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THE SUPER CASE
70260

The world famous Super
ase. Complete with 48 of the most popular
and professional problem-solving tools. From
screwdrivers and nutdrivers to pliers, wrenches,
crimpling tools and more. A super varlety and super value. All
lincondltionally warranted from Vaco, of course. The Super Case
and all the other tine Vaco tools can be seen In our new 1979
catalog. It's free, just write. Say you want to take a good look

at VACO.

®
¥Yaco Products Company, 1510 Skokle Blvd., m
Northbrook, IL 60062 U.S.A. !
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NEW INVENTION

Miracle Fuzz

A new space-age invention and the same effect
as lightning combine to create the world’s
first home oxygen regeneration system.

The new Energaire ionized oxygen generator
will make a handsome addition to any desk.

You need oxygen to live. You can live
without food for 60 days, without water for
seven days, bul withoutl oxygen, you won't
make it past two minutes.

That small piece of fuzz located on top of the
cylinder shown above emits negatively-
charged electrons which attach themselves to
molecules of oxygen, thus creating ionized
oxygen.

You are already familiar with ionized oxygen
if you've smelled the air after a thundarstorm.
You feel great, revitalized, and alerl. The light-
ning from the storm adds a small negatively-
charged electron to each oxygen molecule in a
process called ionization.

SCIENTISTS DISCOVER

Scientists discovered that air quality can
actuaily affect your moods, your feelings and
your sense of well being. Air that is positively
charged caused people to be depressed,
moody and tired. Negatively-charged air made
people feel good. We have all experienced air
that is positively charged in air-conditioned
buildings or ina polluted environment.

Scientists locking for a way to turn positively
charged air into negatively charged air devel-
oped the negative ion generator—a product
that produces negatively charged particles
that attach themselves to air molecules and
thus create the same fresh feeling you get
after a thunderstorm.

The new space-age product shown above Is
an ionized oxygen generator called the
Energaire air purifier. The copper mesh fuzz
on top of the unit is one of the secrets of the
system.

Although it has no moving parts, you can
actually feel a wind of icnized oxygen pro-
duced from the fuzz which spreads to fill an
average-sized room in one minute.

CIGARETTE SMOKE TEST

To show the dramatic effect of ionized
oxygen, you can take the Energaire, blow
cigarette smoke into a clear bowl, and hold the
bowl inverted over the system., The smoke will
vanish. The charged oxygen particles appear
to dissolve the smoke parlicies, precipitating
them from {he air.

In a room, the Energaire air purifier sur-
rounds you with these oxygen ions and cleans
and purifies the air so that even in a smoke-
filed room, you will be breathing cleaner,
country-fresh air all day long.

WALL TEST
Take our-unit and place it nextto a wall. Also

put a large plece of paper on the wall. Within a
few days notice how black the paper gets.That
black film is finite carbon particulate matter—
the same pollutants you would normally
breathe and that would pass through mas! air
filters. By placing the unit in the center of a
room or away from a wall, that same matter
falls to the ground as dust.

A trip into the mountains exposes you fo
nature's freshly ionized oxygen. The Ener-
gaire produces this same effect. It will clean
your room of odor-causing bacteria and stale,
musty, or smoky air.

lonized oxygen should not be confused with
ozone. Ozone has a molecuiar formuia of O,
whereas the molecular formula for ionized
oxygen is Oz with a negatively-charged ion.

DON'T BE CONFUSED
After we announced the Energaire last year,
many companies came out with their own ion
generators. We purchased a unit from each
compary and tested them at an independent

laboratory. The results are shown below:

Name *lons Price
Energaire 438,000 $79.95
Omega 70Q 63,000 24500
AirCare 72.000 149.95
Modulion 75,000 79.85

*Measurements indicate total number of ions
per cubic centimeter per second at one
meter. These ligures may vary by pius or
minus 10%.

Note: One unit not menticned above pro-
duced no jons and aclually produced ozone
or several times the maximum ozone concen-
tration allowed by federal government
standards.

i USED IN HOSPITALS

Many hospitals are now using ionized
oxygen systems in their operating rcoms and
burn centers. Their units not only purify the air,
but they also eliminate pollen and other
irritants.

Working in a clean air environment, you
think clearer, are more alert, and you function
better. The Energaire is actually a miniature
lightning machine. The minute you plug it in,
energy is converted into ionized oxygen. This
efficiant system uses one watt of power or less
than a penny per day to operate, Sc you leave
it plugged in continuously.

We are so impressed with the pleasant
effect of Energaire that we urge you to per-
sonally test it yourself in your home or office.
Orderone at no obligation. Put it by your desk,
orin any room where you spend a great deal of
time. See if it doesn't rid your room of odor-
causing bacteria and stale, musty or smoky
air. Try the smoke and paper tests mentioned
in this advertisement.

SLEEP FASTER

At home, use the Energaire by your bed and
see how country-fresh air allows you to sleep
easier, deeper, and more relaxed.

You should notice the difference within one
day-especially in a work environment. But
use the E nergaire for a full month. Then, if you
do not feel totally convinced of the positive
effects of ionized oxygen, return your unit for a
prompt and courteous refund.

The Energaire is manulactured by the lon
Foundation, a leading ion research and devel-
opment company.

Service should never be required, but if it is,
there's a prompt service-by-mail center as
close as your mailbox. JS&A is America's
largest single source of space-age products —
further assurance that your modest invest-
ment is well protected. The Energaire mea-
sures 9" high by 3" in diameter and welghs 24
ounces.

To order your Energaire ionized oxygen
generator, send $79.95 plus $3.00 for postage
and handling (lllinois residents, please add 5%
sales tax) to the address shown below or credit
card buyers may call our foll-free number
below. We will send your Energaire ion
genarator complete with 90-day limited
warranty on the electronics, a five-year
warranty on the fuzz, and complete in-
siructions.

Let space-age technology revilalize your life
with the world's first home ionized oxygen
generator. Qrder one al no obligation today.

Q A\ PRODUCTS

O THAT

& W THINK
DeptRA One JS&A Plaza

Northbrook, IIl. 60062  (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
inlllincisCall .......... {312) 564-7000
© JS&A Group, Inc., 1980
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Fountain.

YOUR ULTIMATE AIR FRESHENING/
IONIZING SYSTEM. TOP QUALITY.

LOW PRICE. STA

Breakthrough. The new lon Fountain™ is
In a class by Itself. This negative ion genera-
tor gives you power to saturate your home or
office with billions of refrashing ions. With-
out fans or any moving parts it puts out a
pleasant breeze. A purs flow of ions pours
trom the top like water from a fountain, filling
your room. The result? Your air feels like
fresh ocean air—pure, crisp, and wonder-
fully charged.

The price? Only $79.95. That's a price
breakthrough because no other company
can offer you a unit with higher ion output or
better quality than the lon Fountain™, even at
triple our price.

HOW CAN WE DO IT?

Six years of experience helps. Plus a tot
of ingenuity, aggressive research and a
personal commitment to give our customers
the best we can.

UTP lon. Research Center is a branch of
our educatiocnal publishing company. And
our commitment in publishing to give birth
10 new ideas and methods that enrich
humanity is part of the lon Research Canter
too. We're in business to serve you and your
environmental needs.

WHAT ARE IONS?
lons are electrically charged atomsin the
air with either a positive or negative charge.
The sun and cosmic rays as well as lightning
and fast-moving water {like waterfalls, surf)
generate trillions of negative ions every day.
The more negatively ionized the air, the

TE OF THE ART.

which masks or deodorizes. The unit actually
removes tha dust, smoke. bacteria and pollen
particles from the air by attaching ions to
them and causing them to sink to the earth
where they can be vacuumed up rather than
inhaled. At the same tima ions electrically
stimulate the energy-stripped air.

YOUR CHOICE
OF TWO TOP-QUALITY UNITS!

There's only one unit that's better than
the lon Fountain. That's our own Exscutive
System Four™. It sells for $159. 1t has an
even higher ion output. Plus! Qur special
Dial- An-lon feature allows you to adjust the
ion output anywhere from low to high. Not
everyone knows thar the need for ions
vares. A large smoky room will require
higher output than a small room. And some
people want fewer ions while sleeping than
while working. The new Executive System
Four is our answer to this need far output
flexibility.

FACTS YOU NEED TO KNOW
The lon Fountain”—System Five

lon density: 430,000 ions per cm’/sec.
at1 meter. 1.55 million ions
per cm® at 50 cms.

Use: Large room or office—3000
cu. ft.

Warranty: 1 year

Qutput voltage: 15KV

Qzone: Less than 2 parts per billion

Dimensions: 5% x 4% x 3%~

Exacutive System Four”™

fresher and more alive it is. Air pollution,
artificially controlled climates (with alr con-
ditioning and heating) and electronic equip-
ment gll produce excess positive ions, depriv-
ing the air of these smail negative air ions
and creating dead "stuffy” air.

WHAT'S THE SOLUTION?

Our rapid-growth technology., which
sometimes takes 1ts 1oll on the quality of our
air, has also come up with the solution.
Following Nature’'s mode| of the thunder-
storm which uses a high electrical charge to
purify, revitalize and stimulate the air, the
UTP Air Energizer has been developed imitat-
ing this process. Both the thunderstorm and
the Air Energizer fill the air with negative
ions, restoring the natural electrical balance
to the poliuted, energy-depleted air. But the
lon Fountain can be used indoors in the
home, ofiice, workshop, laboratory. etc.,
keeping a fresh supply of ionized oxygen
available night and day. This new break-

Y

lon density: Low to maximum of 540,000
ions per cm® at 1 meter. 1.6
x 106 ions per cm’ at 50
cms.

Output voltage: 15KV

Ozone: Less than 2 parts per billion

Dimensions: 11" x 5" x 4"

User Large room or office 10,000
cu. ft

Warranty: 1 year

If the Executive System Four is better,
why did we bring out the lon Fountain? Not
everybody is willing to pay $159 for an air
ionizing unit, no matter hgw good it is. Just
like not everyone drives Rolls Royces. Most
drive less expensive cars. The Executive
System Four is for the person who wants the
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\) SURVIVALI Spirulina is @ new wonder food supplement higher in protein than any other natural
source. Very high in other nutrients too. Find out how you can be a commissioned representative of
the Light Force Family and distribute Spirulina in either bulk or as special vitamin supplements. \
4 Generous commissions and opportunities available. Phone or write for your frae information. (408)

- d y ! 338-9436. Please do not use the toll-iree number for information.
through in fresh air Control is NOt a COVer U P B o N o I I I e ot A e P A e e e

absotute best quality and doesn’'t mind pay-
ing a little extra to get it. If you want highest
ion output, flexibility. and a beautiful oak
paneled case, buy the Execulive System
Four.

If you want something at half the price of
the Executive Sysiem Four, but still better
than any other units costing up to $250, buy
the lon Fountain.

HOW TO GET ONE

To place your order now just send a
check for $79.95 plus $3 shipping for the lon
Fountain. Or send $159 plus $4 shipping for
the Executive System Four. Tell us your full
street address as we cannot ship tc Post
Office boxes. (California residents add 6%
sales tax.)

Qur unit is dependable and trouble-free,
but if by rare chance any problems cccurcour
service-by-mail center sends off your unit
within24 hours of receipt orsends areplace-
ment 5o you are not without fresh airand can
enjoy your dust-free environment. And each
Air Energizer is backed by a full one-year
limited warranty.

HOW TO GET ONE FAST
Credit card holders can call our toll-free
number below. Order a unit now and if you
are not satisfied with its effects within 10
days simply return it for a full cash refund.
Order your Air Energizer taday.

Read *'The Goldan Egg”

University of the Trees Press

ION RESEARCH CENTER, DEPT. RE
Box 644 BOULDER CREEK, CA 95006
Call Toll-Free . . . 800-538-0750

In California catl {408) 338-6663

Send check or use your Master Charges,
Visa or American Express card.

DETECT YOUR IONS
This simple but accurate detector instantly
gives you a reading of ion intensity.
The Econometar....{Pen Size)...,$7.95
fif ordering separstely include $2.00 for
shipping.}

\

N RADIO-ELECTRONICS

CIRCLE 63 ON FREE INFORMATION CARD




ndads
Eleclronics

Electronics publishers since 1908

THE MAGAZINE FOR NEW
IDEAS IN ELECTRONICS

MAY 1880 Vol. 51 No. 5

SPECIAL FEATURE 45

62

ELECTRONIC DEVICES FOR SELF-IMPROYEMENT

A look at how state-of-the-art electronles have Gombined with
racent medical discoveries to help you master your mind and
body’s “involunlary™ reactions. David R. Whealer

NEW USES FOR YOUR CAP METER

It your capacitance meter is collecting dust, then you're not
using it to Iis fullest advantage. Here's a look at some of-itg
many uses besides testing capacitors.

Martin Bradley Weinstoin

BUILD THIS 4%

T
PROFESSIONAL DRUM SYNTHESIZER

Unique device provides many of the leaturas only found'in
synthesizers costing several times more. Steve Wood

53 TRIGGERED OSCILLOSCOPE
Part 2--Final construction details for a scope with a 2-MHz
bandwidth and a zero basellne displey for under $125.
Daniel Metzger and Dennis Perry

57 VERSATILE ANALOG INTERFACE
When connected to your computer, this simple device along
with the proper software can be used lor a wide variety of
Intertacing applications, including joysticks. John R. Hanson

7 WIDE-RANGE AUDIO GENERATOR

Great addition for your tesl bench produces sine and square
waves over the audio band from 10Hz 1o 50kHz.
Richard Schroeder

TECHNOLOGY 4

LOOKING AHEAD
Tomorrow's news today. David Lachenbruch

The latest happenings in an-axciting new industry.

6 SATELLITE TV NEWS
Gary H. Arlen
82 NEW IDEAS

A winning circuit application from our readers.

COMMUNICATIONS 60

WARC-T9

Here are the results of the long-awaited World Administrative
Radio Confarence with an analysis of its expected impact.
Stanley Leinwoll

COMMUNICATIONS CORNER
What s frequency companding and how it can jam more
channeig intc the AF spectrum. Herb Friedman

VIDEQ 65

TROUBLESHOOTING BETA TRANSPORT MECHAHNISMS
How to troubleshool the transport mechanism in Beta-type.
videocassette recorders and how to fix them. Forest Belt

SERVICING COMMUNICATIONS EQUIPMENT
Repair and installation of two-way radios can be an alternative
field for sarvice shops. Greg Grambaor

AUDIO 72

74

MORE ON SUPER CLASS-A AMPLIFIERS
New amplifier design produces ulira-low distortion levels.
Here's a look at the driver stages. Len Feldman

RE.A.L. SOUND LAB TESTS DENON CASSETTE DECK
Denon model DR-750 casselle deck rates excelient.

COMPUTERS 70

DIAL-UP COMPUTER SOFTWARE

A |ook at the national software natworks that your computer
accessas via the telephone lines—what they offer and how to
connect up. Jules H. Gilder

ON THE COVER

This professional drum synthe-
sizer consists of four individuai
modules that combine to pro-
vide features found only on syn-
thesizers costing several times
more. A unique pressure-sensi-
tive transducer mounted inside
the practice pad lets you literai-
ly pound out a tune. Get started
building your own today, the
story starts on page 49.

IT LOOKS COMPLICATED, and in facl, it isl It's
the transport mechanism of 8 Beta-lype video-
cassetta racordar. But don’t lat looks scare you
off. To find out how to troubleshoot and fix it,
turn to page B5.

oha'

ce

,COMMON-BASE
CIRCUIT

COMMON:EMITTER
<}.I'JlF(ClJIT

CASCODED CONFIGURATION of a commons
emitter and common-base amplifier stages
provide ultra-low distortion. To find out how
this circuit works, lurn lo page 72.
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Fun and games: The laltest electronics field 1o crack the bil-
lion-dollar sales mark probably will be the toy-and-game busi-
ness. Aceording to industry estimates, sales of those prod-
ucts at retail could total from $800 million to $1 billion in
1980—double the figure reached last year. There are an esti-
mated 250 to 300 different electronic toys and games now on
the market. One manufacturer. Coleco, says that factory sales
last year totaled some $425 million, with hand-held sports
games leading the parade at aboul $200 million. Football rep-
resented about half the spoits game sales. foliowed by base-
ball. soccer, hockey. and basketball. Non-sports action
games (shooting, space games, etc.) represented $125 million;
play and learning games at %75 million, and miscellaneous
1oys at $25 million.

Voice recognition and syuthesis are promising new game-
and-toy areas. A new game by Maitel has a microphone for
each of two players and responds to vocal commands,

distinguishing between their voices. Milton Bradley has in-

troduced a new game which speaks half a phrase. challenging
the participant to push the proper button jo complete the
phrase.

Microwave radiation: At what point ¢an microwave radiation
become hazardous to vour health? That subject is preoccupy-

ing the Environmental Protection Administration. the Occupa-

tional Health and Safety Administration, the FCC, and many
state and local bodies. It involves the telecommunications-elec-
tronics industry deeply. and will cut even deeper if it is
determined that areas around powerful transmitters may be
detrimental to wellbeing. The subject was brought into focus
when it was found that the American Embassy in Moscow
was being subjected to about 18 microwatts (W) of radiation
per square ¢entimeter, presumably from Sovier monitoring de-
vices. (Interestingly enough. the Soviet Union has a set of
standards which permits a maximum radiation level of only
1/30 of this value } Aithough some Embassy employees com-
plained of ill health. it's not known whether the radiation was
responsible.

There are no official government standards for microwave
radiation limits—the closest to a standard being the Ameri-
can National Standards Institute recommendation that levels
be kept to 10.000 microwatts (10 milliwatts) or less. New York
City has proposed a limit of fifty microwatis in populated
areas—1/200 of ANSI's recommendation. Broadcasters say
that this would result in a cutback so shart that TV stations
couldin’'t serve the metropolitan area.

Now. for the first time, the issue of microwave radiation is
vitally affecting plans of broadcasters. The move of ten New
York TV stations to the |l0-story World Trade Center,
scheduled for early 1980, has been postponed as the result of
tests made with two UHF stations operating at full power
from the 350-foot mast atop the Cenier’'s north tower. Radia-
tion at the observation platform and on the top five floors of
the south tower was measured at 200 microwatls and experts
said it could rise as high as 360uW when all the stations are
operating. Broadcasters and World Trade Center engineers
are trying o devise shielding to prevent possible exposure
of visitors and employees of the Center,

Among the proposals are a roof or some kind of screening:
atop the observation platform and metallized transparent
Mylar wrapper on windows of the top five floors of the south
lower.

JVC's videodisc: Japan Victor Corporation's VHD (Video
High Density) videodisc system. now also endorsed by
Matsushita Electric (see Radio-Electronics, April 1980). was
demonstrated in production prototype form at a Tokyo press
conterence. The discs for the grooveless capacitance system
measure 36 cm in diameter (about 10.2 inches). clained 1o
save about 25% in material cost as compared with a 12 inch
disc. Each disc can play up to one hour per side. revolving at
900 rpm (iwice the speed of the RCA disc and half the speed
of the Philips/MCA disc.)

The disc. encased in a plastic voer. is fed into a slot in the
player. The cover is then removed and play starts—a loading
system similar to that employed by RCA. The stylus is a
broad, diamond-tipped sled that rests on the disc and is posi-
tioned along the proper microscopic track by a pilot tone.

‘The player can provide fast-forward and backward action,

and accommodates dual audio tracks for stereo or two
languages. An accessory provides random access, slow-
motion and still frame. Another accessory converts the
player into a PCM (Pulse Code Moduiation) digital audio
lurntable.

JVC says the player could be ready for production next
year and wili be priced around $500—timetable and price
being similar to those established by RCA for its SelectaVision
grooved capacitance system. RCA, meanwhile, invited some
of its overseas licensees 10 a lechnical meeting on SelecraVision
in Indianapolis. Two of the companies showing up hadn't
been previously identified as licensees—Japan's Sony and
Korea’'s Gold Star.

The presence of Sony in the group was seen as particularly
significant. Sony is 50% owner of Japan's CBS/Sony Records.
{the other owner is a recording licensee for SelecraVision
videodiscs). Sony is also a licensee for the Philips/MCA
optical disc system, which it plans 1o produce for the indus-
trial-institutional-educarional market. Other RCA videodisc
licensees include such companies as Hitachi. General of Japan,
Nippon Electric. Mitsubishi. Pioneer. Sharp. and Toshiba.
Signing a license doesn’t commit them to production. Pioneer
plans to market a Philips/MCA-type player in the United
States this year; it owns 509 of Universal Pioneer, which is
manufacturing optical videodisc players, Sharp is aiso an
oprical disc system licensee.

TV industry returns: ~“Where was your TV made?” is no
longer an answerable question, since television-set manufac-
ture has become a truly international industry. with parts and
subassemblies for alf of them made all around the globe. But
the answer to **Where was your 1980 TV assembled?"’ most
likely is “"In.the U.S.A."" Virtually every Japanese manufac-
turer selling sets here {except JVC, which is assembling in
Canada) now has a plant in the United States—Sanyo in
Arkansas: Forrest City. Arkansas: Sharp in Memphis. and
Toshiba in Nashville. Tennessee: and Sony. Mitsubishi and
Hitachi in Rancho San Bernardo (near San Diego). Irvine and
Compton. California. respectively. Companies based in
Taiwan and Korea are alsg starting assembly operations here,
too. The major stimulas for those moves has been the quoti
on color TV imports from the Far East. But even when the
quotas expire. the plants are expected 10 remain.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR



Sclderless saves time like you
wouldn't believe, Our Proto-Board®
solderless breadboards put every-

thing you need to get your circuit up
and running on an aluminum
backplane that lefs you work at
frequencles from DC to half a Glga-
Hertz. Three Proto-Board® modeis
feature built-in regulated power
supplies—and cne of them's a
build-it-yourself kitl

Qur solderess breadboards save
anergy, too. Especially yours. Because
circuit building becomes a simple
plug-and-chug process, straight
from an idea to a working circutt.

There are @ Proto-Boards® in all,
manufacturer’s suggested US, resale
prices from $17.95 to $155.00.*

GLOBAL SPECIALTIES

CORPORATION

70 Fulton Tervace, New Haven, CT 06509 (203} 624-3103, TWX 710-465-122;
OTHER OFFICES: San Francisco: (415) 421-8872, TWX 910-372-7992
Europe: Phone Safiron-walden 0799-21682, TLX 817477

Canada. Len Finkler Ltd.. Downsview, Ontario

1-800-243-6077

Call toll-free for details

NS

MY
2@

That's why we've become the
easiest-to-find sclderdess bread-
boords In the world—avaliable at
more stores than anybody else In
the business. Because people who
know solderless best insist on ours,

Save time and energy. Get a
head start with our
Proto-Boards

“ Suggested LS. resale Available at selecled local distributors
Prices, specificalions subject 1o change without notice.
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whats news

Sony is not committed
to one disc system

Sony demonstrated its optical video-disc
system at the International Tape Associa-
tion Conference in New York last October,
The system Is completely compatible with
the new Philips-MCA mini-disc format and
provides both 30-minute and one-hour-
per-side modes. Sony and Philips have a
cross-licensing agreement that allows each
to use each olher's patent rights for a wide
range of products.

But Sony is not solely committed to the
optlcal video system. It Is also developing a
player and discs for a capacitance system,
and is committed to marketing Betamax
video cassetle players and recorders to the
consumer and industrial markets.

Sony has not determined marketing
plans for any video-disc format at the pre-
sent time, but is conducting an extensive
video-disc market survey, in view of the
growing demand for “random access'
playback capability.

Entertainment by satellite
for workers far from home

Personnel in oil, mining, shipping and
other industries in remote and isolated
areas of the world will now receive news,
entertainment programs and late movies
via satellite. Companies with personnel in
isolated areas have long had the problem
of maintaining morale, and have found
"canned' entertainment by film or video-
tape an important boost. Now with satelilte
programming, employees will be able to
watch live news and newer entertainment.
A beneficial side effect to the companies
will be the complete elimination of shipping
and handling problems.

Transmission will be via Western Union's
Westar IIl communications satellite, and
the programming will be handied by Video
Communications, Inc., of Tuisa, OK. At the
time the project was announced, it was
expected that transmissions would start
January 1, 1980, with 12 hours of program-
ming—to be increased 1o 24 hours daily
before the end of the year.

Videa Communications now supplies
major international oil industry companies
with entertainment in film and videotape
form. This service will be replaced with sat-
ellite transmission. Subscribers to the ser-
vice wlll, of course, have to install a receiv-
ing earth station.

Hi-fi stereo TV sound
due within four years

Television receivers fitted with stereo TV
sound will be available to American viewers
two to four years from today. according to
New York Times writer Les Brown. Its
impact on the market, some believe, may
be as great as that of color television, when
it was introduced some years ago.

High-fidelity sound would have an Impor-
tant effect on TV programming. It would
greatly enhance the quallty of archestral
broadcasts and improve ail programs that
include instrumental or vocal muslc. Hence
wemlght expect to see that type of material
get a larger share of prime time than|t does
at present. A recent study indicates that
the public is ready for improved sound,
even if it increases the price of a telévision
receiver by $150 to $300.

The technology has been available for
some time, and stereo TV is in actual use in
Japan, where it is also used for bi-lingual
programming. {Instead of stereo, one chan-
nel is in Japanese and the other in a for-
eign-——non-Japanese—language.)

An all-industry committee (led by Tho-
mas B. Keller, WGBH-TV, Boston) working
under the Electronic Industries Association
is now at work setting up standards for
American multi-channel television. [t is
considering four systems: the one now in
use in Japan, one proposed by Quasar, the
U.S. division of Matsushita, one developed
by Zenith and a proposal from Telesonic, a
Chicago company. Tha findings will be sub-
mitted to the FCC, which is expected to act
as soon as.it receives the recommenda-
tions.

NOW—A TAPE-OF-THE-MONTH
cLuB

BOOKS ON TAPE, INC., 2 California organiza-
tion is introducing what it calls the “driver’s
library,” at present about 250 books on cas-
sattes, for an average monthly rental of $9.00.
The titles range from those of current best sell-
ars like The Emply Copper Seaand The Thorn
Birds, to classic suthors like Mark Twain,
Charles Dickens and Sir Authur Conan Doyle,
plus such moderns as James Thurber and Erma
Bombeck.

The books are not abridged and come on a
series of cassettes mailed in sets to the listen-
er. Containers are addressed lor easy return,
and round-trip postage is paid.

More than 150 authors have had some of their
books recorded by Books on Tape. Copies of
the latest catalog may be obtained from Books
on Tape, Inc., P.O. Box 7900, Newport Beach,
CA 92660.

Institute of High Fidelity
Now merged with EIA

Officials of the Institute of High Fidelily
and of the Audlo Divislon of the Consumer
Electronics Group, Elecironic Industries
Association, have announed the successful
conclusion of negotiations to merge the
IHF Into the EIA/CEG. The governing bod-
ies and full membership of both organiza-
tions have ratified the merger.

The IHF will become an operating subdi-
vision of the ElA's Consumer Electronics
Group, Audio Division. it wil}, besides main-
taining existing IHF programs, maximize
services to the constantly growing high-
fidelity segment of the industry.

Video players in 30 to 50% .of:U.S.
homes in ten years?

Video disc players will be.in 30 to 50% of
the country’s television homes within the
next 10 years, Herbert S. Schlosser, RCA
executive vice president, told the Caucus
for Producers, Writers and Directors at a
meeling in Los Angeles last October. He
told the audience that RCA expected to
Introduce s SelectaVision videodisc sys-
tem with about 300 tltles, of which half
would be feature films.

The video player, he pointed out, will
make programs available to smaller
groups. Since prime-time commercial tele-
vision seeks the largest possible audience,
material that would interest “only"’ five to
ten million people would not appear on
prime time, which means that many mil-
lions would not get to see certain programs
that interest them. The video player will
permit “‘narrowcasting,”" or programs de-
signed to appeal to smaller and specialized
audiences. 'And it will be possible to make
a profit while reaching only a fraction of the
audience required for commercial success
in conventional televislon,' he sald.

AM broadcast channel spacing
to be narrowed to 9 kHz?

The FCC has recommended that 9-kHz
channe! spacing be adopted for the AM
broadcast band {See Radio-Electronics,
December 1979, page 14.) Before being
put into effect, approval of the U.S. State
Department and the other nations of the
Western Hemisphere will be required. Mex-
ico and Canada are not expected to
agree,

The National Radio Broadcasters Asso-
ciation has filed comments objecting to the
new move, pointing out that tests already
made have shown up difficultles not fore-
seen, and have demonstrated that ‘‘theo-
retical projections and practical resuits
quite often differ.” The Association is
pressing for extensive study and testing
before taking definite steps to implement
the proposed change.

continued on page 12
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Three good reasons to buy your
handheld DMM from Fluke.

Ask yourself what you’re really instant continuity testing, and Calibration is traceable directly to the
looking for in a handheld DMM, and slow-speed logic checking, peak hold to. National Bureau of Standards.
then take a good long look at ours. lock onto elusive transient signals, and LOW COST? Compare these U.S.
CHOICES? The Fluke line of direct temperature readings to 1265°C  prices: $139 for the 80224, $179 for the
handheld DMM’s now offers three via K-type thermocouples. 8020A and $219 for the powerful 8024A.
clear performance choices. There’s the CONVENIENCE? Pick one up Fhike standards of quality and
8022A Troubleshooter, a solid value for  and you’ll know what true one-hand customer service, of course, are
basic voltage/current/resistance operation means — tough, lightweight,  uncompromising — for our line of
measurements that offers 0.25% basic palm-size packages designed with handheld DMM’s and all our products.
dc accuracy. The 8020A Analystisthe  in-line push buttons for quick range For more facts call toll free
world’s best-selling DMM and first to and function changes. 800-426-0361; use the coupon below;
offer conductance for high-resistance RELIABILITY? Count on it. A or contact your Fluke stocking
measurements to 10,000 Megohms — substantial number of componentsare  distributor, sales office or
now with accuracy improved to 0.1%. used exclusively to insure representative.

And the new 8024A Investigator, a
powerful instrument also with 0.1%
accuracy that boasts three unique
capabilities: logic level/continuity
detection with an audible “beeper” for

reliability and
to guard

against
overloads. FLUKE .

IN THE U8, AND NON-
EUROPEAN COUNTRIES: IN EUROPE:

John Fhuke M(g. Co., Inc. Fhuke (Holland) BY.
PO. Box 43210 MS #28 P.O. Box 5063,

B Mountlake Terrace, WA 98043 5004 EB Tilburg,
(206) 774 2481 The Netherlands
; Telex: 152662 {013) 673 973 T 52237

t .
{0 Please send all the facts on Fluke
low-cost BMM's.
] [ Pleasehave a salesman-call
1

: Name
I
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NKiTraningni v
and Audio Servicing
keepsup with the
state of the art.
Now you can learn fo
service video cassette
and disc systems.




You'build color TV; Fi &, professional instruments.

Now, in addition to learning
color TV and audio svstems servicing,
you get state-of-the-art lessons in
maintaining and repairing video cas-
setie recorders, and the amazing new
video disc players, both mechanical
and laser-beam types.

;

Learn at Home
in Your Spare Time
And you learn right at home,
al your own convenience, with-
oul quitting your job or going to
night school. NRI “bite-size” les-
sons make learning easier...NRI
“hands-on” training gives you
practical bench experience as you
progress. You not only get theory, you
actually build and test electronic cir-
cuits, a complete audio system, even
a color TV.

Build Color TV with

Computer Programming
As part of your training in
NRI's Master Course in TV/Audio/
Video Systems Servicing, you
actually assemble and keep NRI's
exclusive designed-for-learning 25"

Learn al home aryour convenience.

(dragonal) color 1y, IS Lhe oniy

one that comes complete with built-
in computer tuning that lets you
program an entire evening’s enter-
tainment. As you build it, you intro-
duce and correct electronic faults,
study circuit operation, get practical
bench experience that gives you extra
confidence.

You also construct 4 solid-state
stereo tuner and amplifier complete
with speakers. You even assemble pro-
fessional-grade test instruments so
you know what makes them tick, too.
Then you use them in your course,
keep them for actual TV and audio
servicing work.

NRI Includes

the Instruments You Need

You start by building a transis-
torized volt-ohm meter which you use
for basic training in electronic theory.
Then you assemble a digital CMO§
frequency counter for use with lessons
in analog and digital circuitry, FM
principles. You also get an integrated
circuit TV pattern generator, and an
advanced design solid-state 5" trig-
gered-sweep oscilloscope. Use them for
learniing, then use them for earning.

NRI Training Works...

Choice of the Pros

More than 60 years and a
million students later, NRI is still first
choice in home study schools. A na-
tional survey of successful TV repair-
men shows that more than half have
had home study training, and among
them, it's NRI 3 to 1 over any other
school.

(OUINMATY Of SUTvey o1 request.)
That's becausse you can't beat
the training and you can't beat the
value! For undreds of dollars less
than competing schools, NRI gives you
w b0t color TV and audio..

Other NRI tratning includes Computer Technalogy,
Conmplete Communications Electronics.

and now inclugdes training in video
cassette and disc systems, Send for
our free catalog and see for yourself
why NRI works for you.

Free Catalog...
No Salesman Will Call
Send today for our free 100-

page catalog which shows all the kits
and equipment, complete lesson plans,
and convenient time payment plans
for courses to fit your needs and
budge:. Or explore the opportunities
in other NRI home study courses like
Microcomputers & Microprocessors,
(B and Mobile Radio, Aircraft and
Marine Radio or Complete Communi-
cations. Send the postage-paid card
today and get a head start on the state
of the art. If card has been removeg.

write to:
MeGraw-Hill Continuing
| " Education Center
€ el 3939 Wisconsin Ave.
I‘Jn . Washington, D.C. 20016
mlth

NRI Schools

0861 AVIA
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Computer adjusts temperature
for occupied or empty rooms

A new piece of equipment uses an intrud-
er alarm and a door switch to reduce room
temperature to a preset “empty room'* val-
ue every time an occupant leaves. It then
restores a higher lemperature as soon as
the room is again occupied.

The device was exhibited as a new prod-
uct at the Second World Congress of Ener-
gy Enginears in Atianta, GA. The manufac-
turer, Energy Management Systems of
Austin, TX, states that production units will
be available early In 1880. The device Is
Intended for the hotel or motel market.

A sensitive, ultrasonic motion detector is
combined with a remote door switch. Every
time the door is opened the unit begins to
monitor the room area for motion. if it dis-
covers none, the room temperature control
is set back to the “empty room” tempera-
ture until the door is again opened.

Since the temperature is set back only
after detecting ne motion, and since the
equipment works only when the door Is
opened, the manufacturer believes the sys-
tem is virtually fail-safe against accidentally
setting back the temperature in an occu-
pied room. (What happens if one occupant
of a double-occupancy roem leaves early in
the morning, leaving the other asleep, is
not entirely clear.)

Savings of 12 to 40% in heating costs are
axpected where the new device is used.

Superaefficient generator
to operate at —452° F!

The rotor of a superconducting genera-
tor that will produce 18 megawatts of pow-
er has been put through its most severe
qualifying test—spinning its 13-foot-iong,
1.5-ton rotor 3,600 revolutions per minute,
at 452 degrees below zero Fahrenheit
(—268° C).

When completed, the new generator
should produce as much electricity as a
conventional machine twice its size and
weight, say scientists of the General Elec-
tric Research and Development Center,
Schenectady, NY, where the new generator
is being developed.

Al 452 degrees below zero, the windings
of the stator magnets have practically no
resistance; magnetic fields of fantastic
strength can be produced.

The conductors used for the stator wind-
ings consist of thousands of filaments of a
niobium-titanium alloy in a copper matrix.
These are wound to form five racetrack
windings, which are immersed in liquid heli-
um at —452° F,

At that temperature, a critical problem
was to pravent the windings fram moving
even a small part of a thousandth of an
inch. A microscopic movement couid gen-

erate enough heat through friction to re-
duce or destroy the superconductivity of
the conductors. In the experimental gener-
ator, the windings are bonded into rock-
solid modules with an epoxy-impregnation
process. A unigue aluminum support, de-
signed by Dr. Trifon E. Laskaris, manager
of the Cenier's Rotating Machinery unit,
provides extra rigidity against the powerful
magnetic and centrifugal forces to which
the rotor is subjected.

The stator of the new superconducting
generator is now under construction, and
final tests of the completed generator are
expected early in 1981.

SPACE PLATFORM FROM
FIBERGLASS?

BEAMS OF HIGH-STRENGTH FIBERGLASS like
the one above, being tested by chemist Pat Sal-
isbury of Hughes Aircraft Co., may support plat-
forms in the U.S. space programs. The material
is fiberglass, impregnaled with a polyesler rea-
in thal starts out soft and sticky but becomes
tough and rigid from the sun’s radiation. The
truss-like design is for greater rigidity. The
weight is about half that of aluminum. Hughes
is building a prototype seven-by-three-foot
beam of this fishnet-like design for NASA’s
Marshall Space Flight Center at Huntsville, AL.
If the idea praves practical, a series of beams
could be jeoined to form a large platiorm in
space, where the sun's ultraviolet rays begin
hardening the material in a half hour and make
it complelely rigid within six hours.

CCD signal processor
improves TV color

The first use of advanced charge-cou-
pled device (CCD) technology in a mass-
produced consumer product, a comb-filter
signal processor that significantly improves
the picture quality and sharpness of color
TV sets, was described by RCA engineers

10 the ninth annual Institute of Electrical
and Electronlcs Engineers’ (IEEE) Chicago
Fall Conference on Consumer Electronics.

The CCD signal processor filters
throughout the entire video-frequency
range, thus making possible the enhance-
ment of vertical detail In the picture. Fur-
thermore, it is inherently stable because
the CCD filter is not affected by the temper-
ature and humidity conditions that are
known to plague comb filters using more
conventional technology.

The new RCA system incorporating the
comb filter, through optimization of the
horizontal and vertical aperture correc-
tions, produces a clear and sharp picture
free of the ''dot craw!" and 'cross color”
that is associated with conventional color
receivers.

Overall, the RCA engineers said, the new
comb filter increases horizontal resolution
to at least 330 TV lines compared with 260
lines in previous RCA sets.

Popular-priced metal tape
announced by TDK

A new popular-priced metal audio cas-
sette has been introduced by TDK Elec-
ironics Corp to meet the market demands

‘created by the earller MA-R.

TOK MA uses the same metal particie
formulation as the top-of-the-line MA-R
metal audio cassette. Like MA-R the coer-
civity and remanence of MA Is 1050
oersteds and 3,000 gauss. [ts magnetic
energy is roughly four times that of the best
high-bias tapes. The suggested list price
for TDK MA.s $11.60.

Shopping mall takes lead
in energy conservation

One of the largest enclosed shopping
malis in North America, the Centre Mall of
Oshawa, Cntario, Canada, has replaced
the 80 lighting fixtures of its parking lot with
28 newly designed ones, with the double
object of getting betler light and saving 80
percent of the electricity formerly needed.

The older system used 320 mercury-
vapor luminaires, mounted on 80 poles.
With the new “double-reflector"” system,
each of the 28 poles carries a single thou-
sand-watt metal halide lamp. The total con-
sumption is 30.8 kW, as compared to 147.2
kW for the older system, making a saving of
about $9000 annually.

Besides saving energy, the new lights
can be so equipped that they cut off on one
or more sides, preventing 'light pollution”
in high-density residential areas. The small- |
er number of poles allows for additional
parking space, and their more pleasing
design improves the appearance of the
parking lot.




Not Just Another Limited Area Motion Detector!

guardex-

Protects Every Square Inch Of Your Building

Turns On Lights Automatically

Powerful Electronic Siren

Low Cost Computerized

Burglar Alarm System

Home - Office - Business

NO INSTALLATION

Just plug the Guardex 8000 alarm system in, make several
sirple control adjustments to suit your particular bullding and
it works! There are no other wires to run. This totally self-con-
tained burglar alarm can completely seal off every square inch
of the surface of your building. It protects doors, windows, and
what most alarms miss...yourroof, walls and fioors.

HOW CAN ONE SMALL COMPUTER PROTECT MY
WHOLE BUILDING?

Guardex B00D Alarm System works on the principle of audlo
discrimination. This, put simply, is the process of electronic-
ally separating normal everyday sounds, such as voices, tele-
phones, etc. from break-in type noises such as breaking glass,
prying metal, or forcing a door open. The Guardex 8000 pro-
tects one story homes and offices up to 2000 square feet and
open commercial buildings up to 10,000 square feet. The
Guardex 9300 with wireless remote sensor capability is avail-
able for multi-story homes and offices or single story with
mare than 2000 square feel. Call the factory for more detailed
information.

TURNS ON LIGHTS AUTOMATICALLY

When the first break-in type sound is detected, the system will
instantly turn on lights, radlio, or other electronic equipment
that you have plugged into the back of the alarm. These lights
or other equipment will remain on for a period of five minutes,
then automatically turn off.

POWERFUL ELECTRONIC SIREN

The Guardex 8000 alarm is equipped with a loud built-in siren.
I# during the tive minute period the lights or other electronic
equipment has been activated, a second break-in sound is de-
tected, (it can be only a second or two afler the first break-in
sound)the built-in siren will star biasting for 90 seconds. Atthe
end of approximately 90 seconds the siren will shut off and the
alarm listens again. If another break-in sound is heard, the
siren will come on for another 90 seconds. If no other break-in
sound |Is detected, the siren will stay off and at the end of the
five minute perlod the iights will shut off and the alarm in-
stantly resets.

The rear controf panel
contains two standard AC
plug receptacles for a table
lamp, spot lights, radio, etc.;
terminals for connecting
optional outside siren and
back-up battery not
inciuded); entry delay time
controf and sensitity control.

Thc_e Guardex 8000 Alarm System is wainu! grained and dis:
guised to look like a small stereo speaker (6Y4" x 9%:" x 8"}
and welghs less than 6Y: pounds.

EXIT AND ENTRY DELAY
The Guardex 8000 alarm has a built-in exit delay allowing you
approximately one minute to lock up and leave the building
before the alarm is armed. When you enter your building you
may find that just your normal entering sounds activate the
siren. You may delay it from starting for up to 30 seconds by
turning up the siren entry delay control.

BATTERY BACK-UP
Burglars rarely cut power. However, to ?ive you total protec-
tion from a burglar and possible powaer faliure, our alarm has
provisions for a battery back-up. (Batteries not included). 12
volt lantern batteries are available at most hardware stores.

THE BURGLARY PROBLEM
The F.B.|. statistics show that at the present rate, one out of
every four Americans are going to be burglarized. That is not a
very pleasant fact, but it is true. You have a greater chance of
being burglarized than being a victim of a fire or automobile
accident. The time is now to heip protect yourself and your
valuables with a Guardex 8000 alarm system.

OUTSIDE SIREN
The Guardex 8000 alarm is equipped with a loud, built-in siren,

but if you desire an additional siren to mount outside or in an
area away from the main alarm, they are available with 50 feet

.of wire for $24.95. (Connecting terminals are provided on the

back of the alarm).

30 DAY NO RISK TRIAL

This is your opportunity to purchase an alarm system directly
from the factory for only $199.95. Try it in your home or busi-
ness for thirty days without risking one cent. Put our Guardex
8000 alarm to your own test. See for yourself! It will protect
every window and door from break-in. If you are not completely
satisfied, return the atarm within 30 days for a complete refund.
To order your Guardex 8000 alarm, CALL TOLL FREE to charge
your credit card or send your check to Guardian Electronics,
ch. in the amount of $199.95. If you want the optional outside
siren, add $24.94. (California residents add 6% sales 1ax.)

{If you require more information, [r—
o L‘”"J
= i

call during California business

hours, Monday - Friday)

CALL TOLL FREE California residents:

(800) 423-5499 (213) 889-1414 collect.

; GUARDIAN
ELECTRONICS, INC.

31133 Via Colinas, Dept. B. Westlake Village, Callf. 91361

Dealer Inquiries Invited

CIRCLE 68 ON,FREE:INFORMATION CARD
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editorial

Teletext—To be or not to be

Once . . . each and every month, approximately two dozen people
from the U.S. and foreign countries gather together for a meeting.
It's official designation is Task Force A of the Teletext
Subcommittee. This Subcommittee was organized by the Broadcast
Television Systems Committee of the Electronic Industries
Association. Its purpose is to gather and sift through the various
proposals and make recommendations for instituting a teletext
service within the United States. Eventually those recommendations
will be forwarded to the FCC. | sit on that committee.

For those readers who may not already know, teletext is a system
for transmitting information within the vertical retrace interval of a
TV picture. Ultimately consumers will be able to attach decoders to.
their TV sets that will display the information. The exact nature of
the information that will be transmitted is still undecided, but the
possibilities are tascinating; they include everything from
‘*elactronic’ mail and "“electronic” newspapers and magazines to
instant worldwide weather coverage. The service could even provide
access to data bases and programs for “smart’ {(computer)
terminals in the home.

If introduced, teletext will have a major impact on our lives as well
as our economy. Never before have we had a means of transferring
such huge amounts of raw data at lightning speed and providing
that information to so many pecple. It can transform the TV set into
much more than just a home entertainment device. It can become a
vital adjunct to our everyday lives.

Teletext is more than simply a blackboard proposal. Task Force A
is considering several systems that are already beyond the design
stages and very much a reality. It is now up to Task Force A to
gather the necessary information and make their recommendations.
Certainly, each system must be carefully considered. But Task
Force A must not drag its feet either—especially considering the
snail’s pace at which the FCC has instituted previous petitions
dealing with the broadcast industry.

Nor should we as citizens let teletext slip by the wayside. If too
much time is spent considering the proposals, and if too much
politicking takes place, teletext will die. We mustn't let it! Let your
opinions be known by writing to Charles D. Ferris, Chairman,
Federal Communications Commission, 1919 M Street N.W.,
Washington, D.C. 20554.

ART KLEIMAN
MANAGING EDITOR
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The Intredibie

BERMSIOPE Z00M LENS

Simulatedpcrlire 167 puiposes o llushiation.

The Incredible Beamscope Zoom Lens represents a new application ol
technelogy to the field of T V. Optics. One which we predict will tie the In-
dusiry In knols, and force top management to re-examine their techmcal
approach toward large-screen TY These are hard facts 10 face for an in-
gusiry commilted to charging more for whal we believe is oulmoded
technology!

Today SONY. PANASONIC. G.E., ADVENT and SHARP, 10 mention only a
few names, are markeling large-screen projeclion T.V sysiems. These
units are designed (o offer dramalic theatre size screen preseniation in
your own living room. They are dramalic. and they are expensive! Expect 1o
pay upwards ol $2.000 and more for a TV that must be viewed wilh sepa-
rate movie-lype screens, require precise placement of the lens with re-
spect to the screen and can nardly be seen in gaylight.

BEAMSCOPE SUPERIORITY

Beamscope provides a large-screen, theatre viewing sysiem that can be
used in any room. under any and all lighting gonditions, Most imporiant of
all, 11 can be used with your presen| T.V Depending on the size of the T.V.
Beamscope will provide 3 superb picture, up 1o 475 sq. inch, with a
diagonal measure of 30" The cos! is Aot in the Ihousands. not even in the
hundreds. but less than $70! Foolball, basketball. hockey—bigger &nd bel-
ler than you have ever seen them belore. Every detail sharp and clear. The
aclion easier to lollow than it would be Irom the bes! seat in the house
Baseball, the races, your favorite program, Charlie’'s Angels, Chnssy and
Janet of "Three's Company.” come 1o e 10 your living recom. And. what
kind of quaiily can you expect tor less than $70, when SONY charges
51,995 for 115 40 video projection system The answer is® Fiawless! Beam-
scope not only gives you distorlioniess color and black and white bul ac-
tually improves the color and sharpness of your presen! picture

A PRODUCT OF COMPUTER SCIENCE

Due 1o the accuracy and precision required. Beamscope could not have:

been produced al a reasonable price wilhoul the aid of a computer. Simply
staled, the Beamscope lens is consirucled with thousands of spiral micro-
grooves. so small they can’t be seen. They are cut wilth computer accuracy
into one side of a specially fabricated exceplionally hard acrylic When the
Beamscope Is placed in froni ol your T V. these greoves lilerally explode
he piciure up 1o Iwice iis normal s12e

DISCOVERED BY ACCIDENT

Interestingly. we discovered the Beamscope Lens quie by accrdent, be-
cause |i was iniended for use by the wvisually impaired. It has been
thoroughly tested and is 1oday Deing ysed al the Optometnc Center of the
Southem Callornla College of Optometry, and numerous other 10w vISIon
chnics. Universihies and Institutes throughout the U.S Obviously then, the
T.V. Zoom Lens is ne gimmick, but a screntilically designed cplomelncalty
approved, Umversily endorsed opteal break:through, manulactured 1o the
highies! quahty standards

TR
o e AR S
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MORE THAN DOUBLES
THE SIZE OF YOUR T.V.
j SCREEN...COLOR OR
©  BLACK AND WHITE

e Turn a 13" screen from 96

® Turna 19’ screen from 192
sq. inches fo 475 sq.
inches.

* Fits any screen from 10°'to
25!1

* [pstalls in minutes without
1ools.

JUST 36995

ENJOY GIANT SCREEN TV AT ENORMOUS SAVINGS!

So, it you have a 19" portabie, the T V. Zoom Lens will turn 1t into a super-
console with a 30" screen and 475 sq. inch picture. Thal’s two and a hall |
umes the norfmal 160 sq. inch size. Your 157 sel wiil go lrom a 125 sq. inch
picture to & 328 sq. inch picture

Ol course, iIf you've been Ihinking about a new set—wait! Try the T V. Zoom
Lens on your old sel. One (ook will convince you of the hundreds and hun-
dreas of dollars you can save by using the T.V. Zoom Lens 10 get & bigger,
batier piciure with a small set sefling ter $200 or $300 less!

DONT TAKE OUR WORD. SEE BEAMSCOPE FOR YOURSELF!

Beamscope must be seen lo be believed! That's why we are willing o lel
yOu see tor yoursel! on your own T.V Order locay. i you gon t agree hat i is
everyimng we claim and mare, return il 1o us for a relund ol purchase price
Beller yei—check oul the large theatre-size systems al your local depai-
ment store, Once you compare them to Beamscope, you will undersiand

our enthusiasm
For Credit Card Orders ONLY .
24 Hour Toll Free Service 1-800-257- 7850
| In New Jersey 800-322-8650

1 or customer service write lo:
BEACON SCIENTIFIC 44 Ridge Drive, Plainview, N.Y. 11803

 d
[ 4 s BEACON SCIENTIFIC

" Dept. B118, 44 Ridge Drive « Piainview, N.Y. 11803

Please send Beamscope T.V Zoom Lens{es). [ undersiand
that ynder the lerms and conditions of your refund guarantee that |
can return my purchase within 15 days.

For1Q” ic 18" T.V.Screen For 197" 10 25" T.V. Screen
{ )Model T5-25(22"'x16"} { )Model TS-30 (25 'x19°)

] Buy ona lor $69.95, plus $4.00 shipping and handling

01 SAVE! Two lor $134.95, plus $7.00 shipping and handling
] SAVE! Three for $199.95, plus $1G.00 shipping and handling
Prices slightly higher beyond Continenial United Stales

EnclosedlsS _____ Check er Money Order
New York Stale Residents add Sales Tax.

Please Charge my Credil Card:
O American Express
O Master Charge

d Visa
B Carte Blanche

Charge # _ _Exp.Date_
SIGNATURE .,

NAME (Print)._ T R P,
ADDRESS = B ==

CITY ___ STATE o ZIE SR e

& Beazon Sceabic MCNLXEA,
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5q. inches to 352 sq. inches.
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satellite tv news

Broadcasters agree on Westar

Look for much more television programming via satellite this
Fall. Broadcast TV organizations, including independent pro-
grammers as well as the major networks, have made a commit-
ment to use the Western Union Westar system. That means
more news, sports, entertainment—and, yes-—commercials will
be available lrom Lhe skies. Bul don't expect the full prime-timé
network line-up of programming to be beamed via satellite; (or
now, the networks only plan to use their newly acquired trans-
ponders as a back-up (in case of failures in the existing terrestri-
al web) and for special transmissions. In any case, barcly three
dozen of the nation’s 800 TV stations have equipment to pick up
a satellite signal yet.

Blairsat, a subsidiary of a leading broadcast adverlising com-
pany, expects to start sending commercials to TV stations in
about 31 cities this fall, and the company is presently analyzing
how it can distribute syndicated game shows, reruns, and other
TV programs to stations via the Westar transponder it will share
with Hughes TV Network. Hughes, for its pari, has completed
an agreement with most professional baseball teams. Their view-
ers will see 500 “away” games this season beamed back to TV
stations in the teams’ home towns. Separately, Group W (West-
inghouse Broadcasting) has a timetable for use of its transpon-
der beginning in September when such syndicated shows as
“John Davison” and “PM Magazine” go on the bird—with
more likely 10 come.

The rest of the lineup aboard Westar birds will include pro-
gramming from ABC, CBS, Bonneville Broadcasting, Spanish
International Network, Video Communications Inc. and Satel-
lite Communications Network. Cable News Network will use
Westar to send news reports into its Atlanta headquarters (al-
though CNN’s 24-hour news service will travel via RCA Amer-
icom’s Satcom 1 downstream 1o cable TV systems). Several
other broadcasting groups will lease time aboard Westar trans-
ponders from Robert Wold Co., largely for use by their Wash-
ington or other news bureaus to fecd stories back to the home-
town stations. Meanwhile, ad agencies are expected to use the
Blairsat service and others this fall for political commercials.
The idea is that ad agencies can produce timely spots and,
instead of using expensive air freight to deliver films or tapes
{which can take a few days), the commercials can be beamed
directly to TV stations for use that same day while a political
issue is still in the news.

By corralling so many broadcasting clients (in addition (o the
Public Broadcasting Service), Western Union has sel itself up in
strong compelition to RCA Americom’s SMARTS for deliver-
ing programming via satellite directly to local TV stations. The
first SMARTS tests (using Viacom programming and Post-
Newsweek TV stations) finally got underway early this year.
How impressed are local TV-station managers with satellite
technology? Well, although such service is barely in its infancy,
more than 80% of TV executives recently polled believe that
satellites offer “great benefits™ to commercial TV. That could
mean we'll be seeing much more programming of all types
transmitted via birds.

Much more programming from cable TV/satellite feeds

Every week seems 10 bring more program offerings intended
for cable-TV customers via the cable/satellite hook-ups. Show-
time Entertainment, one of the major pay-TV program provid-
ers, has announced it will earmark $14 million this year to create

new shows—including concerts, musical performances, and
comedy specials—in addition to the movies it buys from major
studios. Home Box Office, the largest pay-TV company, simi-
larly announced new programs and a commitment to use hun-
dreds of new feature films during the coming year. Major
League Baseball and UA-Columbia Satellite Services signed an
agreement to continue their Thursday-night baseball Game of
the Week next season under a multi-year contract which calls
[or about 40 regular season games to be transmitted annually,
strictly for the cable/satellite viewers.

On the more esoleric side, “Pirale this Program,” a (ree-form
half-hour show which encourages viewers to videotape the tele-
cast off’ the air, is now transmitted at 12:30 PM EST on Thurs-
days (right after Bob Cooper's “Coop’s Satellite Magazine™).
“Pirate this Program” is produced by the people who publish
Insiant Replay magazine, the periodical which is “printed” on
videocassetles.

Crowded skies

A new version of “Space Wars" is about to be fought by
lawyers representing companies who want the last remaining
orbital-parking spaces available for domestic satellites over the
United States. Hughes Communications, a new subsidiary of
Hughes Aircraft, applied for the arc slots at 79° and 75° west
longitude; then, a few weeks later, Southern Pacific Communi-
cations announced it wants those spots too, and told the FCC
that it was unfair 10 hand out the last available C-Band slots
without further examination. Hughes, a company which has
long built sateilites for Western Union and other companies, is
expected to offer its satellite capacity for video as well as other
services; each Hughes bird will have 24 transponders. The SP
Communications satellites would largely supplement that com-
pany’s terrestrial microwave netwark for voice and data commu-
nications. Details of the SPC satellite proposal will come out
when the company submits its formal proposal to the FCC later
this Spring.

Direct broadcast satellite activity

Comsar was due to submit its formal details for direct-to-
home pay TV transmissions in the Ku-Band just as we went to
press. But even before the complete proposal to the FCC turned
up, there was considerable action about the plan to beam pro-
grams into one-meler, rooftop antennas. First, Comsat con-
firmed that it had negotiated a deal with Sears by which the
giant retail chain would sell and install the home-reception
equipment, expected Lo cosl about $300. That sort of naticnwide
distribution could speed the installation of the Comsat offering.
Meanwhile, Comsat also hinted that it might make its package
of programming (entertainment, sports, education, information,
etc.) available to cable-TV sysiems so they could retransmil
them to customers who didn't want to erect their own rocltop
dishes.

Separately, the FCC has set up an internal task force to
examine the feasibility of any direct-broadcasting in the 14/12
GHz range. Some observers believe that a heavy lobbying cam-
paign (such as Lhe one already begun by the TV broadcasting
industry) could stymie the development of the Comsat plan. But
others contend that Comsat’s thorough preparatory work will
help the project get into the sky close to the 1983 target date
that Comsat has already announced.

contjnued on page 32
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CM-600 $6.95~
RW-50 $2.98*

NEW CM-600 SOLDERLESS PROTOTYPE BOARD

CM-600 isaunique system for solderless construction of circuit prototypes, useful to
both engineers and hobbyists. The CM-600 is a neoprene board 44" (114mm) x 6"
(152min) with 2280 holes on .100" (2.54mm) centers. Standard components
including DIP’s are mounted by simply inserting leads into the holes in the long life
neoprene material. Interconnections are easily made using 20 or 22 AWG (0,8 or
0,65mm) wire jumpers. Positive contact isassured by the elasticity of the hole, which
compresses the leads together. To remove components or leads, simply pull out. This
facilitates easy circuit changes making it ideal for breadboarding experimental
circuits. CM-600 also features numbered rows and columns for easy reference.
Accessory Kit RW-50 contains 50 pes of AWG 20(0,8mm) insulated jumper wires of
assorted lengths from 4"(13mm) to 4"(100mm). Both ends are stripped and bent 90°
for easy insertion. In stock directly from

OK Machine & Tool Corporation
3455 Conner St., Bronx,N.Y. 10475 U.S.A.
Tel.(R1R) 994-6600 Telex 1235091

*Minimurm billings $25.00, add shipping charge $2.00
New York State reaidents add applicable tax
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C-ELECTRONICS

"I youre gomg tolearn
electronics, you might
as Well learn it right”’

d
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“Don’t settle for less.
Especially when it comes
fo career traiming. ..because
everything else mn your life
may depend on it. That's
why you ought to pick CIE!”



You’ve probably seen ad-
vertiscments from other
eleetronics schools. Maybe von
think they're all the same.
They're not?

CIE is the largest indepen-
denthome study school in the
world that specializes exclu-
sively in electronies.

Meet the Electronics
Specialists.

When you pick an electronics
school, you're getting ready to invest
some time and money. And your
whole future depends on the educa-
tion %ou et in return.

hat's why it males so mnuch

sense to go with number one. . .with
the specialists. . .with CIE!

There's no such thing as
bargain education,

If you talked with some of our
graduates, chances are you'd find a
Tot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don't promise you the moon.
We do promise you a proven way to
build valuable career skills. The CIE
faculty and staff are dedicated to
that. When you graduate, your di-
ploma shows employers you know
what you're about. 'Iyoday, it's pretty
hard to put a price on that

Because we're special-
ists, we have to stay
ahead.

At CIE, we've gota position of
leadership to maintain, Here are
some of the ways we hang onto it. ..

Qur step-by-step learning
includes “hands-on”
training,

At CIE, we believe theory is
important. And our famous
Auto-Programmed* Lessons teach
vou the principles in logical steps

But professionals need more
than theory. That's why somc of our
courses train you to use tools of the
trade like a 5 MHz triggered-sweep,
solid-state oscilloscope you build
vourself—and use to practice trouble-
shooting. Or a Digital Learning
Laboratory to apply the digital theory
essential to lieep pace with electronics
in the cighties.

Our specialists offer yon
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mall itin.
Our experts will answer you
promptly in writing. You may even
getthe specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.

Pick the pace that’s vight
for you.

CIE understands people need
to learn at their own pace. There’s o
pressure to keep up. . . no slow
learners hold you back. If you're a
beginner, you start with the basics.
If you already know somne elec-
tronics, you move ahead 1o your
own level.

Enjoy the prompituess of
CIE’s “same day” grading
cycle.

When we receive vour lesson
hefore noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you're doing!

CIE can prepare you for
your FCC License.

For some electronics jobs, you
must have your FCC License. For
others, employers ofien consider it a
mark in your favor. Either way, it's
government-certified proof of your |
specific knowledge and skills!

More than half of CIE's courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

For professionals only.

CIE training is not for the hobby-
ist. It's for people who are willing to
toll up their sleeves and go to work
... to build a career. The work can be
hard, sure. But the benefits are
worth it.

Send for more details
and a FREE school
catalog.

Mail the card today. If it's gone,
cut out and mail the coupon. You'll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we'll try to have a CIE representa-
tive contact you to answer any ques:
tionsli\fou may have.

ail the card or the coupon or
write CIE (mentioning name and
date of this magazine ) at: 1776 East
17th Street, Cleveland, Ohio 44114.

r------------'----,-ig

Cleveland Institute of Electronics, Inc.

1C1
1

[0 YES. .. wantthe bestof everything! Send me my FREE CIE schoo!
catalog—including details about troubleshooting courses —plus my FREE packuge

of home study information.

1776 East 17th Screet. Cleveland, Ohic 44114
Accredited Member National Home Siudy Council

RE-87

MAIL TODAY?

' F . r i 1 1 |

Check box for G.1. Bill information: [J Veteran

Print Name - e s A e LS| LW
Address AP =
City. e . .
State. Zip. —

Agde_ Phone (arca code )

I Active Duty
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THE IONOPHONE SPEAKER

In “Lights That Failed,” (October 1979],
the author {aments the passing of the /ono-
phone speaker. It was made in DuKane In
the early 60’'s, and was called the lonovac
(in Europs, the lonophane). Most assuredty,
it is not dead.

Dr. Allen Hill, a laser physicist, has devel-
oped the Hill Type 1 Plasma Speaker.
Hornless, it is driven by an integral vacuum
tube amplifier. it operates from 700 Hz to at
least 100 kHz. Two “conventional'' drivers
ol very high quality (Audax) serve to fill in
below 700 Hz.

The sound? With good program material,
it sounds real, In a way that no other speak-
er can touch. The theary is fuily justified.

Nor is Thermo-Plastic Recording really a
failed invention, since it Is simply a “fro-
zen’* version of the Eldophor projection
system. And GE has embodied those prin-
ciples in its light valve projection TV.

Matsushita is about to produce a set
using a tube Iike the Philco “Apple.” They
both work on the same principle. Another
layer of phosphor behind one of the stripes
generates UV (or X-rays in the Apple) that

letters

is picked up by a sensor and used to switch
the color signals apptied to the gun. No
second beam is needed. Why hasn't it been
used in large tubes? Probably because
there are so many stripes per line that the
required switching frequency is too high, or
causes RF| problems.

Ultimately, however, there are no failed
lights. Any really good idea has a way of
turning up again.

WILLIAM SOMMERWERCK
Rosemont, PA

ETCHANT DISPOSAL WARNING

| was alarmed to read the letter from L.
Scott Hofer about the disposal of ferric
chloride etchant {(January 1980 issue). Ona
of the very first rules of chemistry is: Never
pour a base (or water) Into a strong acld.

Sodium carbonate is a fairly strong base;
and when it is added ‘‘slowly” {Hofer's
words) to a strong acid there is a violent
reaction (the "foaming' Hofer describes).
That reaction generates a lot of heat, as a
result of ionization.

A far safer way would be to mix a large
quantity of sodium carbonate solution in

coid water. Then slowly pour the relatively
smaller volume of ferric chloride Into the
carbonate solution. The larger volume of
carbonate solution will more quickly neu-
tralize the acid and dissipate the heat as
wall.

If he insists upon using his method, Mr.
Hofer had better invest in a rubber apron,
rubber gloves, and goggles! Sooner or lat-
er, he is going to have a small, but violent,
“‘explosion"” of chemicals spattering his
clothes, face, and eyes.

ROBERT K. DEUNK
Cleveland, OH

AC OUTLET CHECKER

The ""AC Outlet Checker'" article (August:
1979) is interesting and provides a circuil
that should give a lot of Information. How-
ever, a much simpler checker for AC out-
lets can be made by connecting a neon
lamp (through a resistor) between the hot
terminal of a three-connector plug and the
grounding terminal.

The neon lamp can be mounted in the
base of the three-connector piug. If the
lamp goes on, you know that (1) the hot

8 RADIO-ELECTRONICS

F — g
Hamilton Beach / R
5-Speed Mixer. -
Value: $33.95
FE-6249
Ray-0-Vac

Sportsman Na. 303
Sealed Beam
Lantern.

“Value: $25.95

L
priy

~ FE-B245
Wilson Rubber
Soccer Ball,
Value: $12.85

FE-6250
Homelite® XL-12
Chain Saw.
Value: $129.95

fnen

Trimarg Concealed
Rod® Getaway
Spinning and
Spincast Set.
Vaiue: §78.00
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box is grounded, and {3) the grounding wire
is connected correctly, Those are the prin-
ciple safety factors.

To check that the common wire is con-
nected, all you have to do is to plug an
ordinary lamp into the socket.

Incldentally, on page 53 of the article the
iabseling of the “0O"", "X, and “K"' iamps is
confusing. And shouid “K” be a red
lamp?

CARL HARTMAN,
Newport Beach, CA

The (abeliing of the lamps is indeed con-
fusing. They shouid be iabeled as follows:
D&81=0, DS2~X, DS3=K.—Editor.

TANK GAME

I am writing in regard to the Tank Game ‘
project published in the November and / ’
December 1378 issues.

As shown in the article, the game does
not operate properly. The tanks move for- :
ward and reversa but will not turn. This is \
due to a wiring mistake made in the sche- :
matic and PC board pictorial. The circult
should be changed to match that of the
schematic shown in Fig. 1.

AY-3-8T110-4
. Il i
el T ,-//_" vy e
™ 27 -1|

s | T -
Yy "o FIRe
orron
LA
AT 1

&5
| it Ly

RIGHT l}‘
R\GHT%_LiFL{ FIRE

RIGHT PLANER
{BLACK TANK)

LEFTY

LEFT PLANER
(WHITE TANK)

PC BeoAaRDP

— Dlopes-

This will now allow the tanks to turn. In
addition, the control switches will now op-
erate differently: i.e., when the switches are
pushed away from the piayer, the tank will
move forward. When pulled towards the
player, the tank moves in reverse.

| hope this will help anyone who built thes
game and has had problems.

RICHARD R. FALLSTICH
Alientown, PA

-
e
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continued on page 111
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filter by Water Pik. 3

Value: $29.95 i

. EE-5247
Wilson Cannors

Rally Tennis
Racket,
Value: $27.50

FE-62
Meco Swin e?ﬂ

Smoker Grill,
Value: $79.54

EFﬁ?ST
anson

Step Stook.
. Value: $22 00

Free gifis

available with your
purchase of RCA
Receiving Tubes.

When you think of receiving tubes, think
RCA!I When you think of dealer awards, think
RCA “Free and Easy 1980." Then get both
from your local participating RCA tube dis-
tributor. Quality tubes and quality awards go
hand in hand at RCA.

Shown here are just nine of the 20 awards
available to you. Find out the details when
you purchase quality RCA receiving tubes
from your participating RCA tube distributor
and earn the award of your choice.

RCA|Distributor and Special Products|Deptford, N.J. 08096

“c " Receiving

Tubes

‘\

\.
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Simpson
Hcind Portcable DMMS
Have The Fectures
You Recilly Need!

===

model 483 | v Modef 463
Actual Size!

184

20 200 2000 20M<

1

DIGITAL MULTIMETER §

i Ll i
1000V 150V &
- l.:_-_—__--n‘_-:_-a—_..JI
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Model 461
173



+On the Bencii

In the Field

The Best All-Around Design for hands-free measurements in all situations . . _ in
the production line, on the service bench, on the test-lab shelf, in the field.

.y

Designed For Years Of Trouble-
Free, Reliable Service by the
maker of the world famous 260%

These Simpson hand portable
DMMs meet the new UL 1244
standard for safety of electrical
and electronic measuring and test-
ing equupment

I’ . and also meet ANSI 039 5.
Bum To Last, Inside And Out — on
the inside, with quality-selected
active and passive components
Plus a high-energy, double fusing
protection system; on the outside,
with a rugged high-impact ABS
molded case.

Posltive, Simple, One-Finger Push-
button Selection of Functions and
Ranges.

10 Megohm Input Impedance on
both DC and AC voltage ranges

. as most often referenced in
factory service manuals.

Double Burn-in!

Every Simpson DMM gets double
burn-in and final factory test of
every range and function.

One-Year Warranty. Every Simpson
DMM is backed by a one-year fac-
tory warranty. {Fully stated in op-
erator's manual and warranty reg-
istration card. Copy available at
factory or authorized Simpson
distributors.)

UL Approved Safety-Engineered
Test Leads are included with each
Instrument.

Model 462
%215

The Cordless Model 463 has easy-
to-read .57 liquid crystal display,
26 most needed measurement
ranges. Rated accuracy is 0.1% on
DC V ranges. You can get up to a
year of service on a 9-volt alkaline
battery, inciuded. .......... 2184

The Popular Model 461 has large,
bright .3 LED display, 26 most
needed ranges, 0.25% DC V accur-
acy. Gives 8 hours of continuous
battery operation on a single

'charge. Price includes nickel-cad-

mium batteries and AC charger/
GRS g e i B B o 8173

The Autoranging Model 462 auto-
matically selects the range and the
decimal point position on voltage
and resistance measurements.
Has bright .3” LED display, 0.25%
DC V accuracy. Gives 8 hours of
operation on a single charge. Price
includes nickel-cadmium batteries
and AC chargerfadapter. . . .. $215

A Broad Line Of Accessories ex-
pands the measurement capabil-
ities of the 461, 462, 463 and other
popular Simpson DMMs. (A) univer-
sal temperature probe, (B) rf probe,
(C) high-voltage probe, (D) AC Amp-
Clamp adapter, (E) deluxe case.

Available from Simpson Distrib-

utors Worldwide. Ask or Write for
Free Catalog.

SIMPSON ELECTRIC COMPANY
853 Dundee Avenue, Elgin, IL 60120
Telex 72-2416 » Cable SIMELCO
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equipment reports

Data Dubber For
The TRS-80

CIRCLE 101 ON FREE INFORMATION CARD

ANYONE WHO OPERATES A RADIO SHACK TRS-80
microcomputer knows that loading in pro-
grams from cassette tapes is a touchy proposi-
tion—particularly with Eevel Il BASIC.
Tapes made directly from the microcomputer
output are less touchy, but tapes from other

sources—borrowed or purchased—can be very
difficult or impossible to load. Also, recorder-
to-recorder copics, without special professional
recording equipment or expensive duplicators,
are usually a waste of time.

However, the Data Dubber {from The Pe-
ripheral People, Box 524, Marcer Island,
Washingtion 98040, $39.95 postage paid)
solves those problems. You can duplicate and
get perfect CLOAD's even from tapes with hum,
distortion, or minor dropouts—and without
any modification to the TRS-80. It can be used
with botl: Level T and Level I BASIC,

Ideally, the pulses from the TRS-80 to the
cassetle recorder during a CSAVE operation
should be stored on the tape as perfect
pulses—or at least as perfect sinewaves. That
seldom happens because of the poor frequency
response of standard audio recorders. Also,
ideally, the TRS-80 would rather input pulses
than sinewaves, and it especially dislikes the
distorted sincwaves produced on playback of
tapes made on other recorders. Head align-
ment, speed, and frequency response could be
quite different from that of your recorder!

The Data Dubber is designed to take what-
ever data is on the 1ape, distorted or not, and

regenerale exacl duplicates of the original
pulses. Those idealized pulses are also available
to feed a second cassette recorder for duplica-
tion. The Data Dubber does not care if the
program is in BASIC or assembly language,
since it simply idealizes the pulses. Unless
there are data pulses actually missing from the
recording—or pulses and pops that shouldn't
be there at all'—the Data Dubber will usually
load the tape the first time.

The first two stages of the Data Dubber
essentially duplicate the high-pass filter and
full-wave rectifier circuitry of the TRS-80 cas-
sette input. The input pulses are then leveled in
amplitude by a threshold detector, the output
of which triggers a series of one-shot multivi-
brators. The time constant is set to duplicate
the width of the pulses that the TRS-80 pro-
duces. Positive and negative pulses are
summed togcther to make the bipolar puises
required by the tape recorder—= kind of sine-
wave built out of squarewaves. There are two
oulputs, one presel Lo the optimum level for
the TRS-80 input and the other preset just
under the automatic volume-control threshold
of the auX input of the tape recarder.

continued on page 28

Kieps 40
Kleps 30

INTERNATIONAL FM-2400CH

FREQUENCY METER FOR

‘RADIO-ELECTRONICS

N
-}

Portable * Solid State « Rechargeable Batteries
The FM-2400CH provides an accu-  cies ol the receiver betwean 5'MHz

'_ Klegs 10 - 20

rate frequency standard for testing and 40 MHz.

and adjustment of mobile transmit- £ R VY c :
: ; requency stability: =.0005% from

ters and receivers at predetermined w50 10 4 104°F.

frequencies.

The FM-2400CH with its extended
range covers 25 to 1000 MHz.

The frequencies can be those of the
radio frequency channels of opera-
tion andior the intermediate frequen-

Frequency stability with buitl-in ther-
mometer and temperature corrected
charts: =.00025% from +25° to
+125° (.000125% special 450 MHz
crystals available).

+ Tests Predetermined Frequen-
cies 25 to 1000 MHz

+ Extended Range Covers ‘950
MHz Band

» Pln Diode Attenuator for Full

Kleps 1
Kigps 28 \

Clever Kleps 3

Test probes designed by your -needs — Push to seize, push

to release (all Kleps spring loaded). vle Fll_evs 40 Range Coverage as Signal
Kieps 10. Boathook clamp grips wires, fugs, terminals. Generator

Accepts banana-plug or bare wire lead. 4% long. . Measures FM Deviation

Kleps 20. Same, but 7" long.

Kleps 30. Completely fiexible. Forked-tongue gripper. Ac:

cepts banana plug or bare lead. 6* fong. FM-2400CH (meter only) ... $690.48

Kleps 40. Completely flexible. 3-segment automatic collet RF crystals {with temperature

firmly grins wire ends, PC-board terminals, connector pins. correction) $20.39 83

Accepts banana plug or plain wire. 6% long. . ‘ ;

Kieps 1. Economy Kleps for light line work (not fab quality). [ Kieps 1 AF crystals (iess temperature

Pges'hlq% claws, :‘?’z”tlor;g. o 7 - . P correction} .. .. $2192ea
r . Versatile test prod. Solder connection. Molde <oeeee. Catalog price

phenolic. Doubles as scribing tool. “Bunch’’ pin fits banana b el

fack. Phone tip. 5%” long. Write for cataiog

write for complete catalog of - test probes, plugs, sockets, |
connectors, earphones, headsets, miniature components. ’,

Available through your local  pug 1p
distributor, or write to: e aa

RYE INDUSTRIES INC.

126 Spencer Place, Mamaroneck, N.Y. 10543
In Canada: Rye Industries {Canada) Ltd.
CIRCLE 19 ON FREE INFORMATION CARD
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HTERHATIONAL CRYSTAL MFG. CO., INC.
10 Norh Lee  Oldghoma Gy, Owa 73102
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CHECK THESE FEATURES

® 29 Ranges

* imV to 1000VDC
¢ ImV to 750VAC

s 001 10 2000mADC
* 001 10 2000mAAC
¢ lohm to 20Mchms

* 300VAC protection in ohms
and audio

® Automatic polarily

® 200 hours battery life

* 10% “lo-batt” indication
« 3% digit LCD 5 display

TN ANV YRIN AUIVIIVI
Audio Digital Mullimeter

From WESTON

ARE YOU CONFUSED BY ALL THOSE HAND-HELD
DIGITAL MULTI-METERS ON THE MARKET? COMPARE
PRICE AGAINST FUNCTIONAL FLEXIBILITY AND YOU
WILL BE CONVINCED THAT THE WESTON MODEL 6100
ROADRUNNER IS YOUR BEST BUY!

FLUKE DATA PRECISION
8020 935
\ MODEL
b ¥ E |
FLUKE BECKMAN |
\\ . BO24A 3010
FUNCTION ° |
N WESTON | FLUKE t
. | 6100 30224 |
* 1.10.100mV and 1, 2V
threshoid pulse detect™® DC VOLTS o D b D D
s 1, 10, 100 Ohm threshoid AC VOLTS D D D D D
continuily testing® DC CURRENT (D D D D D
A * AC CURRENT [ D D D D
o - RESISTANCE D D D D D
e Transistor tests™ CONDUCTANCE D b
« Capacitor 1ests * DIODE TEST A A D D D
LOGIC LEVEL A A
« Siuffed PCB tests® PP T n
* RF! shielded CONTINLETY A A
- M - TOTAL FUNGTIONS 9 9 7 6 7
SIS L PRICE (h) 139 99 | 69 | a2 | 13
» Self Calibration I

e Overrange indication

* Rugged case. Built-in stand

%

DENOTES AUDIO RESPONSE' ™runction

o voocoo

150

‘SABTRONICS
2037
P
B&K
2815
D D
D D
D D
D [
D D
D D
6 [
156 | 120

(A} Denotes AUDIBLE funcuon

D) Denotes DISPLAY funiction

INSTRUMENTATION, INC.
weg e 1554 ELMIRA, AURORA, COLORADO 80010

FULL LINE OF ACCESSORIES R&R (303) 340'8728 364'8325

.AC Clamp-on Probe. ... $52.75 Carrying case .$15.00 % CALL COLLECT BUY NOW
Battery FEliminator . . 15.00 RF Probe _.....2900 SPECIALIZING IN DIGITAL & ANALOG
Light Meter attachment .. 262.00  VHF RF Probe ..63.00 METERS AND MULTIMETERS
Temperature Probe. (avall. soon] HV Probe. ..38.75

CIRCLE 79 ON FREE INFORMATION CARDV

INTRODUCING...

™

ROAD

FROM WESTON

AUDIO RESPONSE"

0 0.5" LCD DiISPLAY
0O 6 FUNCTIONS
O 29 RANGES

WESTON INSTRUMENTS
THE MEASUREMENT PEOPLE®

814 Frelinghuysen Ave..
Mewarl, NJ OT114

CIHCLE-7S ON EHEE INFORMATION CAFD

RUNNER aomm

PLUS DIGITAL DISPLAY

[0 5 RANGE AUDIBLE SiGNALING FUNCTION
‘0 RUGGED FIELD SERVICE DESIGN

*139.00

SANGAMO WESTON
Schlumberger

0861 AVIN

N
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continued from page 26

The Dara Dubber measures 5 X 2 X 1Y
inches and has no controls. The only external
connections are two cords ending in miniature
phono plugs and a miniature phono jack. The
cord labelled MASTER RECORDER connects o
the earphone jack of the recorder that has the
program. The cord from the 7RS-80 that nor-
mally goes 1o this earphone jack is instead
plugged into the jack on the Data Dubber
marked TRS-30. The cord labelled SLAVE is only
used with a second recorder if you wish to
make a copy of a tape; that cord plugs into the
auxillary input of the second recorder.

A red LED on the front panel of the Dara
Dubber is used as a level indicator. Simply set
the master-recorder volume control so the
LED lights brightly and steadily during the
program lead-in pulses, and faintly flickers in
brightness as the program is playing.

A clever battery-saver feature is incorpo-
rated into the Data Dubber. As long as there is
no signal input, the Dubber draws only a frac-
tion of a microampere of current from the 9-
volt battery. However, as soon as a signal is
input, an electronic switch turns the circuit on,
and the battery supplies 7-10 milliamperes.

When the input ceases, the circuit goes back.
into a virtually-off standby condition. Tha;

eliminates the need for an on-off switch,

In actual use tests, 1 found that the Daia
Dubber would load tapes that would not load
elsewhere. [ had one tape that only one record-
er out of four different models would load, but
it loaded finc with the Data Dubber and the

standard TRS-80 recorder. I made copies of

that tape using the Data Dubber and the copies
also loaded without any trouble. Some experi-

mentation with level settings was necessary, as.

described in the instructions that come with
the unit, since the LED apparently lights both
above and below the ideal range.

While the Data Dubber will solve many tape
problems for TRS-80 owner, it cannot resur-
rect the dead. A program tape that has all the
pulses recorded (even though they may be dis-
torted) is loadable with the Data Dibber.
However, if even one sync pulse is missing
there is no way you will ever get the tape to
load properly. If you have a tape that has never
been “loadable” under any circumstances,
don’t think the Date Dubber will create any
missing data. It won't. On the other hand, if
one of your tapes loads after much fiddling
with the volume control, the Data Dubber
should clean it up sufficiently to permit a good
load on the first try. R-E

Triplett Model 30 Grabber
AC Clamp-on Meter

NAMING A PIECE OF TEST EQUIPMENT THE
“Grabber” seems inappropriate to say the
least. However, in this case the name is very
appropriate: The model 30 Grabber, recently
announced by the Triplett Corporation, actual-
ly does grab onto the reading and holds it
indefinitely.

As you may have already surmised, the

Grabber is a clamp-on type of device. Howev- |

er, the name can be more fully understood
when you discover thal, having once connected
the model 30 into the circuit to be tested, a
slight push of a button on the right-hand side
of the case will lock the pointer in that position
as long as you desire. Triplett has called this
feature Memo-fock, but it is easy to see why
the meter is called the Grabber.

Super Stix
MOST EFFICIENT




Dauble thick tip.
protection.

Pure PVC-Polyvinyl
chloride jacket-
prevents
abrasions,
checkering or
blistering.

upesy
i
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allows a PERFECT
1 to 1 SWR MATCH.

* Precise, logarithmic
winding assures
tully balanced gain
of at least 3dB.

Pure, 14 gauge:
copper wire,
coated with virgin
enamel for triple
environmental
protection.

—= Up to 1000 watts
power handling
capacity without
antenna damage,

L— 100% tuneable coil
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If there is a need to measure the current in a
conductor carrying AC to a large motor, for
instance, all that has to be done is to find a
convenient spot where the supply wires are
available, open the Grabber's jaws (up to I-
inch) and slip them over the wire. Allow the
jaws to close and, with the mode! 30's range
switch set to the highest current position,
reduce the range until a useful reading is
obtained. If the Grabber happens o be in a
position where it is difficult 1o see the reading,
then press the button on the side, open the
jaws, move the unit to where it can be seen;
you'll find the last reading recorded while it
was still on the conductor.

The clamp-on ammeter is a device with wid€
applications in industrial electronics. In the
consumer clectronics field, however, it is rela-
tively unknown. Yet, it could serve even there if
the technicians had access to such units.
For instance, in a solid-siate stereo amplifier,
many facis can be determined if one learns to
rely upon one measurement ror normally made,

TABLE 1
AC current: 0-6, 12, 30, 60, & 300
AC amperes
Accuracy: +3% of full scale (cali-
brated at 77°F (25°C)
AC Voltage: 0-150, 300, & 600 AC
volts
Accuracy: {(same as AC amps)
Sensitivity: 5,000 ohms/volt
Frequency Response: +1% of full
scale from 20 to §,000 Hz.
Rectifier: Average responding cir-
cuit calibrated to read RMS value of
a pure sinewave,
Max. Input Voltage: 600V RMS.
Meter Movement: Core magnet piv-
ot-and-jewsl type.
Overload Protection: Diode type.
Weight: Approx. 1 pound (0.45 kilo-
grams) with test leads.
Size: 7% L X 2% W X 1%-inches D
(19 X 6.9 X 2.9 cm}
Accessories: model 32 ochmmeter
adapter.
Max. Wire Size: 1-inch diameter.

B 086L AVW
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EQUIPMENT REPORTS
continued from page 29

That is the current that is being drawn from.
the AC iine. A quick reading of that current,
converted into power, will tell a great deal
when compared to the published input power
of the amplifier.

In addition to the current ranges (see Table
1), the riodel 30 also has an accurate AC volt-
meter scale. A set of test leads (supplied with
the tester) is plugged into the end of the Grab-
ber and you are ready 10 nreasure AC voltage
in three ranges (150V, 300V, and 600V full-
scale). Also supplied are two screw-on alligator
clips, insulated for your protection and color-
coded red and black. An optional adaptor
(model 32) is available that allows thc Grabber
to measure resistances of up to 1,000 ohms.

The reading of the AC linc voltage was
found to be as accurate as one could require.
When compared to the usual VOM used for
such readings, the Grabber was easicr to read if
set to the 150V range, since that allows the line
voltage to be read in the upper portion of the
scale. (I have just checked the line voltage to
my workbench and found it to be exactly 120
volts. That is the norm for this location. Very
few standard VOM’s will read that close.)

Another accessory available is the model
10! Line Separaror. That unit allows the user
to clamp the Grabber onto one leg of the line
without slitting or scparating the wires to do
so. In addition, the Line Splitier increases the
sensitivity of the Grabber by factors of 10 or
20. Thus, when using the Line Splitier, cur-
rent measurements as low as 300 mA full-scale
are possible.

ACE 200-K with 728 solder-
less plug-in tie points, fwo
S-way binding posts. Capa-
city, up to eight 16-pin DIPs.

ACE 201-K (shown here}
with 1032 solderless plug-in
tie points, two 5-way bind-
ing posts. Capacity. up to
twelve 14-pin DIPs.

$24.95

A P All-Circuit Evaluator kits give
you the best...for less.

Assembile your A P "ACE" yourself (easy with our instructions} and you

save money.

Then you save time—time after ime—because there's no faster or

easier way to prototype.

You figure out your circult, piug it in for testing, You decide to improve
your layout, and you make your moves as quickly as you think them
up. It's super-fast breadboarding—with the electronic integrity you
expect from A P Products. Our solderess plug-in tie points are a special
noncormroding alloy. Use them over and over again. They continue to

grip hard, make excellent contact.

Where to buy? Phone (toli-free) 800-321-94648 for the name of your
local A P Distributor. And ask for our compilete A P catalog, The Faster

and Easier Book.

wered

“ about:

AP PRGDUCTS

INCORRPORATED
1359 W, Jockson 5t

Painesville, Ohio 44077

Tel. 216/354-2101

TWX: B10-425-2250
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The instruction manual is quite complete
and, as with other Triplett insiruments, the
emphasis is upon safety; that element cannot
be stressed too often or too much. There is a
good applications section and a troubleshoot-
ing section thal contains a schematic diagram
and parts list for both the node! 30 and model
32

The instrument is covered by a one-year lim-
ited warranty on defects and workmanship.
There is a rather complete list of warranty ser-
vice stations provided with the instrument and
a bright-red tag which outlines the dangers
associated with the measurement of electrical
currents and voltages.

Any measurement that we tried with the
model 30 Grabber verified that it metl or
exceeded the published claims made for the
unit. 1t can be an important addition to your
service bench or lab, whether you are a profes-
sional or a hobbyist. R-E

Muraphone Remote
Telephone Answering
System

CIRCLE 103 ON FREE INFORMATIOMN CARD

THE PRIMARY CONVENIENCE OF HAVING A RE-
mote cordless telephone is in the answering. It
makes sense to market a low-cost answer-only
model that excludes a dialing option.

That is the philosophy behind the economi-
cal little Muraphone, a walkie-talkie size two-
way telephone answering portable from the
Mura Corporation {177 Cantiague Rock
Road, Westbury, NY 11590.)

The Muraphone system consists of two
main subsystems: the remote answering device
{model MP-100) and the telephone interface
base unit {model M P-101). An adaptor plugs
into the AC line Lo operate the base unit. A
small plug-in cord is provided with the system
to recharge the nickle-cadmium batteries in
the remote unit when the system is not in
use,

Installation

To hook up the remote answéring system, all
that is required is a telephone jack that uses a
modular connector. If your telephonc is
equipped with the older style faur-pin plug, an
adaptor will have Lo be acquired 10 install the
system. The need for a modular connector is
nothing exclusive with Mura; all new tele-
phone options come equipped with the modern
plug. Fortunately, many electronic hobby and
specialty stores offer several types of modular
receptacies to extend the flexibility of your
telephone.

Once the base unit has been connected to
the telephone line, the first necessity will be to
charge the hand-held's batteries. That is readi-

continued on page 40



10 to 30 MHz oscilloscopes with more
performance
and reliability

than you

fleme g
‘g
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Its easy to see why LEADER
oscilloscopes are now specified more
than ever. More performance and
3uality for less cost... with immediate

eliveries from over 100 stocking
distributors. They also come with
the besl two-year warranty in the
incustry . .. backed by efiicient
factory service depots on the
East and West Coasts.

A full-range of reliable,
medium bandwidth

oscilloscopes.
LEADER's oscilloscope line inciudes 11
models, single and dual trace versions,
for bench or field use. All models offer
comprehensive triggering controls, TTL
compatible Z-axis modutation, front
panel trace alignment control and
convenient, color-keyed front panel
layout. Probes are furnished with every
oscilloscope and options include probe
pouches, carrying cases, front panel
covers and rack mounting adapters.

30 MHz delaged sweep —
$1,530.
LBO-515B is a compact, precision
oscilloscope at a moderate price. Using
a PDA 4-inch CRT with parallax-free
internal graticule, it features 5 mv
sensitivity and delayed sweep for
viewing and measuring complex
waveforms. Also has 120 ns signal
delay, trigger hold-off and x-y
operation at fuli sensitivity.

30 MHz with signal
delay —-$1,100.
LBQ-520 combines a 11.7 ns rise time
with 5 mV sensitivity and 120 ns signal

ever thought
possible.

C

surprisin

leader.

delay lines. Has single §hot triggering
X10 sweep magnifier and bright, sharp
PDA CRT. Triggers to 50 MHz.

20 MHz dual and single
trace —$835., $610.

LBO-508A and
LBO-507A give you
versatility at low cost.
Rise time is17.5 ns
with 1 MQ (35 pFd)
input impedance.
Automatic or external
triggering, X5 sweep
magnifier, 10 mV/cm
sensitivity and add/
subtract modes.

Oscilloscopes, frequency counters,
function generators, video and
audio insfruments...a LEADER

20 MH:z battery/ac
portable ~$950.

LB(O-3088 provides lab performance
and high reliability in field service
applications. Sensitivity is 2 mV
with a complete set of triggering
controts and 18 sweep ranges to
0.1 ps/div. with X5 magnifier.
Compact, lightweight with 3-inch:
rectangular, internal graticule CRT.
(Optional 2 hour internal battery pack is
recharged during ac operation, $75.00.2

Two-year warranty.

Evaluation units.
A history of high reliability permits
LEADER to provide a generous 2-year
warranty ... backed by factory service
depots on the East and West Coasts.
A free, trial use of LEADER instruments
is avaifable to all
qualified companies.
Call toll-free
(800) 645-5140 to
request:
* an evaluation unit.
s our 40-page cataiog
e the name of your
nearest “Select”
distributor
e additionai information

instrument for aimost every need.

10 MHz with 1 mV
sensitivity —$645.
LBO-514 pas both vertical and
horizontal X5 magnifiers. Sensitivity
is from 1 mV/cm to 10 V/icm. Sweep
speeds from 0.2 s/cm to 0.1 ps/cm.
Auto or normal triggering. Z-axis

modulation. {Single trace version;
LBO-513, $495.)

FOR: CATALOG CIRCLE 80 ON FREE INFORMATION'CARD

When Quality Counts

instruments Corporation
. 380 Oser Avenue
Hauppauge, N.Y. 11787 (516) 231-6900
Ragional Cffices:
Chicago, Los Angsies, Dallas.

CIRCLE 78 TO BE CONTACTED
BY LOCAL DISTRIBUTOR
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BW-2630
Battery Tool

BW-2630 $19.85”
BT-30 & 3.85~
BT-2628 & 7.85*

| BW-2630 BATTERY TOOL

The new BW-2630 is a revolutionary battery
powered wire-wrapping tool. The tool operates
on 2 standard “C” size NiCad batteries (not
included) and accepts either of two specially
designed bits. Bit model BT-30 is for wrapping
30 AWG wire onto .025" square pins ; BT-2628
wraps 26-28 AWG wire. Both produce the
preferred "modified” wrap.

Designed for the serious amateur, BW-2650
even includes both positive indexing and
anti-overwrapping mechanisms features
usually found only in industrial tocls costing
five times as much. Pisteol grip design and
rugged ABS construction assure performarnce
and durability. In stock at local electronic
retailers or directly from

OX Machine & Tool Corporation

3455 Conner St., Bronx, N.Y 10475 U.8.A.
Tel.(R182) 994-6600 Telex 135091

Minmimum billings $25 00.add shipping charge S2.
New York State residents add applicable lax

ht
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SATELLITE TV NEWS
continued from page 16

Canada gets the jump

Even as American policymakers and corporations make plans
far direct-broadcast satellites, foreign efforts on similar ventures
are moving along. In Canada, programs from the Canadian
Broadcasting Corp.'s Pacific TV Network and Vancouver TV
station CHAN are beamed, via Anik B, to cable TV systems and
private homes in remote parts of the country. Homes authorized
to get the service are being loaned a 1.8-meter earth terminal,
free of charge. Meanwhile, a joint venture by several European
electronics and aerospace companies may lead into a direct-
broadcasting-satellite system for Western Europe—possibly as
early as 1983. French and German organizations are spearhead-
ing the effort; but members of the British parliament are con-
cerned about a Continental system that would also reach the
United Kingdom, raising nationalistic viewing probleins.

Audio going aloft too

National Public Radio, which began limited satellite feeds to
its affiliates last Fall, expects to begin 24-hour service via its
Westar [ transponder this Spring. Plans call for the eventual use
of 12 audio circuits for simultaneous feeds (with different pro-
grams going to different time zones). The high quality stereo
transmission would include all formats of music in addition to
NPR’s first-rate public affairs programs. About 17 public radio
stations presently have uplinks to feed entertainment and news
programs into the network.

Mutual Broadcasting has begun to beam its radic program-
ming to affiliates via Westar. Mutual's news, sportscasts, and
special programming will travel via satellite. ABC, CBS, and the
new RKO *Lifestyle” radio networks are committed to satellite
transmission. Some of it is likely to begin this year and United
Press International, the wire service that also provides hourly
newscasts to radic stations, has moved ahead with its plans for
satellite delivery too; it’s likely to start within a matter of
months. All those developments are in addition to the already
existing half-dozen audio circuits that are aimed at cable TV
systems using RCA Americom’s Satcom birds.

Non-wave of the future

Digital transmission is almost certain to become the predomii-
nant format during the 1980°s. That message has been repeated
constantly in recent months at meetings as diverse as a confer-
ence of the Society of Motion Picture and TV Engineers and a
computer/telecommunications seminar. Leaders from the satel-
lite industry and other business groups see a rapid change-over
to digital technology, not only for data and business communica-
tions, but also for video and other services. Most experts agree
that satellites will spearhead the change. Indeed, Intelsat has
already approved policies which will lead to complete interna-
tional usc of digital transmission by 1986.

“Flying saucers” ready for broadcasting uplinks

Small transportable satellite uplinks to help broadcasters cov:
er sports and news events are being used for the first time this
Spring. The equipment is supplied by Microwave Associates
and is operated by Satcllink of America, the new subsidiary of
Robert Wold Co. Satellink leases use of the facilities to the TV
networks and to other program producers.

The three packages can be deployed to different events and
have been nicknamed “flying saucers™ because the components
can be collapsed and packed inio 11 crates and shipped quickly
by air-freight. One of the trade-offs in using the small 4.5-meter
uplink dishes is that signals from them can be picked up only
with downlink antennas of a diameter of at lcast 10 meters.
Network headquarters and most TV broadcast stations are
expected to install dishes that size—but, of course, that pre-
cludes many cable systems, and other users who are opting for
antennas of 5 meters and smaller, from using the system.

GARY H. ARLEN
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OBSOLETE YOUR TRUSTY OLD YOMm!

Here are the truly inexpensive, no nonsense, high
performance DVOM's you've been looking for! Com-
pact. Lightweight. Easy to read, indoors or out.
Accurate. Precise. Reliable. Rugged. Safe.
Self-contained. Easy to hoid and operate with the
same hand.

A complete line of inexpensive accessories is
available to extend other capabilities far beyond
those of a comparably priced VOM.

Ali the super-durable, high quality professional
meter you need for service and maintenance work at
an analog price. So why pay as much for analog
inaccuracy...or more for digital frills?

Write today for complete details or contact your
tocal Hickok distributor. Better yet, call us toll free,
outside Ohio, at 800-321-4664.

LN303 - 574.%
LX304 - 389.%

" bﬁq:.JE 76 ON'FREE INFORMATION CARD

L1

* Automatic polarity, zero and overrange:
indication

e Easy-to-read ¥2" high L C D display

e 14 year battery life in typical use

* 12 oz. including 9V battery

s Withstands 4 ft. drop without loss
of accuracy

» Automatic decimal point, built in low
battery indlcator, diode and transistor
testing capability {(LX304 only)

Carry it in your pocket, brief case or tool

box and enjoy on-the-spot accuracy when-

ever and wherever you need it.

No need to worry about damage. It's built

to take it...so you can take it with you

wherever you go.

THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue e Cleveland, Ohio 44108
{2161 541-8060 . TWH: Bi1D-421-8286
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HICKOK

FLUKE
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mopeL 820

= Measures capwitance
trom O.\oF lo | Farad

* Resolves 1o 0.1pF

* 10 ranges for accuracy
and resolution

* 4 dign easy-lo-reac:LED
display

* 0.5% accuracy

* Special lead insartion
Jacks or banana jacks

¢ Fuse prolected

+ Uses either rechargeable
of disposable batengs

¢ Owverrange indication

CalliFor Our Price

. » WIDE RANGING — from 1999 pF full scake
G-DN'A PRECISION L1 oF resoiion) up 10 1999 ) i scak, n
Bight ranges. vinually every capacitanoe youTl

Model 938
0.1%, 3%-Digit, LCD DIGITAL
CAPACITANCE

Bver nead 10 measure

'F#GI'ANDEPSYTOUSE—Dmclmdm
pushbution rnges. Just piug In

-BWTIONALLYAOCURAIE—umm
+01% basic accuracy.

* TOUGH AND COMPACT — Built 1o take rough
Leszage wihout loss of caibraton adcuracy, Fits
and goes anywhere, ‘akes very il pench
soace. aways handy kor quck capacitance
checkout maichng, calbraton, and tradang.

* PORTABLE — Paimseed. ightweight. apevaies
up 10 aporcoamately 200 hours on a single SV
akalrs battery

*» EASY READING — g, clear, highcontrast

'/:dgnLCOdS-:th a full 5" high, reacable

C wusm—amnmg
capabality and dependabity, OutoedomsDC
meconsiant maters, and gven brdges cosiing
210 5 tmes as much

« RELIABLE — warranteed lor 2 full years.

HICKOK

LX304 DIGITAL MULTIMETER

FAST, EASY,
ONE HAND
OPERATION

AVAILABLE NOW
$899*

NEW

[FLUKE] DIGITAL MULTIMETERS
®

« Six funclions s 3%e<diglt resclulion

dc veltage
ac vollage + 0.25% basic dc&.a&%ﬁ
Model B022A: . de current * LCD display
The Troubleshooter ?:sicsl:;'rz'e' « Overload'proteciion
diode test

$139

Mode! 80204A:
The Analyst

$179

Model 80244
Thie Investigat:

NEW

+ Seven functlons \ -
de vollage
ac vollage
de current ,’
ac current
resisiance » Nine functions « peak hoid on voitage
diode test dc vollage and current lunchion:
conductance {1/R) : voltage + Selectabie audible
* 3% dight resolution o 2:;:2:: indicator for
. : continuit
0.1% basic dc accuracy resistance e gelecﬂm
* LCD display diode test ‘
conductance (1/R) * 3'e-digit resolution
» QOverload profection logic levet and » 0.1% basic d¢ agcyl
» Free case continuny detect

1emperalure (K-type * LCO display

STn0 Vel palls thermacoupie) * Overload profeclion

and labor warranty

New Low Distortion Function Generator
:’KPR[C,SIDN MODEL 301 0

1o Generates sine, squave and triangle
wavalorms

* Vanabie amphtude and ficed TTL square-
wave oulpuls

= 0.1 Hz 10 1 MHZ in six ranges
« Push bulton range and function selection

« Typical sine wave distorhion under 0.5%
from 0 1Hz to 100kHZ

s Variable DC offset for engineering
apphcalions

* VCO external inpul for swaep-lrequency
tests

Cail For Qur Price

New Sweep/Function Generator

. mocer 3020
o PRECISION « Four Instruments in one

package—sweep QBnerator, func
tion generator, pulse generalor,
tone-burst generator

s Covers 0.02Hz-2MHz
» 1000 1 luning range

¢ Low-chstortion high-accuracy
oulputs

« Three-step atlenuator pius
vernier control

* internal knear and Ing sweeps

* Tone-burst output {s front-pangi<
exiemnally programmable

Call Fer Our Price
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@ Non-Linear Systems @DATA PRECISION

'ORTABLE
)SCILLOSCOPES

ATTERY OPERATED

SUPER
SPECIAL

S = e HICKOK 385X
Pt el 7 500MHz COUNTER
Reg. prico $349.
$299% Reg 499" X0 ki ST
NOW 2299 LlMle\/

Modol LBO-520

30 MHz Duat Trace
Duat Trace 15 MHz Dual Trace 30MHz Scope with Delay Line
Reg. price 3465, Reguiar price $598. :
5399" _ $499% = ;3'3739‘500
THESE 1980 B&K OSCILLOSCOPES i -
ARE IN STOCK AND AVAILABLE Single Shot Trigger. P-D-A CAT. FE :
FOR |M M ED| ATE DEL'VERY * 5mY sensilivity facilities accurate signal viewing from low level sources.

* Buill-in deiay Ine makes it easy to view the leading edge of a pulse.

* Single shot trigger (CH-1, CH-2) captures transieni phenomena — no
guesswark, no "double-lakes™

- MODEL 130
1 DIGITAL MULTIMETER

oI FreCISION

RANGE ACCURACY
DC VOLTAGE ‘
[ 200mv, 2v, 20v, 200v,1000v | 5% |
AC VOLTAGE
[ 200mv, 2v, 20v, 200v, 750v [ 1% |
1479 Dual-Trace 30 MHz DC CURRENT

1477 Dual-Trace 15 MHz
1432 DualTrace 15 MHz Portable
1476 Dual-Trace 10 MHz
1466 Single-Trace 10 MHz
1405 SingleTrace 5 MHz

CALL FOR OUR
EARLY BIRD SPECIAL LOW PRICE

2mA, 20mA, 200mA, 2000mA, 10A 2%
I I |

AC CURRENT
[ 2ma, 20ma, 200ma, 2000ma, 108 | 3% |

RESISTANCE
| 2009, 2k, 20k, 200kQ, 20MQ | 5% |

e

THE TEST EQUIPMENT SPECIALISTS J

TOLL FREE HOT LINE %

800-223-0474

5 WEST 45tnSTREET, NEW YORK, N.Y. 10036 212-687-2224 EE
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& RADIO-ELECTRONICS

EQUIPMENT AND TRAINING
NO OTHER SGHOOL GAN MATGH.

NTS HOME TRAINING INUITES YOU TO EXPLORE MICROGOMPUTERS,

DIGITAL SYSTEMS AND MORE, WITH STATE-OF-THE-ART EQUIPMENT
YOU ASSEMBLE AND KEEP

Without question, microcomputers are the Send for the full color catalog in the elec-
state of the art in electronics. And NTS is the tronics area of your choice-discover alf the
only home study school that enables you to advantages of home study with NTS!

train for this booming field by working with NTS also offers courses in Autc Mechanics,
your own production-model microcomputer. Air Conditioning and Home Appliances. Check
We'll explain the principles of trouble- card for more information.

shooting and testing your microcomputer and,
best of all, we'll show you how to
program it to do what you want.
You’'ll use a digital multimeter, a
digital logic probe and other
sophisticated testing
gear to learn how to
localize problems
and solve

We
believe
that training
on production-
model equipment,
rather than home-made learning devices,
makes home study more exciting and rele-
vant.That's why you’ll find such gear in all 14
of NTS's electronics programs.

For instance, to learn Color TV Servicing,
you’'ll build and keep the 25-inch (diagonal)
NTS/HEATH digital color TV.

In Audio Electronics, you'll be able to
assemble your own NTS/HEATH digital stereo
receiver with 70 watts per channel.

But no matter which program you choose,
NTS's Project Method of instruction helps you
quickly acquire practical know-how.

T S e ——



Sumulated TV Reception 4

= NTS Training Programs.
NATIONAL Gs=0 SCHOOLS » i
TECHNICAL-TRADE TRAINING SINCE 1905 5 e
Resxent and Home-Sludy Schools .5“ o Xi:8
4000 South Figueroa St. Los Angeles. Calit, 90037 [ o8 J
NO OBLIGATION. NO SALESMAN WiLL CALL. o
APPROVED FOR VETERAN TRAINING. fi’\

1. The NTS/Rockwell AIM 65
Microcomputer A single board unit
with on-board 20 column alphanumeric
printer and 20 character display. A 6502-based
unit 4K RAM, expandable. 2. The NTS/KIM-1
Microcomputer A single board unit with 6 digit

NATIONAL TECHNICAL SCHOOLS ,lg’
4000 South Figuarca Street, s o
Los Angeles, Califormia 30037 Dapt. 206-050
Please rush FREE color catalog on course checked below

[J MicroComputers/MicroProcessors [T Audio Electronics

¢ = h [[] Communications Electronics [J Auto Mechanics
Lig,gﬁgt'sm';‘: igyig‘:’ _2: gg{)ge;:g:cf'ma' ] Dightal Electronics [ air Conditioning
microcomputer with 1K RAM, expandable. BlecRgyisalvicing Littome Appliances
3. The NTS/HEATH H-89 Microcomputer

features floppy disk storage, "smart” bame ——Age

video terminal, two Z80 micro- Address 00 e

processars, 16K RAM memory, expand- .

able to 48K, 4. The NTS/HEATH GR- Apt. City

2001 Digital Color TV (25" dlagonal) State . Zip

features specialized AGC-SYNC muting,
filtered calor and new solid-state high
voltage tripler rectitier.

£] Check if interested in G.1. information.
£ Checl it interested ONLY in classroom training in Los Angeles.

P S ey
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F RADIQ-ELECTRONICS

EQUIPMENT REPORTS
conrinued from page 30

ly accomplished by interconnecting the base
unit and the portable with the patch cord pro-
vided.

An initial charging time of 16 hours is rec-
ommended by the manufacturer. We advise
prospective buyers to heed the manufacturer’s
advice. New nickel-cadmium batteries require
an initial forming time to assure proper func-
tion after the initial charge.

While the manual plug-in battery charging
scheme may nol be as convenient as the built-
in charge mechanism activated by seiting com-
petitive units in Lheir base units, il is subsian-
tially less expensive.

In use

Once the batteries of the remote unit have.

been charged and the system is ready to use,
operation is extremely simple. Mercly switch
on the hand-held remote and await an incom-
ing call. You may wish Lo have the operator
call you to test the system.

When your regular telephone rings, a pierc-
ing, pulsing call signal will wail from the
remote speaker of the Muraphone. Its volume
level is settable by the volume control.

To answer the Murapiione, mercly press the
talk buttorn on the side of the remote—just as
you would on a walkie-talkie.

There is no nced to shout into the remote
unit; level is factory-set for comfortable audio
gain with norma! telephone-voice level.

While you are using the Muraphone remote
answering system, you will hear a consistent
pulsing noise in the background. It is barely
perceptibletothecaller, but becomes very prom-

inent in the remote unit: The pulsing should
not significantly degrade the intelligibility, but
it 1s very noticeable.

To deactivate the A uraphone, or to hang up
after the call has been completed, the user
merely presses the LINE RELEASE button on
cither the remote or base unit.

A POWER indicator light shows the ready
state of the base. During the recharge opera-
tion of the remote's nickel-cadmium batteries,
the light is automatically switched off to show
that the remote system cannot be used during
that cycle.

It’s a paging system, too

With the remole unil swilched on and in the
possession of someone whom you may wish to
summon, the system becomes an eifective pag-
ing system. The pager merely depresses the
intercom button, and Lhe alarm tone will then
be heard from the speaker of the awaiting
remote unit.

The person paged responds by pressing his
lalk swilch and converses with the operator of
the base unit in a normal manner.

While the Muraphone does not have the
polish of more costly remote cordless tele-
phones, it does work dependably. We found
the maximum separation between the base and
remote units that would still support reliable
conversation to be in the neighborhood of 200
feet or so.

Specifications

The operating frequency of the Muraphone
is the familiar 49.86 MHz, popular among
license-free low power systems. Qutput is pur-
poscly kept below 100 milliwatts, and receiver
sensitivity is nominally 3 microvolts.

An automatic disconnecl circuil prevents
the system from keeping a telephone “off the
hook™ accidentally. The circuit activates after
2 minutes have passed without any signal
received from the remote.

The MP-100 and MP-10! provide the con-
venience of remnote response 10 incoming calls
while the user is away from the telephone. A
prospective buyer would do well to look into
the dollars-and-sense combination of the Mu-
raphone. The Muraphone remote answering
system sells for $89.95. R-E

Transtronics Model 65
Continuity Tester

WITH ADVANCING TECHNOLOGY, NEW BASIC
testers appear from time-to-time on the elec-
tronic scenc. The $19.95 model 65 Electronic
Workmate from Transtronics is such a device.
This unique penlight-size leadless continuity
tester comes complete with 2 AAA |5 volt
batteries and pocket clip. Unlike maost continu-
ity testers, Lthe Elecrronic Workmare needs no
additional wires or clip-leads, and has a 220K

internal DC resistance.
1t is useful in testing many different types of
electronic components, or in checking wiring
and repairing appliances. You simply hold one
lead of the component under test with one
hand, and the Electronic Workmate in the oth-
¢r hand. When the probe of the Workmare is
touched to the other component lead, your
body and fingers complete the circuit! If the
component under test has continuity—even
beyond 10 megohms—a red LED in the tip of
the Workmate glows bright cnough to be rec-
ognized. The brighter the glow, the lower the
continued on page 42

| Prlce Without SacC rlflce

HITACHI V-302 & V152

Put a proven Hitachi dual-trace oscilloscope on your bench
for as little as $695. Our V-152 156MHz model inciudes un-
precedented sensitivity (1 mV/div.)...
ication...front panel XY operation...trace rotation...Z-axis
input...and mgre. Need greater bandwidth? Qur V-302
model is the only 30MHz dual-trace scope with signal delay
line priced under $1000, with all the above features, to
make your testing operations fast, easy, and accurate.
Reliability is exceptional, too. (As you'd expect from a
manufacturer with over 20 years of experience “outscop-
ing” the competiticn.) So exceptional, in fact, that Hitachi
quality is backed by a 2-year warranty...the longest in the
industry. Whether you use it for teaching or repairs, for
video, audio, or computer testing, you can't find more
scope for your dollar than at Hitachi. Write for more details.

Hitachi.. The measure
| of quality:

8 V-152 15 MHz Dual Trace .

® V302 30 MHz Dual Trace . .
*Probes included.

HITACHI

Hitachl Denshi America,Ltd.
175 Crossways Park West
Woodbury, NY 11797

(516) 521-7200

10X sweep magnif-

.. $695*
. $o45*

CIHCLE 61 ON FREE INFORMATION CARD



dabtronics NEW Hand-hela Dhigital Multimeters. . .

The only thing that

beats their performance
is their price.

Accurate performance you can rely on, time
after time. That's what you expect from a
quality DMM. But don't expect to pay as
much for it any more. Because now Sab-
tronics brings you top quality DMMs with
more features and better accuracy than
other comparable units on the market to-
day. And they cost surprisingly less!

We cut the price.
Not the quality.

What you get is a precision crafted unit that
features single-chip LSI logic, laser trimmed
resistor network and a stable band-gap
reference element for better long term ac-
curacy. Basic DCV accuracy is 0.1%. The
Model 2035A gives you 32 measurement
ranges over 6 functions and the Model
2037A an additional two temperature
ranges.

First in featuares.
First in price.

Both models feature a “‘touch-and-hold’’
capability with the optional probe - a
reading is retained for as long as you
wish. Now you can make measurements in
hard-to-reach places withoul taking your
eyes off the probe tip or stopping to
record data.

The two-terminal input for a/f
measurement functions eliminates
switching test leads when measuring veltage,
resistance or current. The Model 2037A even
has a built-in temperature measuring
circuii with a -50°C 1o + 150°C range and
is supplied complete with the sensor probe.
1t is ideal for checking iC, resistor, transistor,
heat sink and enclosure temperatures or for

BRIEF SPECIFICATIONS:

monitoring environmental fest lemperatures.

Plus more features.

The Hi-and-Low power ohms capability
allows you to make in-circuit resistance
measurements and ta check semiconduc-
tar PN junctions. In addition automatic
polarity, automatic zero, automatic
decimal point and overload protection are
slandard features, And you get up to 200
hours operation from a single 9V tran-
sistor battery. The automatic “‘LO BAT"
indicator warns you of the last 20% of
battery life. The large, crisp LCD
readouts allow easy viewing indoors or
outdoors in bright sunlight.

One-evening kit assembly.
Assembling either kit is simple with our
easy-to-follow, step-by-step instructions.
The built-in calibration references allow
you to calibrate the unit any time, any
place. We've even eliminated difficult
point-to-point interconnect wiring. All parts
mount on the PC board. The only wires you
solder are the two battery clip leads.

Order vours now.

With all of these features and perfor:
mance characteristics no other handheld
DMM comes even close to matching the
price/performance ratios of the Models
2035A and 2037A. Providing the best
value for money in test equipment, Sab-
tronics has become one of the world’s
largest producers of DMMs. You can S8
order with confidence. Use the convenient
order form or call us with your Master
Charge or Visa number for prompt
delivery.

Making Performance Allordable
ics 77
INTERNATIONAL INMNC a

5709'North 50th Sireat, Tampa, Florids 33610
Telaphone 813/623-2631

DC VOLTS: 100,V - 1000V, 5 ranges
AC VOLTS: 100xV - 1000V, 5 ranges
DC CURRENT: 0.1, A - 2A, 5 ranpges
AC CURRENT: 0.1;: A - 2A - 5 ranges
Hi-OHMS: 0.14 - 20M i, 6 ranges
Lo-OHMS: 0.1 - 20M4, 6 ranges
TEMPERATURE: -50°C- +150°C

{ —58°F - +302°F), 2 ranges

{Modet 2037 A oniy}

Size: 3" W63 L x | 5/8"'H
'WEIGHT: 11 oz. (excl. batlery]
OVERLOAD PROTECTION: 1000V OC
or AC peak all voitage ranges, 250V

DC or AC peak all Ohms ranges:
2A4250V fuse all current ranges.

. To: Sabtronics International, Inc.,-5709:North 50th Strest, Tampa, FL 33610
____ Modal 2037A Handheld Muttimeter kit(s) @ $39.95ea,
Model AC-110 Baltery Eliminalor(s) @ $7.95ca.

Plaase send me

l Model 20354 Handheld Muiimeter kitls) @ $74.95 ea. .*i_._

. . Shipping and hanging @ $5 00 per kil (see below)t S

l ___ Model THP-20 Touch-and-hold Probe(s) @ $19 95 ea - L _
$

. _Mocdel HVYP-30 30 kv DC High-vollage Probels) @ $29.85¢€a, S

l Flonda rasidents add 4% State Sales Tax 5
-

TOTAL

1 enciose Lt check® [ money orcer. Bill my L) Masler Charge [ Visa
Card Account # ~
. *Allow 2-3 weeks clearanca lime fof personal checks. No C.0O.D.

I Name —

o Expirydate

SABTRONICS SERVICE AVAILABLE
IN MOST COUNTRIES OF THE
WORLD

I Street Api

l City _ State Zip _l

tContinenlal U S only. AK. H) & PR: $6 00, Canada; 57 50. Foreign: $19 00 Airmait
R A AN (N O A N N N N N N A N O N P R e o o il
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EQUIPMENT REPORTS
continued from page 40

CIRCLE 104 ON FREE INFORMATION CARD

resistance of the item under test.

Because the tip is at a small negative polarity
(.5 volt) compared to the case, you can test
diodes, transistors and SCR’s. Fuses. swilches,
relay coils and contacts, solenoid coils, trans-
formers, motor windings, tube filaments. in-
candescent lights, meter movements, photo-
cells, cables and cable harnesses, line cords,
selenium rectifiers, resistors (up to 12 meg-
ohms} and even capacitors (down to SO picofa-
rads!) can be checked for continuity, opens, or
shorts. Traces on printed circuit boards can be
checked for opens or solder bridges.

The Electronic Workmate is five inches
long and ‘4 inch in diameter, with a '/-inch
pin-point probe that can penctrate PC board
masks or thin wire insulation. The silver metal
florentine finish, black tip, and slip-on plastic

protective probe Cover, combine to give the
Workmate a sleek modern appearance. The
1op of a mini-LED protrudes slightly from the
black tip and it glows with sufficient bright-
ness to be used in well-lighted surroundings.

The circuitry is permanently potted in the
probe-end, making the unit virinally indestruc-
tible. It is guaranteed for two years! No circuit
information is provided—or needed—but a
detailed instruction sheet tells you specifically
how to check fuses, low-lcakage silicon diodes.
silicon transistors (identifies NPN or PNP),
non-electrolytic capacitors and long cables (in-
cluding twisted-pairs), and lists 18 other types
of continuity and dircct current checks. The
instructions also cover using Lthe Workn:ate as
a logic probe, but I found it almost useless for
that purpose.

The maximum tip current when testing a
component is only about 25 microamperes, so
the Workmate can even be used to test sensi-
tive meter movements or other very |ow-cur-
rent devices. When testing meter movement,
don'l expect to see the meter necdle move
unless it’s a 50 microampere, or more-sensi-
tive, meter movement. The HWorkmate tests
coil continuity, not deflection. In addition, AC
voltages as low as 3 volts peak-to-peak are
detectable.

When testing capacitors, the length of time
the Workmate LED is lighted gives you a
rough idea of the capitance. With a .25 uf
capacitor, the LED will take about 3 seconds to
dim and go ouvt. A small capacitor gives a quick
flash. That feature allows you to check for the
location of opens in long coaxial or paired
cables, since there is sufficient capacitance
between the wires (or the center conductor and
shield) to flash the LED. The duration of the

flash is a rough indication of how far down.thg
cable one conductor is open.

In actual use, | found the Electronic Work-
mate to be extremely handy and easy to use.
My first teal test for the Workmare was in
tracing a wiring harness above and below the
chassis of a stereo tape player. The wires ran all
over the place, but end-to-end checking was
casy with the Borkmate using jusi a fingertip
instead of a cliplead. (OF course, the power was
off?) The trouble, incidentally, was traced to an
open rectifier in the power supply—the Work-
mate indicated that there was no continuity in
cither direction.

Abaut the only limilation of the Workmate
for semiconductor testing isa result of its great
sensitivity. High-leakage semiconductors
(such as selenium rectifiers, or germanium
transistors and diodes) light the LED dimly
when reverse-biased. However, in the forward
direction the LED glows brightly, as you
would expeci.

The Electronic Workmate, Model 65, com:
plete with batteries and two-year warranty,
sells for $19.95, plus 60¢ postage and handling,
from Transtronics, Dept. RE, 13101 NE Hwy
99, Suite C-3, Vancouver, WA, 98665. R-E

NEW 1980 DIGITAL MULTIMETERS FROM [FLOKE
@

RADIO-ELECTRONICS

8010A 8010A and 8012A 8012A
$249 ¢ Large 3%-Digit LCO's - view in any Iight J
s Conductance funchion - fesistance to 10,000 MO $299
5289 * AC measurements to 50 kiHz and Migher $339
wirecharg_eable * True RMS lor ac accuracy wlrgchargeable
batteries * Touch-Hold prabe lor Iricky places (YB008) batteries
tOPTION - D1) = Diode 1est and low pawer ohms (OPTION - 01
= AC or dc currant fo 10 amps with 8010A 4
= Resisiance resciubion to 0.0010 with BO12A
* Buiit-n batteries and charger {Qplion -01)
42-digit multimeter = Cond - 0 10,000 MO
8050A microprocessor technology * AC measurements 1o 50 kHz and higher
« d8: That's nght, dwect readings in dBm, refer- » True AMS lor 8C accuracy
$329 enced W0 any al 18 mpedances thal you salect
Jrom the BOSOAS SCroling refelence Memery * Touch-Hoid probe for tnchy places (YBOOR]
5379 + REL" This stancs {or selative reterence in the a8 * D108 test and low power chms
w.’rechargeable mode or oMfset measurements in cther functions.  » Budi'in batteries and charger {Ophion -0%)
batteries
{OPTION - 01) |
Model 8022A: ‘ |
EW The Treubleshootar \ 8022A o
LR B 4
8024A * Six lunctions $1 39 T:::InBIC:Z:!‘A R EEECS ey |
de vok: Y * LCD dsplay
Model 80244 $219 age |
ac vollage * Seven lunchons » Overload protectiof |
The Investigator
de current d¢ vohage + Free Case
* Nine tunclions ¢ Peak hokd on voltage ac curen| ac voitage b
de voltuge. and current functions resstance ac current * Two year parts
ac voltage * Seleciable audibde diode test 20, Qureht godabop warmaty
de current : > ¥ resisiance
indicator for * A% dign resolution
LTI continuity diode lest 8020A
resstance Ak, 2 * 0.25% basc dc sccuricy concuctance (3/R) 3179
drodde test * LCD display 1 * 3%-digi resolution

conductance [1.R) * 3% digil resolution
ingic level and » 0.1% basic dc acturacy
centinuily detect + LCD Haplay

lamper ature (K-type
thermocauple) * Qvericad protection

= Overicad protaction

.»*@ \

TOLL FREE HOTLINE 800-223-0474 \\/

ADVANCE .~
54 WEST 45TH STREET, NEW YORK, N.Y. 10036 212.687-2224 ELECTRON
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Yesterday you could admire all-band
digital tuning in a short wave receiver.

Today you can afford it.

_—

—_—
T———

. e
— T
RF—4900
Tune in the Panasonic Command Series" tuning control to prevent "‘backlash.” Separate
top-of-the-line RF-4900. Everything you want in wide/narrow bandwidth selectors for crisp reception
short wave at & surprisingly affordable price. even In crowded conditions. Adjustable calibration
Like fluorescent all-band readout with a tive-digit for easy tuning to exact frequencies. A BFO pitch
frequency display. it's so control. RF-gain control for
accurate (within 1 kHz, to improved reception in strong

be exact), you can tunein

a station even before it’s
broadcasting. And with the
RF-4900's eight short wave

signal areas. An ANL switch.
Even separate bass and treble
controls.

And if all that short wave isn't

pands, you can choose any @ ' enough. There's more. Like SSB

broadcast between 1.6 and — ) < (single sideband) amateur radio.

31 MHz. That's ali short wave 3 =T} Alt 40 CB channels. Ship to shore

bands. Thaf's Panasonic. R 2900 Even Morse communications.
And what you see on the s AC/DC operation. And with

outside is just a small part of what Panasonic gives Panasonic's 4” full-range speaker, the big sound of

you inside. There's a double superheterodyne AM and FM will really sound big. There's also the

system for sharp reception stability and selectivity Panasonic RF-2900. It has most of the features of

as well as image rejection. An input-tuned RF the RF-4900, but it costs a lot less.

amplifier with a 3-ganged variable tuning capacitor The Command Series from Panasonic. If you had

for excellent sensitivity and frequency linearity. short wave receivers as good. You wouldn't still be

Ladder-type ceramic filters to reduce frequency reading. You'd be listening,

interference. And even an antenna trimmer that sShorl wave receplion will vary with antenna, weather conditions,

changes the front-end capacitance for reception operator's geographic location anc other factors An outside

of weak broadcast signals. antenna may be required for maximum short wave recaptian,

To help you controt all that sophisticated —
circuitry, Panasonic's RF-4900 gives you all these Pa"aSOHIC«:
sophisticated controls. Like an all-gear-drive just slightty ahead of our time.




< RADIO-ELECTRONICS

AMERICA’S NEWEST, MOST

SOPHISTICATED SCANNER

IS ALSO THE EASIEST
TO PROGRAM SCANNER.

Presenting the new
Bearcate 300 Scanner
with Service Search.

It's like having a
frequency directory
already pre- programmed
in your set—to let you
tune in all the action
at the touch of a button.

POLICE FIRE  MARINE

HAM

The incredible, new, 50 channel
Bearcat 300 Scanner with Service
Search is another first in scanner
innovation. Another triumph in
synthesized spaceage technology,
Another first from the leader in real
excitemenl.

Over 2100 active frequencies are
pre-programmed into the Bearcat 300
Scanner memory bank. These
frequencies are arranged in eleven
service categories, as aliocated by
the F.C.C

Simply push the police service
button, for example. You'll search and
find only the frequencies allocated to
police—and be able to monitor every
local, active frequency. Then they are
programmed into the normal scan
operation via keyboard entry

EMERG. TELE. GOVT.
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-
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300 SCANNER.

Follow the leader to real excitement.

_| Copyright 1978 Electra Company Divisicn of Masco Caorp. of Indiana.
¥ 300 E. Counity Line Road South, Cumberianduindiana 46229

Ii's that easy. That automatic for
every service category —fire, marine,
HAM, emergency, air, etc. [t's truly
like having a frequency directory
already pre-praogrammed in your set

The new 50-channel Bearcat 300
Scanner brings you every feaiure
you ve ever wanted. and then some,
7-band coverage, AM/aircraft and FM
Fatented Track Tuning. Automatic
squelch. Priority. Automatic lockout
Activity count, Selective scan delay.
Direct channel access. Digital display.,
and alot, lot more —even a digital clock,
and mountings for mobile operation.

The new Bearcat 300 Scanner.
Possibly the ultimate Scanner.
Certainly the most automatic, easies!
10 use Scanner ever.

Now that's real excitement.

IND. TRANS AIR

S 2456755
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ELECTRONIC DEVICES

FOR

SELF-IMPROVEMENT

State-of-the-art electronics combined with
recent medical.discoveries can help you master
your mind and body's "involuntary” actions.

DAVID R. WHEELER

“EVERY DAY. IN EVERY WAY. | AM GETTING
better and better."

Emile Cout had the idea thal telling
yourself you were improving was
enough. That was in the 1920's and be-
fore the miracle of electronics made it
possible to have total control over
one’s body and mind.

To change your behavior, your habits,
and/or to improve yourself, two condi-
tions—call them principles of behavioral
technology—must be present and used.

They are something which can be ob-
served and measured, and feedback of
the observed "*something™ has to occur.
To improve at bowling, golfing, pool,
or handball, you have to know where
the ball went after being hit. Improve-
ment comes about as adjustments are
made from feedback. Knowledge of the
results is of critical importance if you
are to learn.

Electric devices have been used since
the beginning of this century as crude,
and sometimes dangerous, apparatus
for curing diseases. Electrical current

was sent through the human body to
purge the system of ‘‘malevolent and
evil spirits.”” Many of the mail-order
catalogs at the time contained advertise-
ments for the miracle ‘‘cure in elec-
tricity.”” Today, medical researchers
are experimenting with low-voltage
currents as a means of stimulating bone
repair in patients with broken bones.
That is not self-improvement, but medi-
cal treatment.

Behavior modification—the technol-
ogy of altering and controlling thought
and action—rests soundly on the prin-
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¢iples of recognition and féedback. One
of the earliest appiications of that idea
is shown in a patent for an alarm that
would awaken sleepers to the fact that
they have just begun to wet their beds;
that is recognition and feedback.

The relationship between thought
and muscle reaction was demonstrated
in a now-classic study by Dr. E. Jacob-
son, described in the 1932 article for
The American Journal of Psvchology,
entitled ‘‘Electrophysiology of Mental
Activities.'' He measured the electric
currents in resting muscles and then he
suggested to his subjects: '‘Imagine
that you are lifting a heavy suitcase in
your right hand.”” He discovered that
electric activity in the muscle resulted
from the mental activity.

Behavioral electronics

By the 1960's, it was generally recog-
nized that the brain and nervous system
were similar to solid-state electronic
devices. Electronic principles could be
coupied with behavioral principles. The
resulting ‘‘Behavioral Electronics'”
could be used to modify. improve, and
control human behavior—including the
autonomic nervous system’s activities
of regulating the beating of the heart,
and pupil dilation and constriction.
Using the behavioral technology {(recog-
nition and feedback) with the aid of
electronics to amplify minute electrical
signals, researchers were able to train
individuals to alter blood pressure, the
temperature of hands and fingers, and
even to control the rhythms of the
human brain.

Electronic Pulse-Minder

ldeal For
Monitoring
Exercise
Hearl Rates

New, portable, solid
state olectronic
Pulse-Minder helps
in the continuous
monitoring of heart
beat—a key faclor in a safe, body-conditioning
program involving exercise. And now you can
monitar your awn pulse at home, office, gym. The
Pulse-Minder uses a fingertip probe which measures
tha pulse rate within 10 seconds. Pulse beat can be
seen by a flashing red LED light, or seen and heard |
via the red LED and a beeping sound device. An exact
reading of heart beat is provided by 2 needle meter
calibrated from 30 to 200 beats in 5 beat incremants.
Operation 1s simple: no skill or training s required.
You just place fingertip in sensor proba to turn
monitor On; remove fingertip from sensor to tum
monitor OFF. Use at home, in the office—or even
bicwilng. A bicycle handlebar bracket is inciudad for
manktoring heart beat while pedaling on stationary or
moving bicycles. Unit measures 4x1Vex2%”. Battery
operated (9Y). Na. 42,738

ELECTRONIC PULSE COUNTER derives and
displays puise rate within ten seconds.

Electronic instruments now make it
possible to observe routinely what was
once difficult, if not impossible. Produc-
tion costs have lowered to the point
that the prices on many instruments for
reading blood pressure, heart beats,
and body temperature are within the

reach of consumers for home use.
Behavior-modification programs have
been bought by businesses to reduce
employee siress and improve produc-
tivity. Control Data has bought an elec-
tronic feedback structure from Kiel and
Associates of Minneapolis. [t will be

T GSR 2 Biofeedback Relaxation Sysiom
=l Helpa You Monlor Stress And Strain
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Ricronta Electronic
Blood Pressure Tester

Check Your Blood Pressure
Quickty and Easilyin
Your Own Home
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SIMPLE BIOFEEDBACK MONITOR based on
galvanic skin response and skin temperature.

used as relaxation therapy for employee
stress and anxiety. Ford Motor Com-
pany has used feedback in its stress
program to help calm potential heart
attack victims. McDonald's {fast food
franchise company) has used biofced-
back devices to enhance executive de-
cision-making and improve creative
thinking. First International Bank of
Houston has run a series of advertise-
ments relating 1o cases in which behavior
modification has been used to reduce
executive stress.

Biofeedback pheriomenon

“Probably no discovery in medicine
or psychology compares in breadth of
application or in scope of implications
to the biofeedback phenomenon,” wrote
Dr. Barbara Brown. who is a renowned
psychologist.
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+ Exty One-Hand Opecaion

Wrenls B NS SOM SR 08 PO @ TR

LIOMIACE U A A
WA B EHAR piisr Satac] eetie And f Con Db 00 Kac wrif 1t g hira —

PO HETOICODE caeded’ You get
R Fowv g il and Despe rOCHe
s

BABNOL OF P e icbe o 3010 300
VAL OO 3 SO (O 7000
% ERas 07 8 000 @ BCOM O SHOGH D ESIUN B7C B NBNGSOmY
TAY (BP0 W A Wil Bt N Sttt e LMo Wty N BA%H & 1R Sipihg
4CO0E Byl wh ALAT WIS vOu wrow wihes The DITET d w ARCiTRIC Te et
~abve Foquret J¥ Denery 8)-M4

The Blosone | Portable Blolasdhack Monitor

= Deticis APAS And Thels Warse
4 Swikh Ssisctable 3 Microvod Eensmivity
Contiasd

= Complalely Bof-
- l-ehr.:".«.u
1S 3 4 campuutn parspt WS e b g
WS o iboammen R teve 34 15 The Shcmond | sgmomsentc .

e
P P W S S, Rebhit ek G b B

i
i
§ :11;
Hii
i

i

Tost Yourself With Edmund's New GSR Monltor
» Provides Audio And Viausl Feedback » Wide-Range Adjustment
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ELECTRONIC BLOOD PRESSURE TESTER auto-
matically takes systolic and diastollc readings.

duals who can control the electrical
rhythms of their brains can enter the
alpha state and experience the most
**profound type of relaxation.’” Thinking
heightens neuronal activity over much
of the cortex and that disrupts the alpha
state, leading. it is thought. to inferior
decisions, anxiety, tensions, and ulti-
mately. to high biood pressure and heart
attacks. Learning to relax has been
shown many times to be good for one’s
health. With the aid of electronic tech-
nology—<called electroencephalographs
—viewing the electrical patterns of the
brain. those patterns can be monitored;
with the use of behavior modification.
they can be controlled.

“Alpha Machines,” brain-wave bio-
feedback devices, EEG recorders, or
thought detectors are now available in
kit form for as little as $37.50, or $49.95
ready made.

BIOFEEDBACK MONITORS USING (a) alpha and
theta waves and (b) galvanic skin response.

Different levels of consciousness are
represented by different frequencies of
brain waves. In very deep sleep brain
waves occur, on the average, every two
seconds. which has been labeled the
**delta’ stage. The theta stage, thought
to be where insight is developed and
creativity occurs. averages six cycles
per second. The alpha stage occurs
whenever you are in a relaxed condi-
tion and your mind is not concentrating
on problem solving: that stage has a fre-
quency of ten cycles per second. An
alert, concentrated problem solver
shows brainwave frequencies of 18
cycles per second.

Researchers have shown: that indivi=

Listen To Your BRAIN

« Hear the mysterdous waves within your body.

« Learn to relax and to improve your memaory.

« Concentrate batter and be maore creative.
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ALPHA/THETA WAVE MONITOR permits audio
and visual Indications of brain activity.




During the fast few years. the public
has become very disillusioned with the
so-calied alpha machines. The devices
just did not seem to achieve their adver-
tised potentials. The major reason for
the disparity between actual perfor-
mance and advertised claims was the
quality of the electronic products made
for professional use and those offered
to the American consumer. Medical
equipment consists of multi-channel
electroencephalograph amplifiers and
multi-faceted recorders. Those sold
through the mails omitted much of the
costly electronics and left just barely
enough for feedback of only the largest-
amplitude brain signals. Those signals
may or may not be alpha, or theta, or
any other frequency. While it is true

Build Your Own Alphs Meniter
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ALPHA WAVE MONITOR KIT offers inexpensive
means of measuring basic brain activilies.

that one can use electronic equipment
for monitoring the rhythms of the brain,
not every electronic device offered to
the public had the power to do what
was claimed for it.

Given the proper equipment, listening
to one’s brain rhythms can be a relaxing
experience. At the Langley Porter
Neuropsychiatric Institute, University
of California at San Francisco, medical
psychologist, Joe Kamiya, found that
increasing alpha waves in his patients
reduced their anxiety. Kamiya wrote:
“"People can be trained te achieve a
kind of mental relaxation or reduction
in tension. Biofeedback involves pro-
viding the subject with some measure
of body function, the kind of measure-
ment that can be followed.”

Digital thermometers & stress

Our emotions and the temperature of
our skin are interconnected by way of
the sympathetic nervous system which
i1s controlled by the hypothalamus of
the brain. It can be activated by physi-
cal conditions {(a hot or cold environ-
ment) or by psychological factors (worry
or stress}. Regardless of the cause, the
end results are sweating. changes in
blood pressure, and a lower heart rate.

In 1939, scientists B. Mittelmann and
H. G. Wolff found that material laden
with emotional associations could lower
the temperature of the hands.

In later studies {1976) researchers at
Duke University found that anxiety,
stress, and excitement caused the blood
vessels in the hands and feet to constrict,
reducing the flow of blood and de-
creasing the temperature of the extrem-
ities. Those researchers used thermom-
eters with electronic circuits accurate
to the hundredths of a degree and with
digital readouts. Accurate digital ther-

mometers are available today for prices
as low as $49.95.

Scientists at the Menninger Founda-
tion in Topeka, Kansas, have trained
patients to aller finger temperature by
concentrating on a digital readout. No
one is sure how thinking about *‘warm-
er'’ or “‘colder’’ hands actually causes
a temperature change. but everyone
can learn to do it in 15 minutes. The
Menninger patienis were able to stop
their migraine headaches by regulating
their own finger temperatures.

Raynaud’s disease syndrome (re-
duced blood flow in hands and feet) has
been treated with the biofeedback ap-
proach. They are told to *‘imagine your
hands and feet geiting warmer and
warmer.”’ They watch the meter and
concentrate on ‘‘warmer.”’

One of greatest fears (phobias) for
Americans is public speaking. Telling
vourself not to be afraid. preparing in
great detail what your going to say,
having several drinks, and praying hard
have not always reduced the anxiety
and stress many people have when they
know they have to make a speech.

Another method of achieving relaxa-
tion is by fearning to control sweating .
Since the circuitry is sO inexpensive

Execytive GSR Monltor
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DIGITAL THERMOMETER gives constent [ndi-
cation of changes in skin temperature,

The anxiety preceding a speech can
be reduced by concentrating on making
one's hands warmer and colder. There
is a woman who takes a battery-powered
digital thermometer with her as she
travels around the nation delivering
several speeches a month. Just before
going on stage she sits down and thinks
her fingers warmer by five degrees and
lower by ten. It reduces her stage fright.

Electronic Fever L |
Thermometer \ \ ‘

Designed for
Home and
Professional
Use

+ For Both Oral
and Reclai Use
- Safe — Prove s
Fiaxibie, Washable
« Fahrenheil and
Calsius Scalas
- Accurate — with
Sulit-in
Battary Check
Chbsoletes conventona ang 0angerous glass ther-

mometers. The probe méasures temperaiure in
seconas, not mInules — oreat for chilgrer' Large

aasyrloread scaw Ranqbc' 94-106 Fatvenheit. 35-
41 Cenugrace wWith probe covers Recuiras SV bal-

tety (Cat Na 23.553 Alkaline recommended )

AN INEXPENSIVE means for detecting differ-

ences in body temperature.

GALVANIC SKIN RESPONSE meter provides
audible indication of amaunl of stress.

and the results so clearly demonstrated,
many manufacturers and marketers
have entered the market with **galvanic
skin response’’ machines—devices
which measure resistance across the
skin. The more nervous a person is, the
more anxious, the more stress that is
felt, the more the individual perspires
and the easier it is for an electric cur-
rent to flow across the skin.

‘Lie detectors

Polygraphs measure respiration, heart
beat, and changes in galvanic skin re-
sponse. L.ying causes a change in the
sympathetic nervous system, leading to
physiological changes which can be de-
tected by the electronic instruments. A
lie will usually be indicated by a gal-
vanic skin response. a lowering of skin
resistance occurring from one to four
seconds after the false answer has been
given.

Lie-detector examinations are a big
business—a million or more exams
given a year—and the consequences
are enormous, with future employment
or freedom being the outcome. But the
results are less than precise. People
show great variation in their responses.
Some are able to tell simple lies without
emotional reaction, others have learned
to lie convincingly with practice in-
volving some form of biofeedback.

Some years ago, a book called the
Organization Man (1956) by William H.
Whyte, Jr., conatained an appendix
which detailed how to cheat on per-
sonality tests, At the time, many firms
were using clinical tests such as the
MMPI (Minnesota Multiphasic Per-
sonality /nventory). That test originally
was developed to help diagnose severe
psychological problems, not to deter-
mine whether someone would show the
makings of a good salesperson, etc., on
their job applications. The Federal gov-
ernment has ruled that personality tests
cannot be given unless there is a direct
bearing on the specific job. But poly-
graph tests can be legally given to any-
one applying for a job.

Researchers at Lackland Air Force
Base in Texas have taught people to
use biofeedback to beat the polygraph!,

In Miami, police are using biofeed-
back kits containing small electronic in-
struments with fluorescent digital dials
—the more they relaxed and lower their
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galvanic skin response. the higher the
numbers on the dial. Twenty-five per-
cent of police have alcohol problems,
60 percent are divorced. and there are
high suicide rates. Three-fourths of the
heart attacks suffered by police officers
are directly related to stress on the job.
Learning to reduce stress by learning to
relax seems to be one way of counter
acting the serious problem. Biofeed-
back is effective in reducing stress.

Noise can sicken you. Tt reduces the
ability to concentrate. Students nearer
distracting noises (freeway traffic) did
less well in their grades then students
farther from the noise. Noise leads to
stress. tension, nervousness, hean
disease, high blood pressure, chronic
headache, and stomach ulcers. It affects
one’s mental health. Sudden noise
stops food digestion.

Pink noise generators

Psychologists have found that elec-
tronic sound conditioners can change
the impact of noises on the human sys-
tem. Those devices can mask or reduce
the noise’s impact. One of the most in-
expensive devices for generating a
white-noise masking effect is the electric
fun. Most of the devices for sale today
are pink-noise generators. White noise
has equal distribution of sounds through-
out the frequencies: on the other hand.
pink noise is a distnbution weighted
toward the audio spectium.

Some years ago dentists experimented
with the use of pink noise instead of
anesthetics. It worked for some patients,
but not all.

RADIO-ELECTRONICS
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PSYCHO-ACOUSTICS

‘ NOISE GENERATORS mask external distrac-
tions and reduce their effects.

There are several sources of pink-
noise generators; some are in kit form,
others ready-to-use. One electronic
masking device 1s made by Control
Electronics Company (139 Florida
Street, Farmingdale, New York 11735).
The device is suspended over a noise
source and tuned to mask a specific
sound with another, almost subliminal

'JF.T. Corcoran (chief and statf psychologist
Department of Mental Health, Lackland AFB),
M.D. Lewis, and R.B. Garver, “Biofeedback-
Conditioned Galvanic Skin Response and
Hypnotic Suppression of Arousal,” Journal of
Forensic Sciences, Vol. 23, No. 1, pages 155 to
161,

sound. A six-and-one-half inch diameter
cylinder is $98. Those devices allow
privacy in meeting rooms.

Marpac Corporation manufactures
sound-conditioning devices. James
Buckwalter. president of Marpac has
said: "*Users of the electromechanical
devices got 50 percent more delta—deep
sleep—than those who did not use it."

Those electronic devices seem to re-
duce stress and anxiety by helping
people produce more alpha rhythms.
Dr. Lou Gerstman, psychologist in City
University of New York. has suggested
why the electronic sound devices help
us to concentrate. The left side of the
brain deals with structured thought—
reading, problem solving—while the
right side deals with abstract thought,
imagination. and subjective feelings.
Dr. Gerstman believes that the noise
generators interfere with the functioning
of the left side, freeing the right to func-
tion in artistic and creative areas.

lons, health, & the unknown

The mixture of negative to positive
ions in the air around us influence the
way we think, our emotional attitudes,
and subjective feelings. Restlessness
and anxiety are modified by the elec-
trostatic field in which we are exposed.

In Israel. civil order is disrupted by
the dry. positive ion-rich winds that
blow across the country. Scientists have
developed the Ionotron (at the Hebrew
University) to enrich the air with nega-
tive ions. Throughout the world, the
winds alter the composition of ions in
living space. When that happens people
begin suffering from thyroid conditions
and breathing problems—particularly
asthma; auto accidents increase, and
crime can jump by 20 percent.

In the Middle East, the winds are
called the khamsin which blow in from
across the deserts of the Sahara. Italians
suffer physiological and psychological
disruptions from the winds calls the
sirocco. France has the mistral. The
Alpine regions have the foehn. The
Rocky Mountain area in the United
States has winds called chinook. Cali-
fornia has the Santa Ana winds. Re-
gardless of their names. the results are
the same. People absorb the positive
lons; they develop migraine headaches,
nausea, and have an inability 1o relax
and concentrate.

Electronic air cleaners do remove
particles and clean the air, but they also
produce ozone, which is much more
toxic than carbon monoxide. (One-
tenth of a part per million causes eye
trouble and throat iritation.)

Breathing positive ions reduces reac-
tion time. With negative ion environ-
ments, old rats learned mazes faster
than control groups in normal air. A re-
searcher at the University of Pennsyl-
vania found that negative ions in the air
promote feelings of exhilaration and

well-being. The growth of house plants
was better in negative ions than in posi-
tive ions. Many firms now have started
to market devices which generate nega-
tive ions. They use modern microelec-
tronics to produce ionized ions.*

Athletes, joggers & electronics

The development of products using
electronics 1o use in self-development
programs for athletic and exercise
activities has mushroomed in the last
couple of years. There is a device that
gives the user a LED display of jogging
performance while the person jogs in
place in the home. (Beacon Scientific).
Dynavit digitally displays heart rate,
oxygen pulse, watts workload, and
caloric expenditure, The Amerec Ex-
ercise Rate Monitor electronically
watches human physiology and warns
the user if he is about to reach his limit.
Tredex has developed the experience in
fitness. It gives a LED display of ex-
ercise performance. Then there are the
smaller, less expensive electronic units
—pacesetters to help a jogger adjust his
pace, electronic stopwatches (Texas
Instruments has a light-weight one that
retails for less than $20). and light-
weight transistor radios that strap to a
Jjogger’s chest. Also, a relatively new
addition appears 1o combine the best of
then electronics element (precise observa-
vation of an event) with the principles of
behavior modification (feedback}—the
unit is a putlermerer.

For those wanting to improve them-
selves in terms of weight, there are now
electronic scales. What makes those
units better than regular household
scales is the read-out mechanisms—they
are LED digitals. To improve oneself, a
objective measure of changes is needed.
See the precise number **187"" is better
feedback than having 1o guess at what
the hand is pointing at with conven-
tional scales.

Electronics has given those desiring
ways of improving themselves precise
and objective methods. The marriage of
electronics with behavioral technology
allows people to design their own self-
improvement programs that work better
than any other method. The subject de-
signs the program. administers the re-
wards for sequential completion, and
he or she is the person in charge, not
someone else.

Every day, in every way, electronics
and behavior modification are helping
people master themselves. R-E

*QOne patentlal problem with those negative
ion devices is a lack of a meter, dial, or some
other indicator of ion concentration. Since we
can neither see nar feel directly the influence of
negative ions, there may be a tendency ta doubt
the output. Several years ago a manufacturer
developed a super-quiet vacuum cleaner. It did
not sell because no one belleved that a quiet
cleanar was working.
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PERCUSSION SYNTHESIS SEEMS TO BE
growing more popular daily. The trouble
is, it’s expensive! Or it was. Building The
Drum is a good way to get yourself fixed
up with a great little percussion synthe-
sizer that can do all the fascinating things
that you're hearing on the radio and TV
{and much more), without going into the
red. The Drum is a four-channel synthe-
sizer consisting of four type-5700 percus-
sion modules.

The Drum has some goodies that don't
seem Lo be available on most percussion
synthesizers now on the market. Let's
examine the functions of some of the con-
trol and interface features on The Drum,
and I think you’ll see what [ mean.

One of the most unique features of The
Drum is its sensor device. It's a small
audio transducer that can be mounted
just about anywhere you want to put it,
That means that you don't have to add
more ‘“‘things to hit” 1o your existing
drums. You can simply mount the sensor
on one of the drums you are already using
and have that drum serve a dual purpose.
The Drum synthesizer has provisions for
a “‘cancel” control, such as an ordinary
onfoff type foot-switch (like the kind
used with special-effects for guitar). That
way, you don’t have to dislocate your arm
trying to hit a new piece that’s behind you
because there was no more room in front
or to the sides.

B EDENE]S —

For those who would like something
that looks and feels like an actual drum
surface, we have found that mounting the
sensor in a practice-pad gives good re-
sults. However, it has also been noted that
the dynamic range (evidenced by differ-
ences in synthesizer output pitch and vol-
ume level, with respect to the degree of
force exerted on the practice-pad or
drumhead) is somewhat less when using a
practice-pad than that afforded by, say, a
tom-tom. The reason is that the tom-tom
{and just about any other drum) has a
much longer decay time than a practice-
pad, and a natural amplification that far
exceeds that of the practice-pad. This
gives the “envelope follower™ circuit in
the synthesizer a stronger and tonger last-
ing signal to work with. We'll get into
that a little later.

Since there are as many different ways
to mount the senser as one can think of,
there must be a control on the synthesizer
to allow the drummer to make adjust-
ments for the differences in source-signal
amplitude that will be encountered when
using various drums and for practice-pads
as the “trigger” source. That control is
simply a SO0K pot, across which the input
signal is dropped. The wiper picks off the
desired signal level and feeds it to the
input amplifier. We call that control SEN.
SOR GaIN, and it is labeled R1 on the
schematic in Fig. 1. The power supply for
The Drum is shown in Fig. 2.

turn page for diagrams

the DRUM...

For the musician and musician to be.
This unique 4-channel synthesizer adds more than
just a beat to your music.

Other front-panel controls include: EN-
VELOPE DECAY TIME, INITIAL PITCH. PITCH
MODULATION UP/DOWN (this one is
unique; we'll see why shortly), WAvVE-
FORM SELECT/MIX. NOISE/OSCILLATOR
MIX. NOISE FILTER {aute sweep oOr manu-
al), and OUTPUTLEVEL. There arc two sta-
tus-indicator LED’s on the front panel,
onc of them to show when the power is
on, and the other 10 show when a trigger
has been sensed.

We will explain the function of all
those, as well as the half dozen interface
jacks that are associated with The Drum
module, in the design analysis.

How it works

The Drum transducer, which converts
the mechanical action of striking the
drumhead to the electrical input required
by the synthesizer board, consists of a
piezoclectric element encapsulated in a
silicon compound, The silicon encapsu-
lant supports and protects the element as
well as serving as a coupling medium for
the mechanical excitations. The voltage
produced by the transducer is propartion-
al 1o Lthe magnitude of the mechanical
force applied, (how heavily the drumhead
is struck.}

The signal that is derived from the
transducer is fed to input jack J1 (Fig. 1)
and dropped across R1. The wiper of that
pol picks off the signal at the desired level
and feeds it to the non-inverting amplifier
built around IC1-a; in turn, the amplifier
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FIG. 1—SCHEMATIC DIAGRAM af the 5700 parcussion-synthesizer module—the heart of drum syni- on C3, cause the base-emitter junction of

thesizer. Four of these modules are combined in the instrument shown in the photographs.

is capacitance-coupled to the next stape
by C2.

Transistor Q1 allows a contact-closure
1o ground to serve as a cancelling func-
tion. Resistor R7 keeps this transistor’s
base positive so that it will remain in an
oflf state under normal conditions. By
grounding Q1’s base through J6, any pos-
itive-going transitions of the signal volt-
age at its emitter will forward-bias it into
a conducting state, thereby shunting the
signal to ground via Ql’s collector. We
are not concerned with negative-going
portions of the signal as the fellowing
stage will simply ignore any voltage going

below ground.

The buffered ouput of the transducer is
applied to the non-inverting input of
opamp stage IC1-b, which, in conjunction
with Q2 and associated components,
forms an envelope-follower. In response
10 positive excursions of the input signal,
the output of 1C1-b goes positive. The
emitter of Q2 follows that voltage and
charges C3 until its voltage (which is the
signal voltage that is applied to ICI-b’s
inverting input) matches the original sig-
nal voltage. Negative input-signal excur-
sions, or in fact an input voltage that is
less than the voltage currently appearing

Q2 1o be reverse-biased, effectively allow-
ing C3 to float.

A second effect of having Q2 reverse-
biased is to break IC1-b’s feedback loop
so that the opamp functions most of the
time as a comparator, its output (pin 10)
switching between positive and negative
supply. When pin 10 switches high, it
triggers the monostable one-shot, com-
posed of [C5-a and 1C5-b; that produces
a single short-duration pulse which is
made available at the trigger-output con-
nector of J4. That same short pulse is
stretched by the circuitry of IC5-c and
IC5-d and used to light the trigger-indi-
cating light-emitting-diode, D3:
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FIG. 2—THE POWER SUPPLY is hetty enough to supply the Tour modules. that are .usedin ‘the

lour-channel percussion synthesizer.

PARTS LIST

Resistors Y watt; 10% unless.ofherwise
specified

R, R24—500,000 ohms, potentiomstar,
linear taper

R2, A3, R19, R20, R29, R39, RE0, Rgr
(only one needed)— 100,000 ohms

R4—&80,000 ohms

RS, R30, R31, R41, R44..R46; R47~—
470,000 ohms

R6, R17— 1500 ohms

R7. R27—3.9 megohms

R8, R9, R28, R61— 1 megohm

R10, R15, R33. R38, RS0, R51— 1000
ochms

R11—250,000 chms, potentiometer, audio
taper

R12, R18, R22, R23, R37, R40, R48, R56,
R57, R58, Rg (only four needed) 10,000
ohms

R13, R14, R53-— 150,000 chms

R16—2.2 megohms

R21—50,000 ohms, trimmer
potentiometer

R25—23900 ohms

R26, R34 -— 100,000 ohms, potantiometer,
reverse audlo taper

R32, R45—500,000 chms, potentiometer,
linear taper with SPST switch

R35-—3300 ohms

R36—470 ohms

R49, R59—220.000 chms

R$2— 15,000 ohms

RS54 —5000 ohms, potentiometer, iinear
taper

R55—33,000 ohms

R62— 100,000 ohms, potentiometer, audio
taper (only one needed)

Capacitors

C1, C7—15 pF, ceramic disc

C2, C3, C9—0.1 uF, Mylar

C4, C14—33 uF, 16 volts or higher,
electrolytic

G5, C6, C8, C13—.05 uF ceramic disc

C10—1 uxF, 10 volits, electrolytic

C11, C12-— 01 uF, polyester

Semicenductors

D1, D2, D5—DB—1N914 or 1N4148

D3, D9—TIL-209-B light-emitting diode

Q1, Q6—2N5139 or PN5129

Q2, @3-—2N3391 (GE)

Q5—2N5129 or PN5128

Q4—2N2712 (GE, Sprague or other,
selected for nolse outpul. As supplied in
the kit, the center ead has been ¢iipped
off.)

IG1, iIC3—4136 quad op-amp (Exaf,
Raytheon, TI)

1C2—566 voltage-controlled oscillator
{National, Signetics)

IC4—CA3080Q (RCA or equal) operational
transconductance amplifier

IC5—CD4001 CMOS quad NOR gate

S1, S2—SPST switch, on R32 and R45,
respectively

S3—SPST siide switch

J1, J8, J7—open-circult phone jack, %
Inch

J2, J3, J5—closedtcircuit phone jack, %
Inch

J4—stereo phone fack, Ya inch

Miscellaneous: wire, knobs, hardware,
circuit board, tront and rear paneis,
drum transducer, etc.

The following are avallable from Paia
Electronics. Inc., PO Box 14359,
Oklahoma City, OK 73114:

No. 5700 —Compiete kit of all parts
necessary for a single
drum maoduie, including
drum transducer, circuit
board, front panel, atc.
$59.95 plus $3.00 postage
and handling. :

No. 5700PC—Etched, drilled and labeled
circuit board for single
module. $15.95 postage
paid.

No. 5700P—=Complete kit for four-module
drum set, including case,
power supply, and four
drum modules. $269.75 plus
$10.00 postage and
handling.

No. 5700S—Piezoelectric transducer
$25.00

No. 4771—Complete kit of parts for
power supply $29.95

No. 4771PC~—Etched and drilled circult
board for power suppiy,
$6.95 _

Assembled units available. Write'for

prices.

- —

POWER SUPPLY PARTS LIST

R1—not used

R2, R5-—-330 ohms, & watt

R3, R4— 1000 ohms, trimmer pot

C1, C2— 1000 uF, 20 volts, electrolytic.

C3-C6— 10 uF, 10 volits, electrolytic

D1—D4—1N4001 or 1N4003

1C1—LM340T-5 or 7805 posilive voltage
regulator, 5 volts

1C2—LM320T-5 or 7905 negative voitage
regulator, 5 volts

T1—transformer, 24 volts, CT, 1 amp

Transistor Q3 serves as a second emit-
ter-follower which tracks the voltage on
C3 and provides the relatively heavy cur-
rents required to charge C4 quickly
enough to produce a percussive attack
waveform. Capacitor C4’s discharge path
is through resistor R10 and DECAY con-
trol R11. The attack and release (A/R)
waveform that appears across C4 is buff-
ered by the voltage-follower ICl1-c. 1CI-
¢'s output provides the voltage that will
control dynamics by means of the volt-
age-controlled amplifier and sweep the
voitage-controlled osciliator and voltage-
controlled filter,

Amplifier-stage 1C1-d is configured as
a sign-changer which allows the A/R
contrel voltage to produce either upscale
or downscale pitch shifts from the VCO.
After it has been processed by the sign-
changer, that control voltage is coupled
by R25 and the INITIAL PITCH control
R 26 to the frequency-control input of the
vVCO, 1C2.

The outputs of the 566 VCO are found
at pins 3 (squarewave) and 4 (triangle).
Because of the differences in the energy
content of a squarewave and a triangle,
the squarewave will sound louder. That
accounts for the rather large difference
between the values of the mixing resistors
R28 and R29. The 500K pot R32 serves
as a mix control by attcnuating the
unwanted waveform to the desired de-
gree. Isolation-resistors R30 and R3i
sum the mixed signal which is then cou-
pled to the input of the next mixing stage
by C9.

Resistor R43 couples the selected or
mixed YCO signal to the VCO noise mix-
er circuit. The other input to this mixer
circuit, R44, is fed from 1C3-b. IC3-b’s
oulput is filtered white noise, generated
by Q4—a transistor selected for its noise
characteristics when operating in an ava-
lanche condition.

The noise generated by Q4 is picked
off at its base and capacitively coupled to
the filter/amplifier 1C3-b. Diodes DS,
D6, D7, D8, and associated components,
form the circuitry which sets the corner
frequency of that filter. If §3 is switched
to make connection with R33, then R34
{INITIAL FREQUENCY) scrves as a manual
filter frequency control. With S3
switched to sweep (the envelope follower
output) the filter will be swept by the
envelope-follower output and R34 serves
as a sweep-range control.
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DRUM SIMULATOR OR PERCUSSION SYNTHESIZER?

JOHN S. SIMONTON, JR.
ELECTRONIC CIRCUITS FOR SIMULATING
drum sounds have been around for 2 long
time. In the past they have primarily been
simplc bridged or parallel T oscillators as
shown in Fig. 1. In use, the gain of the
amplifier is adjusted so that the circuit is
held just below the point of oscillation.
When a narrow pulsc is applied to onc of
those oscillators, its normal stability is
disturbed and it generates a damped sinu-
soidal waveform.

That type of circuit is frequently used
in automatic percussion units because in
that kind of application we arc most con-
cerned with the timing of the beats.

The rcason that every drummer in the
world is not rushing out to replace his
bulky and cumbersome instruments with
those small, inexpensive electronic equiy-
alents is that devices of that type aren’t
capable of the dynamic control that a
musician needs for personal expression in
performance. Damped oscillators are
good for simulating the sound of a fixed-
pitch drum struck with more or less con-
stant force. but little else.

But recently, many percussionists have
begun to usc electronics to supplement
their traditional instruments, using de-
vices that can capiure the dynamics and
style of their playing. And because the
circuitry used in these clectronic drems is
close kin 1o that used in modern electron-
ic music synthesizers, drum synthesizers
can produce an unbelicvably wide range
of voices from natural to unearthly.

Figure 2 shows a block diagram of a
typical drum synthesizer (The Drum, as
it happens). Undoubtedly the most strik-
ing difference between that and a more
conventional type of music synthesizer is
that The Drum has no keyboard, this ele-
ment’s function of real time controf being
taken over by the drum transducer, a
device that (ranslates the force of the
stick hitting the drumhead into an electri-
cal signal that the rest of the synthesizer
can use.

After being amplified, the output of
the transducer is applied to a circuit that
is called an envelope follower, but is in
fact more a peak detector with a control-
lable release time. The envelope produced
by this circuitry is used in a number of
ways. In conjunction with the voliage-
controlled amplifier it is used to change
tthe constant amplitude output of an oscil-

EXCITATION INVERTING

FUNCTifJ AMPLIFIER
CRITICALLY DAMPED
OSCILLATDR
{ PRODUCES
DAMPED SINUSOID
IN RESPONSE
TG EXCITATION

wBHIDBED “T GIRCUIT

.
L

PARALLEL “T* CIRCUIT

force, dynamics are preserved.

The control cnvelope is also applied to
a sign changer where it can be either
altenuated or inverted depending on the
setting of a knob and the resulting new
control voltage is used to change the fre-
quency of the primary pitch source, a
voltage-controlled oscillator. Because of
that the pitch can be modulated cither up |
or down to follow the envelope (like a
pedal timpani only with much greater
than natural range); or, at mid settings of
the control, produce no pitch shift at all.

The use of a VCO as the pitch source
also allows us a somewhat broader selec-
tion of the tone colors than is allowed by
alternative expedients,

In addition to a pitched component.
many drums—most notably snares-also
have un-pitched components. In the syn-
thesizer, un-pitched sounds are produced
by the noise source. Since noise comes in
different colors {white, pink, ctc.), a volt-
age-controlled filter is provided to alter
the noise spectrum as desired. The filter

FIG. 1
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'5 ouT
=] NDISE {/IMAN |
I SUUF‘CE VOLTAGE
= comnuum SWEEP ENVELOPE
i DECAY FILTER L L
DL RATE
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lator into the classic percussive sound
envelope. That approach is capable of
producing longer decay times than are
possible with either mechanical drums or
damped oscillators. And since the peak
output of the envelope follower is related
to the outpul of the drum transducer,
which is in turn a function of the striking

FIG. 2

-’

is voltage controlled so that it too can
track the envelope, another effect that
can not bc duplicated by mechanical
drums,

The remaining circuitry (envelope and
trigger out, etc.) is usefu! in combining
more than one synthesizer card 10 pro-
duce a single voice.

Resistor R45 works in 2 manner simi-

RADIO-ELECTRONICS
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lar to R32 in the waveform-mix circuit,
attenuating either signal to the desired
degree. Resistors R46 and R47 sum the
mixed signal and feed it 1o the input of
the buffer amplifier IC3-a and from that
point the signal is applied to the signal
input of the VCA, IC4.

Except when sinewave output is select-

ed, S2 will be closed, putting R51 in par-
allel with R52. That provides an attenua-
tor at the input of IC4 which will keep
the input signal level to the CA3080
transconductance amplifier within its lin-
ear operating region (input of 100 mv or
less). Opening S2 removes the major por-
tion of the attenuator and allows the VCO
triangle output to overdrive the VCA's

input slightly, producing a sinewave.

The gain of IC4 is determined by the
current that is flowing into pin 5 of the
device. That current flow is manipulated
by Q5 and Q6 which in turn are con-
trolled by the envelope-follower’s A/R
output voltage.

We'll discuss construction and use next
month. R-E



Part |I—Construction detajlls and calibration instructions for the
low-cost scope that features a continuously displayed zero baseline:

LAST MONTH WE DESCRIBED THE FEA-
tures of this inexpensive DC scope and
went into detail on the operation of its
various circuits. We continue this
month by resuming our broken-off dis-
cussion with suggestions on selecting
the CRT to meet your requirements.

Construction

Many types of CRT's have been used
in this design, including 3BPI1, 3EPI,
3ACPII, 3FP7, 3RPI1, and 2API. Five-
inch types can be used. but whatever is
gained in screen size will be lost in
sharpness of focus. The 3RPIA and
IWPI are especially nice because they
are flat-faced. The 3WPI has about twice
the deflection sensitivity of the others,
and can be used to produce a scope with
5-mV sensitivity. The CRT must be shield-
ed with MuMetal (nothing else will
work) unless the power transformers
can be located two feet from the CRT.
Surplus houses that seli CRT's usually
have fully formed shields.

DISPLAY of a 500-kHz squarewave at 0.4 pV/div
shows a fast risetime and clean squarswave re-
sponse.

DANIEL METZGER and DENNIS PERRY

TOF VIEW of the scope. The amplifier board is beneath the CRT, The power-supply board is at the
rear near the transformers mounted on the back panel. The sweep board is up front near the controls.
The attenuator board, with Its five timmers, is on a bracket held by the vertical-sensltivity conirol.
Astigmatism control is on rear pane! near base of the CRT.

The vertical and horizontal outpul
wires must run straight to the CRT and
be kept away from each other and from
other wiring and the chassis, The verti-
cal and horizontal inputs should be kept
short and separate from other wire bun-
dles. The wires to and from the TRIGGER
LEVEL switch carry fast squarewaves

and must be shielded to prevent cou-
pling to other wires. The wires to the
VERTICAL VARIABLE GAIN controt should
be kept reasonably short. Other wiring
should be bundled and laced in the in-
terests of neatness.

The input attenuator and sweep-tim-
ing resistors must be held to 1% if good

0861 AVIN
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b4 RADIO-ELECTRONICS

FIG. 6—FOIL PATTERN for the attenuator used
in the vertical-sweep circuit.

\c—@mﬁﬂ_
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SIDE L 4
FIG. 7—COMPONENT PLACEMENT GUIDE for
the vertical-Input attenuator. The precision re-
sistors are on cne side and the frequency-com-
pensating capacitors are on the other.
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FIG. B—THE SWEEP-GENERATOR PC-board foil pattern, The pads atong the top edge are for
connections lo off-the-board components and leads to other clrcult boards.
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FIG. 3—HOW THE COMPONENTS;ARE PLACED on the sweep-genérator PC board. Note the posi:
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FIG. 10—PRINTED-CIRCUIT FOIL PATTERN for
the’'boerd for the horizontal and vertical deflection gircuifs.
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NOTE: CONNECTION TO HORIZONTAL DEFLECTION PLATE SHOULD BE MADE

SO0 THAT BEAM SWEEPS FROM LEFT TO LIGHT; VERTICAL DEFLECTION PLATES

SHOULD BE CONNECTED S50 THAT POSITIVE INPUT TO VERTICAL AMPLIFIER

PRODUCES UPWARD DEFLECTION OF BEAM.
FIG. 11—THE DEFLECTION-AMPLIFIER board has three jumpaers and six trimmers for clrcult callbra-
tion and adjustments. Leads to CAT deflection plates shauld be as short as practical to minimize
stray capacliance.

TABLE 1 TROUBLESHOOTING CHART

Vertical: 50mV P-P, 1kHz sineware input;
R214 at min resistance, S401 at: DC

‘ Horizontal: 2V P-P, 1kHz sineware to EXT

HOR, S403 at 0.4V/DIV

Sweep: 2V P-P, 1kHz sinewave at EXT TRIG;
+ SLOPE, AUTOQ, 0.4ms/DIV, DC GND

Power Supply - 100 Board
TEST VOLTAGE POSSIBLE
POINT| DC | AC CAUSE
P-P |
C103 | - 1100/ 40 | Di01thru D106 |
D107-D113 1
D107A | —950 |<1 | C105, T101. CRY
c107 +145 [<1 [ D114, C106 |
Cc108 —-19 |06 |D115. D116
C110 +18 |1 D118, D119
Q101E | —-9.4 [<5m | D117, Q101
Q102E | +9.4 i< 5m D120, Q102
Trig & Vert Amp - 200 Board
+1 to
Q2015 | +2 =5m
Q202C | +5 =
Q205G | O 50m D201, Q205
‘ +1to
1Q2058 | +2 45m | Q205 S
Q206E Follows 0.6V below Q2055
+0.Eto
Q207E |+15 [=0 |R218
Q206C
Q207C | =4 1.0 10Q205, R215, R217
Q208C ] ]
Q209C (75 50 [Q208, Q209 R224
Horiz Amp - 200 Board
+1 to B
Q210S | +2 1.5 |0210, D202
Q211C g -
Q212C | +75 |60 |Q211, Q212 R229
Sweep - 300 Board
4
Q301G |0 2, Q301, D301
+1to
Q3018 | +2 1.8 Q301
Q3028 -1 to —3 Varied by R307
(a02C
Q303C | +1 to+9 SQR| 0302, Q303
C306 +8 {0 D302, D303
Q3048 | +7.3 to+8.5 Varied by R317
R320-
R322 +1.5 DC across Ry AT CAL
1C301
pin 6 0 to+6 RAMP| Q304 _
T=1Tto +7 Q305
RAMP ]
IC302 1
pin 6 +9 to-9 SQR| IC302, R327
1C301
pin 3 0 to +9SAR |IC301
Q306E |0 to 7 RC Charge; Q306, R278
Q30681 | +5 SPIKE  |Q306
Q307C
' Q308C |0 to +9 SOR |Q307, Q308
=anode B=base C=collector
E=emitter G=gate S=source

0B6L AV

o
L]



RADIO-ELECTRONICS

&
[=2]

MD3
POWER SUPPLIES
D. PERRY
/78

o«

r ,CT
.”(“’ +i50 -9

clo7 l — C103
RIOS
Qo2 QIO DIQS DIO6
c '1!} I. —®— —¥»— ¥pI09
T—«RlIO— —RIOT— Clol——
DIOI D102
., bireol oIl e e Y003
~ClIQ- -CI08=
C102——
=Clli-= -CI09= ClOG
©@ 09 —RI09-— _853__':’
Blal Ble ol O (m] a
a|al Sla & __le_-
—RIOB—
K % 5 )
j = 1
«150v
+9y TO TO T0
AMPLIFIER S403-a | DEFL
AND SWEEP * AMPS
CIRCUITS ¥ ¥ e
TI02 AMPLIFIERS i
SECONDARY AND SWEEP| TiO2
CIRCUITS SECONDARY [
370 4
TIOI
CENTER CRT
TAP

FIG. 13—POWER-SUPPLY COMPONENT LAYOUT is simple. Be, careful, some of its vollages are

dangerous.
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8
LEADS CAN BE MPF4393 2N44900 & > 2N487)
FORMED TO A (MOTOROLA) 2N4402 i B { MOTOROLA
-5 PIN (MOTOROLA B GE) 2N3440
CONFIGURATION {MOTOROLA)
DAGD- B D41D
{GE)

PHYSICAL OUTLINES AND PINQUTS for the discrete devices used in lhe scope as active circuits. Be
especially careful with the installation of the loock-alike plastic devices.

calibration accuracy is expected. The
timing capacitors must at least be in the
same ratio, so if one is 7% high, strive to
make them all 7% high. [f a %10 probe is

to be used, the fixed frequency-compen-
sating capacitors (CB) must be held to
5% tolerance.

The scope i§ constructed on foéur PC

FIG. 12—THIS PRINTED-CIR-
CUIT PATTERN simplifies con-
struction of the power supply.

boards. The foil patterns for the attenu-
ator, sweep circuits, deflection amplifi-
ers, and power-supply PC boards are in
Fips. 6. 8. 10. and 12, respectively. The
component layouts for those circuit
boards are in Figs. 7,9, 11, and I3,

Initlal checkout

A spot can be focussed on the screen
wilh only the power-supply board and
CRT circuitry wired in. The 9-volt sup-
plies will each need a temporary 470-
ohm load if they are to be tested at this
point. Now disconnect the primary of
TI01 to disable the high-voltage sup-
plies while the sweep and low-level am-
plifiers are tested. The troubleshooting
chart (Table 1} shows the voltages to be
expected at various test points. Once
the Schmitt trigger, sweep generalor,
baseline generator, and low-level amps
are determined to be functioning. the
high voltage can be reconnected,

Calibration
Vertical: First display a 200-kHz
squarewave and adjust high-frequency
compensation control R222 for sharpest
corners with no overshoot. With range
5402 at 1 V/div and variable R214 at
maximum resistance, inject a 2.12 volt
RMS (6.0 volts P-P) 100-Hz sinewave,
and adjust R216 for a six-division display.
Now change the range to 4 V/div and,
with variable R214 at minimum resistance
(+4), adjust R213 for a six-division dis-
play. With the input grounded, adjust
R218 so the trace remains stationary as
R214 is rotated. The final step is to dis-
play a [-kHz squarewave. and on each
of the ranges from ¢.1 to 10 V/div adjust
the coiresponding trimmer capacitor
for the best squarewave with no round-
ing or overshool.
Horizontal: With the horizontal atten-
continied on page 110
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1 JOHN R. HANSON

INTERFACING AN ANALOG RESISTOR-CAPACITOR NETWORK TO A
digital microprocessor has a wide variety of real-world applica-
tions. With this interface and the proper software, you can use
the microprocessor to measure the time constant of a resistor-
capacitor combination. This concept suggests numerous poten-
tial applications, including joysticks, a capacitance meter, prox-
imity switches and more.

The circuits in Figs. 1, 2 and 3 use a minimum of components
and a software timing loop to measure the value of the R-C
nctwork. A single [C allows you to build up to six of any of the
circuits described here. Although this article describes B080 and
BASIC software, adapting the interface to any other type of
microprocessor and software processor should be easy.

How it works

All circuits essentially consist of a resistor-capacitor network
at the input of any one of the six non-inverting buffers in IC1.
When the input of the buffer is low (at ground potential), the
outpul is also low. As the voltage across the capacitor rises above
approximately 3, the output changes to a logic high level. The
resistor that charges the capacitor is connected to one bit of an
8-bit output port. The output of the buffer is connected 1o the
corresponding bit on an 8-bit input port. Up to eight circuits
could be implemented by one 8-bil input port,

Construction

The easiest way to build this circuit is on a small piece of
perforated board. We recommend providing a socket for ICL. A
small transistor socket works well to hold capacitor C, (see Fig.
2). Component layout is not critical. The capacitor tester (Fig.
2) works best with a fairly stable +5 V., but this is not at all
critical in the other circuits.

VERSATILE
ANALOG
INTERFACE
FOR YOUR
COMPUTER

Build this simple device to allow your
computer to look at the outside world-—
| without complex analog-to-digital conversion.

Software

The real workhorse of all these circuits is a machine-language
program called CVAL (see Listing I). The first line of this
CVAL routine has a variable called BIT#. Setting onc of the
eight bits in BIT# toa logic high with the rest set to a logic low
level determines which bit of the [/O port to test. Since my
sample circuits are connected to the least-significant bit, [ set
the LSB of BIT # to logic high level by setting BIT# equal to
01 (hexadecimal code). The routine then sets its counter (regis-
ter-pair HL) to 0. The routine now outputs a logic high to the
selected circuit and begins counting. When the buffer output
finally goes high, the routine stops counting, outputs a logic low
to the circuit, and returns to the calling program with a value in

register-pair HL that is equal to the time constant of the resis-

LISTING 1.
ORG.04400H ;PROGRAM OUT OF THE
iWAY OF BASIC IN LOWER
‘MEMORY
CVAL: MVIE, 01H* ;MOVE BIT# TO:REG..E !

XRA A A=0

MOV H,A qnl = 0]

MOV L A iL=20

MOV AE ;A = BIT# TO BE TESTED

_ OUT 01H ;TURN ON SELECTED BIT
GO: INX H :START COUNT

INO1H"* ;CHECK INPUT PORT

ANA E iMASK ALL BUT BIT#

JZ GO :JUMP IF BUFFER NOT ON
\YET

XRA A A=0

QUT 01H** :TURN BIT# OFF ;

RET ;RETURN TO CALLING
;PROGRAM

0861 AYW
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LISTING Ii
MAIN: LXi'SP, D4800H  :SET STACK POINTER i
{ROUTINE STARTS HERE)
XRA A A =0
ouT 01** {OUTPUT 0 TO ALL
CIRCUITS
OUT OBH** :SWITCH OUTPUT = OFF
MOV D,A :SWITCH STATE REGISTER

~ OFF
;SHORT TIME DELAY SO
CAPS DISCHARGE

ONYET; CALL TDM

CALL SWONI ;SWITCH BEING TOUCHED?
CFl 01 SEEIFA = 1 ]
JNZ ONYET ;CHECK AGAIN IF NOT
TQUCHED YET
XRAD ;A = 1, EXCLUSIVE OR
WITH SWITCH STATE
MOV D.A ;D = NEW SWITCH STATE
OQUT OBH™* ;OUTPUT NEW SWITCH

STATE IN LSB PORT 013

OFFYET: CALL TOM :PAUSE FOR DISCHARGE

AGAIN

CALL SWON :SWITCH STILL ON?

CPI 01 :CHECK

JZ OFFYET :JUMP IF STILL ON

DBLCHK: LXI B, 04000H :B = 20H,C = 0

CALL DEC :LONGER TIME DELAY TO
DEBOUNGE SWITCH

CALL SWON :SWITCH STILL ON?

CPI 1 :CHECK

JZ OFFYET :TRY AGAIN IF IT IS

TOUCH: MOV D,A ;A = 0, SWITCH STATE =
OFF

:TURN SWITCH OFF

;CHECK FOR NEXT TOUCH

;GET ACTUAL TIME

ONLY: OUT OBH**
JMP ONYET
SWON: CALL CVAL

CONSTANT
MOV AL :GET LOW ORDER BYTE OF
CONSTANT
CPi OBH**™ :COMPARE WITH MINIMUM
ON VALUE .
JP ON JF IT IS GREATER SWITCH
IS ON
XRA A :ELSE MAKE A = 0 TO
SHOW IT IS OFF
RET ;:THEN RETURN
ON: MVI A, 01 :MAKE A = 1 TO SHOW T
IS ON
RET :NOW RETURN ]
TDM: LXI B, 0100H B=01,C=0
DEC: DCRC ;DECREMENT C
JNZ DEC ‘Ci= 07
DCR B :DECREMENT B
JNZ DEC JUMP IF BC = 0
RET :TIME DELAY ALL DONE

Notes: My origin stalement sots this program in the 18th K of memory
{CG4400H). This gets it cut of the way of my basic interpreter in theo first
13K. Of course it may be relocated and run anywhere in memory.

“—BIT #. This variable has one bt high to determine which bit of the
170 port is to be tested.

® * —Port numbers specific to my system. May be changed to fit whaf-
ever ports ara froe.

*** —Minimum on value. If CVAL reads a value tass than this SWON
will return, indicating switch is off. This value deterines the sensitivity of
the touch switch.

B080A mnenomics ere used throughout. BASIC is Digital Group Maxi-
BASIC Ver. 1.0.

tor-capacitor combination. After a short time, the capacitor diss
charges through the resistor and is ready to test again.

Applications

The device shown in Fig. | (driven by Listing I1 and CVAL])
is a simple touch or proximity switch. To start the routine, jump
to line MAIN. This assumes the switch is connected to the least-
significant bits of IN 0l and OUT 0! ports (port numbers arc
specifically geared to my system), and it outputs the state of the
switch in the LSB position of OUT OBH port (0= OFF; | =

ON). As shown, the program simulates a normally open
momentary contact switch. Delete (or insert NOP's) lines
TOUCH and ONLY, and the routine simulates a touch-on/
touch-ofl’ switch. The routine operates by calling CVAL, and
seeing if the result is greater than a byte called “minimum on
value.” The value I show for this is 0B (hexadecimal), which
works for the value capacitor shown in Fig. | and a fairly posi-
tive contact of the touchplate. Lowering this value increases the

E F—'L@ .
i

£D4050

FROM DO(LSBI
ouT oot

-

" SYSTEM SHDULD BE GROUNDED TO EARTH GROUND
FORTOUCH SWITCH APPLICATIDNS

Fig. 1—TOUCH/PROXIMITY SWITCH can be used for touch-ON/touch-
OFF contral of a device or appliance or, with increased sensitivity, can be
used in a proximity-operated intruder or burglar alarm.

sensitivity of the switch. If the switch tends to bounce at all,
increase the value loaded in BC in line DBLCHK. [ call a short
time delay called TDM before cach CVAL call 1o give the
capacitor a little time to discharge; but if your application only
calls CVAL occasionally, this is not necessay. If the touchplate
is a fairly large piece of metal, the switch will trip just by coming
near it (adjust the “minimum on value"” for the best perfor-
mance).

This type of proximity switch lends itself easily to security
and burglar alarm applications. A single IC provides you with
six inputs that could be sequentially polled by CVAL to indicate
the status of all doars and windows. The metal plates would be
easy to hide and difficult to defeat.

RS
5 4 100K
FROM.DUUUT 001-» R4

2 ;200!( (10 TURN'PDT!

1/6 CN4050 — 3 . 700,
—
. R3 IN 001
st ! I MEG
¢ 4 1/6 CD4050

ReSeT l-li fﬂ

Fig. 2—A CAPACITANCE METER is formed when this interface is used
with a microprocessor. The machine prints out capacitor values between
500 pF and 5 uF.

Capacitance meter

Figure 2 shows a circuit that, when driven by Listing IT1 and
CVAL, represents an extremely easy way (0 measure unknown

=

PARTS LIST

Resistors ' walt, 10% unless otherwise noted
R1, R3, R6— 1 megohm

R2—470,000 chms

R4—200,000 ohms, 10-turn tfimmer potentiomatey
R5—100,000 ohms

R7—4700 ohms

C1—200 pF, 10 volts, ceramic disc

C2—.033 yF, 10 volts, polystyrene

S1—normally open pushbutton switch
IC1—CD4050 CMOS non-Inverting hex buffar




capacitances. The circuit uses one buffer to charge the unknown.

capacitance through the calibration potentiometer. The RESET
pushbutiton insures that large-value capacitors are totally dis-
charged before cach test. To calibrate the unit, us¢ one or more
good-quality close-tolerance capacitors in the range of 0.005 xF
to 0.01 pF, and repeatedly run Listing 111, while adjusting R4
until the routine prints the correct value of the capacitors. List-
ing 11l could be written in any BASIC that permits calling a
machine-language program {calls CYAL in line 60), and then

FROM O, OUT 003

f7 TYP. JOYSTICK POT
4.7K 100K

T0 Og IN 001

Fig. 3—THE POSITION OF A JOYSTICK CONTROL is printed out in num-
‘bars from 10 to 250. When the joystick is operated by = servo, the print-
out can be a remote indicator.

LISTING (I}
;remarks

10 OUT 1,0 ;OUTPUT 0 TO PORT 1

20 PRINT “INSERT UNKNOWN CAPACITOR"

30 PRINT "PLSH RESET FOR A SECOND'’

40 PRINT “NOW HIT RETURN TO TEST, N-RETURN TO

QUIT”

50 INPUT 5%
" 55 (F 8% = “N"" THEN GOTO 100
© 60 LET X = CALL (17408) ;CALL MACHINE LANGUAGE
JCVAL
:CONVERT TO MICROFARADS

¢ 70 LET X = X*.0001

| 80 PRINT "CAPACITOR EQUALS ":X:” uF ‘
90 PRINT “ " :DO SOME CARRIAGE
-RETURNS
91 PRINT "
92 PRINT *
95 GOTO 10 :NEXT TEST
100 END

LISTING 1V
;remarks
10 OUT 10 :CLEAR PORT 1 |
20 LET X = CALL(17408} :CALL CVAL |
30 PRINT X :SHOW VALUE OF JOYSTICK |
;:POSITION
-or<(30 PRINT TAB (X/8):"*"") :USING THIS FOR LINE 30
; SHOWS AN * y
:CORRESPONDING i
; TO JOYSTICK POSITION |
40 GOTO 10
50 END

allows assigning the value returned in register pair HL toia
variable (X). The values shown are good for capacitors in the
range of approximately 500 pF to 5 uF. Vary the size of the
charging resistor to measure other capacitance ranges.

Joystick intaerface

The circuit shown in Fig. 3, when polled by CVAL, providesa
simple way of digitizing the position of a joystick potentiometer.
The values shown will cause CVAL to return with a number in
HL from about !0 to 230, rcpresenting the position of the
joystick. Listing I'V prints these values for unit checkout. Sub-
stituting the alternaie line 30 (shown) moves an asterisk back
and forth across the display screen according to the position of
the joystick potentiometer. Two of these circuits are required o
obtain both the X and Y values from the joystick.

These circuits only scratch the surface of the possible applica-
tions for this technique. A 4 X 4 array of touchplates with four
4-input CMOS NGR gates to monitor row status and software
drivers sequentially testing the columns could form an inexpen-
sive touchswitch hexadecimal keyboard. Many types of sensors
(temperature, pressure, eic.) can be used directly with these
circuits, thus allowing you to monitor analog-type signals with a
minimum of hassle. A little experimentation will yicld a large
number of nifty applications, while doing minimum damage to
your pocketbook. And your computer will thank you for letting
it hear from something other than a keyboard. R-E
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Sir Jagadis Chundar Bose

FRED SHUNAMAN

JAGADIS CHUNDAR BOSE BEGAN HIS SCIEN-
tific career as a professor of physical sci-
ence in Calcutta (where, as a native, he
received two-thirds the pay of European
professors with the same qualifications).
Interested by Lodge’s report on the work
of Hertz (1894) he repeated all Hertz’s
experiments, working, as he said, “with
none of those mechanical facilities at my
disposal that every European and Ameri-
can scientist takes for granted.”

He ran a meticulous scrics of tests on
conherer materials, evaluating the sensi-
tivity of practically all available metals. In
these experiments, he discovered that the
resistance of a coherer using potassium
increased rather than decreased with the
passage of an clectric wave, thus ques-
tioning the validity of then-current coher-
ser-action theories.

He invented an original coherer with
spirals of fine wire, usually made of steel,
laid in a slot cut in ebonite. The slot was

terminated at each end with brass
plugs—one fixed and the other adjustable
with a screw. The spiral bits made about a
thousand well-defined contacts with each

:other, claimed Bose, and these contacts

could be adjusted with the single screw.

In 1895 at a lecture in Calcutta, Bose
transmitted the newly discovered clectric
waves 75 fect to an adjoining room, trip-
ping a relay that fired a pistol and blew up
a small mine.

Possibly Bose’s most important work
was his demonstration tc European scien-
tists that Hertzian waves actually existed
in the real world, not merely in scientific
papers. He constructed a compact dem-
onstration apparatus using a turntable.
This made it possible to perform most of
the experiments for which Hertz had
nceded a long hall. The equipment could
be packed in a case only 60 centimeters
long and 30 centimeters high and wide
(or about 2 feet by | foot). Using this
equipment he lectured to the Royal Soci-
ety in London in January of 1897, in

Paris on March 9, and in Germany and in
other European countries later.

In working with coherers, Bose noted
that they became less sensitive with con-
tinuous use, but regained sensitivity if not
used for a while. Extending his studies to
plants, he became comvinced that the
boundaries between animal and vegetable
life and nonlife were not as rigid as
commonly believed. Official science was
outraged at this ‘“‘metaphysical® and
“nonscientific” approach, and the Royal
Society refused to print his papers for
many years. He was regarded as a mystic
and was ostracized by the scientific com-
munity. To this day, his name rarely
appears in any work on electronics. A
similar—if not as complete-—a suppres-
§ion appears to have taken place with
respect 1o his quite extensive efforts in
the field of biology. Seribner’s Encyclo-
pedia states: “Today, when biophysics is a
generally recognized discipline®—his
theories might not appear so controver-
sial. R-E
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WARC-’79

The World Administrative Radio Conference recently adjourned.
Many questions regarding frequency allocations

were resolved—but many still remain.

STANLEY LEINWOLL*

ON DECEMBER 6. 1979. AFTER M GRUELLING
days and nights of work. the World Ad-
ministrative Radio Conference which
was held in Geneva (WARC-79) com-
pleted its work. One hundred and forty
1wo member countries of the Interna-
tional  Telecommunications  Union
(ITU). which had convened the Con-
ference. adopted and signed a new set
of . Radio Regulations thal will come
into force on January 1. 1982. [n addi-
tion, WARC-79 adopted a lurge number
of resolutions and recommendations re-
lating to radio communications.

WARC-79 was the first general radio
conference in 20 yeurs. Its principal ob-
jectives were to review and revise,
where necessary. many of the Radio
Regulations that had been in force since
1960. including the vitally important
Table of Frequency Allocations, which
assigns frequency bands to all services
using the electromagnetic spectrum for
communications purposes. It is generally
agreed that WARC-79 was the most im-
portant radio gathering ever organized
by the ITU.

Telecommunications technology has
developed at an astounding rate over
the past generation. with the appearance
of many new and revolutionary tech-
niques. such as miniaturization and
communications via satellite. When the
last general Radio Conference was held
in 1959, Sputnik 1 was barely one year
old. Since then. however. more than
265.000 MHz of additional spectrum
has been opened up for use by radio-
communication services.

WARC-79 was held in the Interna-
tional Conference Center in Geneva. It
was attended by more than 2,000 dele-
gates and observers from 142 countries
Stanley Leinwoll is Director of Engineering. U.S.
for Radio Free Europe—Radlo Liberty. He was a

member of the United States Delegation to
WARC-79.

and 30 international organization, in-

«cluding the International Amateur Radio

Union (IARU}. and various Broadcast-
ing Unions from all over the world.
More than 1 000 meetings of committees,
working pgroups. and sub-working
groups were held. and the conference
generated thousands of pages of text.
including a final document that was
more than 1,100 pages long.

In spite of the vast expenditure of
time. effort. energy. and money that
went into WARC-79. many issues were
left unresolved, being either deferred to
the work of future conferences, or not
clearly defined. Although many dele-
gates expressed satisfaction over the
outcome of the Conference. it appeared
t0 some observers that there could be
difficult days ahead. especially for
amateur radio and shortwive broad-
casting, as well as some space services.

As an indication of the potential dif-
ficulties that lie ahead. an unprecedented
83 reservations were taken at WARC-79,
including five by the United States. A
reservation is a statement that a coun-
try will not be bound by a decision
made at a conference. In the area of
shortwave broadcasting alone. 20 coun-
tries took reservations, expressing mis-
givings about the amounl of insufficient
additional spectrum allocated to this
service. The United States was among
those countries reserving the right to
take whatever steps it deemed neces-
sary 10 satisfy its shortwave broadcast-
ing requirements.

Of particular concern was the failure
of the Conference to allocate any addi-
tional spectrum space to shortwave
broadcasting in the 6- and 7-MHz bands,
even though an additional 850 kHz was
added to the broadcasting services in
the bands between 9- and 2[-MHz.
The Conference also recommended
that a high-frequency broadcast-planning

WARC be convened several years,
hence, but many observers felt that
planning the high-frequency bands
would prove Lo be very difficult without
additional space in the vitally important
6- and 7-MHz bands.

Although it will take years o fully
assess the failures and accomplishments
of WARC-79. here follow. in a nut-
shell. the results of the Conference that
are of major interest to the readers of
Radio-Electronics, There will be followed
by an analysis of the resulis in terms
of their possible future impact on radio-

\communications.

High-frequency broadcasting

The Conference allocated an addi-
tional 850 kHz to the existing bands
between 9- und 21-MHz. including the
creation of a new band at 13.6 MHz.
(see Table I). The 26-MHz band was re-
duced by 70 kHz. and no changes were
made in the 6- and 7-MHz bands. The
net increase in spectrum allocated to
HF broadcasting was 33% . (The United
States had proposed a 46% increase.
which the Soviet Union, which currently
has exlensive operations outside the
bands allocated to shortwave broad-
casting. was opposed 10 any expansion
whatsoever.)

The Conference recommended that a
HF-Broadcasting-Planning WARC be
convened at the earliest possible date
{probably [983). This Conference will
be in two sessions: the first will be tech-
nical, at which standards and proce-
dures for planning will be determined.
The second session, following the first
by approximately 18 months, will be
devoted to planning the efficient and
equitable use of the bands allocated 4o
broadcasting.

Actually. the expansion of the bands
is tied to the planning conference, and
to the successful completion of the



transfer and reaccommodation of fixed
frequencies that are being displaced as
a result of broadcast band expansion.
WARC-79 set 1989 as the date when the
expanded portions of the high-frequency
spectrum would become available (o
the broadcasting service.

Twenty countries, including the
United States, Canada, Great Britian,
Federal Republic of Germany. [ran,
People’s Republic of China, Israel,
Spain, Portugal, and Saudi Arabai. in-
dicated concern over the success of the
planning conference in light of in-
adequate expansion of the shortwave
broadcasting bands. especially in the 6-
and 7-MHz bands. They all took reserva-
tions dealing with high-frequency broad-
casting.

The United States mude a strong
protocol statement at the conclusion of
WARC-79 against jamming now being
directed against some of its broadcasts,
and reserved the right to take necessary
and appropriate measures 1o protect ils
broadcasting interests as. long as
Jjamming continues.

Future impact on HF broadcasting
In addition to the concern expressed

by many countries that no planning
procedure could succeed without suf-
ficient additional spectrum space. a
further complicating factor involves
present levels of out-of-band broadcast
operations. Because of the serious con-
gestion in the shortwave broadcast
bands a number of countries have
moved their broadcasting services into
bands now allocated to other services.
The Russians, for example, currently
scheduie a great many transmitters out-
of-band. In the region between 5900-
and 5950- kHz, as a case in puint,
Russian broadcast transmilters operate
on every 5 kHz channel.

As a consequence, it is feared by
some experts that in the very near future
additional countries, spurred by the in-
equity of the present situation, will
authorize expanded out-of-band opera-
tion. The Final Acts of WARC-79 come
into force on January 1, 1982, and it is
possible that at that time. or even be-
fore. many countries will begin to ex-
pand the bands without waiting for the
planning WARC. or for the reaccom-
modation procedure to be completed.
Thar could develop into a potentially
serious situation in terms of the success

TABLE |

Band (MHz)  Current Allocation

6 5950 6200 kHz

7 7100—-7300" kHz

9 9500 - 9775 kHz

RE 1170011975 kHz

13 Not Allocated

15 1510015450 kHz

i 17700~ 17900 kHz

2 21450-21750 kHz.
| 26 2560026100 kHz

Total’

Surmmary of WARC-79 Shortwave Broadcast Band Expansion

“Allocaled to'the Amateur Senvice Th'western hemisphere, and lo broadcasting elsewhers.

i

New Allocation
5950 - 6200 KHz (o}
7100-7300" kHz [}

Net Change

9500 ~9900 kHz +125 kHz
11650 -12050 kHz 125 kHz
13600-13800 kHz +200 kHz
15100 - 15600 kHz +1580 kHz
17550- 17900 kHz +150 kHz
2145021850 kHz +100 kHz
25670-26100 kHz ~70 kHz
=780 kHz

of a planning conference, because
countries that have already satisfied
their broadcasting requirements are not
likely 1o take a planning conference
as seriously as they should. Under such
circumstances. still other countries, ob-
serving what is happening, may get on
the bandwagon to rush their shortwave
broadcasting services out of band.

The United States is dedicated to the
success of the planning WARC, and
will be watching this siiuation with par-
ticular concern.

Amateur radio

The Amateur Service has been al-
located additional bands at 10.100—
10.150 kHz on a secondary basis.
18.068—18.163 kHz on an exclusive
basis. including amateur satellite, and
al 24,.890—-24.990 kHz, also including
amateur satellite on an exclusive basis.
The availability of the latter two bands
to the amateur service requires the
satisfactory transfer of assignments to
other bands of services already oper-
ating in those bands.

The amateur service in the 7100—7300
kHz band was almost dealt a crippling
biow at WARC-79. when the Conference
voted in late November to allocate that
band to shortwave broadcasting on a
worldwide basis. However. after some
frantic behind-the-scenes deliberations.
it was agreed lo restore the band to the
amateur service in the wesiern hemi-
sphere. with a footnote stating that the
use of that band by the amateurs would
nol impose constraints on the broad-
casting scrvice using the same band in
other parts of the world.

Future impact on amateur radic
It apears that the “*constraints’ foot-
note will enable some European. African,
and Asian broadcasters to take liberties
contined on page 109
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MARTIN BRADLEY WEINSTEIN

CAPACITANCE METERS HAVE BEEN
around for decades. Surprised? The
hullabaloo in the last year or so over
the new wave of digital capacitance
meters makes them seem like the newest
instrumentation available, but capaci-
tance has needed measuring for lots of
reasons for a long, long time.

Belicve it or not, measuring the value
of capacitors isn'r the most useful func-
tion a capacitance meter can be put 10,

History

In the past, many schemes have beén
used to measure capacitance. Capaci-
tance has been determined by calcuia-
tions of the surface area (A), of metal
plates, the dielectric constant (K) of an
insulator, the distance (d) belween
plates, and the number (n) of plates.
The fom'lula, C =I§_A(n_” (0224)' is

used to determine capacitance in pico-
farads for area in square inches and
distance in inches,

Time and frequency measuremenis
have been used 10 determine capacitance
when the capacitor is placed into an
oscillator or delay circuit. Another,
simply implemented scheme involves
passing a signal of known frequency
and amplitude through the capacitor
under test. Signal losses are determined
through the formula for capacitive reac-
tance, ~ _ | and knowledge of the

X = 27fC
design of the attenuator path. And, of
course, precision bridges are an excel-
lent way to measure a wide range of
capacitance values with high accuracy.

ECEHNOEOGYATOPAY

Digital capacitance meters do a lot
more today than just measure
capacitor values!

Today's digital capacitance meters
use analog-to-digital conversion tech-
niques. The basic task is to measure the
time that it takes to charge a capacitor
to a known voltage through a known
resistance.

Why measure capacitance?

For most applications, the exact
value of a capacitor docsn’t matter,
You've heard that valid piece of advice
many times by now, no doubt. So why
not just take what the capacitor is
labelled with tq be its actual value and
forget it?

Many times you can, but not always.
For AC coupling, for DC blocking and
bypass applications. for power supply
filters, for deglitchers—no problem. But
for notch filters, bandpass filters, band-
reject filters, phase-shift oscillators,
single-sideband quadrature fiiters, oscil-
lators, neutralizing, tuning, and many
other applications, precision becomes
more of a necessity than a virtue.

In many applications, while the pre-
cise capacitance value doesn’t make a
great deal of difference, it's important
10 maich capacitances.

How tolerant should you be?

Capacitor tolerance. usually ex-
pressed as a percentage value, is usually
specified either by design rules-of-
thumb or the specific criteria of a given
application.

A 001 uF ceramic. for example,
might well be offered by a manufacturer
with a —20%/+80% 1olerance—mecan-
ing that its actual value could be any-

where between .0008 and .0018 u/F and
still meel its specifications.

The circuit you need it for, on the
other hand, may require .001 uF £ 1%.
Buying a 192 cap can be both expensive
and frustrating. It’s much easier to
survey the capacitors you have on
hand. First. set yourself some limits?
Limits = ‘

(Target value) x (1 * PLCE‘I%)

Similarly, you can determine within
what tolerance of its nominal value
any given capacitor is by calculating:
% Tolerance =

(Measured — Nominal value) X 100

Nominal valuz

Measuring temperature

Of course! Capacitors are available
with stated temperature coefficients,
stated as parts-per-million-per-degree-
Centigrade. Normally, not even the
newest digital capacitance meters could
take care of measuring the small capaci-
tance change produced by small changes
in temperature; there is, however, a
range of temperature coefficients between
500 and 1000 that permit some of to-
day’s more accurate instruments to
measure lemperature changes of just a
few degrees accurately and repeatedly.

Note that to work effectively, the
capacitor would have 1o be used as a
transducer in conjunction with a cable
no more than a few feet in length, cali-
brated at a known temperature (or a
few), and the instrument itself (which
may Or may not be temperature-tolerant
in terms of its own accuracy) thermally



CAP METER TO USE

iSolated. or separated from the capacis
tor/transducer.

The cable length. of course, con-
tributes some capacitance to .the mea-
sured total.

Capacitances that are not capacitors

We are very used to thinking of
capacitance solely in terms of its mani-
festation in capacitors. But capacitance
is an electrical characteristic arising out
of physical laws, while a capacitor is
simply a component.

Theoretically, all conductive sur-
faces not electrically connected to each
other exhibit capacitance between each
other. [n practical terms, many things
have capacitance:

Cables: adjacent printed-circuit traces,
on either side of the printed circuit
board; switches; relays, including reed
relays; microphones: quartz crystals;
semiconductor junctions: neon lamps;
antenna-ground  systems: adjacent
windings of a coil (even though elec-
trically connected at DC, there is a sub-
stantial potential difference berween
windings at RF}: connectors; liquid
crystal displays. and more.

While capacitance is not the primary,
most sought-after. characteristic of
these components, the fact that they
have capacitance which we have a new-
found capability to measure is of sub-
stantiul value to us.

Measuring cable capacitance

The fact that an open pair of con-
ductors in a cable exhibits capacitance
leads to an invaluable collection of
cable-1roubleshooting technigues.

First, the capacitance for a number
of standard cables, such as coax, twin-
lead. and ribbon cable, is an integral
part of their specifications. That value
is expressed in various ways, such as in

terms of capacitance-per-meter, capaci-
tance-per-foot. capacitance-per-mile or
some other convenient capacitance-per-
unit-length expression.

But even without access to the pub-
lished data, that information can easily
be determined for any cable, using your
capacitance meter. with this relation-
ship:

“Capacitance per-unit-length =
Measured capacitance
Number of units of length
As you wili see in a moment, deter-
mining that value for cach cable you
commonly use can be a tremendous aid.

Determining cable length
Imagine having a huge spool of wire—

TABLE 1
DIGITAL CAPACITANCE METERS—A REPRESENTATIVE SAMPLING ]
Manufacturer Model Range: Best Price
Accuracy

B&K-Precision 820 0.1 pF-1 farad 0.5% $140
Dynascan Corp. 830 0.1 pF-199.900 uF 02%  $199
6460 W, Cortland St
Chicago, ILL 60635 = ~

CIRCLE 92 ON FREE INFORMATION CARD
Continental 300F  4.0°pF-199.900 pF 0:3%  $250.
Specialties Corp.
70 Fulton Terrace
New Haven, CT 06509_ )

CIRCLE 93 ON FREE TNFORMATION CARD
Data Precision Corp, 938 0.1 pF-1.999.uF 0.1%  $149
‘Electronics Ave.
Danvers, MA 01923 )

CIRCLE'94 ON'FREE-INFORMATION CARD.
Optoelectronics, Inc. CM1000A. 011 pF-10,000 uF fo%,  $200 (Assm.)

| 5821 N.E. 14th Avenue $150 (Kit) |

Fort Lauderdale, FL 33334

CIRCLE 95 ON FREE INFORMATION CARD
Sencore CA55 1.0 pF-200,000 uF 1.0% $495
3200 Sencore Crive
Sioux Falls, SD 57107

CIRCLE:96' ONIFREE INFORMATION CARD
IET Labs, Inc, cMm-5000 L0 pF-200,000 uF 01% 5299
761 Old Country Rd.
Westbury, NY 11590

l CIRCLE 97 ON FREE INFORMATION CARD
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say telephone cable. on a spool big
enough to be a college dormitory’s
prize coffee-table—and not knowing,
how much 1s there.

Imagine siringing intercom cable
through a building and not knowing
which of two cable ends goes all the
way across the building, and which to
the next room.

Ah, but you do know, given the
capacitance-per-unit-length of the cable
and your trusty capacitance meler.

Once again, the calculation is easy
enough for the simplest of four-banger
calculators:

Cable length =
Measured capacitance
Capacitance-per-unit-length

Since the capacitance per-unit-length
for most cables is relatively small. and
the range of capacitance measurable
with most capacitance meters extends
quite high, the problem of very long
cable lengths may be solved accurately
by using Lthat method.

Inspecting for cable flaws

The third arrangement of our basic
relationship is especially useful.

A cable of known length and capaci-
tance-per-unit-length can be inspected
for open, shorted, or physically distorted
conductors with a capacitance meter.
Simply, the actual measured value of
capacilance is compared to the value
determined by:

Capacitance = (Cable length)
X (Capacitance per-unit-length)

Here's how to interpret the results. A
capacitance reading lower than the cal-
culated value indicates either an open
(or broken) conductor or severe stretch-
ing. Generally, a reading only a linle
lower than the calculated value shows
stretching; a reading a few percent or
more lower usually indicates a break.

The distance to a cable break can
also be determined by calculating for
cable length.

A capacitance measurement reading
higher than the calculated value indi-
cates a short—even a short of signifi-
cantly high impedance—or insulation
failure somewhere within the cable, or
severe crimping. Unauthonized taps into
a cable would also result in a higher-
than-calculated reading.

& =
DETERMINING VALUES of ardinary capacitors
is only one of the many uses of these versatile
meters, such as the model 830 shown above
from B&K—Freciston, Dynascan Corp.

e

Printed circuits

Under the banner of *“‘good tech-
nique,’’ we've been told how to design
our printed-circuit board layouts to re-
duce a number of problems, most of
which boils down to unintentional
capacitive coupling: They include ring-
ing, spurious oscillation. propagation
delays, phase shifting. frequency shift-
ing, unwanted pick-up of signals, cross-
1alk, noise. loading factors. and more.

Obviously, if the design-frequency
criteria are known, a circuit’s tolerance
for additional. incidental, or stray
capacitance can be calculated. And an
actual PC board can be inspected with a
capacitance meter even before parts are
mounted to see whether or not the
specs are met.

Other components

We have mentioned a number of
*‘other’’ components that have capaci-
tance. Capacitance measurements can
be performed on those components for
either of two broadly defined reasons.

First, capacitance measurements are
a jim-dandy way of determining a com-
ponent’s suitability for application at a
given frequency, using capacitive re-
actance as the key. For example, while
you might use a reed relay at DC,
would you use it at HF? VHF? UHF?
Sure, it depends on how you're using it
and what the circuit and the signal are;
but you can save yourself a lot of trial
and error—and error and error—with a
little preliminary measurement and cal-
culation up front.

DIGITAL CAPACITANCE METERS come in a
variety of sizes. This one, the Data Precision
938, fits in your pocket,

Second, since capacitance  varies
with geometry, as we’ve seen at the
beginning of this discussion, capacitance
measurements can be used, either di-
rectly or indirectly, to determine
whether or not a given component falls
inside or outside of tolerance for given
specifications, such as arcing point
voltage (determined by spacing between
electrodes), capacitive loading (en-
countered in TTL, CMOS and other IC
technology) and more. Membrane
switches and liquid-crystal displays are
two excellent examples of components
that can be ‘‘inspected'’ with a good
capacitance meter.

Checking insulators
Remember our basic capacitance

formula? For a simple capacitor of two
plates, it reduces to C = 0.224 Ed.A_.

Want to determmine the dielectric
constant of a given insulator? Build it
into your own capacitor. The dielectric
constant of air is either | or close enough
to be considered 1. So two plates of
known geometry (or, as we'll see in a
moment. undetermined geometry) and
separation will have different capaci-
tance values with materials other than
air between them. As a result, the ratio
of those values to the value with air
between vields the dielectric constants
for these materials.

Want to try for yourself? Start with a
piece of window glass and two pieces of
coated PC stock. You should get a K
for window glass of about 8.

By the way, in applying the formula
with unequally sized plates, it's best to
use the smaller area in your calcula-
tions; also, where the plaies are not
precisely opposite each other, use the
overlapping area.

Capacitive transducers

General Motors recently announced
developments in tranducer technology
for monitoring critical carburetor ad-
justments, and for determining the fuel
level within a tank.

The transducers in both of those cases
were capacitors.

Obviously, since capacitors don’t're-
quire (in fact, forbid) contact between
their terminals, they are a natural choice
in selecting transducers that will provide
consistently accurate performance over
extended use and they’ll exhibit little or
no wear.

You can make your own capacitive
transducers, and check their per-
formance characteristics and actual
capacitance values with your meter.

For rotational (or angular displace-
ment) measurements, try coupling to
the shaft of an old tuning or trimming
variable capacitor.

For linear motion, parallel plates or
concentric tubes do quite well. For ex-
ample, you could use a piece of PC
board {say 12 x 12 inches) glued to the
underside of a drawer as one plate of a
capacitive transducer, and a second
piece of PC board, foil side down, at
the bottom of the drawei’s cavity as the
other. An RF signal coupled between
them could hold in a relay (through a
transistor), Shiding the drawer open
would reduce the coupling, thus al-
lowing the relay to drop out and sound-
ing an alarm.

In fact, a cheap capacitor microphone
will demonstrate changes in capacitance
with air pressure, providing an easy
and quick-responding barometric trans-
ducer.

The more you play the game, the
more you'll learn. A-E.
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TROUBLESHOOTING

BETA TRANSPORT
MECHANISMS

How to locate and solve

cassette lodding/unloading problems in Beta-format

FOREST BELT

WHEN THE MECHANICAL AND ELECTRONIC
functions combine as they do in video cas-
selte recorders, a technician can find him-
self somewhat confused. Where do you
begin to diagnose?

Your best bet probably is to depend on
my Easi-Way Servicing technique. It
offers a logical, step-by-step approach to
diagnosing a defective component. The
method adapts well to mechanical trou-
bleshooting, even though it originated as
an electronics diagnostic procedure.

Let’s use that troubleshooting tech-
nique to deal with a few common symp-
toms. Complex though the threading/
unthreading operation may seem, it really
consists of only a few specific stages. Not
many symptoms can actually appear in
the operation.

To observe loading/unloading symp-
toms most conveniently, take the top cov-
er off the recorder. Then, remove the
plastic cover from the cassette-lift assem-
bly (omit the cassette) and press the lift
assembly down into its ready-to-load po-
sition until it laiches.

To initiate loading when there’s no cas-
sette in the lift compartment, just depress
the cassette-in switch. That switch is
accessable at the front center of the lift
assembly (See Fig. 1), when the assembly
is latched down. Now you can see for
yourself how the problem you are trou-
bleshooting affects the threading or un-
threading mechanism.

Will not load

The symptoms can be separated into
two parts. The rare one is when the cas-
sette-lift mechanism pops back up as soon
as you push it down. In other words, it
won't latch and loading cannot proceed.

A little reasoning and inspection tells

video cassette recorders.

you that the cause must be mechanical.
The EJECT button slide might be jammed,
leaving the trip post for the cassette lift
unable to move back for latching. The
latching levers are on the right side on the
lift assembly; the EJECT button slide is on
the left. A linkage bar reaches across
underneath.

However, when the EJECT button slide
is stuck, it usually leaves the main AC
motor on. That’s something you would
notice right away. (The AC motor and
head drum do not rotate during loading,
but they do run during the unioading and
eject cycle.)

I’s far more likely that the lift-latching
mechanism has become bent or that some
obstruction is holding the latching post
out of position. Reach in with a thin
probe (a soldering aid works) and try
manipulating the laich.

The more conimon *won’t-load” symp-
tom, however, is simply that the tape fails

FIG. 1—THE CASSETTE-IN SWITCH is located at the front center of tha lift assambly. Depress it
manually to initlate the automatic loading process.

to thread after the cassette has been
inserted and the lift latched down.

Apain, push down the cassette-lift as-
sembly without the casselle inserted.
Press the casselle-in sensing switch. If
nothing happens, that could actually end
your mechanical analysis. You then pro-
cced with an electronic tracing procedure
until you find some logic signal (voltage),
or lack of it, that is inhibiting operation.
Once the flaw is located, you may have to
return to mechanical cbservation or test-
ing to find the actual trouble . . . and
even then perhaps revert to electronic
troubleshooting. Let's troubleshoot one
case with that symptom, to give you some
notion of the procedures involved.

Press down the lift and push the cas-
sette-in switch. You expect the threading
motor to turn on and drive the ring count-
erclockwise, but nothing at all happens.
You can’t even hear the threading motor
try to run. It’s time to investigate the

Sy,

086} AV

(=]
o



RADIO-ELECTRONICS

= 1]
(o]

RF-SWITCHING PULSE IN

\F-

]

REG 12V o [
l= l
e CADDE C4024'Z=  THREADING- STOPSOLENDID DRIVE
=1— o T LOGIC 1€
CASSETTEIN] ‘ RO S e =
o~ DYV €TL MUTING CIRCUIT :
D4014 AUTD-STOP SIGNAL ~— —gp—to)
CASSETTEIN | b 2 et e T
SWITCH s40044 | Dapit = 1 [AND
{36505 Is —
: EJECT i
[Nl =l e Ra048 A O—-g~ REG 12V |
2 \CN400Y =" Da01s \/ :
B 1
[ LDADING ' i R3011 | e — —
is'mp < i ! EJECT M7 =
r i 7 e
;, Tcwos SR g 7 Icms
; I =
LDADIN [k . [ MOTOR ORIVE SIGNAL
s\sﬁ%j 3|cu4cﬁlz ! Dagle e {LOW WHEN DN)
{56506/ ' e ) LOADING
| 3 Q4010 DC MOTDA
| STAND-8Y LAMP [04903 7 $4004-2
1. DRIVE CIRCUIT EJECT |
| : 3 4004 1$———0 1
| J| il I2
‘ ' QEJECT l i
: = li 2 LT
L = = = 1
B e e R ] g

FI1G. 2—BASIC THREADING CIRCUIT contains many safely interlocks that prevent damage to the
machine durlng the tape loading process. A microswitch delects when the cassette is in place.

cleetronic functions of the recorder.

Note—occasionally that test results in
the normal operation of the mechanism.
Yet, with the machine reassembled. it
will not load. If that happens, check the
plunger on the cassette-in switch. It may
not be closing the switch—usually the
fault of looseness inside the compartment
or a misadjusted lift assembly.

For further testing the front panel
must come off—and the bottom pan that
hides two front-panel screws. Be careful
when you handle the uncovered
chassis; some AC voltages may be-
come exposed.

For tracing a problem, a logic probe or
2 voltmeter can be used. BUT REMEM-
BER: you're tracing logic signals, not
merely voltages. On a voltmeter some sig-
nals are normally high and some are nor-
mally zero or low.

Probably, you will find it simpler to
start your check with the cassette-in
switch. Referring to Fig. 2, you should
find a logic high at both sides of the
switch, with your finger holding the
switch down. That is true also for both
sides of switch S63506. It should remain
closed until the threading-ring cam opens
it at the end of loading.

Diode D4016 conducls a logic high, as
do R4011 and D4015. Verify both! You
should then find a logic high at pin 19,
the threading-logic input for the IC.

A this point you must consider addi-
tional factors: Check pin 20 of the IC.
Suppose you find it at a logic high. You
recall that this would inhibit gaie AND-3
and keep 1C pin 21 at a logic high, which,
in turn, keeps the threading motor off.

However, remember that you are making
tests that may have consumed some time.
If your tests took longer than 10 seconds
or so, that has allowed time for the
delayed-inhibit signal (at pin 20) to build
up a logic high. And that's normal, under
such circumstances.

To check the later stages of threading-
logic properly, you must give the systema
“fresh” start. Press the EJECT button and
let the cassette-lift rise. Then push it back
down and again press the cassette-in
switch. Now measure 1C pin 20 again. It
should show a logic low for several sec-
onds. Il you wait, you'll find that it rises
again to a logic high.

Recycle the cassette-lift assembly
again, and check the logic state on IC pin
21 or at the basc of Q4003 (both are the
same, electronically). The logic state
there should be low at the outset. If it is
not, check the auto-stop line (IC pin 15).
The IC will not deliver a logic low to pin
21 unless the auto-stop line shows a logic
high. And don't forget to recycle the cas-
sette-lift assembly, using the EJECT but-
ton if it takes you longer than ten seconds
to find each test point.

With a logic low at 1C pin 21 touch the
logic or veltmeler probe to the junction of
R4025 and R4026 (or the collector of
Q4003 or base of Q4010). This junction
should show a logic high.

One machine we tested loaded inter-
mittently. The above junction measured
at a logic high, but at times it would jump
to a logic low. A poor solder joint
between R4025 and the printed-circuit
board was the cause. A faulty Q4003
could cause the.same symptom.

Even if a logic high shows at the base
and emitter of Q4010, a fault in the EJECT
switch or its board connections might
keep the voltage from the DC motor. For
example, one such machine came from its
shipping carton with the motor intercon-
nect plug not positioned firmly on its pins
on the PC board.

Another thought when servicing this
particular symptom: Remember that a
linkage or a solenoid must release the
brakes on the cassette-reel turntables.
Otherwise the brakes hold the tape in the
cassette. When the time-delay runs out,
the IC logic stops the voltage from reach-
ing the threading motor. Yet, when you
Lry to trace the fault with the cassette out
of its holder—as just described—the
threading proceeds properly. That’s be-
cause there’s no tape to hold the thread-
ing mechanism back. [t can be frustrating
to try to trace if you forget that particular
odd characteristic.

A defect in the gear drive between the
threading motor and the threading ring
can stop movement, and will bring the
electronic-delay into effect after ten sec-
onds. So will something jamming the
threading ring. In both cases, you must
track the trouble electronically unless you
find that the delay mechanism itself is the
cause; then you seek a mechanical expla-
nation.

Finally, don’t forget that the IC itself
can become defective. However, explore
all other possibilities before replacing it

Does not unload

Here's another symptom that is not
uncommon. It can create a fecling of real
difficulty. However, it's not all that tough
to get into the mechanism to unwind the
tape (very carefully) so you can test the
mechanism and electranic functions. But
don’t do that before you have tried trou-
bleshooting the electronics.

Troubleshooting in that case gocs
much the same as for threading. Drop the
end panel for access to the EJECT switch.
On the front of the machine, press the
EJECT button down and see that it latches.
Observe the mechanics to make sure the
Eject slide moves properly.

Press the sTop button to unlatch the
Eject slide. Raise the end panel aimost
into position and press the EIECT button
again. Make sure the tab projecting from
the Eject slide contacts the Eject switch
properly (see Fig. 3).

Again drop the end panel. Lalch the
EJECT button down. With your finger,
push the Eject switch backward to its
Eject position. If the unthreading mecha-
nism does not work now, you must trace
the logic through the system again. Hold
the EJECT switch back as you trace. Check
the auto-stop line first; if it goes low from
any cause, unthreading cannot proceed.

Remember also that unthreading re-
quires a proper signal from the pulse gen-
erator that forms part of the video-hcad
drum. Check the diodes first. Do they



Methanical Easi-Way
Servicing

To use my Easi-Way Servicing tech-
nigue most effectively when electronics
and mechanical functions combine, re-
mamber this dictum:

Analyze the mechanical functions
first, then analyze the alactronic
functions that cause lhem or
control tham.
Keep to that rule at every level of the:
Easi-Way Servicing chart.

For example, first you "analyze tha
mechanical functions.” Having decided
which function is inoperatlve, you can
then locok for the partlcular electronic
function that causes {or inhibits) the
maeachanical function.

Next, you "'diagnose which mechani-
cal operation” has ceased working
within the tunction. Or, if you already
know that the trouble is electronic, you
diagnose the electronic section that is
preventing eperation.

Occasionally, in chasing an electronic
fault, you'll find yourset! back at a
mechanical diagnosis. For example:
You work your way down the chart, step
by step, eventually finding a tape-slack
detector switch holding the auto-stop
line iow, thus inhibiting operation. Yet,
when you examine the tape, It's tight. If
the switch is OK alectronically, you'll
probabily find that it or its actuator is
misadjusted mechanically.
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Obviously, the better you know thae
recorder you're working on, the easler
you can spot potential causes of inhibit
signals—whether they are aclually pro-
tecting something or maerely getting in
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the way of operation. If the machine is
unfamiliar to you, this Easi-Way brand
of reasoning helps immensely to narrow
down the field of search.
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FIG. 3—MA‘kE SURE tl'm‘l 'the tab projecting
from the Eject slide cantacts the Eject switch
proparly.

deliver a DC voltage (a logic high) to
D4011 (see Fig. 2)7 If not, use your
scope lo trace back and find where the
pulse disappears. If a logic high is pres-
ent, make sure that D401 1 passes it along
to IC pin 19.

If you have to get the cassetie out but
the Eject mechanism does not work, take
off the main cover (and the bottom: pan).
Remove the four screws that hold the cas-
sette-lift cover. The two screws on the
right side are hard to reach when the cas-
sette lift is not raised, but a short, stubby
or right-angle Phillips screwdriver will
get at it

First, pull the tape-tension arm toward
the cassette and lift the tape clear. The

rest of the tape easily comes off from
around the video-head drum. Don't let
your fingers touch the drum nor any
more of the tape than is unavoidable. And
then try to touch only the tape edges.
Apain, move the tension arm and disen-
gage the tape from around the lead guide
post on the threading ring.

FI1G. 4—WITH THE -CASSETI'E CLEAR, a small-
tipped object such as a pencil may be used to
uniatch the tape covar.

Work the cassette upward at the rear
first, being especially careful near the
left-rear corner where the cover opener is

located. Raise the casseite upward, don’t

forget to make sure that the tape has not
caught on something.

Once the cassette is clear, poke a pencil
or a small-tipped object into the left-rear
corner to unlatch the tape cover (Fig. 4).
Only then should you wind the tape back
into the cassette by hand. Do not leave

the cover closed because you will crimip
the tape and perhaps break il.

Now you can proceed with the me-
chanical and electronic diagnosis.

Other symptoms

The threading motor could keep turn-
ing even after loading appears complete.
A little thought and study of the schemat-
ic suggests various possibilities: thread-
ing-stop switch misadjusted and not
opening, or defective. Of course, any mal-
function that inverts the logic from the
IC onward could leave voltage applied to
the DC motor.

If, for example, transistor Q4003
should open, the logic would remain high
on the base of Q4010 and the motor
would continue to receive operating volt-
age. An open R4024 or 4026 would have
the same result, as would a coliector-
emitter short in transistor Q4010. Simi-
larly, an 1C defect that prevents pin 21
from going high can keep the threading
motor turning.

Far more troublesomie are symptoms in
which loading or unloading proceeds only
partially. Generally. that kind of problem
will prove to be mechanical. And yet, an
intermittent microswitch can introduce
symptoms that show up only al certain
poiats of strain on the mechanism. You
can usually identify those by applying a
bit of pressure somewhere in the vicinity
of the threading ring, but finding the
faulty switch may take a bit of electronic
investigation. R-E

0BGL AV

3



VIV

—

SERVICING
OMMUNICATIONS
EQUIPMENT ....

RADIO-ELECTRONICS

[~.]
-]

Can your service shop use some additional
income? Consider getting into the installation
and repair of commercial two-way radios

GREG GRAMBOR

' HAVE YOU EVER NQOTICED HOW LONG IT
takes between service calls on today's sol-
id-state TV sets? It’s going to get a lot
longer, 100, when varactor tuners catch
on. Many TV service shops arc beginning
to look elsewhere for sources of income,
and this article will examine one of those
alternatives—the (wo-way radio busi-
ness.

Almost anyone with some training and
experience in TV servicing can qualify as
a communications technician with just a
little extra study and familiarization with
two-way radios. First, you necd that all-
important First or Second Class Radio-
telephonc Operator’s license. However, if
you know electronics well enough to trou-
bleshoot a 21-inch color TV chassis, you
should have no problem getting the
license. Just a few evenings spent with a
beok like The Radiotelephone Opera-
tor's Q& A Manual (published by Rider
Books) or with the appropriate Aneco
Study Guide, and you'll be able to take
the FCC tests with confidence and, most
likely, with success, Without a solid back-
ground in basic theory, it may take a bit
more effort, but it’s certainly not beyond
' anyone’s reach.

Familiarization with the type of units
vou'll be servicing might take a little
more effort. There are some home-study
courses available in two-way radio repair,
but if you're in a hurry, you might try

some other methods. One way to gain
some¢ preliminary, hands-on experience
would be to invest in some old used units
with schematics and service manuals.
Then, take them apart section by section
and rebuild them the way many schools
teach TV service techniques. At the same
time, brush up on transmitter basics with
a good text like The Radio Amateur's
Handbook, published by the American
Radio Relay League, or The Radio
Handbook, published by the Radio Soci-
ety of Great Britain. Both books are con-
sidered standard industry texts.

Il you own a larger shop and can use
another employce, you could hire an
experienced licensed technician and start
building profits as you learn from him.
This means you’ll immediately have to
purchase some test equipment, the kind
normally not found in an average TV
repair shop. You'll have to do this eventu-
ally, but if you hire an experienced com-
munications technician you'll just do it
sooner.

A primary lest instrument is an FCC-
type-accepted frequency meter. Every li-
censed land-mobile radio transmitter
must have its frequency checked and cer-
tified once yearly by a licensed technician
{this could be you)! So even if your cus-
tomer’s radios need no other service for
an entire year (highly uniikely), the
radios will generate at least one service
call each per year. For a better loock at

some of the other test equipment you'll
need let’s visit an actual two-way radio
repair shop, Electronic Specialty Services
(Palisades Park, NJ).

This business began as a TV rcpair ser-
vice but is presently a successful commu-
nications shop. Although owner-operator
Joseph Mannino says he is phasing-out
the home-entertainment side of the busi-
ness to concentrate on communications,
he contends thal there is no reason why
anyone cannol maintain both types of
customers if desired.

When we asked him what test equip-
ment would be needed to start taking in
two-way radios, in addition 1o the usual
instruments found in a TV repair shop, he
mentioned first a good-quality, FCC-
type-accepted frequency meter. You also
need a type-accepled deviation meter, a
type-accepled wattmeler that can be used
to read both forward and reflected power,
a good-quality dummy load that is able io
dissipate at least 100 watts,a S0O-MHz (or
better) oscilloscope (if you don’t already
own one) and a high-quality signal gener-
ator with a calibrated attenuator. Helpful,
although not essential, would be a good
RF probe, a digital voltmeter (DVM) and
a set ol high-grade alignment tools (less-
costly alignment tools tend to crack coil
cores in communications equipment). If
you want to work on pockel paging
devices (which can be lucrative) you need
a sequential synthesized audio generator



AN ALTERNATIVE

wilh at least dual-tone capability.

All this equipment represents a consid-
erabie investment, and you should be
careful not to go in underfinanced. If you
prefer, you can start slowly, buying
equipment unil-by-unit over a long peri-
od of time. There is also a brisk Lrade in
used, reconditioned units that are perfect-
ly adequate. You don’t nced a small for-
tune to get started.

Add a few other basics such as VHF
and UHF antennas on your rocf for con-
ducting air checks, plus hardware like
coax connectors, cable and mobile-type
interconnection plugs, and you're ready.

Before you take the plunge, here are a
few additional points to consider: Your
customers will be relying on you to main-
tain their business communications. The
two-way radio system will be one of their
most important business machines.
They'll expect prompl scrvice, sometimes
at odd hours. Their incomes will depend
on it; and in the case of public safety
radios (police, fire and ambulance), lives
will depend on it. This may be a bit more
demanding than repairing home-enter-
tainment equipment, but it will be consid-
erably more rewarding,

Building up the business

Aboul the only way to effectively gel
started is to go out and drum up business.
If you're presently running a TV service
shiop, this could mean taking time from it

to call on likely prospects.

What are your best prospects? Those
businesses that use mobile units are, of
course, your obvious targets. These would
include sales orpanizations, trucking
firms, service companies such as appli-
ance repair shops, and construction com-
panies. I you're near any developing
arcas, watch for stories of new neighbor-
hoods starting up volunteer fire compa-
nies or ambulance squads. It's possible
that you can gel in with your bid and pick
up a nice, steady account.

Many busy execulives and profession-
als in all sorts of fields would appreciate
the concept of mobile comrmunications
both for themselves and for their key
employees, Invest ina little local advertis-
ing and spread the *word of mouth' about
your new venture . . . you may be sur-
prised at the results,

The besl way 10 assure an income base
is by combining sales and service con-
tracts. Selling the equipment plus having
your customer sign a service contract
with you lets you earn the profit on the
merchandise you sell, plus what you earn
on repairs and maintenance for at least
the length of the contract. This is a more
cfficient way of doing business than just
waiting for service calls.

Another way to spur equipment sales is
to install a community repeater in your
area. A repeater is usually set up at the
highest point in your neighborhood that

you ¢an lease or otherwise gain access 10.
As its name implies, the device picks up
weak signals from mobile radios and inex-
pensive base stations, and amplifies them
for a wider range. Repeaters Operate
automatically and usually require little
maintenance. A properly operated repeat-
er in a good location can cover up lo about
75 miles. The FCC says you cannot oper-
ate a Community repeater for profit, but
you can bill your customers for its use,
enough to cover operating expenses and
your salary. The main object of the
repeater is that it becomes the basis for
mobile-equipment sales.

What kinds of technical work will all
this get you into? Except for the fact that
you'll be working with transmitters and
receivers instead of just receivers, trou-
bleshooting techniques won't be much
different. If you can trace a signal
through a circuit, take voltage readings,
interpret waveforms and solder compo-
nents, that’s half the battle won. You'll be
installing mobile and base radios, repair-
ing them, and maintaining them with
yearly, required-by-law frequency and
modulation certifications, which must be
performed by someone with a First or
Second Class FCC Radio-telephone Op-
erator’s license. You'll also assure your-
self of a steadier income than can be pro-
vided by the home-entertainment service
field in these times of more reliable solid-
state equipment. R-E
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Does your personal computer want to talk to others?
Has it developed a thirst for information and programs?
If s0, look into inexpensive software networks that you can access via telephone.

JULES H. GILDER

IMAGINE READING ABOUT NEWSMAKING
events two minutes after a reporter
halfway around the world files his story!
How about getting an hourly news sum-
mary, or domestic and international
news whenever you want it? Would
you like to make and confirm travel
arrangements from the comfort of your
own home? Wouldn't it be nice to know
what the weather was like in the city
you are going to, just before you leave?

Would you like tips on buying, selling
and financing a home? If you were
selling your home you might want to
list it on a nationwide basis. Or if you
were thinking of moving to another
city, it would be nice 1o get an idea of
what kinds of houses were available
there, and what the prices were like.

These are just a few of the hundreds
of services offered by America’s latest
utilities. Instead of supplying you with
gas, electricity or teiephones, these
utilities supply you with information.
The information is available instantly
and is only a phone call and a few key-
strokes away.

For years, science fiction writers
have portrayed the home of the future
as being tied into huge central data
banks. More recently, home computer
makers have been telling us how useful
their computers are, but have shown us
few home-oriented applications. Well,
the future has arrived, our home com-
puters now have access to all kinds of
data! All the equipment that you need is
your own computer. an acoustic coupler
or modem to allow your computer Lo
use the telephone and. of course, the
telephone itself.

What is an information utility?

While the term ‘“‘information utility™”
tells us what such a service supplies, it

really doesn’t shed much light on how it
does it. Information utilities are com-
puter systems, often using large main-
frame computers or several minicom-
puters, that are accessed by an outside
terminal or computer through the regu-
lar telephone system. These computers
are set up to handle many users simul-
taneously and usually have available a
wide variety of databases and other
useful programs.

To make use of these programs and
databases, you must subscribe to the
computer service and be issued a user
identification number and password.

There are two information utilities,
each about a year old, that have been
designed to serve the home/hobby
computer market. The more popular of
the two is called The Source. The other
one is MicroNET. While on the surface
the two seem to be in direct competi-
tion. a close look alt the services offered
by each shows that The Source offers
much more than MicroNET and, in the
long run, is cheaper too.

Both first require you to submit an
application form indicating which of
your credit cards (Master Charge or
Visa) you want your charges billed to
(both accept only ‘‘plastic’’ money).
Upon acceptance, you will receive your
ID number and password.

Looking at the initial outlays, ‘it
would appear that MicroNET is signifi-
cantly cheaper. [ts registration fee is
only $9 (actually, only 34, since you get
a $5 rebate) compared to the $100 re-
quired for The Source. In addition to
the imitial registration fee. however, it is
also necessary to pay for the time that
you use on these remote computers.
You pay a fee for each hour {or part
thereof) that you are connected to the
utility’s computer. For MicroNET, this

fee is $3 per hour, any time of the day
or night, while for The Source the fee
varies depending on the hour. From 6
PM to 7 AM local time, and all day on
weekends and holidays, the hourly
charge is only $%2.75 an hour, sig-
nificantly less than MicroNET. The
picture changes considerably, however,
if you wish to use The Source during
business hours. when the cost runs $15
an hour.

And don’t let the initial registration
fees fool you. While MicroNET has a
low out of pocket investment to start
with, that initial saving is quickly eaten
up by the hourly connection charges.
When you're using these remote net-
works, time flies by without your even
noticing it!

How they work and what they offer

You sign on to either system in es-
sentially the same way. After you enter
your [D number, the system requests
you give your password. Since you
wish to keep this secret to prevent un-
authorized access to your file, the pass-
word is typed in *‘blind"’; that is, it is
not displaved on the screen as you
enter it via the keyboard.

Having done this. you are ready 1o
take full advantage of the system’s
capabilities.

Botli networks offer a lot. They give
mainframe computing power to your
‘home microcomputer. Each permits
you to write programs in languages that
may not be available on your home
computer. For example, they both offer
Exiended BASIC, FORTRAN and
Assembly Language programming capa-
bilities. In addition, MicroNET has
APL, PASCAL and SNOBCL, while
The Source has COBOL and RPG HI.
Both offer text editors and word pro-



cessors, as well as a variety of game
programs for entertainment.

From the remote computing stand-
point, both services offer comparable
capabilities. But when we leave this
area and look at the other services pro-
vided by these information utilities, we
begin o see the difference between
them.

With The Source you have instant
access to the United Press International
wire service. Through it you can have
your choice of a daily news summary,
domestic news, international news, an
hourly news summary. Washington
Hotline, special features. sports news,
financial news, weather and a host of
other features.

In addition to UPIL, The Source also
gives you access to two New York Times
databases. One is the New York Times
News Summary, whose categories in-
clude front page headlines, national
news, business news, metropolitan
New York news, advertising news, edi-
torials and obituaries. The second is the
New York Times Consumer Data Base
which contains abstracts from the New
York Times and over sixty other major
publications. The abstracts are grouped
into categories to make searching easier.

If you are more interested in business
than in current affairs. information utili-
ties offer a comprehensive set of busi-
ness and financial programs and in-
formation. Included are programs for
accounts payable and receivable, gen-

eral ledger, payroll and data base man-

agement. Both also provide trading
statistics and information on stocksy
bonds and options.

Electronic mail is here

While the U.S. Postal Service and
several major communications com-
panies are still talking about electronic
mail, The Source already has it. When
you first connect to The Source, the
system will check to see if anyone has
left you a message or mail. If so, the
words MAaIL CALL will appear on your
computer’s screen as soon as you've
finished signing on. To **pick up™ your
matl, all you have to do is type the word
MAIL. followed by the word rReap. The
system will then display the sender’s
account number. the time at which the
letter was posted and the subject of the
letter. After you read the letter, you
may file it. forward it to someone else:
or delete it (throw it away).

As with ordinary mail, The Source’s
electronic mail allows you to request a
“‘return receipt’” so that you are certain
that your letter has been received.

The system also allows for the writing
and sending of form letters and for
multiple-address mail (for which there
is a charge of 15¢ for the second and
each subsequent address). Multiple
address-mail can be sent from a pre-
viously stored mailing list.

While MicroNET doesn’t have a
specific electronic mail system, it does

allow the user to post a message on a
bulletin board that can be read only by
the person for whom it is intended. As
with any bulletin board, physical or
electronic, the person for whom a
message is intended must look at the
board first before he knows that there is
a message for him.

CB comes to computers

With Citizens band radio as popular
as it is, it's not surprising that one of
the networks, MicroNET, should offer
a computerized version of CB radio. If
you use this feature, you are asked 1o
enter your ‘‘handie’ (name) and the
channel you want to tune to. After indi-
cating your choice (e.g. Channel 19),
you are told how many people are
listening to the same channel and how
many are actually taking part in the
conversation. You may then choose to
be part of the active group,. or just to sit
on the sidelines and ''listen’" (read from
your CRT display). As is the case with
real CB transmissions, if two people try
lo speak at the same lime. there is no
assurance that either message will get
through ungarbled.

While MicroNET has chosen the CB
approach to allow any user to speak
with any other user or group of users on
“public airwaves,"’ The Source has
decided that “*private lines'” are more
desirable and as such has implemented

continiied on page 108
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A look at the driver stages of the new super Class A amplifiers
that achieve high output white maintaining a

IN THE MARCH ISSUE, WE EXAMINED THE
design of the new Super Class-A am-
plifier output stage developed by JVC.
The Super-A design is intended o pro-
vide nearly the full efficiency of a Class-
B amplifier circuit with no notch-distor-
tion or switching distortion.

In discussing power amplifiers, it is
usual to emphasize the design of the out-
put stage since it is that stage that actu-
ally delivers power to the speakers.
However, there are a number of am-
plifier characteristics that are deter-
mined by earlier stages, such as the
driver or voltage-amplifier stages.
Those characteristics include frequency
response, gain, thermal drift, slew-rate,
etc. The driver stage may also have a
great bearing on the distortion charac-
teristics of the entire amplifier.

Driver-stage distortion

In developing a driver circuit for their
new Super Class-A amplifier, JVC’s en-
gineers examined first the three types of
distortion that can be found in a com-
mon-cmitter amplifier circuit. Figure 1
shows the inputfoutput characteristics
of a common-emitter amplifier circuit
that is driven with constant current.
Those characteristics are commonly

Le
:‘ I
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FIG. 1—INPUT/OUTPUT CHARACTERISTICS tor
a common-emitier stage. Collector current
versus collector-to-emitter voltage is shown for
a number of fixed values of base current.

near-zerc level of distortion.

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

called the V-1 characteristics. Note
that in this diagram each curve rises to
the right. That means the even with a
constant input-signal current, the col-
lector-current (I¢c) increases as the col-
lector-to-emitter voltage (Vcg) in
creases. It follows that the gain of the
stage varies as Vg varies. That varia-
tion of gain normally amounts to around
10% in the pre-driver stage, since varia-
tions of Vg roughly coincide with those
of the power supply voltage. JVC calls
that type of distortion the Vg distortion
is illustrated (in exaggerated form) in
Fig. 2.
o¥Vee

[}
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FIG. 2—SINGLE-STAGE COMMON-EMITTER am-
plifier. Variations in collector current as the col-
lector-to-emitter voltage changes causes dis-
tortion.

A second form of distortion that
occurs in common-emitter amplifier cir-
cuits arises because of the capacitance
between the collector and base of the
common-emitter transistor stage. Com-
monly called C,y, that capacitance var-
ies with the collector-to-base voltage
(Vg in such a manner thal it increases
as Vg decreases. In the common-emit-
ter amplifier circuit, the C,p, variation of
capacitance Cgp results in distortion. the
nature of which is illustrated in exag-
gerated form in Fig. 3. In the course of
the development of the Super-A Class
circuit, JVC called that type of distor-
tion A C,;, distortion.

The third and final form of distortion
associated with a common-emitter cir-
cuit is known as A Vgg distortion. The
input/output characteristics of a com-

FIG. 3—JUNCTION CAPACITANCE within the
transistor also causes distortion. That capack
tance, called C,, varies in accordance with
the collector-to-base voltage.

1
i t!

f
b 1
FIG. —INPUT VOLTAGE versus oulpul current
for a common-emitter stage. Operation in the

nonlinear portion of curve causes.distortion of
the output signal.

= = Vg

mon-emitter cirucit is shown in Fig. 4.
Note the refationship between input vol-
tage and oulput current. It is loga-
rithmic, Therefore, if input and output
are compared in terms of volrage. a high
level of distortion is present. Figure 5
shows the general nature of that distor-
tion, again in exaggerated form for the
sake of clarity.

Several approaches are possible for
reducing the A Vgg distortion. The use
of constant-current drive or the connec-
tion of a current feedback resistor to the
emitter might be one possible approach.
Another approach might be to attempt
to cancel the & Vcgdistortion and the
A Vgg distortion with each other by
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FIG. 5—DISTORTED QUTPUT WAVEFORM is
caused by nonlinear operation of common-
emitter transistor stage.

choosing an appropriate driving impe-
dance, since those distortions are essen-
tially mirror-images of each other.

Figure 6 shows a typical input/output
‘characteristic of a common-base ampli-
fier circuit. It shows the collector cur-
rent ([c} vs. the collector-to-base volt-
age (Vcg) for a number of fixed values
of emitter current (I¢). In this circuit,
variations of I¢ caused by variations of
¥ cp are almost non-existent. It should
be noted, of course, that current gain of
the circuit is 0 dB (gain equals 1.0).
However, the very fact that gain is not
influenced by variations of Vcp is made
use of in the familiar cascode amplifier
circuit.

Cascode amplifier circuits are often

— e = Tl = Vg

FIG. 6E—INPUT/OUTPUT CHARACTERISTICS for
a common-base amplifier stage. Collector cur-
rent versus collector-to-base voltage is shown
for a number of fixed values of emltter current.

used in high-frequency applications
such as RF amplifiers because of their
excellent frequency response resulting
from the absence of the effects of capa-
citor C,,- So, in that sense, there is
nothing particularly new or different
about them. However, when analyzed
from the viewpoint of distortion and
considered for their application in audio
equipment, they have proven to be
superior as a low-distortion amplifier
circuit. The basic circuit of a cascode
amplifier is illustrated in Fig. 7.

i‘-—c‘+VCF
£
B
I :

COMMON EMITTER
< CiReUIT

COMMON -BASE
CIRCUIT

FIG. 7—SUPER CLASS-A DRIVER STAGE con-
slsts of cascoded common-emitter and com-
mon-base amplifier stages. Combination drasti-
cally reduces distortion.

That type of amplifier circuit provides
excellent linearity through a combina-
tion of the common-emitter and com-
mon-base circuits, since the forms of
distortion created by each of those cir-
cuits are effectively cancelled by each
other. In the cascode circuit, input-

signal current lg is first amplified B

times through the common-emitter tran-
sistor Q1 which has a large current gain.
The signal is then applied to the emitter
of the common-base transistor Q2,
where it is amplified « times. Therefore,
the output voltage across Ry is equal to:
Vo= a BRiLg

Note that the input signal is consid-
ered to be in the form of a current (lg)
and not in the form of a voltage. In
actual applications, a signal-source im-

A Amplifiers

pedance on the order of kilohms will
suffice. That combination suppresses A
Vg distortion. Then, since an almost
constant voltage is present at the emitter
of the common-base circuit Q2, the
Vee of QI takes on a constant value
regardless of the presence of the input
signal. Therefore there is no variation of
gain and Cg due lo the varnation of
Vcg or Vep. The varation of gain due
to any variation of I¢ is negligible. Fur-
thermore, the gain of Q2 can be con-
sidered to be 1.0 because of the charac-
teristics of a common base circuit. Asa
result, noniinear components disappear
almost completely from the output-voit-
age V. Thus, the driver stage of JVC's
Super-A circuit takes complete advan-
tage of the properties of cascode opera-
tion and. according to JVC, reduces the
distortion figure in the voltage and
driver stages of an amplifier by one com-
plete order of magnitude compared with
conventional amplifiers.

Needless Lo say. there are many
forms of distortion other than those that
have been compensated for both in the
driver and power stages of JVC’s new
Super-A Class amplifier products. Nev-
ertheless, both in the driver and power
stapes. the most common drawbacks of
semiconductors have been compen-
saled for through the use of these new
circuit approaches. As a result, the dis-
tortion (or, more properly, the harmonic
distortion) of the Super-A circuit is far
lower than the practical lower limit at
which ordinary harmonic distortion
meters function. The distortion level, in
fact, lies far lower than the noise level of
the amplifier. Typically, the harmonic
distortion level of JVC’s new A-X9 in-
tegrated amplifier measured by means
of a spectrum analyzer for a test signal at
1 kHz and an output of 105 watts (the
amplifier is rated at 100 watts from20 Hz
to 20 kHz, 8-ohm loads) was an inifin-
itesmatl 0.0005%, according to JVC. R-E
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DENON IS THE TRADE NAME USED BY NIPPON
Columbia Company, Lid., of Japan, many of
whose products are distributed in the United
States by American Audioport, Inc., a division
of the Discwasher Group {1407 N. Providence
Rd., Columbia, MO 65201). Denon’s model
DR-750 is a 1op-of-the-linc two-headed sterco
cassette deck. While most of us have been con-
ditioned to think that a high price for a cassette
deck is synonymous with three-headed opera-
tion {and conversely, that two-headed decks
should cost less) our lab and listening tesls on
the mode!l DR-750 completely disprove that
idea. Aside from the deck’s inability 10 moni-
tor recordings as they are made, the model
DR-750 is one of the best-performing cassette
decks we have ever evalualed.

The unit can be operated e¢ither horizontally
or vertically (as shown in Fig. 1). The cassetie
compartment at the upper left accepts direct
insertion of the cassette tape, which makes for
extiremely accurate positioning of the shell. A
transparcnt plastic door can then be swung
down while the 1ape is in motion for prolection
against dust or dirt. The digit-tape counter,
RESET pushbutton, MEMORY swilch and POWER
onfoff switch are all positioned along the top
cdge of the machine.

Transport controls are all soft-touch, logic-
' control types and include PAUSE/MUTE, RE-
CORD, play, stop. rewind and fast-forward
pushbutions. The PAUSE/MUTE pushbution is
rather novel. With the deck in the record mode
and this button depressed, a blank space is
recorded on ILhe tape. Releasing the pushbut-
ton then brings the lape transport into the
pause mode, while subsequently depressing
and holding the button again results in muted
recording. To reactivate the recording, you
just hit 1he play pushbutton after having
brought the unit into the pause mode.

The twin meters scrve as either VU or peak-
reading record-level indicators. Mecter re-
spanse time in the peak mode is a mere 10 ms,

while in the VU mode response time is around
300 ms. The bottom section of the ront panel
contains a playback level control, a bias adjust-
menl control (continuously variable Lo encom-
pass all types of currently available tapes), a
tape-selector swilch (it determines equaliza-
tion), and line record-level and microphone
record-level controls.

Along the very bollom of the panel arc a
lieadphone jack, a timer set switch (to be used
with an external clock timer, if that is desired),
a VU-peak selector switch for the meters, a
multiplex Rlter switch (10 eliminate subcarrier
output components from tuners when record-
ing stereo FM programs), the Dolby on/ofl
pushbutton switch, and left and right micro-
phone input jacks. The real panel of the nrodel
DR-750 contains the line-input and line-out-
put jacks.

Depressing the RECORD pushbutton on the
model DR-750 places the machine in a standby
state, which is shown by a tiny red indicator
light just above the RECORD button. Unlike the
situation with most other lape recorders,
where it is necessary 10 depress record and play
simulianeously to begin recording, once the
RECORD bution is depressed, you then simply
press the play pushbutton to start the trans-
port. This approach has the advantage of not
requiring the machine 1o be placed in the pause
mode (with the hecads usually up against the
tape) while you set up the proper record levels,
or are waiting for the appropriate moment to
initiate recording. As with most logic-con-
trolled transport systems, it is possible {(and
perfectly safe) to go from any transport made
10 any other without having to go through the
stop mode.

While it is possible {and even advisable) 1o
fine-1une the bias on this machine to optimize
it for virtually any type of tape, recommended
settings for the variable-bias control are pro-
vided for some SO popular brands and styles of
tape; these are listed in the owner’s manual.

MANUFACTURER’S PUBLISHED SPECIFICATIONS.

Speed Deviation: 4 0.5%. Fast Wind Time: 70 seconds (for C-60 cassette). Bias
Frequency: 100 kHz. Signal-to-Noise Ratio (Dolby aon, cobalt tape): 65 dB. Frequency
Response: cobalt or ferric oxide LH tape, 35 Hz to 18 kHz, +3 dB, Wow and Flulter:
0.04% WRMS, 0.1% unweighted. Channel Separation: better than 35 dB. Crosstalk:
better than 65 dB (1 kHz). Input Sensitivily: line, —-20 dB; microphone, =70 dB.
Output Level: line. 1.0 volt; microphones, 1 mW into 8 ohms. Power Requirements:
120/200/220/230/240 VAC, 50 to 60 Hz, 38 watts. Dimensions: 1633 W X 11.83 H X
8.9 inches D. Weight: 27.5 |bs, Suggesied Retail Price: $1400.

Denon Model DR-750
Stereo Cassetie Deck

LEN FELDMAN
CONTRIBUTING HI-F! EDITOR
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DENON DR-750
CASSETTE DECK

EXCELLENT

Copyright ¢ Gornsback Publications ing,, 1878

Optimizing beyond these nominal settings i
rather tedious, since it involves making short
recordings of tones, playing them back and
comparing levels of the mid-frequency and
high-lrequency test tones recorded. The pro-
cess must be repeated {1weaking the bias con-
trol for more or less bias, depending upon the
results observed on the meters) until the mid-
and high-frequency recorded tones are repro-
duced al the same levels. Here, of course, is
where a three-hcaded machine would offer a
distinct advantage, sincc you could monitor the
results of the adjustments as they were being
made. Our tests were made using the nominpal
setlings recommended for the tape samples we
used

Lab measurements

Using the TDK prerecorded test tape AC-
337, we first checked the playback responsc
only. This tcst tape requires a playback equali-
zation of 120 ps and 3180 us {the standard
value for ferric-oxide 1apes). The recorded
tones extend only from 40 Hz to 12.5 kHz,
hence the limited curve shown in Fig. 2, which
was flat within +2.0 dB over thal range.

Using TDK's test tape AC-342 (a conslant
3-kHz tone recorded at — [0-dB level from a
reference of 250 pWh-per-mm),we were able



lo measure speed accuracy by “counting” the f TABLE 1
playback frequency on our digital frequency
counter. Speed devialion was well within the RADIO-ELECTRONICS PRODUCT FEST-REPORT
spc;:ﬁcd Himits, measuring fast by less than Manufacturer:‘Danon (Amarican Audloport) Model: DR-750
0.3%. The same tape was used 10 measure play- IRES _
back-only, wow-and-flutter, which proved 1o CASSETTE TAPE DECK MEASUREMENTS
be an amazingly low 0.04% WRMS or 0.07% R-E R-E
unweighted. FREQUENCY RESPONSE MEASUREMENTS Measurements Evaluation
— B e ‘Frequency response, standard tape (Hz-kHz + dB) 20-18.5, 3.0 Excelient
Frequency response, CrO, Tape (Hz-kHz 1 dB) 20-19.5, 3.0 Superb
e | Frequency rasponse, other (see text) (Hz-kHz + dB) N/A N/A
@ [ [T I DISTORTION MEASUREMENTS (RECORD/PLAY) ‘Sid/Cabalt
10 il | — Harmonlc distortion at 0 VU (1 kHz) (%) 1.5/2.5 Veary good
e | Levei for 3% THO (dB) +4.0/+1.0 Very good
S g T T e SIGNAL-TO-NOISE RATIO MEASUREMENTS
w (] [ {11 Il Standard tape, Dolby off (dB) 58.0 Superb
E 30—H !I Ll =" 1] m% Standard tape, Dolby on (dB}) 67.0 Superh
= | I Cabalt tape, Dolby off (dB) 575 Excellent
&= gl HU | Lt | Cobalt tape, Dolby on (dB) 65,0 Excelient
20Hz 50 10O 1kHz 1020 MECHANICAL PERFORMANCE MEASUREMENTS
n FREQUENCY kHz Wow and fiutter (%, WRMS) 0.04%1(0.07% unwi'd)  Superb.
Fast wind and rewind time, C-60 tape {Secands) &7 Very good
COMPONENT MATCHING CHARACTERISTICS
0 v T Microphone inpul sensitivity (mV) 0.29
@ U] 1 Line input sensitivity (mV) 72
T NN ‘ Line output level (mv) 10001
= | | I Phone output level (mV) 82 (8 ohms)
ey B A UL LY Bias frequency (kHz) 100 kHz
W 111 | { TRANSPORT MECHANISM EVALUATION
= Pl il Action of transport conlrols Superb
=30 i 111
& I Absence of mechanical noise Superb
= gLt | NI A I R VI gapethezt? accesds:bzlity 3 ! VEET)' ﬁbb?
204z 50 100 1kHz 10 20 onslructicn and internal layou Xcolign
n FAEQUENCY kHz Evaluation of extra features, if any Exceflent
CONTROL EVALUATION
= — Level indicator(s) Excelient
Lave! control action Excelient
] TTTITT TT T 111 = Adequacy of controls Yery good
% l l | Evaluation of extra controls Excellent
-0 1 f 1 OVERALL TAPE DECK PERFORMANCE RATING Excellont
> | | n || I
w | PR et
L;ui.zur 1 :l e 'I =
5-30 i71 ” ‘ L] TABLE 2
=1 =y .
;‘:"ml CLL b | OVERALL PRODUCT ANALYSIS
20Hz 56 100 1kHz 10 29 Retail price $1400
u FREQUENCY kH: Price catagory High
Price/performance fatic Good
e — Styling and appearance Superb
Interestingly enough, the record/play wow- ;Sﬂi‘ér;:rﬁz::“pyedo?mance g:;:l:gnl

and-flutter measuremenls made when we re-
corded our own 3-kHz tone and played it back
on the Denon deck itself iurned out to be
exactly the same as the figures obtained from
the prerecorded test tape, indicating that the
double process (record/play) did not introduce
additional wow-and-Autter components.

Table | summarizes our other test results.

Denon type DX-3 C60 tapc was used as the

low-naise ferric-oxide sample, and TDK-type
SA tape was used for the high-bias (cobalt-
ferric) tape tests. Frequency response for the
record/play function, using the Denon tape,
extended from 20 Hz to 18.5 kHz, as shown in
Fig. 3 (for the —3-dB rolloff poinis). Overall
record/play response of the TDK-SA sample
tape turned out to be somewhat betier, extend-
ing to below 20 Hz and out 10 19.5 kHz, as in
Fig. 4.

Tn analyzing the headroom (the level above O
dB for 3% distortion) shown in Table 1 for
both types of tape, you should keep in mind
that on the mode! DR-750, the 0 dB marking
an the level meters corresponds (0 a magneti-
zation level of 200 pWb-per-mm. Many tape-
deck manufacturers arbitrarily calibrate their
meters so that O dB actually represents a lower
recording level (e.g., 165 pWb-per-mm); the
result is that such decks tend to show a
higher headroom figure that is really decep-

Comments: All the characleristics that we expecl of'a top-quality stereo casselte deck are very

much in evidenca in the Denon DR-750. All, that is, except the three-headed configu-
ration that would have permitted you to monitor recordings as they are being made. As
for any design compromises that may have been necessary In & machine with &
common record/play head, you can forget about them. The Sendusttip head, is far
less brittle than ferrite and can therefore be machined with a super-narrow gap of
between 1.0 and 1.2 microns. With this narrow gap, less magnetic saturation and high
linearity can be obteined, improving high-frequency playback characteristics, Yet the
magnetic characteristics are such that despite the narrow gap. encugh flux can be
developad far proper recording when the head is In the record mode.

Aside from the slight difference in high-end frequency response, we found that using,
either fow-noise ferric-oxide or cobalt-lerric (high-bias) tape yielded almost the same
slgnal-to-noise ratios, evidence of a well-balanced and carefully calibrated design. We
would have thought that a deck In this price category (cbviously Intended for & more
sophisticated recordist) would include accessible Doiby record and play calibration
polnts. After all, If tapes vary in their blas raquirements and sensitivity, they will also
vary insofar as optimum Dolby callbration is concerned. While we encountered no
problems in this area with the tapes we tested, optimum Dolby usage with other tapes
may be affactad. The Denon DR-7501s an elegant, weil constructed and good-iooking,
machine, and. if price is no obstacle, it should produce excellent cassette recordings
ol even the best program source material avallable, including live recordings.

tive. A headroom of +4 dB above 200 pWb-
per-mm (which also coincides with +4 dB
above the Dolby calibration level) is quite
respectable for a machine setup for low-noise
ferric-oxide tape.

The sigral-to-noise ratio (referenced toa 3%
THD recording level) was atmost identical for
both types of tapes, measuring 65 dB or better
with Dolby on.

Summary

Qur overall product evaluation is shown in
Table 2, along with our summary comments
concerning this rather high-priced machine.
Undoubtedly, some of the high cost of the
mode! DR-750 can be attributed to its magnif-
icent Lransport-conirol system, two-motor
drive, and logic-control electronics. R-E
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RICHARD SCHROEDER

AS AN ELECTRONICS TECHNICIAN, | TEST
and repair a large number of oscillo-
scopes, recorders, amplifiers, filters, elc.
This work requires the almost conlinual
use of an audio-Lype signal source.

[ work in a shop where I can lay my
hands on a lot of sophisticated 1est equip-
ment, and yet I usuvally reach for my
Wide Range Audio Generator. Why? Be-
cause 1t's small, light, easy to operate, and
it supplies the signals 1 most often need.
Besides, it's good-looking and [ built it
myself.

Whether you're a technician, engineer;
or just an electronics hobbyist, I believe
you'll find that the instrument described
in this article is one of the most useful
pieces of equipment you could own.

For instance, note its frequency range
of 10 Hz to 50,000 Hz, without any range
switching—that represents a spread of
3'/2 decades. This feature is really great
for checking the frequency response of
amplifiers or filters, because with just a
twist of the wrist you can sweep the whole
audio spectrum and then some. A FINE
FREQUENCY conlrol is also provided to
give the extra frequency resolution that.is
somelimes needed.

The generator can supply a sinewave
signal of over 4 volts RMS into a 1000-
ohm lJoad with a distortion figure of
around 1%. It can also produce a simulta-
neous squarewave signal that will drive
the popular 5-volt TTL circuits.

Another nice feature is its DC-couplet
voltage-controlled-frequency input (vCF)
$¢ you can use the instrument as a sweep-
frequency generator, a step-frequency
generator, or an FM-theory demonstra-
tor.

WIDE FANGE M) GENERATOR ®

¢ FINL LevEL
e,

yof  SINE ~GhD  5G

i A wide-spectrum source of audio signais is a
| necessity for much bench work. Here’s one you

can construct for about $30.

O +1BV
VOLTAGE
0 FUNCTION SYURATE
gunngu'r GENEAATOR DUTPUT
CONVERTER “
E
¥
éme
. LI SINE
; HUFFER e
f OUTPUT
FREQUENCY f =
OETERMINING i | summing
POTENTIOMETERS | BUS +15V 15V
|
| b
[ = 3
VGF VCF __J REGULATED | 120V
INPUT® ] BUFFER L DC POWER SUPPLY : LINE

FIG. 1—BLOCK DIAGRAM of the Wide Range Audio Generator, Shaded areas indicaie major.compo-
nents. Note, also, the frequency-determining section and suming bus.

All its input and ouftput circuitry is
fully buffered, protected and DC-cou-
pled, which contributes to its super-flat .4 note the following basic compo-
{constant-amplitude) output over the en- s
tire frequency range (with a total varia- 1. The frequency-determining po-
tion of less than 0.25 dB). tentiometers and their associated

Its on-board regulated power supply trimmers for setling the upper-
ensures that its output frequency and and lower-frequency limits.

How it works
Refer to the block diagram in Fig. |

amplitude remain constant even under 2. The VCF input with its associated
adverse linc-voltage conditions. buffer stage. .
Add to all of this a 3- X 5-inch etched 3. The summing bus that receives

signals from the frequency-deter-
mining potentiometers and/or
the VCF stage.

circuit board that contains most of the
componenls, plus the fact that the whole

instrument can be constructed for around 4. The voltage-lo-current convert=
$30 —and I think you’ll agree it’s a fine er. )
little instrument. 5. The function generator.
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PIN & TO —15V; PIN 7 TO +15V.

CAPACITOR VALUES IN 4F UNLESS OTHERWISE NOTED

FiG, 2—FULL SCHEMATIC of the Wide Range Audio Generator. Pawer:supply appears al lower right

YCF input {(J1) permits axternai contral of output frequancy.

WIDE-RANGE AUDIO GENERATOR SPECIFICATIONS

Frequency Range:
(MAIN FREQUENCY cOntedl)

Frequency Range:
(FINE FREQUENCY control)

Sinewave Output Level:

Sinewave Dlstortion:.

Sinewave Output Level Variafion
vs. Frequency Change:

8quarewave Output Level:

Squarewave Rise and Falltimes:

VCF (Voltage Contréiled Frequency)
Input:

Size:

10 Hz—50 kHz, with no range switching

100—200 Hz tolal, regardiess of MaIN
FREQUENCY contral setting

0—4 volts RMS into 1000 chms
Approximately 1% over entire [requency
range

Less than 0.25 dB.over entire fréGuentgy
range

4 volts peak, positive from ground cur-
rant-sink type compatibie with most TTL
clrcuits

Less than 0.5 us

27,000-ohm input impedance, DC-cou-
pled, with a voltage-ta-frequancy rela-
tionship of 0.120 volt-per-kHz. A voitage
swing of approximately 6.1 volis will
sweep the frequency 3': decades.

Approximately 5% X 3 X €inches

6. The sinewave buffer stage and [is
associated output-level control
and output terminal.

7. The regulated OC power supply.

Briefly, here’s how the instrument
works: The function generator produces
the sinewave and squarewave signals. The
sinewave signal is amplified, buffered and
fed to the output control and terminal.
The squarewave signal becomes attenus
ated and fed to its output terminal.

The frequency of these signals is con-
trolled by the current that flows out of
the frequency-control input of the func-
tion generator. This current is produced
by the voltage-to-current converter,
which is controlled by the summing-bus
output. The summing-bus output level is
controlied by signals reaching it from the
frequency-determining controls and/or
the VCF stage.

Let’s analyze the circuit in more detail.
The heart of the instrument, of course, is
the XR2206 IC function generator.

Actually, two factors control its outpuf
frequency:

1. The value of the capacitor that is
connected between pins 5 and 6 {(in this
case, 0.0L uF).

3 ossl AvA
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FIG. 3—FULL-SCALE raproduction of foil pattern of the Wide Range Audlo Generalor for those
wishing to use PC board. Since parta placement is not critical, perforated board may also be used.

O(STORTION TRIMMER,,

TOTI
SECONDARY

MOUNTING

TO )4

OFFSET

AND GROUNO  TRIMMER

FIG. &—PARTS PLACEMENT DIAGRAM for the Wide Range Audio Generator. Make certsin thai-the
polarities of diodes, iransistors, IC's and electrolytics are observed!

2. The current that flows from its
frequency-control point (pin 7) to
ground.

To make the generator frequency re-
spond 1o voltage instead of current, a volt-
age-conltrolled current-sink was added. It
is shown as the voltage-to-current con-
verter in Fig. |. By referring to the sche-
matic diagram of Fig. 2, you can identify
its basic parts: op-amp 1C2, R17, R20
and Ql.

The circuit design is such that the FET
is inside the negative-feedback loop of the
op-amp. Any current that flows out of the
function generator’s frequency-control
point (pin 7) must also flow through the
FET and the 1000-chm resistor (R20) to
ground. The positive voltage that is devel-
oped across the resistor is directly propor-
tional to the current flowing through if}

The op-amp supplies the same voltage
across the resistor that it *'sees” at its
noninverting positive input.

This means that the current is propor-
tional 1o the input voliage of the op-amp,
and thus, we have a voltage-to-current
converter. In this configuration, as the
input voltage goes more positive, the
frequency increases and vice versa. The
voltage never goes ncgative with respect
to ground.

Note the simple resistor summing bus
connected to the input of the voltage-to-
current converter, You can see from Fig.
2 that voltages from the frequency-
control potentiometers and/or voltages
from the VCF circuit will be summed and
will affect the generator’s frequency.

Both of the frequency-control potenti-
ometers have positive voltage applied to

N\
MLFLIMIT SET

MDUNTING
-~ AND GRDUND

[ \HF LIMIT.
TO J% SET

their elements. The voltage applied Lo the
MAIN FREQUENCY control is set by trim-
mer R8, which determines the upper
frequency limit. The lower frequency
limit is set by trimmer R6, which adds a
small positive voltage to the summing bus
when both the frequency controls are in
their fully counterclockwise position. The
high-resistance value of R2 in the FINE
FREQUENCY control circuit limits the fre-
quency change to around 100 Hz, regard-
less of where the MAIN FREQUENCY con-
trol is set. The FINE FREQUENCY control
has its full counterclockwise position la-
beled caL (calibrated) to make the MAIN
FREQUENCY dial calibration marks appli-
cable.

The VCF stage consists of op-amp IC1
and several associated resistors. This
stage is basically a noninverling amplifier
with unity gain and an intentional DC



offset at its output. A voltage divider
consisting of resistors R12 and RI3
reduces the input signal level and also
protects the op-amp. The output of this
VCF stage feeds the summing bus and, of
course, influences the generator frequen-
cy. The VCF input has a definite voltage-
to-frequency relationship that works out
to be 0.120 volts-per-kilohertz at any
MAIN FREQUENCY control setting.

Now, let’s look at the sinewave buffer/
amplifier stage. Sinewave signals from
pin 2 of the function generator are fed to

GENERATOR PARTS LIST

Resistors, Vi or : watt, 5%

R1, R14, R28— 10,000 ochms

R2—2.2 megohms

R3, R4, R26, R29—2200 ohms

R5, R9-—5000 ohms, potentiometer; audlo
taper, panel mount (Radio Shack
271-1720 or equal)

R6, R8, R23. R27—5000 ohms, trimmer,
PC mount

R7 —220,000 chms

R10-R12, R16, R18, A21, R22—4700
ohms 1

R13, R25—22,000 ohms

R15—4.7 megohms

R17, R20, R35— 1000 ohms

R19—47,000 ohms

R24—330 ohms

R30—56,000 chms

R31—1500 ohms

R32—560 ohms

R33— 10,000 ohms, potentiometer, audio
taper, panel mount with SPST swiich
{Radio Shack 271-215 or equal)

Capacitors |

C1, C4—1 uF, 25 volts, electrolytic, axial
leads

C2—.01 pF, 50 voits, Mylar

C3, C5, C8—22 uF, 25 volts, electrolytic,
axial leads

C6—220 pF, 50 volts, Mytar or mica:

C7—10 pF, 50 volts, Mylar or mica

C9, C10— 1000 pxF, 25 volts, slectrolyticy
PC leads

Semiconductors

D1, D2—1N5231 or IN751 Zener diode,
0.1 volts, 4 watt, 25% tolerance or
better

D3, D4—1N4001, rectifier diode, 50 PIV:
or better, 1 amp

Q1—MPF102 FET transistor (Motorola)

IC1, IC2—LM307

IC3— XR-2206 {Exar), see Markel Center
ads in back of magazine

IC4—1LM340-15 or 7815 3-terminal
voltage regulator, T-220 case

1IC5—LM709

LED1—MV5020 or similar
general-purpose typé

Miscellanecus

T1—power transformer, 12-14 volig
secondary, 500 mA

S1—part of R33

J1, J2, J4—RED Insulated banana jack or
5-way binding post

J3—BLACK Insulated binding post or
5-way binding post

Cabinet—Radio Shack 270-253 or equal

Knobs-—2 Radio Shack 274-415 or one
274-391

IC sockets, line cord, small angle.
brackets, hookup wire, etc.
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FIG. 5.—DRILLING GUIDE far location of:front panal components (not drawn to scale). Use masking
tape over drilling areas to avoid scratching the finished surface. '

the inverting (negative) input of op-amp
IC5 through resistor R25. Feedback re-
sistor R30 sets the gain of this stage at
2.5, which is adequate Lo produce an
output of around 4.5 volts RMS (into an
open-circuit load).

Trimmer R27 and its associated Zener
diode, capacitor and resistor comprise a
negative voltage system to null out or
offset the positive DC component present
at the sinewave-output point on the func-
tion generator. This adjustment is nor-
mally set so that the sinewave output of
the instrument has a zero DC compo-
nent.

The values of compensation capacitors
Cé6 and C7 were chosen to give the ampli-
fier stage a flat frequency response ‘well
beyond the 50-kHz upper limit of the
instrument. Trimmer R23 provides a
means of adjusting the sinewave for mini-
mum distortion.

Nole that the squarewave signal from
the function generator is fed directly to
its output terminal. Resistors R22 and
R26 limit the peak voltage to around 4
volts, which is adequate to drive TTL
circuits.

The power supply is fairly convention-
al, using a 12—15-volt transformer and
two half-wave rectifiers to produce both
positive and negative voltages. The posi-
tive voltage of around 20 is fed to a three-
terminal voltage regulator (IC4) that pro-
duces a stable +15 volts. The negative
voltage from the rectifier system is left
unregulated, and, among other functions,
it provides current for the LED pilot
light.

Most of the other components we have
not discussed yet are used for stability
and biasing purposes.

Construction

Several construction methods are open
to you. You can choose either the perfo-
rated-board, or the PC-board methods;
however, the following information will,
for the most part, apply to PC-board
construction.

If you decide oniusin