la. It is calculated the same way as
four 4S2 resistors in parallel.

0

Figure 3. To solve TYEK question number
six, draw horizontal and vertical lines against
the curve as shown here. The number of
times the curve touches the vertical line divid-
ed by the number of times it touches the hor-
izontal line is equal to the horizontal fre-
quency divided by the vertical frequency. In
this case 3:2 = 450:fV. Therefore, fV = (450
x 2)/3 - 300Hz.

8. The correct answer is A. Partition
noise occurs when a few of the charge
carriers go (randomly) to the signal input
electrode rather than the output elec-
trode. That cannot happen in a MOSFET
because the gate is insulated from the
channel.

9. The answer is A. Gain and band-
width are tradeoffs in an amplifier.

10. The answer is B. The voltage on
the drain can be over 600V with respect
to the source.

vvi

along with higher bandwidth. This ses-
sion will focus on what's next in con-
sumer electronics.

On January 13th, Steve Church of Telos
Systems chairs a discussion regarding
digital audio on the Internet. Industry
experts will overview the technology
today and where it is heading, and will
describe systems used for netcasting
along with the limitations of the Internet.
Issues to be discussed include: bandwidth
and compression challenges, TCP/IP pro-
tocol, RTP and RSVP protocols, netcast-
ing, compression technologies, encoding
systems, software coders, real-time
coders, servers and client software. The
latest in bit rate reduction compression
(MPEG and others) will be considered in
the context of applications such as digi-
tal radio and television broadcasting,
computer audio and music distribution.

That afternoon John Mailhot of Lucent
Technologies and Jeff Hamilton, former-
ly of General Instruments, will look at
advances in provider technology. More
than ever a good understanding of the
providers' systems is needed by the man-
ufacturers in order to offer consumers
competitive products that will best opti-
mize the data that is offered. Find out
which services are commercially avail-
able, are being field tested and are in the
prototype lab.

On the last day of the Conference,
Galina Neumeier of Iterated Systems
tackles the issue of computer conver-
gence with digital audio and video.
Recent product introductions such as the
RCA/Compaq PC Theater and Web TV
herald the long predicted convergence of
computers with other consumer electron-
ics. Although television receivers have
incorporated DSP and computing capa-
bility for many years, these new products
are the first in which both the computer
and the TV function are readily available
to the user either separately or in combi-
nation to form an entirely new device.

This session will focus on the new
directions for such products, including
presentations on interfaces, the relevance
of standards and the impact of these kinds
of products on new digital services.
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Component Identifier and Source Book
by Victor Meeldilk
This book was Written to assist technicians to
identity components from prefixes and logos,
as well as find sources for variout types of
microcitcuits and other Components.
Order tt 61088 S24.95

Semiconductor Cross Reference Book, 4/E
by Howard W. Sams & Company
This newly revised and updated reference
book is the most comprehensive guide to
replacement data available. With more than
490.000 part numbers listed, technicians will
have no problem locating the replacement or
substitution information they need.
Order tt 61080 S24.95

ES&T Presents TV Troubleshooting & Repair
by ES&T Magazine

This book presents information that will make
it possible for technicians and electronics hob-
byists to service TVs faster, more efficiently,
and more economically.
Order It 61086 ' S18.95

ES&T Presents Computer Troubleshooting &
Repair
by ES&T Magazine

Gonputer Troubleshooting & Repair features
information on repairing Macintosh computers,
mo iitors,hard drives and much more.
Orcer tt 61087 S18.95

The Howard W. Sams Troubleshooting &
Repair Guide to TV -

by -Inward W. Sams & Company
This book is the most complete and up-to-date
television repair book available. With timesav-
ing features that even the pros don't <now and
extnsive coverage of common TV symptoms.
Orc er tt 61077 529.95

Internet Guide to the Electronics Irdustry
by John Adams
Whether it's programs that calculate 3hm's
Law or a schematic of a satellite system, elec-
tro nos hobbyists and technicians can find a
wealth of knowledge and information on the
Internet.

Order e 61092 S16.95

Optoelectromics, Vo erne #1
by, Vaughn D. Martin

This book is :he first in a Ihree-part.series cn
optoelectronics. It is :he rtroductcry set -

teaching text and lac udes descriptor s of
basic concerts, photirnetecs, and op -ice.
Order. tt 610E1 ....  .... .E2395

IC Cross Re-erence Boob, 2/E
by Howard V. Sams Company

The engineeling stat of Sims assionlimf tie
IC Cross Reference Book b help readers fill
replacement or subantutons for mole this
35,000 ICs aid modiles.
Order it 610% .. ..........51995

The Complete RFTechncian's Handbeoli
by Cotter W. Sayre
This book will furnise the working techricinn
or student with a sold grounding in tie latest
methods and circuits emrloyedin tocays F F
commurhcat ons gea
Order'# 61015'.... ..........:c495

PC Hardwale Projects, Volume 1
by James Babarello
Using commnly available components and
standard col structiOn techniques, this Look
will guide renders through the mnstrucion of
a logic analyzei and 4 multipath contintity
tester.

Order e 61104 ;24.95

Modern Dictionary of Electror ics, 6/1
by Rudolf F. ;rat
This book ts a classic, comprehensive refer-
ence book fcr engineers, technicians, students,
and hobby's s.
Order St 67042 349.95

Understanding & Servicing CB Players
by1(en Clerrents
Written specifically with service technicians
and engineers in mind, this boo< is designed
as a bench -aide compinion anc guide o the
principles involved in repairing and odic sting
CD players.

Order # 670i7 349.95

YES! I want to learn fr DM the experts. Rush me my book(s) r ght away!
Please add $4 shipping & hcnching. FREE shipping & handling for orders $5C and ove
Please make your check or mo-tey order payable to: Electronic Servicing & Tect no Dgy

To Order Call
1-800-853-9797

Order. Description Pri:e Total Price

SItIppingAlandling
Now York Realdents add applicaol sales tax Total

Name

Address

City Sate Zip

MC/VISA/AMEX/Discover # Expires
Form of payment: 0 MC CI VISA 0 AMEX 0 Discover 0 Check  Money 0 -de

Please mall your orders to: Electronic Servicing & Technology 76 North Broadway, Hicksville, New York 115)1-9662 FAX 516-681-2926



-IN --CLASSIFIED /OP

Classified advertising is available by the word or per column inch.
By -the word. $1.65 per word, per insertion, pre -paid Minimum charge is $35 per insertion. Initials and abb'eviations count as full words. Indicate free category heading
(For Sale, Business Opportunities, Miscellaneous. Wanted). Blind ads (replies sent to ES&T for forwarding) are $40 additional. No agency discounts are allowed for clas-
sified advertising by the word. Contact Kirstie Wickham at 516-681-2922 to place your classified ad (by -the -word). Mastercard, VISA, American Express and Discover
are accepted for FAX or mail orders.
Per column Inch (classified Display): $235 per column inch. per insertion, with frequency discounts available, 1" minimum, billed at 1/4" increments after that 10" max-
imum per ad. Blind ads are $40 addition. Reader Service Number $25 additional to cover processing and handling costs. (Free to 4 -inch or larger ads.) For more infor-
mation regarding classified display advertising please call 516-681-2922. Optional color (determined by magazine) $150 additional per insertion.

Send your order, materials and payments to:
Electronic Servicing & Technology, 76 N. Broadway, Hicksville, N.Y. 11801 Attn: Classified Department Ph: 516-681-2922 FAX: 516-681-2926

FOR SALE

Over 20.000 excellent service tips from KD T -V, Nesda, ETA. and other
Professional Servicers. All brands -All types (TV, VCR, Monitor,
Microwave, Camcorder, Audio. Misc.). Diskette or e-mail file $49.95.
KDTV 514 3rd St. Aurora, IN 47001. 812-926-4321. All c/cards.
kdtv@seidata.com. Finest ORIGINAL data! - Demo disk $10. Applies
toward purchase.

» more than "20,000 *** TECHNICAL REPAIRS*" FREE DEMO-
REPAIRS for TVs, VCRs, Projection TVs, CAMCORDERs, CD Players,
Audio on computer disks - The TECHNICAL TIP REPAIR Program.
Easy look -up by Model/Chassis number. PROFESSIONAL BOARD
LEVEL & COMPONENT LEVEL REPAIRS. ADD your own tech tips.
PRINT tips. BACKUP & save Your Tips. Have your own tips? Ask about
our TIP EXCHANGE policy with *** FREE Updates -. For IBM com-
patible computers with a hard drive and some Apple Macs. Only $150.00

FREE SHIPPING ". NEW VERSION works in DOS, WINDOWS 3.1 &
WINDOWS 95. *** FREE DEMO *** HIGHER INTELLIGENCE
SOFTWARE, 60 FARMINGTON LANE, MELVILLE, NY 11747.

CALL 1-800-215-5081

FURTHER PRICE REDUCTION. Diehl Mark III $49. Diehl Mark V
Horizontal circuit tester $169. New. Conductive coating for remote con-
trol keypads $9.99 ppd. WEEC. 2411 Nob Hill Road. Madison, WI 53713.
608-238-4629, 608-273-8585.

FREE ZENITH REPAIR TIPS
SAVE $$$ Repair Zenith TV modules found in over 1,000 models. 1983-
1995. Symcure manual shows you how. $79.95 or send SASE for FREE
samples. TVPRO, 807 Queen Palm Lane, Sarasota. FL 34243.

NAP Tuner 340309 RCA Tuner TCHRIA or TCCR IA. Snowy picture?
Will repair for $25.00. Free Shipping. Tip Top TV & VCR. 18441
Sherman Way. Reseda, CA 91335. 818-345-1974.

 ATTENTION WINDOWS USERS!  SERVICE TIPS IS NOW
AVAILABLE IN A NEW WINDOWS 95 VERSION WITH FEATURES
NOT SEEN IN ANY OTHER TECHNICAL TIPS PROGRAM PLUS
it's compatible with Windows 3.0 or 3.11. Containing 21,391
SERVICE TIPS - you can ADD, REVISE/EDIT, PRINT, or
DELETE A TIP & EXCHANGE, BACKUP & RESTORE TIPS
just like our DOS version PLUS with our new Windows version
YOU CAN remain in the ADD Mode to add several tips at a time,
cut & paste text & VIEW BOTH THE SYMPTOM & SOLUTION
FROM THE SEARCH SCREEN. This new WINDOWS VERSION is
available for ONLY $199.95 (plus s&h). Begin to cut your trou-
bleshooting time down and increase YOUR PROFITS. It is the ONLY
PROGRAM with actual technician findings and is SUPPORTED
BY ITS CREATORS & APPROVED by National Electronics
Service Dealers Association. Our DOS version of SERVICE TIPS is
still available for $169.95 (plus s&h ). Electronic Software Developers
Inc. 826 S. Main St.. S. Farmingdale. NY 11735 or e-mail us at
esd@pb.net or visit our Web site at: www.pb.netivcrtips. Don't wait!

To order CALL TODAY 1-800-621-8477

FOR SALE

TEST EQUIPMENT BOUGHT & SOLD: OSCILLOSCOPES, ETC.
510-706-0177. FAX: 510-706-0156.

TV CASE HISTORIES: Booklet with 2,825+ histories. Satisfaction assured.
Only $56 (plus $3.00 for priority mail). Mike's Repair Service, P.O. Box
217, Aberdeen Proving Ground, MD 21005. Same mailing address 33 years.
Send SASE for samples. 410 -272 -4984.1 -800 -2 -FIX TVS 11 am-9pm. ( or
at http://www.netgsi.com/-mikesrs).

SERVICE DATA & HARD TO FIND PARTS previously -owned SAM5,
manufacturers data, books. FREE catalog. AG Tannenbaum, Box 386.
Ambler, PA 19002, 215- 540-8055. fax 215- 540-8327.

CRT ADAPTER KIT - Hooks your CRT tester to ALL picture tubes. Win
the "socket war". Obsolete proof! $59.00. Dandy 2323 Gibson,
Muskogee, OK 74403. 918-682-4286.

SENCORE, TEKTRONICS, HEWLETT PACKARD (all models). We
BUY, SELL, & TRADE . Please call "CHOICE ELECTRONICS" for all
of your test equipment needs. Complete financing options available.
Call 1-800-609-0677, 605-361-6386 ask for Lance Tople.

IN -CIRCUIT CAPACITOR ESR TESTER - Find bad caps FAST and
RELIABLY with the new Capacitor Wizard in -circuit ESR Tester! Great
for monitors, switching power supplies, TVs, etc. Only $179.95.
MC/VISA. Independence Electronics Inc., 800-833-1094,
www.awiz.com.

Computer monitor service information. Windows Tech -Tips service
program. Over 700 monitor schematics. ESR in -circuit capacitor tester.
Visa, MC, Amex. MI Technologies Inc., 937-335-4560, Fax 937-339-
6344. E-mail:mit335@brightnet, Web:http://www.mitechnologies.com.

( ( 34,000 REPAIR TECH -TIPS ) ) As promised, another 2,000 daily
repairs have been added to our database this update. Included are the
tenacious Eprom repairs of our industry. WE ARE TECHNICIANS! TEST
our FULL DATABASE of repairs in CD FORMAT, DOS or WINDOWS for
ONE WEEK in YOUR SERVICE CENTER for $20.00. If satisfied. you may
join our membership for an additional $330.00. Our membership price has
been the same for the past 7 years and will remain the same in the
future."FREE" 48 Page member magazine "THE TIP INFORMER",
"FREE" Emergency tech -assist telephone line. "FREE" FCC -ID Cross -
Reference Manual. "FREE" Service Center Forms. Semi-annual updates
with 2,000 new repairs in four - 3" Paper Manuals or Computer. CD, DOS
or True Windows. You may enter your own repairs. edit or tag any report
or press one key and printout selected or all repairs on a particular Model
or Chassis. "GET TO THE BOTTOM LINE PROFITABLY" CALL and speak
to a service center owner and technician ED Erickson. NESDA MEMBER
and past president of the (PROFESSIONAL ELECTRONICS ASSN. OF
SOUTH FLORIDA). You and your technicians will be glad you did!
Remember, labor is your largest expense. 800-474-3588 or 954-349-2455,
TV -Man Tech -Tips, Inc. 2082 Augusta, Weston, Florida 33326.
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FOR SALE

Sencore CR70, LC102, SCR250, TVA92, VC93, VG91. $6400.00.
Like new - with extras. Call Saturdays 1:00 - 5:00 PM. 405-248-6126

"Steps To Troubleshooting Electronic Problems In Circuits." Mail
$25.00. "Steps to Setting Up Your Own TV Store." Mail $100.00.
Certified checks or money orders accepted. Arnold Burns, 425 East
51st Street, Brooklyn, NY 11203.

CyberTech DPS Service Management Software For Windows
(available in 3 different versions), guaranteed to increase your bottom
line. A redoubtable alternative for expensive and fancy software from
others. Free download for 45 day evaluation at http://www.a-tech-
inc.com or E-mail: A-Tech@juno.com. Tel: 215-949-0400.

Service Laser Printers: Trouble codes, adjustments, how to run tests,
cross reference information. Covers many popular models: Epson, IBM,
Hewlett Packard, Okidata, Panasonic, Sharp, Texas Instruments, etc.
77 pages. $38.00 plus freight. Training also available. INTRAVIA'S
SERVICE GUIDE TO LASER PRINTERS. Knight Business Systems
Ltd., 266 Middle Island Road, Bldg/2-13, Medford, NY 11763. Phone
516-736-4440. Fax 516-736-4228 or fax toll free to 800-333-5642.

HELP WANTED

CAMCORDER TECH: Experienced on Sony, JVC, or Canon. Busy
shop in San Luis Obispo. CA. Call 805-543-4484. Fax 805-543-6548

BUSINESS OPPORTUNITIES

Consumer electronics repair shop. Fully equipped, well established
(15 years) excellent location in Cleveland, OH. area. Authorized for
warranty repair for over 20 manufacturers. Must sell for health rea-
son. Call Mike for details. 216-381-1489.

TV/VCR/Audio Repair Business. Rural NE Washington State, Only
Shop In County. Sencore Equipped. 25K. Phone/Fax 509-779-4119.
E -Mail: grizbabe@televar.com.

Electronics Service Center. Very Well Established, Excellent
Location in Suffolk County. Steady flow of work. Call for details,
516-395-4236 (nights).

Well established, Factory authorized TV & VCR repair business.
Can gross 200K per year. Now set up for 2 techs and 1 secretary. All
Sencore equipment, computer, microfiche reader, printer, Fax, copier,
stock, schematics, truck. Ready to go with training available. Plus
opportunity to train others, $30.00 hr. Business 65K. Rent or buy
building 60K. Defiance, OH 419-784-0970.

Established business since 1957, for sale, owner retiring.
Electronics and appliance sales and service center. Full line of inven-
tory and parts. 701-764-5017 (days). 701-764-5236 (nights).

TO PLACE YOUR AD IN
ELECTRONIC SERVICING & TECHNOLOGY'S CLASSIFIED SECTION

CALL 516-681-2922

READERS' EXCHANGE
Readers' Exchange is a free service.
The following restrictions apply to Readers' Exchange:

Only individual readers may use Readers' Exchange, and items must be restricted to those that are ordinarily associated with consumer electronics as a business
or hobby. If you're in business to sell the item(s) you want to offer for sale, the appropriate place for your message is in a paid advertisement, not Readers' Exchange.

Readers' Exchange items must be restricted to no more than three items each for wanted and for sale.
All submissions must be typed or printed clearly!

Send your Readers' Exchange submissions to:
Readers' Exchange, Electronic Servicing & Technology, 76 North Broadway, Ficksville, New York 11801

FOR SALE

Sencore VG9 I and TVA92. B&K Model E2000
rf signal generator. B&K model 1246 IC color gen-
erator. B&K Model 466CRT tester rejuvenator.
Contact: Ken's Engineering, Kenneth DeLaney,
514-421-0517.

TV modules and parts, new and mostly in man-
ufacturers boxes. Transformers, large, small
power, audio and chokes. Capacitors, twist lock
electrolytics, tubular, bypass, coupling.
Potentiometers - single, dual, dual concentric,
some with switches, and power resistors. Radio
and electronics books, magazines, catalogs, own-
er's manuals, application notes and other publica-
tions.Contact: Chuck Vaccaro, 708 Booth Lane
#E, Ambler, PA 19002,215-646-3641.

Sencore CR70 beam builder, Tek Scope RG67.
Contact: Matt, 509-525-1251 (days), 509-529-
1134 until 10:00 PST.

Sencore VG91, TVA92. Only three months old.
Original packaging. Contact: Coney. 318-684-
0012. 318-684-5061.

Sencore SC3080 scope, all probes and manuals.
Like new, $1800.00. Contact: 803-385-6467.

Sencore SC3080 waveform analyzer. Like new,
$2000.00. Sencore VC93 all format VCR analyz-
er. Like new, $1500.00. B&K Model 415 solid
state sweep marker generator, $225.00. Heathkit
TV post marker/sweep generator, $175.00. Plus
more. Will take best offer for all equipment.
Contact: 281-470-9288.

Sencore CVA94 camera video analyzer with
VR940 video reference light box. All charts, man-
uals, connectors, never used, $2500.00. Contact:
541-389-0808.

Sencore PR570, CR70, VG93, TVA92, 5080.
Contact: 808-488-2287.

WANTED

Schematic (photocopy ok) for 1987 Honda car
stereo (radio/cassette), p/n 08118-SE303AH, ref
no. CM3306. Will pay for cost plus postage.
Contact: John Augustine, 3129 Earl Street,
Laureldale, PA 19605-2719.

Curtis Mathes stereo receiver model 65-1 audio
output IC. No longer available from Curtis Mathes.
Contact: R.R. 2, Box 431 W. State Street, Parkstown
corners, New Castle, PA 16101. 412-658-3323,
412-658-0774 (fax).

297802, for Sears Kenmore electric clothes
dryer, Model 6508934. Contact: 10443 Fairway
Lane, Carmel, CA 93923. or call 408-620-1969
(days), 408-620-1940 (eve).

IC, LA5112N, (ECG1479), (5K9188) Sears part
46-13237-3. Contact: Bob Sherwood, 202 D St. SW,
Miami. OK 784354,918-542-6058.
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TUBES 'TUBES 'TUBES
World's Largest Range

Over 2.000 Types, Domestic & Foreign

= UP TO 85% OFF prceflliist
TInoltleFrrne:t8i0oon-a64l 5C-9o1m54p.oNnyesnttasteC5o16rpc:29r3a.ro- 107 Maxess Road. Melville. New York 11747
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Do You Repair Electronics?
Repair Databases for - Over 75,000 records
TV, VCR, Monitor, UL - Private user forums

Audio, FCC. and more. - Live on-line chat rooms

www.electronix.com
l"""""( ""' " Ini 01'
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hermanelectronics.com

ELECTRONICS

Nat/coma/ComputerAssociation,
The National Computer Association brings
together computer professionals to promote

matters of importance to you. We want to make
the computer industry a better place for our

members to work, while increasing the confidence
of the public that buys from them.

Please See Our Ad on Page 43
or Visit Our Website at www.nca-net.com

1-800-615-6224

DELPHI
INTERNET-

ri (.9L11111_1 J :a 1

ELECTRONIC
Servicing & Technology

To sign up dial 1.8004654636
with your computer & modem. and enter

ELECTRONIC at the signup password prompt!
You can find Electronic Servicing & Technology
in the Radio & Electronics Forum (GO RADIO).

--WI-ADVERTISERS' INDEX____w.

Page
Reader
Service Advertiser

Company Number Number Hotline

AnaTek Corporation 49 61 800/999-0304

C & S Sales, Inc 21 66 800/292-7711

Computer Monitor & Maintenance 22 62 800/466-4411
Dalbani Corporation 39 63 800/325-2264

Delphi Internet 64 86 800/365-4636

Electronic Design Specialists 23 65 561/487-6103

Electronic Servicing & Technology Books6l 800/853-9797

Electronics Technicians Association 41 67 765/653-4301

Electronix Corporation 64 6 937/878-1828

Global Specialties 51 84 800/572-1028

Herman Electronics 64 800/938-4376

ITT Pomona Electronics 15 69 909/623-3463

Instek Corporation 25 68 818/336-6537

International Components Corp. 64 70 800/645-9154

Jesse Jones Industries 49 800/825-6690

LG Precision 9 79 562/404-0101

Leader Instruments 39, 71.72.
41, 73, 74,
43, 75,76,
45 77,78 800/645-5104

MOM Electronics 7 80 800/543-4330

NCA/National Computer Assn. 43,64 85 800/615-6224

New York State Forum & Expo 40 81 516/221-6403

Parts Express 44 82 800/338-0531

Philips Software Development I FC 117 423/475-0393

Philips Service Company IBC 120 800/851-8885

Quantum Data 13 83 847/888-0450

Sams & Company, Howard 55 119 800/428-7267

Sencore BC 1 800/SENCORE

Thomson Consumer Electronics 3 12 800/336-1900

We'd like to see your company listed here too. Call Diane Klusner
at 516/681-2922 or E -Mail her at dianekest@aol.com to work out an
advertising program tailored to suit your needs.

SALES OFFICE
PHONE 010681-2922

FAX (S16)681-2926
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We have to be crazy to
sell test equipment a
prices this low!

We have to be crazy to sell products at prices this low.
We've lost our minds, but until we get them back, you can ge:
incredibly low prices on all the test equipment you need, and
get 90 days same as cash.* That's right, 90 days same as cash!
Now, there's a deal no one can pass up. But hurry, our
temporary insanity won't last forever. Call today and get an
incredible price on the test equipment you need.
Call us toll -free at 1-800-851-8885.

30/60 days extended terms available for test equipment sales In excess of $500 (SO% of the total cast due In
30 days. and the remaining 50% due in 60 days)

10/60/90 days extended terms available for test equipment sale. Incxcess of 51.00 (33% of the total 91.
due in 30 days, another ii% due In 60 days, and the remaining 33% due in 90 dais).
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THE NEW HA2500

Horizontal Circuit Analyzing
Real Answers Real Profits Real Fast!

SPECIAL
INTRODUCTION

PACK AGE
FOR THE

FIRST 100
TO PURCHASE!
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*Subject to availability
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Now everything you need to localize
Ihorizontal and B+ supply defects in
computer monitors in less time and

4.1. more profitably than ever before!

Are you tired of replacing components only to have them blow

out when you power up the monitor? How do you accurately
test the horizontal circuit when the power supply is also down?

How much more profitable would you be by using one instru-
ment with all the tests you'll need at your fingertips?

Sencore's new HA2500 Universal Horizontal Analyzer is the one

instrument designed specifically for analyzing all horizontal and

B+ related defects. The HA2500 teams up with any of the
Sencore computer monitor generators to give you complete

monitor analyzing. Plus, the HA2500 provides these exclusive

features in a stand-alone or sync -locked instrument:

 Chassis "OFF" horizontal output analyzing
 Dynamic horizontal output metering
 Exclusive horizontal driver testing
 Special output transistor base or gate

substitution

 Exclusive 8+ power supply substitution

UNIVERSAL HORIZON-AL ANALYZER

LORD TEST
21 1+11 71 i EFF 3.3 PE

LOAD A RINGER TESTS
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Patented With 3 Patents Pending
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For a FREE 10 day trial*
of the new HA2500,
Call 1-800-SENCORE!

(736-2673)
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3200 Sencore Drive, Sioux Falls, SD 57107
Direct: (605)339-0100 Fax: (605)339-0317

www.sencore.com


