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P1S ELECTRONICS. INC Come and see us. PTS Branches are all company owned—No Franchises—we care for
A R our customers. For a TUNER PART or COMPLETE TUNER REBUILT, come to us, we
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Another advance
in tube

technology
fromRCA

RCA, the leading
manufacturer of receiving
tubes, continues to in-
troduce new types to satisfy
the needs of the replace-
ment market. We can do this
because RCA has unique
design capability that
comes only with years of
tube design and manufac-
turing experience. This
means that when you install
RCA-made tubes, you're
selling quality tubes with
the newest and best in-
novations in design and
performance.

Firstin a new series of
dynamic approaches to
receiving tube technology,
geared to the rigorous de-
mands of the replacement
market, RCA’s exclusive,
new 6MJ6/6LQ6/6JE6C
brings added reliability to
horizontal deflection cir-

cuits, the most critical in
your customer’s set. Manu-
factured exclusively by
RCA, this new rugged hori-
zontal output tube with the
integral envelope-top-cap
assembly,which totally elim-
inates loose top-cap prob-
lems, represents another
significant advance in tube
technology from RCA.

You can be certain that
RCA will continue to lead
the way in thereceiving tube
business. After all, your
tube business is our tube
business and we expect to
share this high volume
business with you for along
time to come.

See your RCA distribu-
tor for all of your tube needs.

Rugged Features of the
6MJ6/6LQ6/6JE6C

u Integral-Envelope-Top-
Cap Assembly

B Rigid Cage
m Stable grid alignment

BExcellent HeatDissipation

RCA/Electronic Components/Harrison, N.J. 07029




We re making it our business to make your business easier.

General Electric’s STC program.
It takes theTough’ out of
‘Tough Dog’service.

S. stands for our new
Symptom Repair Manual. [e was
created for you by GE to deal with
the most common faules. It lists a
variety of symptoms. And then tells
you what to check and in what order.

T. stands for our Trouble-
shooting Flow Charts. If a particular problem was not found by
using the Symprom Repair Manual, these chares will take you
through a logical sequence of checks to locate the faults,

C. stands tor time-consuming Circuit Analysis. If you follow
the 'S and ‘T, in most cases you will never have to get to ‘C!
With these two service aids you can quickly diagnose 95% of all
General Electric TV service problems. Using them will save you
time, money and aggravation. And needless to say, they'll help
you generate a lot ot good will and build your reputation for fast,
reliable service. Ve

The Symptom Repair L .
Manual is available for a $1.00
handling charee. To receive your
copy or details of GE service
subscription plans, write *Dutch”
Meyer, GE Television Receiver
Products Department, Portsmouth,
Va. 23705; or call collect pB— S5
(804) 484-3521. STC. A service technician's
best friend.

GENERAL &3 ELECTRIC

Circle 2 on reader service card
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TYPICAL COLOR PICTURE TUBE has voltages
applied like the ones shown here. For com-
plete data on troubleshooting this part of a

color TV receiver
....see page 60
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looking ahead

Quadradio

Four-channel signals should be
filling the arr this summer in San
Francisco when the EJA-
sponsored National Quadriphonic
Radio Committee (NQRC) begins
feld-testing 4-channel broadcast-
'Ng systems developed by five dif-
ferent companies, ustng the
faciities of FM station KIO| there.
The NORC — patterned after the
NTSC which developed current
standards for both monochrome
and color broadcasting. and the
NSRC which studied proposals
leading to the FM stereo standards
IS screeming all proposed discrete
four-channel broadcast systems
and will turn the resylts of its
studres over to the FCC.

The systems currently under
Study have been submitted by
General Electric. Quadracast Sys-
tems Inc.. Nippon Columbia, RCA
and Zerith. All systems are com-
patible with both two-channel
stereo and mono — that s, the full
signal may be received as conven-
tional stereo on a two-channel re-
ceiver or as a monophonic broad-
cast on a non-stereo radio. in FM
stereo broadcasting. the signal i1s
dwvided into left-plus-rnght and
left-minus-right channels. Most of
the systems add two additional
channels of information — one for
front-minus-back information and
another for the left-rear-plus-left-
front-munus-nght-front-plus-
right-rear information, defining the
Criss-cross relationship between
diagonally opposite speakers.

Trouble is. this doesn't leave any
room for an SCA channel — that
extra multiplexed channel ysed by
some FM stations for special
background music systems and so
forth. So one of the system propo-
nents, RCA, 1s advocating two sys-
tems — one of them a complete
four-channel system and the other
elmlnatlng the criss-cross separa-
ion signal. A station with an SCA
channel could merely eliminate
the fourth channel. This would re-
sult In somewhat less diagonal
separation between speakers, but
the same four-channel receivers
could pick up both types of four-
channel broadcasts.

Discomania

This column has been reporting
a new videodisc system just about
every month — so why should
June be an exception? This
month’s videodisc comes from
France. where it was invented by
28-year-old Guy Nathan. who a-
ready has many electronic inven-
tions to his credit. Called “Op-
tidisc,” 1t has the distinction of

| being the slowest-moving video
record proposed so far. revolving
— according to its inventor — at 6
'pm or even slower, as compared
‘ to 1.500 or 1.800 for other

optically-scanned discs an-
nounced so far.

The other optical discs revolve
at the rate of one revolution for
each TV frame and have micro-
scopically thin tracks. Nathan's
disc aligns each Tv scanning line
perpendicular to the direction of
movement, with each track about
0.6-mm wide. A ight source shines
through transparent turntable and
transparent disc to a ptckup head
containing an array of photo-

diodes. Thus the system feeds one
scanning line to the TV set at a

time. Nathan claims each one-
sided disc. eventually. will be able
to hold one hour of color Ty pro-
gramming.

In the recording process. a laser
beam lays down the Ty stgnal on
35-mm fhim. This image 1s trans-
ferred photographically to a glass
master disc, which serves as the
negative for printing flexible video
records at ' 50 to 100 discs per
second.” The promoters of the
new disc system claim that the
player attachment can sell for
about $200 and the discs will cost
about 20 cents each for manyfac-
ture and duplication.

T A TSR,

Instant-off

One of the casualties of the
energy crisis 1s the “instant-on”
feature, which keeps color Tv
cathodes cozily warm when the set
1s turned off, to produce an m-
mediate picture when it's turned
on. Most television manufacturers
are el'minating 1t in their 1975
models. and 1t probably will be
only a memory by the end of this
year. Instant-on has been a target
of energy-saving measures mtro-
duced into several state legisia-
tures on the grounds it wastes
electricity, and manufacturers
have responded by removing the
feature as quickly as possible.

It's estimated that instant-on can
consume as much as 50 watts of
power In a tube-type set where it
keeps a number of filaments glow-
Ing at a reduced level. In solid-
state sets, where it only has to
warm the picture-tube. i1t con-
sumes about 6 watts — less than a
Christmastree ight bulb.

But impatient viewers need not
despair — help 1s on the way. A
new quick-warmup picture tube
which requires no preheating has
been developed by Philips of Hol-
land. and a similar tube will be in-
troduced here by Sylvamia, and
probably others. It's not quite as
fast on the draw as tnstant-on cir-

cuits. but in solio-state sets it pro-
vides a very quick picture. And it
saves those critical 6 watts!

Discrete or
matrix?

Once the NQRC's material 1s
turned over to the FCC. there's no
assurance that any one of the Sys-
tems will be adopted as the stan-
dard for quadriphonic broadcast-
Ing. The NQRC's principal activity
1s to explore discrete four-channet
systems — those which would re-
Qquire changes in the FCC rules.

But many FM stations are al-
ready broadcasting a type of
4-channel which requires no mod-
ifications in transmitting gear and
no FCC approval. This 1s the matrix
type — the most popular of which
1s SQ. developed by CBS. So when
the FCC finaly begins to seriously
consider 4-channel broadcasting,
you can expect a new battlie be-
tween the proporents of matrix
and discrete systems, which could
well be a replay of the current con-
flict between matr.x and discrete
record backers. The principal an-
tagonists are expected to be the
same — CBS vs RCA.

T S TR

Vhif-uhf parity

Another longtime TV feature 1s
vanishing with the 1975 models —
the continuous uht tuner. As man-
dated by the FCC, ail television re-
cewvers manufactured after June
30 for use In the U.S. must be
equipped with “"comparable”™ yhf
and vhf tuners. This means that if
vhf channels click i with detent
action, the same must be true of
uht. if vhf channels are identified
by numerical readout, each indi-
vidual uhf channel number must
also appear. The purpose of the
rule 1s to help uht stations, which
have suffered because they've
been more difficult to tune than
vhi. There's no rule agamnst con-
tinuous uhf tuners, but the FCC
says vhf and yht tuning facihty
must be “comparable.” Therefore,
10 use a continuous uhf tuner a
manufacturer would also have to
use a continuous vhf tuner — and
they don’t make them no more.

Lidar

That stands for ‘light detection
and ranging” and 1s one of NASA's
long-rang projects as outlined to
Congress in a recent hearing. It's
similar to radar, except that it uses
a pulsed tunable laser beam in-
stead of radio waves. Its function 1s
to detect such oceanographic
properties as oil pollution, plant
hte, depth and sahmity. This highly

accurate system determines coast-
line depths by measuring the time
difference between the return
beams of a high-power laser from
the Surface and the bottom of
bodres of water. and the compos-
tion of the water can be identified
by the wavelength of the return
beam. It has been under develop-
ment since 1971. By mid-1975 it
will be used in an attempt to
measure pollution in the atmo-
sphere Among other NASA re-
search projects is the development
of a solid-state recorder with no
moving parts to replace tape re-
corders,

4-channel chip

In the battle of the four-
channel discs (SQ vs. CD-4),
SQ proponents have had one
major selling-point: SQ is in-
herently less expensive. This
argument is being eroded by
the development of an IC de-
modulator chip by Signetics
Inc. for the CD-4. or Quad-
radisc. system. To be offered
to manufacturers at $1.54
each (two chips are required
for each demodulator). it will
bring the cost of a CD-4 de-
modulator to about the same
as an SQ decoder. SQ still has
a price advantage. however.
because the cartridge. stylus
and turntable for CD-4 require
greater precision in manufac-
ture.

TR

Flat screen again

!he never-ending quest !or

a hang-on-the-wall flat-screen
TV display is still being pur-
sued. Three systems were
demonstrated at the Interna-
tional Electron Devices Meet-
ing in Washington, Sony
showed a 7-inch monochrome
gas-discharge panel less than
a half-inch thick, containing
60.000 picture elements and

| capable of displaying 32 grey

levels. with a claimed bright-
ness of 25 foot-lamberts and
contrast ratio of 40 to 1. A Bur-
roughs gas-discharge display
is 6 by 12 inches. two inches
thick, with 49.000 information
cells. Hughes Aircraft demon-
strated a liquid-crystal display
one inch square with 10.000
picture elements. R-E

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR




Replacing
semiconductors
takes
guidance.

e B
hereitis.

Our new Semiconductor Product Guide.

It's the cross-reference for entertainment
replacement semiconductors.

Transistors, zener diodes, diodes,
high-voltage rectifiers, light emitting diodes,
color crystals, integrated circuits,
field-effect transistors . . . they’re all here.
With one of ours you can replace
265 on the average.

And with every one of ours you gt
Mallory performance and reliability.

Get your Semiconductor Product Guide
at your Mallory distributor’s today.

With a guide like this you can’t go wrong.

MALILORY DISTRIBUTOR PRODUCTS COMPANY

B —
MALLORY adivision of . R. MALILORY & CO. I1NC
Box 1284, Indianapolis, Indiana 46208: Teiephone: 317-636-6353

Batteries « Capacitors » Controls » CRIME ALERT * » DURATAPE" . Resistors l»Ser}iconductors SONALESRT=® - Switehes » Timers » Vibrators
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new & timely

New superconductivity record
is 23.2 degrees Kelvin

Bell Laboratories’ scientists report rais-
ing the temperature of a thin film of a
niobium-germanium alloy to minus 250° C
(minus 418° F or 23.2° K) before 1t lost its
superconductivity.

Superconductivity (the ability of a ma-
terial to carry electric current without
losses) is a phenomenon shown by some
materials at temperatures near absolute
zero. Scientists have continually sought
new materials and new methods of rais-
ing the temperature at which supercon-
ductivity can be maintained, in the hope
of developing superconductors that can
be used for power generation and dis-
tribution systems and other electronic
equipment. (A small increase in the tem-
perature at which a metal will remain
superconductive means a large decrease
in the cost of the necessary cooling ap-
paratus.)

PULLING A SUPERCONDUCTIVE STRIP of
niobium-germanium from bath of liquid
helium, where it is under test for superconduc-
tivity. Scientist is L. R. Testardi of Bell Labs.

The former record, recently set by John
Gavaler of Westinghouse, was 22.3° K
{minus 419.56° F). Gevaler’s report led to
the new work by Bell scientists L.R. Tes-
tardi, J.H. Wernick and W.A. Royer. They
achieved their results by sputtering a thin
film of the niobium-germanium alioy onto
a heated sapphire strip, thus developing a
film a thousand atoms thick, which had
the desired properties.

They discovered also that the sputtered
thin films showed other interesting qual-
ities, inctuding a remarkable resistance to
corrosion and a hardness exceeding that
of sapphire, one of the hardest materials
known. This appears to be due to the

sputtering. which is believed to be able to
“freeze” the material as it is about to
change from one atomic structural ar-
rangement to another.

"Recent work at Bell Labs,”” reports Mr.
Testardi, “'indicates that we should be
able to get the desired intermediate
atomic arrangements with other materials
by using high-temperature sputtering
techniques. However, it is not possible to
predict which materials will show the
conditions that favor high-temperature
superconductivity.” e

‘‘Electronic Blackboard” for
low-cost vision transmission

A method of transmitting visual and
audio information simultaneousty at
much lower cost than closed-circuit tele-
vision is being tested at the University of
Hlinois, reports Bell Laboratories, who
developed the device.

The electronic blackboard is a
pressure-sensitive board on which the in-
structor writes with ordinary chalk. The
positions of the moving chalk are regis-
tered electronically, converted and
transmitted over an ordinary telephone
line to any desired distance. At the receiv-
ing end. the signals are reconverted into a
form that can be displayed on an ordinary
television set.

The audio portion of the lecture or
program is carried over a second tele-
phone line, via a portable conference
telephone already in wide use by Bell Sys-
tem customers. It features hands-free op-
eration, a built-in loudspeaker and two-
way conversation between groups of
people.

The university is using the equipment

to transmit engineering lessons from its
campus in Champaign-Urbana to off-
campus locations in Freeport, Rock Is-
land, Peoria and Rockford.

Besides using the equipment for live
classes, entire lectures—both audio and
graphics—can be recorded on a standard
tape recorder and transmitted over ordi-
nary telephone lines to groups meeting
any desired time or location. e

Citizens Banders aid motorists
during energy crisis

Members of the Citizens Band volun-
teer group REACT (Radio Emergency
Associated Citizens’ Teams) have organ-
ized for a special effort to aid motorists
equipped with Citizens Band radio during
the gas scarcity period, reports The Na-
tional Reacter, a bi-monthly publication
put out by the organization's national
headquarters.

Not only are the teams monitoring
Channel 9 for reports of motorists
stranded for lack of gas, but are advising
them on distance-saving routes to their
destinations. Some teams are holding
drills 1n the art of laying out the best
routes. The REACT teams are also in a
position to advise motorists on the best
route at a given instant, taking road con-
ditions, construction and accidents into
consideration. Some teams have com-
piled lists of service stations and diesel
fuel outlets, as an aid to motorists run-
ning short.

Since there are nearly four million
two-way Citizen Band radios in the United
States, most of them instatled in cars, and
roughly 1000 tocal REACT teams monitor-

(continued on page 12)

ELECTRONIC BLACKBOARD, with its TV-set monitor, demonstrated at Bell Labs, Holmdel, N.J.
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Crown equipment

pays for lisell

STUDIO MONITOR AMPLIFIERS

All models have complete
internal protection. IM dis-
tortion 1s better than 0.05
from 0 01 watt to full power.
All units mount in a 19.inch
rack Three year warranties
cover parts, labor and round-
trip shipping

l, — D150

delivers 75 watts RMS per
channel into 8 ohms; height
5. 1nches.

DC300A

delivers 150 watts RMS per
channel into 8 ohms, or 600
watts output 1n  monaural
operation, height 7 inches.

D60

delivers 30 watts RMS per
channel into 8 ohms, height
1% inches

Reliable performance and superior audio quality give
you years more valuable service, making that higher
original investment a real bargain. Every piece of
equipment is ruggedly constructed, rigorously tested
and guaranteed to meet or exceed printed specifica-
tions. All circuits are cutstanding for low noise and
distortion, wide bandwidth and high frequency response.
It's to your credit when you specify the manufacturer
with 26 years experience in broadcast and professional
studio equipment.

DISTORTION ANALYZER

Model IMA tests audio equipment easily, quickly and accu-
rately Both intermodulation distortion analyzer and internal
oscillators are enclosed in one compact unit. Even an inexper-
ienced technician can take ten power level measurements In
5dB stens in just 60 secords The ranges are 100, 30. 10, 3.
1,03, and0 1 ..

MAGNETIC TAPE EQUIPMENT.ceccscescsscossssssscess /N THE PRODUCTION STUDIO

All models are designed to work 18 hours a day. 7 days a week
for 10 years with three head replacements Modular construc-
tion and plug-in circuit boards mean fast, easy field servicing.
These precision instruments will make clean, accurate record-
ings years after the economical semi-pro decks are retired.
All models handle '4-inch tape and 7-inch and 10%-inch reels.
All mount in 19-1nch racks. Standard speeds are 15, 7% and 3%
ips. There are individual record, erase and play heads for 1
to 4 channels. Over 40 standard models are available with
numerous professional accessores.

£S224
STUDIO TRANSDUCERS

Four models of superior quality speaker
systems have advanced-design electro-
static elements for midrange and treble
and acoustic suspension base woofers,
for finest possible reproduction for the
professional recording studio. Two models
of excellent cone speakers provide fine
sound for broadcast monitoring.

CROWN, Box 1000, Elkhart, Indiana 46514 Phone (219) 294-5571
Send technical data on Crown audio equipment for potential use:
O within Continental U.S.A. [0 outside Continental U.S.A.

Name & Title

Company

Address

ees /N THE CONTROL ROOM

stop optional, automatic stop in
play mode
ees ON LOCATION

CX822 Mastering Recorder

computer logic control for safe, rapid
tape handhing and editing ® full re-
mote control optional ® TracSync
avallable ® each channe! has two
mixing nputs and ndividual bias
adjust and equalizers ® third-head
monitor for meters or headphones
with A/B switch

SP722 Studio Player
simple tape transport system has
only 9 moving parts ® remote start/

SX822 Recorder/Mixer

integral mixing facility simplifies
setup ® same tape transport system
and meter monitoring as CX822 =
two mic or line inputs per channel

| ~aC

MADE ONLY
IN AMERICA

crouwn
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Kit for kit.

text for text,

buy is NRI

dollar for dollar, your
best home trainin

5

NRI ““hands on” method gives you as much as 2 years
of on-the-job experience. Pick your field and enroll now!

After over 55 years of training men for Electronics in
their homes, NRI knows that theory alone is not
enough. That’s why NRI concentrates so heavily in
the development of special training equipment. Your
hands must be trained as well as your head, and NRI
gives you both kinds of training in a manner no other
school can match.

You get your hands on professional parts and demon-
strate theory you read in NRI’s unique “bite-size”
texts. You build designed-for-learning Electronic cir-
cuits and complete, operating equipment. You use
what you build to prove out what you read. Elec-
tronics comes alive in the most valuable, practical
manner. You experiment with the same kinds of solid-
state and transistorized and tube circuits you’ll find
on the job—not hardware or hreadboard hobby kits.

NRI prepares you for your choice of careers in Color
TV Servicing, Communications, Industrial Electron-
ics and the growing field of Computer Electronics.
Many NRI graduates start earning $5 to $7 an hour
extra soon after they enroll, fixing home Electronic
equipment for friends and neighbors in spare time.
NRI’s remarkable teaching method simplifies, organ-

izes, dramatizes subject matter so that any ambitious
man, regardless of his education, can effectively learn
and profit from the Electronics course of his choice—
and NRI gives you 15 training plans to choose from.

Over three-quarters of a million men have enrolled
with NRI since 1914. Proof of the value and experi-
ence you get when you choose NRI for your Elec-
tronics training . . . proof of why NRI continues to be
the country’s largest Electronics home-study school.
Discover for yourself how easy it is to move into
Electronics and move up in a rewarding career. Mail
the postage-free card for the new NRI Catalog. There
is no obligation. No salesman will call on you because
NRI does not employ salesmen. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

»\ If postage-free card is missing, write to:
NATIONAL RADIO INSTITUTE 3-064
Washington, D.C. 20016

GET FACTS ABOUT GI BILL

If you have served since January 31, 1955, or are in
service now, check GI line on postage-free card.




Earn $5 to $7 an hour spare or full
time in COLOR TV SERVICING

It's easy to learn as you build, stage-by-stage, the only
custom designed Color TV receiver engineered specifically
for training purposes. You grasp a professional under-
standing of all color circuits through logical demonstrations
never before presented. The end product is a superb Color
TV set that will give you and your family years of viewing
pleasure. NRI gives you the option of selecting either
Color or black-and-white training equipment.

Fill technical jobs without a degree
in INDUSTRIAL ELECTRONICS

NRI's Electronics Technology course gives you completely
specialized training kits engineered for business, industrial
and military Electronics fields. On completing this train-
ing, competent technical ability can be instantly demon-
strated by you. As you learn, you actually build and use
your own training center in solid-state motor control and
analog computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, even the latest integrated cir-
cuits are included in your home training program.

...first and only school to include
training equipment designed from
chassis up for your education

LY

There’s glamour, success awaiting
Technicians in COMMUNICATIONS

NRI gives you the experience you need to qualify for
jobs in TV broadcasting stations, or operating and servic-
ing mobile, marine, aviation communications equipment.
You build and use a solid-state voltohmmeter; perform
experiments on transmission lines and antenna systems,
even build your own 25-watt, phone-cw amateur transmit-
ter band. In all NRI Communications courses, you must
pass your FCC exams—or you get your money back.

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

This may well be the most unique and exciting educational
aid ever developed for home training—a digital computer
with memory you build and use to learn organization,
trouble shooting, operation and programming. It performs
the same functions as commercial computers you encounter
on the job. Lessons stress computer repair. You perform a
hundred experiments, build hundreds of circuits. Your own
solid-state voltohmmeter is included among the ten training
kits you receive.

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

1
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new & timely -

ing the Citizens Band 24 hours per day.
their efforts should have significant re-
suits. e

Light amplifier may assist
suffers from blinding disease
Persons afflicted with retinitis pigmen-
tosa. a disease that gradually restricts the
vision to a “beam’ directly ahead while
the area a little to the sides and above and
below is obscured. and reduces vision in
dim light nearly to zero, may be helped by

an adaption of a "snooperscope’ type of
light amplifier.

The device. now under development
jointly by the Army's Night Vision
Laboratory and the International Tele-
phone and Telegraph Co. (ITT). 1s a mod-
ification of a light amplifier now In use
under combat conditions in the dark. Ex-
periments show that these devices give
retinitis pigmentosa patients the equiva-
lent of their best daytime vision in dim
light, such as street light or moonlight.

SECRETARY OF THE FUTURE sits in her integrated office, which combines chair, desk, computer
terminal—which doubles as a typewriter if it should ever become necessary to send out an ordi-
nary letter—plus information inputs, either on-line from the computer or dictation from the main
office via the microwave intercom. Accessories are a Telex machine and microfilm reading

equipment.

This future office will make it possible for the secretary to do her work practicaliy lying down, with
no loss in efficiency. The way-out-in-space age piece of office equipment is the work of designer
Luigi Colani, and was put into hardware by the West German firm “Comforto.” This mode! costs
about $20,000, but the makers believethat if it ever goes into mass production, the price could te

reduced considerably.

The original devices are too expensive
and too high-power for sufferers from the
disease, and ITT is working with the Night
Vision Laboratory to produce an amplifier
specailly adapted to their needs. Dr. Eliot
L. Berson, one of the leaders in the inves-

DR. ELIOT L. BERSON, staff member of Mas-
sachusetts Eye and Ear Infirmary, shows a pa-
tient how to use the light amplifier.

tigation of the problem and the develop-
ment of the new device. points out that it
will not cure the disease nor deter its
progress, but will make good night-time
vision possible for many patients who
would otherwise be severely restricted. ®

Semiconductor analog processor
speeds computations by 100

“Charge sloshing™ is a new technique
which, say scientists of General Electric,
will give a new surface charge correlator
more than 100 times the computational
power and speed of conventional com-
ponents. It can perform 32 multiplications
and additions in a microsecond.

Present charge-coupled devices con-
tain many storage capacitors for control-
ling and moving (“'transferring”) charge
packets across a silicon chip. As the
charge is transferred from one capacitor
to the next, a minute fraction is left be-
hind. After a few thousand transfers, the
misplaced charges build up to an apprec-
iable fraction of the original charge. de-
grading the output signal.

In the new technique, the charge
"sloshes’” back and forth between por-
tions of a single charge storage region. If
any charge is left behind on one transfer,
it is picked up on the next.

The new integrated circurt, which will
be on the market in about two years. is
expected to make dramatic reductions in
the cost and complexity of detecting

tcontinued on page 149
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Joining the
5 Photofact-of-the-Month Club
"‘j 3 always was a good idea.
3”53 Now it’s an even hetter idea.

Photofact-of-the-Month Club members receive seven
new Photofact Sets every month. Those seven new sets
supply detailed circuit information on over 200 of the
very latest TV, radio, stereo and record player models

. enabling club members to service the new models as
efficiently as though they had worked on them for years.

Each month P.O.M. members also receive:
—"advance” color schematics
e —a standard size file folder for each set

& —a Photofact Servicer with helpful
. service hints
—and coupons toward permanent metal
Photofact Set file cabinets.
All this for just $15.75 per

month—a saving of $7.35 per

month—$88.20 per year.

~
AND NOW—A BONUS! h
Subscribe now to P.O.M. for nine months and you will also
receive, FREE, one of our New Member Bonus Offers
(your choice):

(1) a Libbey “In-Keepers’ all-purpose, 7-piece glass

canister set with natural cork lids, or

(2) a deluxe, 10-piece Xcelite PS-120 Nutdriver set.

Join the club. Use the coupon today.

HOWARD W. SAMS & CO,, INC. ,
®A 4300 West 62nd Street, Indianapolis, Indiana 46206

— -
| |
| Pleaseenroll me as a new member of the Photofact-of-the-Month Club |
1 | agree to pay $15.75 per month for my subscription, which will |
I begin S ,and | agree to maintain this subscription for |
at least 9 months. My choice of premiums is (check one):
| i i |
| Canister Set [] Nutdriver Set [} |
: Name I
| Company Name My Photofact Distributor is I
1 1
| Address Address |
1 |
| City State Zip City State Zip |
o e e e e e — ———E—,— e ——,— e — ——_—— e = -l
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AUTOMATIC

STAPLE GUNS

CUT WIRE & CABLE
INSTALLATION COSTS

. without cutting into insulation!

SAFE! Grooved Guide positions wire for
proper staple envelopment! Grooved Driving
Biade stops staple at right depth of penetration
to prevent cutting into wire or cable insulation!

- 51 »))

< No. T-18—Fits wires up to
A\ 3/16” in diameter.
S N BELL,
= ¥ TELEPHONE,
S T\ THERMOSTAT,
i .1 INTERCOM,
3 | BURGLAR
_ S ' ALARM
W ‘J and other fow |
@‘) 5 ~3|,' voltage wiring. {]
— L e, Uses T-18
N staples with 3/16"” round crown

5 in3/8” leg Iength only.

~ )
Fo T-25—Fits wires up to
1/4” in diameter,

(1 Same basic construction
and fastens same
wires as No. T-18.

Also used for
RADIANT
HEAT WIRE

Uses T-25 staples
with 1/4” round crown in 9/32"
3/8",7/16” and 9/16" leg lengths.,” /
T-18 and T-25 staples also available in Mone! and
(lith beige, brown and ivory finish at extra cost.

ll
No. T 75—Fits wires and cablesﬁ\
up to 1/2” in diameter.

RADIANT HEAT
CABLE,

~ UF CABLE
/“ WIRE CONDUIT
COPPER TUBING
Kt or any non-metallic
sheathed cable.

Also used as
DRIVE RINGS
in stringing wires.

RS

15

Uses T-75 staples with 1/2”

flat crown in 9/16”, 5/8” and
7/8” leg Iengthy

J1 V) =

Arrow Automatic Staple Guns save 709 in time
and effort on every type of wire or cable fasten-
ing job. Arrow stapies are speciaily designed with
divergent-pointed legs for easier driving and
rosin-coated for greater holding power! All-steel
construction and high-carbon hardened stee!
working parts are your assurance of maximum
long-life service and trouble-free performance.

Ask your Electrical Supply Deater
or write for further details.

RARrRrRow FRSTEnER Comerany Inc

Saddie Brook, New Jerscy 07663

"Pioneers and Pacesetter§
For Almost A Half Century”

Circle

4 on reader service card
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signals buried in noise and other interfer-
ence in radar and sonar systems. e

Sarnoff urges new agency
for science and technology

“During the past several years, the na-
tional commitment in science and tech-
nology has been seriously weakened,
both financially and politically,” stated
RCA Chairman Robert W. Sarnoff, in a
plea for a strong new agency, a Science
and Technology Commission.

Government spending for science and
technology has been cut from over 12 per
cent in the Federal budget of 1965 to less
than 6 per cent this year, he pointed out,
also citing cuts in science education and
the Administration’s dismantling of the
machinery that supplied top-level scien-
tific advice to the White House.

Such a commission, said Sarnoff,
would be a first step toward filling a need
for “comprehensive planning and long-
term commitment as basic responsibil-
ities of government. The absence of such
planning and commitment,’’ he said, "‘has
burdened us with failures and shortfalls:
inadequate public transportation, pol-
luted waters, blighted cities, and, at the
moment, chilly homes and empty gas
tanks. Our children will be assured an
even more sordid legacy unless we move

Radlo-Electronics is published by Gerns-
back Publications, Inc. 200 Park Ave. S.
New York, N.Y. 10003 (212) 777-6400
President: M. Harvey Gernsback
Secretary: Bertina Baer

ADVERTISING SALES
EAST
Stanley Levitan, Sales Manager
Radio-Electronics
200 Park Ave. South
New York, N.Y. 10003
(212) 777-6400

MIDWEST/Texas/Arkansas/Okla.
Ralph J. Bergen

The Ralph Bergen Co.

6319 N. Central Ave.

Chicago, lll. 60646

(312) 792-3646

PACIFIC COAST/Mountain States
Jay Eisenberg

J.E. Publishers Representative Co.,
8732 Sunset Blvd., 4th Floor

Los Angeles, Calif. 90069

(213) 659-3810

420 Market St.,
San Francisco, Calif. 94111
(415) 981-4527

SOUTHEAST

E. Lucian Neff Associates

25 Castle Harbor Isle,

Fort Lauderdale, Florida 33308
(305) 566-5656

now to use our resources with vision and
by design.” e

Acoustical holograph maker
chosen “Inventor of Year”

Byron B. Brenden, researcher in acous-
tical holography, is the first recipient of a
new award: "Inventor of the Year.” It is
sponsored by the Association for the Ad-
vancement of Invention and Innovation
and the Robertshaw Controls Co.

Acoustical holography is a technique of
making holographs with sound or ul-
trasonic waves instead of waves of visible
or laser light, as in the better known opti-
cal holography. The technique is used for
observing the interior of solids (flesh,
metal or ceramics), achieving somewhat
the same results as X-rays.

Mr. Brenden is vice president of
Holosonics, Inc., of Richland, Wash. The
company makes devices that can be used
in a wide range of applications, from de-
tecting breast tumors to finding flaws in
steel castings. His latest patent is on im-
proved fluid-filled ultrasonic lenses, in
which images are created with sound
waves.

The award was made in the U.S. Patent
Office by the president of the Association,
Edward J. Brenner, a former Commis-

sioner of patents. e R-E
———————— 1

MOVING? | |

| |

Don’'t miss a : :
single copy ofl I
Radio-Elec- |
tronics. Give | ATTACH |
us: | |
| LABEL |

Six weeks' no- : HERE :
tice | i
| {

Your old ad- | |
dress and zip | |
code : :
| |

Your new ad- |
dress and zip | {
code L !
name (please print) B
address -
city state zip code

Mail to: Radio-Electronics
SUBSCRIPTION DEPT., BOULDER, COLO.
80302
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Energy shortages tell us we have to
change our driving style. Now! It doesn't
mean we have to go back to horse and buggy
days. But it does mean we have to make
every drop of gas give us the most go for
our money. Anyone with horse sense knows
that a well-tuned car gets better mileage,
and in times of fuel shortages, better
mileage means a lot.

The Mark Ten B Capacitive Discharge
System keeps your car in better tune so it
burns less gas. Using Mark Ten B is more
than horse sense. It's the smart move under
the hood, helping
a nation survive % -
an energy Crisis
and keeping you
on the road. Delta ||MARK TEN ~
Mark Ten. The &
best way to go.

THERE’S A
, BETTER WAY
TOGO.

DELTA PRODUCTS, INC.

P.O. Box 1147, Dept. RE
Grand Junction, Colo. 81501
(303) 242-3000

l_

I

l

|

I

|

I Please send me free literature.

| Enclosed is $ Ship ppd. [ | Ship C.0.D.

| Please send Mark Ten B assembled @

| $59.95 ppd. Mark Ten B Kit @ $44.95 ppd.

| (12 volt negative ground only) Standard Mark

| Ten assembled, @ $44.95 ppd 6 Volt: Neg
Ground Only 12 Volt: Specitfy Pos. Ground

| Neg. Ground Standard Mark Ten Deltakit

| @ $29.95 ppd. (12 Volt Positive or Negative Ground

| Only)

I

|

|

|

|

|

|

L

Car Year Make

Name
Address

City/State 2Zip

L e
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TV TYPEWRITER NEWS

Hundreds of people must be building
the TV Typewriter, judging from the parts
shortages | have encountered. You may
have started something — the digital
equivalent of ham radio. As soon as
MODEM plans are worked out, the TV
Typewriter builders can send messages
over the phone to each other. | hope this
appears soon in Radio-Electronics.

I am assuming a MODEM would handle
theincoming ASCilcommands, rather than
than the more complex video signals.
Using this concept could lead to some in-
teresting human engineering on the final
form of the project.

My version, called MS. SAGE (from
MeSSAGE) will eventually broadcast from
a small keyboard unit to the farger logic
and TV screen unit. using a wireless-mike
setup. The battery-operated keyboard will
be passed around the audience at half-
inch videotape showings to record
anonymous comments on the matenal
shown on tape.

I would encourage pioneers, W.G. Ob-
ringer and M. Paul Farr (Letters, February)
to get some exchange started, at least In
California.

CURTIS SCHREIER
San Francisco. Calif. R-E
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THANKS FOR WAITING-

Sorry it took so long, but at last we can offer you an octave equalizer kit that meets our standards of quality
and value. Our EQ-1 features nine single octave controls per channel. Each can be set for up to 12dB of
boost or cut. Total harmonic distortion is less than .01% at any output level up to 5 Volts RMS. Hum
and noise are more than 65 dB down. You can add this equalizer at the tape monitor jacks, or between
your preamp and amplifier. When you don’t need equalization, the response is flat within less than 0.5 dB
from 10 to 100,000 cyles. All filter crcuits are active filter operational amplifier types for hum free, no
ringing response. The cabinet has a satin red-gold front panel and a vinyl covered steel top. What more
could you want? 115 Volts AC 50-60 cycles.

EQ-1 Stereo Octave Equalizer Kit

$99.50 Postpaid

Southwest Technical Products Corporation
219 W. Rhapsody, Dept. RE
San Antonio, Texas

16
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XR'aglass

iInour

omy line.

You know the EIA guidelines. Replace
like with like.

That used to mean that all you could
offer in “XR" glass tuoes were the all-new,
more expersive types.

Now, Sylvania has changed all that.

We'va addad 19 of the “’XR™ glass types
to our Colar Screen 85 economy line, and
another 5 “ypes to our medium price Color
Bright 85® RE line. You can tell them by the

“\'' designation in the type number. =or ex-
ample 23 VANP22. And of course, yoL've got
al tvpes in our Color Bright 85® “XR" new
tuoe replacement line.

Three lines to offer. Three pricesto offer.

That should e iminate a lot of ycur cus-
tomer’s inhibitions.

Electronic Components Grouo, GTE
Svivania, 100 First Averue, Waltham, Mass.
02134.

Another first from the leader

SYLVANIA
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SOLID STATE

OSCILLO_S_COPE*______"

TUBE & TRANSISTOR
TESTER

DIGITAL
MULTIMETER

ELECTRO - LAB

Only $10 down gets you into any NTS Home-Study
Courses in Electronics.* Just $1C that can lead to
atop-dollar job, a big, bright career in electronics.

As an NTS student, you'll acquire the experience
and know-how that comes with first hand training
on NTS “pro” equipment. Equipment you'll build
and keep. Our courses include equipment like the
5" solid-state oscilloscope, a transistor and tube-
tester, a vector monitor scope, 74 sq. in. B&W TV,
or a solid-state stereo AM-FM receiver. The unique

*Not including Advanced Color TV Servicing

NTS DIGITAL G3-2000 SOLID STATE
COLOR TV WITH 315 SQ. IN. PICTURE

TROUBLESHOOTER
VOM

AND VARACTOR DIGITAL TUNING

new NTS Digital GR-2000 Color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, digital clock, an option at addi-
tional cost; and big 315 sq. in. ultra rectangular
screen. This is just a sampling of the kind of better
equipment that gets you better equipped for the
electronics industry.

By following the easy-to-read NTS lessons, you
learn the theory behind these tools of the trade.
You’ll learn and develop skill and confidence fast.




quipment
[1 be equipped.

srme IN—CIRCUIT TRANSISTOR TESTER
HIGH FIDELITY

SPEAKERS SOLID STATE STEREO
1 AM FM RECEIVER
AN PLIFIER

L
i gm— -y - B COLCR BAR/DOT
S == GENERATOR
= 3 € €23 m
£ °c == /

/

LO—SILHO
SUPERHET RADIO

g R

‘/ECTOR MONITOR
SCOPE
SOLID STATE
B&W TV

\ : SIGNAL
‘ FET — VOM SOLID STATE 2-METER  pOGKET RADIO GENERATOR
. SIGNAL FM TRANSCEIVER AND
5" OSCILLOSCCPE  ypaceR POWER SUPPLY
Choose from 12 NTS Electronics Ccurses, includ- a million dollars in facilities devoted exclusively to
ing Color TV and B&W TV Servicing, Electronics technical training. Check box in coupon.
and Computer Technology, Electronics Commu- Approved for Veteran Training. Accredited Mem-
nications & FCC, and Industrial & Automation ber: National Association of Trade & Technical
Electronics. All courses can provide you excellent Schools; Nationa! Home Study Council

opportunities to expand your career in the exciting

world of elecironics! So get started right now by "1

checking the coupon and mailing it today. NATIONAL N1z SCHOOLS
Classroom Tiaining at Los Angeles. You can take TECHNICAL-TRADE TRAINING SINCE 1905

classroom training at Los Angeles in sunny South- Resident & Home Study Schools
ern California NTS occupies a city block with over 4000 South Figueroa St.,, Los Angeless, Calif. 90037
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PTS-3001
Port-A-Tuner

PES LEECTRONICS,
ton.

Crrele
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INC . OF BEOOMING-

Ind.. & nation-wide tuner repair firm.

has come up with avery handy dual-purpose

tuner substituter.
PIS-3001 Port-A- Tuner.
sturdy vinvl-clad aluminum cibinet,

This 18 therr model
Housed in i neat.
it has

both a vhi and i uht tuner. The unit is ac-
powered, with o power transformer.

1t can be used s o regular tuner substi-
tute. for checking both vht and uht tuners,
as well as uhf antenna output, ete.. in either
the shop or the home.

The model PTS-3001 is straight ac-
powered. o self-powered version. the
PTS-2002, has ats own battery, and a third.
the PTS-3002. can be powered by either ac
or i self-contiuned battery.

A simgle 11 output cable. over S feet long,
gives ample length o reach.the if. input,
connections, Tthas i male RCA-type plug: a
dual-temale adapter is included in the acces-
sory ki, so that this cable can be used with
any plug-jack setup A plug-in cable with
alligator chips can be used. tor the solder-in
tvpe of 1.t cable

lo use the Port-A-Tuner us a replace-
ment for tuners in senes-sting heater sets.
tube or hvbrid, a small [0-watt resistor s
included in the accessory Kit. This can ke

pment report

tack-soldered in place of the onginal tuner’s
tube heaters

Ihe clip-lead cable cun also be used for
making signal tracing tests n the i stages,
checking age action, and so on Signal can
be injected mto the last 1, stage. and then
“walked back™ to the s £ input An f giun
control on the front panel regulates the i f
output signal. Separate vht and uhf inputs
are provided on the back panel. This can be
handy. tor muking sure that the home an-
tenna is working properly. checking CATY
and MATV outlets, and <o on

Fhe two tuners used are solid-state,
high-gaim low-noise ty pes. De power is sup-
phed to them from a solid-state rectifier.
well-filtered. The power transtormer. plus
the tact that the output cable’™s ground s
also isolated. makes this unit safe to use
with any tvpe of TV set. The power supply
is protected by an internal fuse.

I'he case can be taken oft in a verv short

feontned on page 26)
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The FM-2400CH provides an
accurate frequency standard for
testing and adjustment of mobile
transmitters and receivers at pre-
determined frequencies.

INTERNATIONAL

fe

UECNC

MOBILE

The FM-2400CH with its extended range

covers 25 to 1000 MHz. The frequencies
can be those of the radio frequency channels

of operation and/or the intermediate

quencies of the receiver between 5 MHz and

40 MHz.

Frequency Stability:
to +104°F.

-+

Frequency stability with built-in thermometer
and temperature corrected charts: + .00025%
from +25° to +125° (.000125% special 450

MHz crystals available).

Self-contained in small portable case. Complete
solid state circuitry. Rechargeable batteries.

WRITE FOR CATALOG!

.0005% from +50°

fre-

ef FM-2400CH

o Tests Predetermined Frequencies 25 to 1000 MHz
Extended Range Covers 950 MHz Band
e Pin Diode Attenuator for Full Range Coverage
as Signal Generator
o Measures FM Deviation

—

FM-2400CH
_(meter only)............. $595.00
RF crystals (with temper-
ature correction) ......
RF crystals (less temper-
ature correction) ...... 18.00 ea.
IF crystals................. catalog price

24.00 ea.

INTERNATIONAL
Y=E =Y

CRYSTAL MFQ. CO, INC.
10 NO LEE ® OKLA CITY OKiA 73102

22
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Protect your valuables & lovables
... with the Archer Photoelectric Warning System

HOTO-ELECTRIC RELAY SYSTE
EXCITER LAMP UNIT

—=

Guards any entranceway or area with a beam of
light. Use it as an intruder alarm or to announce
visitors. Sounds an accessory siren or bell either
of two ways: (1) Continuously, once the beam is
broken or (2) Only during the time the beam is

... and this Archerkit
Disaster Alarm System
- AN
a"aa '

. w

.

o — T 19%

Protects your home & family

from gas & smoke—electronically
Build yourself a really safe home! Assemble this

kit tonight and rest assured that you're protected from |

unseen gas leaks, auto exhaust and smoke from

impending fires. Loud buzzer sounds if semiconductor |

detects as little as 500 PPM of carbon monoxide
or 2-4%, smoke. Sensitivity control. Keyhole slots
for wall mounting. Easy one-evening assembly.
AC powered. #28-4006.
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PHOTO-ELECTRIC RELAY SYSTE
RECEIVER

interrupted. Easy setup — just aim the light beam
at the “eye” of the receiver. Sensitivity control
adjusts for various ambient light levels. AC pow-
ered for economical continuous operation. As-
sembled and ready to use. #275-489.

Siren. You can hear it
for blocks. For above or

Photoelectric Accessories
any 120 VAC system.

”‘lr‘
: U L. listed. #275-497.
L
<

Bell. Overcomes high-level
background noises. For
above or any 120 VAC
system. 4x2” metal base.

# 273-020.
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We're near you, wherever you are —see your phone book.

- ARCHE R>

Radio 'Ihaek

8 A TANDY CORPORATION COMPANY

ﬂ P. 0. Box 1052. Fort Worth, Texas 76107
‘3 FREE! 1974 CATALOG

AT YOUR NEARBY STORE OR MAIL COUPON

| 'p%',‘-._,,\_ 180 Pages . . . Full Color! Hi-Fi, Recorders,
Radios, CB, Kuts Antennas, Parts, More!
| Name Apt. #
| Street |
City State Z\P 4y
| SR —— Retail prices may vary at individual stores == <= ==
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in the best electronic circles...




For years, Weller Soldering Tools and Xcelite Hand Tools
...top professional equipment in the business...have
been keeping company in the best electronic circles. ..
on the assembly line, service bench, in the field, and on
leading distributors’ shelves.

Now they are part of the same company ... Weller-Xcelite
Electronics Division, The Cooper Group.

It's a natural union...two leading American-made,
quality lines have joined hands to offer you the principal
tools you need for joining and fastening electronic
components...soldering irons, guns and stations. ..
screwdrivers, nutdrivers, pliers, wrenches, tool cases and
kits...all from a single source.

Weller-Xcelite...a good name to remember when you
buy, sell, or use electronic hand tools.

. .Weller soldering tools
. Xcelite hand tools




EQUIPMENT REPORT
tcontinued from page 22)

tme, by unscrewing the four soft rubber
teet. Vhe construction and wiring of this unit
is very nice indeed. 1 ooks very stout, and
should give good service for quite o w hile!

We give it the works on the benchl on
several sets, and it came through very
nicely. R-E

Sony TC-1528D

portable hi-fi cassette recorder
THE ORIGINAL CONCEPT OF THE CASSETTE
recorder was a lightweight, easy to use bat-
tery powered portable suitable for. at best.
voice-quality dictation. In an almost

miractlous upgrading of the cassette system
to u high fidelity medium the machines got
bigger and bigger. and the lifeline to the

Circle 92 on reader service card

nearest ac outlet precluded their use as
portable recorders. The battery-powered

Get your free 1974 guide to
RCA electronic instruments.

This handy guide provides
data on instrument specifi-
cations, accessories, and
pricing — hard facts that
will help you select RCA
instruments to meet your
specific needs.

You can get afree catalog
from any one of the more
than 1,000 RCA Distributors
worldwide, or write to RCA,
Commercial Engineering,

Section 132F, 415 South
5th St.,Harrison, N.J.07029.

: RCA, Commerical Engineering 1'
1 Section |
t 415 South 5th Street )
| Harrison, N.J. 07029 '
I Please send a free copy of the :
| 1974 RCA electronic instru- i
i ments catalog 1Q1218G. ]
| Name 1
I Company. !
[} Ti |
1 Title !
| Address !
t City/State Zip !

b - ———————-—— - o o ]

Specialists demand the best tools of their trade.

Electronic
Instruments
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portables remained what they were — voice
quality.

But there was, and remains a vast need
for a truly portable high-jidelity cassette re-
corder — to record weddings. school plays
and concerts, amateur and semi-pro film
sound effects, etc. — which has been unmet
until the recent introduction of the Sony
TC-182SD cassette recorder.

The Sony TC-1528SD is basically a Dol-
byized stereo cassette deck of the type used
in quality high fidelity installations. which in
addition to the usual in-home features has a
slew of conveniences specifically intended
tor field recording. But even more impor-
tant. the TC-152SD can be powered by the
ac line, four internal D-cells. a rechargeable
battery pack or an auto or boat power cord
(car-battery cord) available as an option,

Among the TC-152SD’s features are the
Dolby. tape selection for "‘normal’” and
chromium-dioaide tapes. a peak record level
limiter. two calibrated VU meters. a reset
counter, a 20-dB microphone input at-
tenuator to prevent jammed” record level
control settings by high level sounds or a
high level condenser microphone output
level. automatic end of tape stop. and u
record play monitor speaker with its own
volume and tone controls. The monitor
speiker can be switched to either sterco
track or combined tracks for mono.

Inputs are provided for microphones and
line. There are outputs tor line and phones.
(The speaker is only a monitor device such
as needed to check o tape in the field. or
provide record level monitoring without
tying up the main hi-fi amplifier.)

Graphic type controls are provided for
the left and right record level. Standard con-
trols are used for the speaker volume and
tone G treble cuty. Switches are used lor the
Dolby in-out. tape type. record limiter,
input selector (microphone/line/ -20-dB mi-
crophone), VU meter illumination (w hen ae
powered). battery condition test and
speaker connection (1L/R/Mono).

The batteries and rechargeable power
pack are carried inan internal compartment.
Jacks are provided for the a¢ line cord and
remote de power source.

The cassette mechanism is the standard
hi-fi type. with control keys for eject. re-
wind. stop. forward. fast forward, record in-
terlock and pause, Power to the recorder is
antomatically applied when the cassette
operating kKeys are activated. When the cas-
sette is stopped all power is removed.
thereby reducing the battery drain.

Hi-fi from 6 Vdc???

The secret behind the TC-1528D7°s out-
standing sound performance (which we'll
show Latery is a de to de converter. In short.
the recorder oy basically e powered. it's the
ac that's optional™™. To obtain the high
operating voltage(s) needed tor hi-fi amp-
lifiers the 6 Vde battery battery output is fed
to a de to de converter that provides =24
Vdc for the record. play and Dotby amp-
lifiers: the sume voltage that would be. oris,
used for ac-only powered cassette recor-
ders. The capstan motor is a 6 Vde senvo
type. immune to voltage changes within the
battery pack’s normal or “"good™ operating
range. The speaker amplifier. which serves
only as @ monitor. is similarly powered di-
rectly from the 6 volt battery pack.

When the ac line cord is connected the
batteries are automatically disconnected.

tcontinwed on page 38)




Essential Electronic
ervicing Help from Sams

Here are seven extremely helpful books that can make a serviceman’s
work much easier. Five of them are just off the press, one is a new
second edition, and one came out in '73. It’ll pay you to check them out.

[P S
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VIDEO TAPE RECORDERS

By Harry Kybett

This basic text on the fast-growing
field of helical vtr's contains informa-
tion seldom found 1n service manuals,
which only cover specific models It
explains the fundamentals of video
tape recording, descnbes electronic
circuits and mechantcal systems in
currently available machines, lists
basic problems encountered and their
solutions; and presents recent devel-
opments 1n the field. 352 pages.
softbound

No. 21024 $8.95

ELECTRONIC FLASH EQUIPMENT
By Verl Moit

A fully informative book on the use of
flash/strobe equipment, the problems
sometimes encountered. and tlie ser-
vice information needed to overcome
those problems Its information on the
basic flash unit, flash tubes. triggering
circuits power sources, storage, and
service can save you time and frustra-
tion 112 pages. softbound.

No. 21020 $4.50

1-2-3-4 SERVICING HI-FI

TURNTABLES
By Forest H. Belt

Greatly simphfies understanding of the
mechanisms 1n terms of four divisions
record changers by sections, assem-
blies within sections, breakdown of
assemblies, and mechanical parte The
tollowing chapters cover specifics for
each type of drive system, tone arm
and turntable. In additior, problem
diagnosis—locating, 1solating, and pin-
pointing taults s explaired sa that

servicing can be accomplished quickly
and easily. 192 pages, snftbound

TUBE SUBSTITUTION

HANDBOOK, 17th Edition

By the Howard W. Sams

Engineering Statf

Quick and accurate information for
making suitable substitutions when
exact replacements are not available

Lists over 18 000 replacements in
seven sections American receiving
and picture tubes, industnal tubes,

cross reference of subminiature tubes
communications and special tubes.
cross-reference between Amencan and
foreign tubes 96 pages, softbound
No. 21007 $1.95

bound.
No. 21011

ELECTRONIC SECURITY SYSTEMS

By Leo G. Sands

The principle and operation of the various
electronic devices used for industrnial and
home security systems are covered in detail
Chapters on: scope and application, switches
and relays, sensors and encoders, indicators
and alarms, electrical and electronic control
and alarm circuits, security communication
and systems installation, closed-circut tv,
transmission media. 416 pages. hardbound
No. 23205 $5.95

SERVICING BIOMEDICAL

EQUIPMENT
By Elliott S. Kanter

Introduces the biomedical techn
cian to the specialized types cf
electronic and electromechanice!
devices used in present-day hosp
tals. Describes test procedures, se -
vice and maintenance techniques,
and safety factors of centrifuges
electrocardiographs, defibrillators,
monitoring devices,
vacuum devices. 160 pages, soft-

$5.50

No. 21032 $4.95

COLOR-TV SERVICING GUIDE

2nd Edition
By Robert G. Middleton

This guide uses color photos of symp-
toms of circuit defects as they appear
on the picture-tube screen It the ser-
viceman follows these picture clues and
uses proper troubleshooting methods,
he can service sets correctly and in less
time. Covers both tube and solid-state
circuits 112 pages, softbound

oxygen and No. 20990 $4.95

—————— e —— - ——

RX-064

ElETCTRDNIE HOWARD W. SAMS & CO., INC.
SECURITY SYSTEMS . 4300 . 62nd St., Indianapolis. Ind. 46206
Order from your Elecironics Farts Distributor, or mail to
Howard W Sams & Co | Inc

Send books checked et nght $___ =~
7 sales tax where applicable Zanadian prices slightly higher

M Sand FREE 1974 Sams Bbook Catalog.
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1 21032
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NEW FROM
BELL & HOWELL
SCHOOLS...

THE REVOLUTIONARY
25 INCH DIAGONAL
DIGITAL
COLOR TV
YOU ACTUALLY
BUILD YOURSELF"




“Electro-Lab” 1s a registered trademark of the Bell & Howell Company.

Digital electronics is a fascinating world to explore! If's an
expanding technology that’s changing not only our clocks,
wristwatches and pocket calculators, but now, color TV!

By building Bell & Howell’s big-screen color TV with
digital features, you'll learn about this exciting field first hand.
And you'll take special pride in this remarkable TV because
you built it yourself!

You work with a color TV that’s ahead of its time....
with revolutionary features like:

Channel numbers that flash on the screen )

Wait until you see
channel numbers that
actually flash on the
screen! You can even
pre-set how long you
want them to stay on
before fading.

Automatic pre-set channel selector

With just the push
1 of a button, your favorite
channels come on in the
J - sequence you pre-set.
All “dead” channels are
skipped over. You can
' # even intermix UHF and
4 VHF channels!

Digital clock that flashes on screen

Imagine pushing a
button and seeing the
correct time on your TV
screen! The hours, min-
utes and seconds appear
in clear, easy-to-read
digital numbers.

What's more, Bell & Howell's color TV has silent, all-
electronic tuning, “state-of-the-art” integrated circuitry, the
advanced Black Matrix picture tube for a brighter, sharper

Smimulated TV picture

Build one of today’s most advanced color TV’s as part of
a complete learn-at-home program! It’s an enjoyable way to
discover the exciting field of digital electronics!

picture and a 100% solid-state chassis for longer life and
dependability.

You need no prior electronics background!

We start you off with the basics. You'll receive a special
Lab Starter Kit with your first lesson so that you can get imme-
diate “hands on™ experience to help you better understand newly-
learned electronics principles. Later, you'll use your new knowl-
edge and learn valuable skills as you build the color TV. You can
take full advantage of our toll-free phone-in assistance service
throughout the prograrm and also our in-person “help sessions”
held in 50 cities at various times throughout the year where you
can “talk shop” with your instructors and fellow students.

You also build Bell & Howell’s exclusive
Electro-Lab
- - electronics training system
-c Includes building the three
B st sms wer man  PrOfessional instruments you'll need
- to test the TV and perform
fascinating electronics experiments.
The digital multimeter (pictured here), solid-state “riggered

sweep” oscilloscope and design console make up one of the very
best sets of electronics raining equipment available today.

The skills you learn could lead to part-time income —
perhaps a business of your own!

Bell & Howell Schools’ at-home training program
could lead to new income opportunities, full or part time. No
better or more practical at-home training in electronics is
available anywhere! While many of our students do not ask for
employment assistance, it is available. Of course, no assurance
of income opportunities can be offered.

Mail the postage-free card today!

This Bell & Howell Schools’ program is approved by the
state approval agency for Veterans’ Benefits. Please check the
appropriate box on the card for free information.

1f card has been removed, write:
An Electronics Home Study Schcol

DeVRY INSTITUTE OF TECHNOLOGY

B Bew & HOwELL SCHOOLS .
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the only prime time test pattern.

BT voceL 1077-8 TeLevision anaLysT

Remember the test pat-
tern? Here's how to use
that old standby to cut
your troubleshooting time
in half.

Broadcast test patterns
are available only at very in
convenient times these days.
So our Model 1077B Television
Analyst has a flying-spot scanner
that transforms any 3"x4” transpar-
ency into a broadcast-format TV picture.
We even supply you with a test pattern slide.

A test pattern provides valuable information
about picture size, linearity, focus, resolution,
ringing (overshoot), low-frequency phase shift
(smear) and frequency response. Unless the TV
receiver isn't working, of course.

That's why the 1077B provides signal-substitu-
tion outputs to let you inject the test pattern any-
where in the chain from the flyback all the way
back to the antenna terminals. You can pinpoint
the problem in minutes instead of hours, check-
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Model 1077B
$425

ing the quality of each
stage as you go.
Outputs include: IF, 8

VHF channels, all UHF

channels, video, sync,
45MHz sound subcarrier
with 1kHz FM modulation,
1kHz audio, chroma, vertical
grid drive, horizontal grid drive,
AGC keying pulse, horizontal
plate drive, horizontal solid-state
sweep drive, vertical plate drive and

vertical solid state sweep drive.

There’s also a built-in dot/bar/crosshatch gen-
erator for color TV chroma and convergence ad-
justments. Plus positive or negative bias supply
and B+ boost indication. All level controls are
conveniently located on the front panel.

There’s nothing else like it.

Ask your distiibutor for Model 1077B, the latest
in over 20 years of television analysts—in stock
now or write Dynascan.

18071 W. Belle Plaine Ave. » Chicago, IL 60613 ¢ Phone (312) 327-7270

Complete Line of Analog and Dlgital Multimeters, Oscilloscopes, Signal Generators,
32 Semliconductor Testers. Power Supplies, Probes, Tube Testers and Substltution Boxes.
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Videotape-Videodisc
today & tomorrow

SANYO

o
canneTT® wls

by FRED PETRAS
THE NON-BROADCAST VIR LIFTD 1ODAY
Is made up of several elements. to wit: A
body of equipment in several formats, each

inits own way a “standard:” a body of
softwiare — or software porential — for cach
of the formats: and a body of “use’ tech-
nology that is expanding steadily as the
equipment seeding continues.

These are the working reality of the indus-
try. But there is more. . .On the horizon—in
laboratory breadbowrd form. in working pro-
totypes. in pre-production models and at the

actual test-market level—is a4 body of

equipment representing o different but sig-
niftcant technology that could throughly dis-
rupt the VTR (video tape recorder) industry
as today. 1 hat equipment
technology is the video disc.

[GAVEN EN

Equipment — today

T'he non-broadeast. private VTR industry
inthe U.S.is doing quite well. 1tis keved to
four basic formats—each one a standard™
i its own way: the three-quarter-inch
SU-Matic™ videocassette. the half-inch
EIAJ (Electronic Industries Association of
Japam) Type Onescolor half-inch cartridge
known as “Omnivision.”” halt-inch EIAJ
Type One/color reel-to-reel. and one-inch
reel-to-reel.

Each tormat has two or more proponents.,
and each miy also be one of up to four for-
mats embraced by a single company. lFor
example. Panasonic. advocate of the Om-
nivision approach. also produces U-Matic.

plus halt-inch and one-inch reel equipment.
Concord markets machines in the two en-
cased formats plus halfiinch reel-to-reel.
IVC, committed to U-Matic, also makes
several half-inch reel models. Shibaden.
which markets Omnivision. also has five
haltf-inch-reel decks. Ampes. pioneer of
videotape—and still the biggest manufic-
turer for the broadeast professional fields
—recently dropped its half-inch reel equip-
ment in fus or of expanding its one-inch line.
Ampen feels one-inch tape has a greater po-
tential for “professional™ quality reproduc-
tion. Sony. developer of the U-Matic vid-
cocassetie. also tums out & series of half-
inch reel VTR s including a portable sy s-
tem complete with camera. The U-Matic
equipment line was recently broadened with
the addition of a multi-broadeast-standards
(NTSC. PALL SECAM) model plus a port-
able recorder/player ensemble utilizing a
mini-version of the U-Matic cassette: it runs
for 20 minutes and is compatible with all
U-Mittic equipment.

The U-Matic videocassette appears under
the Sony. Wollensak. Panasonic. JVC.
TeleMation, and Concord brand names.
The Omnivision cartridge is sold under the
Panasonic. JVC Concord. Sharp. and
Shibaden names.

The greatest potential as a broad standard
is claimed for the EIAJ Type Onelcolor
format in ““compatible-" half-inch encased or
open reel equipment. (This concept has the
largest number of machines in use—over

S ,
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100.000,) The owner of Farly F1AJ-ty ped
reel equipment can step up to the conveni-
ence of the Omnnvision cartridge and sull
use s enisting tapes: he merely threads
them into i cartridge shell.

However. materials shortages and energy
prob'ems in Japan. man source for VTR
equipment. is causing a shift in priorities.
Whereas in the recent past the EILAJ Type
One.color format had the nod as the hey
standard. the U -Matic concept is the one
that the Jupunese will promote as part of an
overall effort 1o limit the number of types
and models of VIR 1o be produced. This
effort is based on the solid. and growing.
acceptance of U-Matic in the U.S.

There is some potential for compatibility
within the one-inch reel tape tormat also.
but with cqupment from only one
company — I nternational Video Corp. With
over 10,000 reel machines 1in the market-
place. the firm is now offering one-inch car-
tridge gear. Owners of older 1VC color or
monochrome V1 R'S can encase their exist-
ing tapes for use m a new cartridge model.
Or. tapes made on the new cartridge units
can be removed from ther cartridge and
plared as reels on IVC reel models.

But there are other VTR formats. . AKai
America. Ltd.. is murheting portable
monochromatic video tape recorder outfits
using quarter-inch video tape on S-inch
reels. with a running speed of 114 ips. tora
total of 20 minutes playing time per reel. It
also uses Ya-inch tape in o business/
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educational/home deck with 10Va-inch reel
capacity and 2-hour operating time. Both
models use helical scanning.

Sanyo Electric Co.. which had been mak-
ing half-inch reel VTR's. has embraced the
cassette-with a proprietary type. using half-
inch tape. It runs for 20 minutes. The initial
outfit is portable. with power adaptor/ bat-
tery charger, plus camera.

Slowly but steadily making its presence
telt in the U.S. is the Philips VCR (Video
Cassette Recorder) using a proprietary cas-
sette encasing half-inch video tape. Cur-
rently being sold via 25 outlets nationally.
the system has been given a hype in the form
of a $33S price cut, bringing the cost of the
basic rig down to $1.095.

VCR s solidly entrenched in 13 European
countries, where. it is reported. it is *‘fast
becoming the standard of Europe.”” The
format has been adopted by 1S other vid-
eocassette manufacturers. VCR users in
Europe include IBM. Xerox. Chrysler. Uni-
lever and hundreds of others in business.
medicine and education.

In a special niche—here. but not quite
here—is EVR. Electronic Video Recording.
Combining film and magnetic sound. this
concept is being marketed around the world
and is gaining strong acceptance after an un-
certain start. Hitachi and Mitsubishi are
selling equipment. while a facility in Japan
and another in England are turning out EVR
software for world markets—with one ex-
ception, the U.S.

While film systems have been given a
somewhat out-of-focus treatment in the
overall video player picture. the concept has
its merits. say open-minded industry mem-
bers. The keys are the easy availability or
easy creation of software—via Super-8 film.
and the low cost and color-capability of the
camera equipment. Commercially available
software already exists in abundance and it
conforms to an international standard. Any-
one who can operate a movie camera can
generate his own programming. And he can
doitin color and also with sound. For $800
less than the cost of the lowest priced color
VTR camera in the market today—$2.500
—the consumer can own a Kodak Superma-
tic  Film  Videoplayer color-sound
record/play film video svstem complete with
color TV monitor. The player unit can func-
tion through one or more TV sets. Since the
software format is international, programs
can be played through NTSC. PAL and
SECAN-type players. Further. the same
software can be used on standard movie pro-
Jectors with or without sound.

Original plans called for the Kodak Vid-
coplayer to appear in late 1973, then early
this year. The lust word is that it will hit the
market in July. in limited quantities. with
full production to be achieved in the fall.
The original projected price of the player
unit is $1,095,

Equipment — tomorrow

The following five video systems have
been u coming-but-never-arriving proposi-
tion. Herewith their latest positions relative
to reality,

MCA. Inc.. expects to start marketing its
Disco-Vision laser-beam optical-scan color
video disc system the latter part of 1975, or
early 1976,

Projected prices are $400 for a player
deck. and $500 for a 10-disc changer. The
tirm originally did not intend 1o manutacture
the system. but rather. have it produced by
34

some other firm(s). However. MCA is now
weighing the feasibility of doing its own
manufacturing.

The concept uses a 12-inch mylar/metal
disc with up to 40 minutes of play time on its
one recorded surface, MCA—which is
creating the software—expects to have at
least 1,000 disc albums available. Single-
disc albums are expected to sell for about
$2.00.

RCA is not setting an exact date for in-
troduction of its Selectavision MagTape
three-quarter-inch tape cartridge color video
recorder ““pending further product de-
velopment.” The firm is planning **not-for-
sale™ market tests of MagTape. possibly
this summer. While the firm is “still aiming
for a $795 target price” for a MagTape
record/play deck. there is some skepticism
that this will become the final price tag.

In the meantime RCA is developing a line
of software, which. hopefully. will be ready
for sale at the same time as the deck.

Relative to its highly secret capacitance
color video disc. RCA is still working on it
in two laboratories. A spokesman reported
that ““some impressive progress’ had been
made. but that the system was not yet ready
for any public demonstrations. He would
give few details except to say the disc
looked like a conventional LP phono rec-
ord. revolved at 450 rpm. and offered a
half-hour of play time. Relative to a date for
its introduction, the source said it would
“obviously tollow™" MagTape. However. he
cautioned. "It boils down to this: can we
afford to build it?”

Initially promised for 1972, then
mid-1973, then late 1973, the Teldec colos
video disc is expected to become a reality in
the U.S. this year. Jointly developed by
Telefunken and British Decca. Teldec
players are already being built and stock-
piled. pending marketing scheduled to begin
in Germany at about the time this appearsin
print. The system will be sold in Germany
under the *"TeD™" name. Production is at a
tactory in Berlin. Decca may begin produc-
tion of its own version in the United King-
dom sometime this year.

There are also reports of a Japanese-made
version by licensee Sanyo. using the NTSC
color broadcast standard. The video disc is
looked on favorably by Japanese manufac-
turers since both hardware and software
could sell at lower prices than videotape
products.

Software for Teldec is reportedly being
developed at a fast clip. with about 150 titles
from nine European record companies ini-
tially moving into stores along with the
hardware. The &-inch discs play for 10 min-
utes and offer stereo sound. The software
includes a 3-disc Beethoven trio and a
12-disc Polish movie. A changer model of
the Teldec is availuble for playing the
multi-disc sets. Tentative prices for the
U.S. are $220 for a single-play deck and
‘under $400°" for a changer.

The Philips laser-beam optical color video
disc—VLP (Video Long Play)—is targeted
for 1975 in Europe. It will hit the U.S. at
approximately the same time. The projected
price of the VL.P player would be **around
$500.”" The VL.P disc plays for 30 minutes.
but has a claimed potential of up to 45 min-
utes of play time.

Equipment — much later
The attempts to develop a video disc have
resulted in some spinoffs (no pun intended)

that may well bear on the distant future of
the video disc. An example is a slow-speed
disc technique developed in France by a
young inventor Guy Nathan. head of a
company named SEPQO. Nathan's system
operates at about 6 rpm, using a fairly wide
track compared to that of the MCA and
Philips disc concepts. Called “Optidise,™”
the system arranges scanning lines perpen-
dicular to movement of the track. as op-
posed to the sequential approach requiring
one-revolution-per-TV-frame at high speeds
of 1800 rpm for U.S. TV. 1500 for Euro-
pean. Recording is via laser-beam on 35-mm
film: replication is to thin transparent film
discs via a high-speed photo-contact print-
ing process. First models may reach the in-
dustrial field in France during 1975. Con-
sumer player models. to follow. are ex-
pected to sell for about $200. Disc prices
will be low." it was said.

Another company known to be working
on a video disc is Zenith Corp. In its annual
report Zenith stated. **Video recording and
playback systems are among the most prom-
ising new consumer products under de-
velopment at Zenith. Using the capabilities
of both engineering and research. Zenith has
done its own development work. and has
evaluated other work done in this country
and abroad. During the year. Zenith dem-
onstrated one video disc player to dis-
tributors as a technical progress report. This
and other systems are currently undergoing
further development.” The company is re-
ported to have a 90-man team working on a
video disc. One report indicates it is an
optically-scanned transparent disc with 20
minutes of play time.

Thomson-Brandt, giant French elec-
tronics-electrical manufacturer, has been
doing development work on various video
concepts for several years through its
Thomson-CSF division. The latest word is
that Thomson-CSF has come up with a
working prototype video disc outfit using
laser-optical readout and a transparent disc.
While a bit more development work is to be
done. the company claims it has licked the
major technical problems. Expected playing
time of the disc is pegged at 20 10 25 min-
utes. Introducing and marketing plans are
not finalized. Projected player price is
vague—in the $450 to $800 range.

Another video disc idea is under de-
velopment at i/o Metrics Corp.. Sunnyvale,
Calif. It uses a flexible. transparent 12-inch
disc with an estimated (projected) playing
time of one hour of color programming. The
recordings are replicated from a master re-
cording that would be made on holographic
film discs. using a laser-beam recorder
priced in the $25.000 to $30.000 range.
Play-back decks are expected to sell for
around $300. The discs. says the company.
are likely to be priced from about $5 to $7.

Shown at an international consumer elec-
tronics show in Berlin the latter part of 1973
was a working model of another video disc
approach. Unlike other disc formats. this
one also offers recording capability. Called
MDR (magnetic disc recording). it was in-
vented by Erich Rabe. owner of a record
company. It uses a special record/playback
head made by Wolfgang Bogen Gmbh.. a
tape head producer. The unit shown utilized
a modified Dual phono record turntable,
whose speed was upped to 156 rpm and
whose pickup arm was altered 1o accommo-
date the tape head plus an extension shaft
assembly with a stylus. The system uses a
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12-inch magnetic-oxide-coated disc that
contains an inner band of spiral grooves.
The latter are used collaterally: the exten-
sion assembly with stylus rides these
grooves and serves as a guide for the tape
head’s scanning of the outer area of the rec-
ord. Also involved in the total hardware are
a preamp and playback amplifier for use
with any color or nomochrome TV set. The
developmental prototype offered five min-

utes of play time per side. but 12 minutes of

color programming per side can be achieved
by halving the speed and using a tape head
with smaller gap.

MDR discs would be reusable for several
hundred plays. says the inventor. The price
for a player/recorder was put at “"under $300
retail.””

In Japan. Matsushita Electric and sub-
sidiary Victor Co. of Japan (JVC in the
U.S.) are reported to be developing their
own video disc gear. which. the reports say.
will be highly sophisticated and innovative.
Sanyo is also known to be working on a
video disc. And Pioneer Electronics is said
1o be on the way to video disc system man-

ufacture. probably of equipment developed
by another firm.

On a related front. video cameras. the
search goes on for an inexpensive color
model. The latest word is that Toshiba will
he retailing a color camera at $755 for “gen-
erial household use.”™ The timetable — this
year.

Software production

In addition to a burgeoning on the crea-
tive side of VTR software. there has been
an expansion on the production side.

Just as the audio industry has been work-
ing to improve its tape duplication methods.,
S0 oo, has the video industry. While most
of the duplication so far has been in ““real
time’" (duplication time equal to playing
time) or slower. Minnesota Mining & Man-
ufacturing has come up with what it calls
“sequential thermal anhysteric magnetiza-
tion”” (STAM). This hotcold transfer pro-
cess enables duplication at 20 times real
playing time for reel tapes. and !0 times
playing speed tor videocassettes.

Individually. major hardware suppliers

are checking into the duplication of software
lor their respective formats. and to some
degree are getting deeper into this end of the
business. to assure their ““razor’ purchasers
that ““blades™ are in abundant supply. This
is in line with an expressed belief that the
greater the availability of software. the
greater will be sales of the hardware.

Sony Corp. of America and Teletronics
Iaternational have formed a duplicating
company to reproduce videocassettes for
the Sony U-Matic color video tape tormat.
known as S/T Videocassette Duplicating
Corp.. the firm has a 31.000 square toot
plantin 1 eonia. N.J. It dubs trom all master
material in the areas of film. slides plus
other video tape systems. U. Matic cas-
settes are also produced by 1S independent
companies that own Sony D-100 series dup-
hicators.

Philips has duplicating facilities in New
York and New Jersey for its VCR format.
and is in firm negotiations for similar
facilities in Chicago and on the West Coast.

Panasonic by mid-year expects to have 1§

(contined on page 88)
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Build a Guit amp

by GARY KAY

INTERESTI O IN BUILIDING A GUEL VR PRI AMP
with a really umigue and outstanding sound?
One that has not only conventional tremolo
and reverb. but also imcludes o full comple
ment of five tone controls consisting of a
threce-octave variable basspass filter along
with the conventional bass and treble con-
trols. Note wlso that with the instrument
preamp separate from the power amplhitier.
vou are left with o wide choice of output
power capabilities from a moderate 60
swatts. (Buidd w 4-Channel Power Amiplifier.
Radio-Flectronies, March- April 19735 10 o
strong 280 watis, Chigersaurus 230-watt
b Nmphfier. Radio-Electronices,
December 1973) 1o mennion just twao. You
canadso drive several power amplifiers from
one preamp. starting with one power am-
plifier now and expanding to others as the
need arises.

Fhe outstiandimg teature of this preamp is
the unigue tone control system that provides
the utmost in flexibiliny . U pon investigation,
it became apparent that many electrnie
zuitarisis iy to get aosound inowhich the
fundamental notes of the guitar are de
emphasized or toned down. The fundamen-
tul notes for most electric guitos, excluding
the bass puttar, po from about 10010 o hittle
over 1000 Hyoand are generadly the loudest.
Fhis leas es behind the bass notes on the low
end and harmonies on the high end. T or
added tonal compensation. some guitar am
plifiers hinve o single mud-runge control in
addition to the stuindard bass and treble con
trols. while others have a conglomoration of
active filter level controls. Both operate
over i lined Frequencys runge which cannot
be varied.

With the advent of inexpensive op-amp
integrated crrcmts and the flexabiling of uc
nve filter techniques, we can now have a
tone control svstem which can variably de-
emphasize any or all of almost one tull de¢
ade of the fundamental note spectium of
euitar. The use of this particular active filter
contiguration also provides the introduction
of what seems o be a very interesting and
unigque control. 1t has been called an
Eaeirasts control, and to understand s
function at s necessary 1o describe the ac-
tnve filter circnitry m detail.
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FIG. 1—FREQUENCY RESPONSE OF THE MIDDLE CONTROLS can be varied from ﬂat at one
extreme to an adjustable notch with over 30 dB attenuation at around 450 Hz.



Improve your guitar with a preamp that features high gain. tremolo, reverb and
active-filter tone controls that give you the effects that you want.

Two active filters
After the input being fed into the preamp
has been amplitied to o reasonable level s
simultancously fed into two active filters
one i Jow-pass and the other o high-pass
Fach of the two filters has a control which
sets that filter's passhand over almost o one
decade range. The fow-pass filter’s corne
frequency s set by the 1ow MDD tone
control while the ligh-pass filter’s corner
frequency is set by the tiGH vDDEE tone
controb. The outputs of the two tilters are
independent and must be nived to recover
the complete guitar output signal less the fil
tered portion. This s where the Eaetases
control is used
1118 very simple o provide a control
which varies the proportion of the fow-pass
to high-pass output bemng mined while still
heing uble 1o set the passhands of the indi
vidual filters with the tow snnie tone
controls independentlv. White plaving. pan
ning the 1 vremasis control allows vou 1o
climimate any or all of the output of either ot
the two lilters, changing the sound of the
mstrument from that of a bass guitar to th
ol lead guitar at the twist of a knob
AN appronimate freguency response plot
ol the active filter tone control ciremt s in
g, t. Note that having both siong
controls fullv counterclochwise creates
large notch well within the fundamental
spectrunt of the guitar while having both
controls fully clockwise provides almost fat
response. Opcerating the controls some
where in between vanes the degree as well
as the center trequency of the notch
Ihe plots were made tor an eaieirases
control setting of 4. which vields 4 nea
equal balunce benween low and highs. Mov
ing the 1aetiasis control to o higher number
simultancously raises the hgh-trequeng
and lowers the low dreguency response
curves while moving the controbs 10 0 lower
number does just the opposite
I'he tone control circwnt also has conven
tonal bass and treble controls that provide
ariable 0 to 20 d3 boost. Tremolo and re
verb circuitry are provided as well and both
can be controlled tfrom a remote footswitch
Mwo mput gacks. o low level and high level
as well as two output jacks. one on the tront
panel and one on the bottom panel are pro
vided tor signal termimations. A¢ power and
power line reverse are provided by the
center oft toggle switch on the tront panel
Ac power for the power amplifier may be
(continued on page 42)
FULL-SIZE PATTERN FOR THE CIRCUIT
BOARD and parts layout diagram. You can dup-
licate it using your favorite process or purch-
ase It pre-drilled or as a part of the kit.
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Why a Sylvania home training program may be

your best investment
for arewarding

career inelectronics




LEADER IN ELECTRONICS
TRAINING

Over the years, Sylvania Resident
Schools have trained thousands of
men and women for key positions in
the electronics field. Now, through
Sylvania Home Training, you can
receive the same high-quality career
training at home. In your spare time.
While you hold your present job.
Remember, this training is designed
with one purpose in mind — to give
you the background you need to land
the electronics job you really want!

AUTOTEXT TEACHES YOU
ELECTRONICS RAPIDLY,
EASILY.

AUTOTEXT, offered exclusively by
Sylvania, is the proven step-by-step
method of home training that can help
you learn the basics of electronics
quickly and easily.

3 CASSETTE SYSTEM

This innovative learning-by-hearing
approach is a special option that adds
anextradimensiontoAUTOTEXT. It's
almost like having an instructor in
your own home. As you play the
cassette tapes, you'll have an instruc-
tor guiding you through your
AUTOTEXT lessons. Explaining the
material as you read it. Going over
schematics with you, reinforcing the
basic electricity and electronics study
materials with you. Everything you
need to know to get you started
towards a highly regarded position as
an electronics technician — all in an
easy-to-understand, conversational
tone.

SPECIALIZED ADVANCED
TRAINING

For those already working in elec-
tronics or with previous training,
Sylvania offers advanced courses.
You can starton ahigher level without
wasting time on work you aiready
know.

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home
study, your exams are reviewed and
your questions are answered by
Sylvania instructors who becomeper-
sonally involved in your efforts and
heip you over any “rough spots’ that
may develop.

6 HANDS-ON TRAINING

To give practical application to your
studies, a variety of valuable kits are
included in many programs. In
Sylvania’'s Master TV/Radio Servicing
Program, you will actually build and
keep an ail solid-state black and white
TV set, and a color TV set. You also
construct an oscilloscope which is
yours to keep and use on the job.

FCC LICENSE TRAINING —
MONEY BACK AGREEMENT

Take Sylvania’'s Communications
Career Program — or enter with ad-
vanced starding and prepare im-
mediately for your 1st, 2nd, or 3rd
class FCC Radio Telephone License
examinations. Our money-back
agreementassures you of your money

back if you take, and fail to pass. the
FCC examination taken within 6
months after completing the course.

CONVENIENT PAYMENT
PLANS

You get a selection of tuition plans.
And, there are never any interest or
finance charges.

SEND ATTACHED POSTAGE PAID
CARD TODAY! FREE DESCRIPTIVE
BOOK YOURS WITHOUT OBLIGATION!

Sylvania Technical Systems. Inc

If reply card 1s detached send this coupon

! SYLWANLA TECHNICAL scuoof'

| Home Study
| 909 Third Avenue
| New York, N.Y. 10022

Please send meFREE llustrated career
| catalog. l understandthatlamunderno
obligation

State Zip

| Age
| veterans: Check here O 758-406-0

o -

Z
o
3
@

e

in the Master TV/Radio Servicing Program,
y2u build and keep the all solid-state tack
and white TV set, the color TV set, the os-
cilloscoge and the multimeter shown above.
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All resistors 'a watt unless noted.

R1-—50 000 ohms. audio taper potentiometer

R2—10.000 ohms. audio taper potentiometer

R3. R4 R7—100.000 ohms. linear taper
potentiomeler

R5. R9---10.000 ohms
tiometer

R6—50.000 ohms, linear taper potentiometer

R8--250.000 ohms. linear taper potentiome-
ter

R10—15.000 ohms

R11 R21—-27.000 ohms

R12-—10 megohms

R13. R28. R32--4700 ohms

R14—2700 ohms

R15—75.000 ohms

R16. R20. R36. R54--10.000 ohms

R17-—10.000 ohms_ trimmer resistor

R18. R31 R35 R38. R46. R52 R53-
ohms

R19--33.000 ohms

R22. R37. R39. R42. R43. R47—1000 ohms

R23. R25. R41. R45. R50-—47.000 ohms

R24, R27 R34, R40-2200 ohms

R26 R44-—-22.000 ohms

R29. R33. R48. R49--470 ohms

R30--68 ohms

R51-—1 megohm

linear taper poten-

100.000

C1.C3.C6.C9. C10. C34. C35—0 1-uF Mylar
C2-—0.22-uF Mylar

C4.C19. C21--100-pF polystyrene
C5—2.2-uF @ 63 Vdc or higher electrolytic
C7 C15 C30. C31. C33—0.01-uF Mylar
C8.C11 C18. C25—10-uF @ 63 Vdc or higher
electrolytic
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C12. C24—60-pF polystyrene

C13. C22. C23, C32—0.047-uF Mylar
C14—0.47-uF Mylar

C16—.001-uF polystyrene
C17—30-uF @ 15 Vdc electrolytic

C20—4.7-uF @ 63 Vdc or higher electrolytic
C26. C27—1000-uF @ 25 Vdc electrolytic

C28. C29--100-uF @ 15 Vdc electrolytic
D1. D2. D3, D4—IN5060

D5. D6—10V 400 mW or greater Zener diode

IN4740 or equal
Q1—881123 or 2N4238 silicon transistor
Q2—S5851122 or 2N4235 silicon transistor
Q3—TI1S58 FET-yellow tracer

IC1.1C2.IC3, 1IC4, IC5—5558 dual op-amp

T1-
Vac c¢.t. 80 mA secondary
F1—3A standard fuse (see text)
LM1—NE - 2H neon lamp
S1-—dpdt center-off toggle switch

J1. J2—2-conductor shorting phone jack

Power Transformer - 117 Vac primary/24

J3—3-conductor non-shorting phone jack
J4—2-conductor non-shorting phone jack

J5—RCA phono jack

The following parts are available from

Southwest Technicat Products Corp.

219 W. Rhapsody
San Antonio. Texas 78216

Kit of all parts. No. 211-C $96.50 plus postage

tor 7 Ibs.
Circuit board only
Reverb Spring

No. 211-ib

$6.50

No.Z—1C $11.00 pp

gotten from the ac receptacle on the bottom
pancl. Power tor the preamp is provided by
ananternal ac supply. The reverb springs are
mounted inside the chassis along with the
printed cireut board and it components.
Ihe chassis i then mounted in o black-
vinvl- covered wooden enclosure bringing
the total dimensions to 24127 long \ 642" high
A 7U2 deep

Assembly techniques

A printed circuit board should be used for
this project. Mount all of the components on
the printed circuit board. making sure to
orient the diodes. transistors. integrated ¢
cuits and electrolytic capacitors as indicated
m the panrts list and component lavout fig-
ure. Bend and trim the leads on the buck
side of the board and solder the connections
using a low-wattage iron and 60/40 alloy
resin core solder. Note there are four jump-
ers which must be nstalled on the bourd
Chey can be made Irom some short pieces ot
hook-up wire and should go between the
solid Iimes shown on the component layout
Ligure.,

Attach the plastic standotts, terminal
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NOTE:
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ALL IC’'S 5558

A A A4
R44
22K !
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R32¢ 2R35 J 100pF 47K 60pF 100K
47K ¢ $100K AAA
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8 2.2k G5
>
ri| (c) gh% +— ) <V> (w)
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THE PREAMP SCHEMATIC. The circied codes correspond to tie points on the PC board used for

connections to components that are mounted on the front and bottom panels.

strip. ac outlet, RCA-type output jack.
power transtormer and line cord to the chas-
sis using 6-32 hardware. Place a finished
panel over the front of the chassis and se-
cure by installing all of the potentiometers,
input/output jacks. fuse holder, lamp cover
and power switch.

Attach all of the wires from the compo-
nent side of the printed circuit board. mak-
ing twisted pairs or triples for each set of
control wires. Snap the board into place and
connect each wire bundle to the correct con-
trol. Position the wires as shown in the pic-
ture and use different colored wire for case
of identification. Attach and solder all of the
power supply connections as well as those
on the input/output connectors. Snap the
reverb springs down onto the standoffs and
connect the RCA plugs to the correct jack.
also press all of the knobs onto the poten-
tiometer shafts.

On the circuit board. temporarily solder a
IK Ya-watt resistor between the Q3 end of
resistor R15 and the CS end of resistor R21
and set trimmer resistor R17 so the tab on
the knurl of the control is adjacent capacitor
C3. Check to make sure all connections
have been soldered and insert fuse 1 into
the fuse holder.

Testing and calibration

Without any input connections to the
preamp. mahe the following settings on the
controls.

Volume - 0 Treble -0
Emphasis - 4 Depth -0
Bass - 0 Speed -0
Low Middle -10 Reverb -0
High Middle -10

Using either one of the two output jacks.
connect the preamp to a power amplilier and

speaher system. If the power amplitier has
an input level control. turn it all the way
down. Apply power to the preamp/power
amplifier system and slowly advance the
power ampiifier input level control until itis
at its maximum. There should be little if any
noise coming from the speaker. [f you huve
access toan audio signal generator. set it for
a sinewave output of 0.1 volts rms at T hH/
and plug it into the A input of the preamp.
Slowly advance the preamp’s volume con-
trol until you can hear the output through
the speaker. If you never hear the output,
unplug everything in the system and check
the preamp. assuming you are sure your
power amplifier and speaker system are
working correctly. I you cannot visually lo-
cate the problem, use an oscilloscope to
pinpoint the source of the trouble. If you do
not have access to an audio generator, use i
guitar following basically the same proce-
dure.

Neat you must calibrate the input gain for
proper tremolo operation. Using either a
voltmeter or oscilloscope and with the audio
generitor still connected, note the output
level of the unit for some reference voltage
input, Unsolder the 1K resistor. The output
level should drop considerably Now slowly
advance wrimmer resistor. R17; until the
gitin is the same as it was when the 1K resis-
tor wis in place. Do nor advance the control
any farther. The chassis may now be at-
tached to the case.

Operation and use

Input: The unit has two input jucks with
the A input being the more sensitive of the
two. The B input is down about 9 dB and
should be used on instruments with a very
high output level.

Footswitch: I he footswitch jack is pro-
vided to Wlow both the reverb and tremolo
to be turned on and off at will. This requires
an additional 3-conductor plug and pair of
switches.

Velume: the volume control is a conven-
tional level control.

Emphasis: The emphasis control deter-
mines the ratio of highs to lows and sets the
overall tone of the output. An equal balance
18 achieved at a setting of about 4.

Bass: he buss control sets the amount of
bass boost in the circuit with o setting of ¢
resulting in no bass boost and 10 yielding a
little under 20 dB.

Low Middle: The low-middle cmntrol de-
termines the low-end frequency ubove
whrch the mid-band notes are attenuated.

High Middie: I'he high-middle control de-
termines the high-end frequency below
wh ch the mid-band notes are attenuated.
The combination of low-middle and high-
middle controls result in a variable mid-band
notch tilter providing multi-octave mid-band
attenuation at one extreme (both controls at
0y or almost flat response (both controls at
1oL

Treble: The treble control sets the amount
of treble boost in the circuit with a setting of
10 resulting in no treble boost and 10 yield-
ing a little under 20 dB.

Tremolo: The tremolo depth and speed
coatrols provide i variable intensity tremolo
eftect varying from about 3 to 13 Hy.

Reverb: The reverb control determines
the amount of reverberated sound mived
into the output of the preamplifier.

Power Switch: The center-off power
switch serves the dual function of line re-
verse and on-off control. It also provides

(continued on page 59)
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by LEN FELDMAN
CONTRIBUTING HIGH-FIDELITY EDITOR

MANY  AUDIO ENTHUSIASIS WHO
rushed right out to buy the very first
“diserete™ CD-4 records issued by
RCA when that quadriphonic dise for-
mat was first introduced in 1972 ex-
pressed disappointment over the re-
sults when they plaved these more
complicated dises. now paoputarly
known as Quadradises. Tnvariably, the
blame was pliced on the dises them-
selves. Admittedly. the carliest re-
leases did have poorer signal-to-noise
ratios than e¢ither sterco or matrix
d4-channel dises. This higher noise level
stemmed from two sources. First, to
accommodate the required high-
frequency carrier and its front-to-back
modulating difference signals. the level
of the sum-signal groove modulation
had to be backed off somewhat. Even if
all other noise parameters were equal.
this means that a higher setting of the
amplifier volume control had to be used
for equivalent sound levels, resulting in
poorer signil-to-noise ratios. Sinee the
system bandwidth of & Quadradise is
greater than that of a stereo or matriy
record (drom 30 Hz to 45 kH7 instead
of from 30 H/ to 20 kH7z). the noise
spectrum will be somewhat greater to
start with.

The first of these problems, record-
ing level. has been almost eliminated
by improved record cutting techniques
and equipment. Main, sum™ informa-
tion level deft-tfront plus lett-back. and
right-tront plus right-back) is now re-
corded at velocities approaching those
used in stereo dise recording. The sec-
ond factor. however, is not solely de-
pendent upon dise cutting technigues.
but is also directly related to the design
approach and sophistication of the as-
sociated demodulator used to recover
front-hack difference information from
the high-frequency carrier which is part
of the complex composite signal n
cich grove wall of the disc. These cle-
ments are shown in Fig. 1.

FM tuner analogy
Part of the demoduliator circuitry
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THE NEWEST
CD-4 Demodulator

Discrete 4-channel phonographic reproduction has come
a long way in just a few years. The latest advancement is due
to a new IC that makes possible improved demodulators.

used in decoding CD-4 records may
well be thought of as an FM tuner (re-
ally two tuners, one for cach groove
waldl signal). The carrier frequency n
this case is 30 kH 2 (instead of the usuat
KX to 108 MH/ of N broadcasting).,
and the modutation is a combination of
M oand PM (phase modulation), with
pre-emphasis and audio fevel compres-
ston used at the recording end and
complementary FM/PA demodula-
tion, de-emphasis and audio expansion
emploved at the plavback end to im-
prove overall audio performance. Since
we are dealing with an FN signal,
proper limiting plays a very important

0dB !

Li-Lp

|
Il

role in the recovery sequence. Block
diagrams of the CD-4 encoding process
and decoding process are shown in
Figs. 2 and 3. As might be supposed.
the amount of circuitry needed to per-
form all of the functions shown in Fig.
Yis great and complex, if all active
clements are conventional transistors
and the cost of either separately availa-
ble demodulators or demodulator cir-
cuits built into some of the Tatest quad-
riphonic all-in-one recetvers or am-
plifiers is substantial.

An IC for CD-4 demodulators

Quadracast Systems. Inc.. a com-

DISC

| Rf- Ry

15 kHz 30 kHz
LEFT SIDE SPECTRUM

45 kHz

15 kHz 30 kHz

RIGHT SIDE SPECTRUM

45 kHz

FIG.1—FREQUENCY DISTRIBUTION AND AUDIO SIGNAL CONTENT of the groove walls of a CD-4

record.

QUADRAPHONIC IS ILLITERATE!
IHF SAYS “USE QUADRIPHONIC."

Proper English usage wins. For more
than a year. Radio-Electronics has
been using the term quadriphonic to
describe 4-channel sound systems and
equipment. Now the IHF (Institute of
High-Fidelity) has announced that
quad-iphonic is indeed the proper
word, and the all too common
quadraphonic 1s verboten.

The prefix quadra 1s not a prefix at
all. It is not Latin. not Greek. not Eng-
lish. but garbage. Radio-Electronics
has been using quadriphonic wherever
possible. But this has not been easy. If
a manufacturer decides to identify his
product as a quadraphonic unit, we
must use this same name in identifica-
tion. However. we will continue to use
quadriphonic except in places where
we are reprinting a munufacturer's
name.

pany headed by Louis Dorren (the in-
ventor of the Dorren 4-Channel F\I
Broadcisting System now being consi-
dered. among others, for possible
adoption by the FCC as a standard for
discrete 4-channel FM broadcasting)
recently announced the availability of a
28-pin 1C. 10 be known as QS1-5022.
I'wo of these new chips. tour filter
blocks and a minimum number of ¢x-
ternal parts are all that s needed to
buitd a CD-4 demodulator that per-
forms all the necessuary functions out-
lined in Fig. 3. The new [C will be
made avaitable to manufucturers
through Matsushita Electric Corpora-
tion of America (the company known
for its Panasonic and " Technics by
Puanasonic™ products),

In addition to the space-saving and
cost considerations implicit in the use
of two of these 1C°S, performance ad-
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vantages are ascribed to this new cir-
cuit by its designers in an informative
booklet written by Gerald O'Keefe of
Quadracast Systems, Inc. A block
diagram of the QS1-5022 is shown in
Fig. 4.

Circuit description

Since semiconductor phonograph
cartridges have been announced tor use
with stereo and CD-4 records, the cir-
cuit was designed to handle either
magnetic cartridges or the new
semiconductor types. While the latter

SUM SIGNALS

ways made to the 0° preamplifier out-

put.) This is because the left channel of

a semiconductor cartridge requires
phase inversion to be in proper phase
relationship to the right-channel out-
put.

The signal generated in either form
of cartridge is fed through Sl-a and
S1-b to the preamp input. The separa-
tion adjustment control is actually a
gain control which adjusts preamplifier
gain for an output of 150 mV rms, the
proper level for application to the mat-
rix networks. The 15-kH7 low-pass fil-

LF LF + LB
LB maTRIx |RE-2RE
DELAY
MUSIC RF CIRCUIT CIRCUIT MIXER
RB _I
RF-RB DISC CUTTER
LEVEL FM/PM/FM FM
COMPRESSOR PREEMPHASIS MODULATOR mmsc

FIG. 2—SIMPLIFIED BLOCK DIAGRAM OF CD-4 disc encoding and cutting.

I
I LF + LB l—— LF
| L .~ 1B
PRE AMP MATRIX |
| RF + RB —l—— RF
1 | -—I—-’ RB
r‘—m-r—-;h |
/a7 LF-LB RF + RB :
CARTRIDGE | - . |
| DEMODULATION EXPANDER |
| I
| |
[
FM/PM/FM
| |DELAY CIRCUIT DA ||
|

L

ENCLOSED AREA PREFORMED BY TWO QSI1-5022

g )

FIG. 3-—DEMODULATOR BLOCK DIAGRAM shows steps needed for recovery of four independent

signals.

tvpes do not require the usual RIAA
equalization. they do require a biasing
current. which is supplied through a re-
sistive voltage divider network, exter-
nal to the 1C itselt. Switch ST in addi-
tion to connecting this bias current to
the cartridge in the sea position, also
selects a flat feedback network for
semiconductor cartridges or an R1AA
feedback network around the pream-
plifier for magnetic cartvidge use. The
preamplifier section has two outputs,
equal in level but ditfering in phase by
180°. The 180° output of the preamp is
used for semiconductor cartridge
playbuck on the left side of the CD-4
decoder. (Only one side of the circuit is
shown in Fig. 4—the other side is iden-
tical except that switching section S1-d
iIs not required and connection is al-
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ter (1.PF) for carrier rejection between
the preamplifier and the matrix net-
work and amplifier has a typical inser-
tion loss of approximately 6 dB, so that
the actual output of the preamplifier is
set to 300 mV, and since the carrier
level is about 20 dB below that, a car-
rier level of approximately 20 mV is
produced at the output of the pream-
plitier.

I'he block labelled *‘carrier demod-
ulator™” really consists of several cir-
cuits. After the 30-kHz carrier signal is
amplified by the preamplitier (as part of
the total composite signal), it is fed
through a bandpass tifter (BPF) having
cutott frequencies of 18 kHz and 45
kHz and then into the input of a ““hard
limiter™" circuit. The limiter amplifies
and limits the carrier to the proper am-

plitude needed to drive a phase-lock-
loop circuit, which is used as the FM
demodulator in the system. This type
of FM demodulator has many advan-
tages. Among them are low-distortion
FM demodulation, ease of tuning (the
voltage controlled oscillator is adjusted
by means of a single potentiometer
—there are no alignment coils,
capacitors, etc.). wide-range automatic
tracking once the PLL. is “‘locked in™
and a minimum of external components
required.

In the QS1 5022 hard limiting is used
and the ultra-linear PLL. circuit has
both dc¢ and ac tracking capability. This
form of limiting is said to reduce CD-4
cartridge requirements and also elimi-
nates the need for a customer-
adjustment of carrier level with
changes of cartridge types. Another
circuit contained in this block is a **car-
rier level detector’™ which is used to
mute the Difterence-Sub-System
(DSS)output in the absence of u carrier
signal (when playing stereo or matrix
discs). When a carrier is present. the
DSS is unmuted and drive is applied to
the 4-channel indicator light circuit.

The attack and release time of the
muting has been designed to be 600 us
for mute-to-unmute and 20 us for
unmute-to-mute. This slow attack and
fast release timing is used us a
safeguard against abnormal carrier
conditions in the disc itself. In the case
of high-level stereo and mono records,
distortion products can sometimes
oceur in the passband of the PLL de-
modulator which might cause disturb-
ing sounds (or flickering of the
4-channel indicator light) it not muted.
Additionally. a CD-4 disc may ¢ontain
high sum-signal interference or low-
level, high-noise carrier signal which
will cause the system to mute automat-
ically until the carrier is once more
satistfactory. Muting is designed with a
slow attack time and fast decay so that
its action will be inaudible to the lis-
tener. In the suggested total circuit for
a complete CD-4 demodulator using
this 1C, w switch is in¢cluded which can
manually override the muting action.

The output trom the Pl.1. demod-
ulated FM carrier is fed through a
15-kHz low-pass filter and time delay
circuit to the difference sub-system
muting circuit. The time delay is ad-

justed to match the demodulated sub-

carrier audio signal with the main
channel sum-signal for proper phase re-
lationships. The teedback network
around the DSS mute circuit provides
proper FM/PM/FM de-emphasis. 0 dB
output level of the muting circuit is 150
mV, exactly matching the level of the
sum-signal which had been previously
set by means of the separation adjust-
ment control discussed earlier.

The ditterence signal (L.f—L.p or
Rf—Rp)is next fed to the expander cir-




cuits which operate in two regions of
the audio spectrum, centered at about
630 Hz and 10 kHz. The expansion that
takes place is the inverse of the com-
pression used in the encoding of the
CD-4 disc. The output of the expander
is. therefore. the difference between
the front and back of one side of a
4-channel system.

The matrix amplifiers recombine the
difference-signal and the sum-signal to
produce the original front and back
signals of one half of a CID-4 program.
Output level at each output is approxi-
mately 300 mV rms at (0 dB recording
level. A stereo signal., when playved
through the circuit, will produce an
output of 150 mV rms. The output am-

Insertion loss no greater than 10 dB is
specified. While it would appear at first
glance that a less costly high-pass filter
might be used in place of the bandpass
filter. this approach is not recom-
mended by the manufacturers of the 1C
because of the additional noise that
would then be fed into the limiter and
phase-lock-loop circuits.

The low-pass filter can also be a pas-
sive 1.C type or an active filter. The
cutoft frequency should be set to 15
kHz and the attenuation slope should
be such that at 30-kHz response from
the filter is down at least 45 dB com-
pared with output obtained within its
passband. Attenuation at 30 kHz
should be at least 35 dB and the rec-
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FIG. 4—QS| 5022 CD-4 DEMODULATOR BOCK DIAGRAM for the left channels. Right side is identical,

except S1-d is not used.

plifiers in the matrix block have a low
impedance of less than 100 ohms.
Using a 13 Vdc supply. maximum out-
put of the 1C is greater than 3 volts at
each output terminal before significant
amounts of distortion are introduced.
This provides better than 20 dB “*head-
room™ above 0 dB level of 300 mV
nominal output.

External filter requirements

The bandpass filter used in conjunc-
tion with this new CD-4 1C can be
either passive LLC designed or an active
filter. Because low-level signals are in-
volved in that part of the circuit. spuri-
ous signal and noise pickup via the ex-
ternal filter must be avoided. Rec-
ommended cutoff frequencies for this
filter are 18 kHz and 46 kHz, and the
attenuation at 15 kH. should be at least
15 dB. Filters used must have good
phase linearity in their passband region
to avoid demodulated signal distortion.

ommended insertion loss should be less
than 7 dB. 1t is also important that the
low-pass filter used in the sub-system
should be identical in phase and delay
characteristics with the low-pass filter
used in the difference sub-system.
Normally. the sum-signal on a CD-4
disc has a 40-us delay compared with
the difference-signal. To make up for
this delay. an equal time delay is
needed in the difference sub-system of
a demodulator. A delay filter can be
added after the difference sub-system
low-pass filter, or the group delay of
the bandpass filter itself can be in-
creased. The two low-pass filters have
the same delay times. The bandpass fil-
ters have a definite delay and there is
generally a delay in the carrier from the
sum-signal with most CD-4 cartridges
used. All these delays in the difference
sub-system must equal the sub-system
delay plus 40 ps to get maximum sep-
aration. The delay of the signal through

the limiter and PLL circuits depends
on the external components used. but
is generally around 10 us. In the com-
plete schematic of a typical CD-4 de-
modulator presented in the manual
published by QSI. filter blocks maun-
wfactured by Matsushita Flectric were
used and these were chosen to meet the
above requirements so that the use of
additional external delay filters was not
necessary.

In discussing this new 1C with one of’
the engineers from QSI. we learned
that samples will be available as of
Aptil. 1974 and we know from speaking
to other high-fidelity component man-
ufacturers that such samples will be ca-
gerly gobbled up for use in the labs of
many hi-fi companies as they attempt
to incorporate the new device in their
quadriphonic receiver and amplifier
designs for 1974-5. Those of us who
have heard the results obtained trom
C -4 dises played through an experi-
mental CND-3 demodulator using two of
the new [C's can say, with certainty.
that it consistently produces better de-
modulation and decoding of these dises
thun carlier demodulators using dis-
crete transistors and components—not
because 1Cs necessarily lead to better
results. but because of the careful de-
sign and innovations incorporated in
this particular 1C chip.

A complete circuit diagram showing
the hook-up of the new chips inan ac-
tuil demodulator is shown in Fig. 5. in
which the individual circuit blocks con-
tained within the chip are spelled out in
greater detail than in the block diagram
of Fig. 4. R-E

Ohio Technicians Unite

The Certified Electronic Technicians of
Newark, Ohio, was formed as a profes-
sional technicians association in January.

o
CLosto -~

OFFICERS OF THE CET A OF NEWARK (not
identified by our correspondent) are standing
in the rear, visitors and students, sitting in
front row.

The first officers of the new associa-
tion, elected by ballot, are:

Chairman, Donald M. Smith, CET: as-
sistant chairman, Roger N. Hunkins. As-
sociate CET; secretary, Lee Van Horn, As-
sociate CET treasurer James Feasel, CET:
certitication administrator. James E.
Goodman, CET: public relations and
code of ethics, Gary W. Coconis. CET.

The new association’'s purpose Is to
promote and upgrade the electronic in-
dustry in Newark and the surrounding
county. R-E
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Understanding MOS
Character Generators

Many of the advances in electronic instrumentation are due to
developments in read-out technology. Here's how the character generator
forms those alphanumeric symbols on Strip Printers and CRT screens

THERE ARE LOTS OF GOOD 1OW-COST
ways to display numbers today. ranging
trom Light Emitting Diode (LED) displays.
liguid-crystal readouts. printing wheels.
seven-segment neon and fluorescent dis-
plays. and many more. Most of these sys-
tems can only handle ten or so numerals.
plus possibly @ few letters that aren’t o
attractive. What do you do it you want o
display the entire alphabet pls numerals
plis punctuation?

Some of the obvious places this need
crops up is in the TV Typewriter
(Radio-Electronics, September 1973). com-
puter terminal displays. deaf communica-
tions aides. time and channel number TV
presentations, page and strip printers. oscil-
loscope scale indications. and anywhere
else you waunt to put down a message and
can’t attord thousands of dollars worth of
mechanical or computer-backed equipment.

Your answer is (o use one of 4 family of
integrated circuit dor marrnn character
generators. They use MOS technology.
ranging from older p-MOS devices through
Silicon Gate and n-channel. Cost ranges
from SLI in singles on upward. with ques-
tionable surplus units available as low as S0¢
cach. What are they and what do they do?

Basically. these devices are really o Read
Only Memory. or ROM (Radio-Electronics.
February 1974). They accept a compact
computer code called ASCI (more on this
in a bity) und convert itinto an open code that
represents character shapes. Most often,
they have té be combined with fairly elabo-
rate system-timing arranged to get the right
part of the right character put in the right
place at the right time. All but the oldest
devices are directly TTL compatible. while
the latest n-channel versions work on the
simie single +S-volt supply the TTL does.
and interfaces without any resistors at all.
There's just enough difference between
character generators that we're not going to
show you specific connections—you have to
get this from the individual data sheet on
your own. Qur interest here is the big
picture—seeing what these beasts are and
where they can be used. who makes them.
and so on.

Why dot matrix?

Several years ago. strong arguments
could be made tor many different ways of
generating alphanumerics. including stroke
systems, special CRT symbol generators.
projection displays. and the dor matriv
technique where you put down a bunch of
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dots to approximate a character shape.

Today, with few exceptions. dot matrin is
the only way to go. There are many reasons
Dot-matrix systems take the leastin the way
of analog circuitry. They interfuce the simp-
liest with conventional digital memory and
logic. They take the fewest interconnections
on a svstem basis. They use low-cost,
widely available. off-the-shelf. standard
1CS.

More important, they adopt themsehves to
the format needed by a recurrent sweep
(ybuck typer TV style display which is
much cheaper. generally. than a true X-Y
type video display . The same is true of strip
printers and advertising displays where you
are going to roll down™ a bunch of charac-
ters in one direction.

What's wrong with dot matrix? On the
debit side. if you don’t use enough dots. the
characters may not be attractive enough or
will cause eyestrain. And if you are into
graphics (artwork. lines. schematics. etc.

. you're rather limited in what dot mat-
rin can do for you. But right now. no
graphics system is low cost (prices start at
SOO00) . so this really isn"t much of a limita-
tion for most alphanumeric applications.

How many dots?

The very first thing we have to decide is
how many dots are we going to use in our
matrix. Figure | shows the letter "R™ plot-
ted using matrices of 3.5 x50 Sx70 TxY:
and 16> 16 dots. Obviously. the more dots
we have. the better the character is going to
look. and the more the thing is going to cost
us in terms of system bandwidth. printhead
complenity. interconnections and storage.
available characters per line. character writ-
ing time. and. of course. dollars.

The 15-dot or "3 x5 matrix of Fig. l-ais
normally used only for numbers and an oc-
casional character. Some TV channel and
time displays are the only use of this format.
and its ugliness limits even that. While no
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MOS character generator is widely availa-
ble that generates a 3§ matrix, you can
casily cut your own using a programmable
read-only-memory (PROM) or actually use
random logic to do the job if you don't mind
a bunch of Tow-cost 1C's and diodes. Ignor-
ing spaces. we have to do three things in the
horizontal direction. Let's call them “video
units”". and five things in the vertical direc-
tion. which we'll calt “column units™.

The number of video units often sets the
bundw idth we have to use and limits either
the maximum print rate in 4 page or strip
printer. or the number of characters per line
for a video display of a given bandwidth.
The internial ROM storage we would need
for 10 numerals and 6 punctuation units
(space. colon. etc . . ) would be 16x5x3 or
240 bits. With a little bit of creative logic.
you could fold this into a standard 256-bit
programmable ROM. although a §12-bit one
would be much simpler for system timing.

We also normally need some way to keep
the numbers we are using. 1ts obviously
easier to store a 4-bit BCD numeral than a
15-dot numeric chuaracter. since we only
need +15 the bits using the compact code.
In the case of a strip printer. the storage
only his to last from the time the character
is received till the time it is printed. With a
video display. we have to get the characters
biack over and over again. once for each
scan.

In fact. on a raster-scan system. you need
o storage systems, one to keep off the
characters from field to field. and one to
keep a line of characters for the seven or
nine passes in the fast sweep direction it
takes to put down everything one dot at a
time. With shift register memories, vou use
two seperate ones, while with i random ac-
cess memory. vou use the same memory
twice. changing the timing.

In the case of the 3 x5 display. we usually
need only four bits of storage per character
since we are only interested in numbers and
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FIG. 1—READABILITY INCREASES as the number of dots or elements in the matrix is increased.
Compare the 15-dot 3 x 5 format on the left with the 259-element ““R" on the right.




CHARACTER GENERATORS (left) are NS MM5240's.
Above is a photomicrograph of the circult.

avery limited amount of punctuation.

The Sx S matrix of Fig. 1-b is only slightly
better, although you can display the whole
upper case alphabet, as well us the numbers.
This is used on thermal printers where only

25 printing dots would be needed instead of

the 3§ of the more standard Sx7 matrix.
Five video units are needed horizontally,
and live column units are needed vertically .
Again, no MOS character generator s
widely available Tor this tormat, but you can
cheat and use i standard 5 x7 and have most
(but not all!y of the characters turn out OK
by dropping the second and sixth horizontal
TOWws,

The stundard computer terminal matrix

has been the Sx7 one of Fig. 1-¢. and lots of

still. The needed storage of leéx16x
12K=232_76XK bits per font or typeshape is well
beyond what you can do with a single
character generator 1C at the present time,
and several custom units have to be used o
share the job.

For most small and simple systems, the
Sx7 dot matriv is usually the best choice.
with the most widely available circuitry. po-
tential compatibility with unmoditied televi-
sion sets, and lowest cost combined with
character shapes acceptable for everything
but long text messages.

What code?
We've seen that it's best to store our input
character information in the most compact

form possible. instead of the highly redun-
dant 35 bits we'd need for actual storage of
an eatended Sx7 character. The storage is
usually done ina code called ASCII, short
lor merican Standard for Computer informa-
non Paerchange (see Fig. 2). This is the only
code most character generators accept. In
some isolated systems, other codes may be
in use: but these are usually comverted to
ASCI with another ROM before character
generation,

The tull ASCIH code caonsists of erehe bits,
The cighth bit is sometimes used lor error
indication. and is stripped and possibly used
long before it gets near the character
generator, This leaves us with seven bits
that -epresent 128 possible different charac-

standard 1C's and interface circuits are
available to handle this format. The Sx7
displays to acceptable resolution all the
numbers and all the upper case letters and
maost punctuation. While it can display lower
case letters and machine commands, it tukes

FIG. 2 THE ASCll OR AMERICAN STANDARD FOR COMPUTER INFORMATION
INTERCHANGE.

This code 1s used as an input for practically
all MOS character generators.

special extra 1C's and more storage and is BIT NUMBERS 1
not often done. Five video units are needed - 0 0 0 0 1 1 1 1
in the horizontal direction and seven column —| 0 0 1 1 0 0 1 1
units are needed vertically. With upper case f[ . 0 1 Jr © 1 0 1 0 1
letters and numbers only. six bits of storage Ib7] bG—bS b4 |b3[b2lb1 COLUMN . 7 - "t -
per character are needed externally. The in- —| o 1 ’ 2 3 ; | . ;
ternal storage needed in the character ‘ ‘ l ‘ ‘ ‘ l RO
generator is Sx7 x64=2240 hits. — AL R ] .
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video units are needed as well as needing -
more horizontal lines per character. Seven o[1|0j0] 4 EOT |DC4 | § 4 o | 1 a | t
bits of storage per character are asually oi1lol1 5 ENQ ' NAK % 5 l € ! u g 0
needed it lower case and machine com- = — —— —
mands are to be included. while the number _ cirjrjo 6 ACK §YL 8 8 _| F ‘ v ! g
of internal character generator bits needed is o{1]11]1 7 BEL | ETB ' 7 .6 | w g w |
7Tx9% 128 =K064. One ol the penalties you —t =1t — - : : '
have to pay for the more attractive charac- I Pl ﬁ 9 0 78 BS | CAN B ( 8 , H | Xi h X
ters s that the video bandwidth for longer 1 {O ol 9 HT EM ) 9 | 1 | v ) y
lines of characters becomes far more than 171 -] : -
what o standard TV can handle. ¥ to e tion FO 10 LF | SuB | ! J [ z 1 2
12-MH7 video is typical. and whatever is 170101 1 vT | ESC ' Ik ' Kk {
displaying the characters must, of course. - e U s - 1 - -1 - -~ - -
be able to handle this. b4 rirje)o 12 | FF | FS | » R {_\ J . _i__

The 16x 16 matrix of Fig. I-¢ needs in- vl1fof 13 CR GS — = M| m }
credible bandwidth and storage compared to - ] —1— — ' - = T T
the other methods. but it allows reasonably vpryrjo 14_ _ASQJ RS S N l : 0 -
taithtul reproduction of various printing 11111 15 SI | us ¢ ? o | — o DEL
type fonts, and is useful in larger systems [ - E—
:;2?':.‘\J.?;Ifm,r‘.uil.m Sharacters and 1008 50114 (vumbers only) uses only column 3

eadability are needed. Phototypeset

ting and composition systems are typical ASCII-6 (Numbers & Upper Case Alphabet Only) Uses Columns 2.3. 4 & 5.
uses: some of these use even larger matrices o B ]
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ters. These are subdivided into four groups
of 32 charucters cach. One group consists of
upper case alphabet. A second consists of
numbers and often used punctuation. The
third group is made up of lower case al-
phabet, and the final group consists of
machine commands that do things like line
feed. carniage return, clear. start. stop, ete.,
but rarely appear in print except when view-
ing the actual machine programming instrug-
tions.

We can use as many bits as we need to
provide for a given display. For instance.
we could use o code we might call ASCHI-4,
consisting of only column 3 of the code.
This gives us all the numbers with four bits
and is identical to the normal BCD code,
We also get o colon for the time displays
free. along with a ? and some Other punctua-
ton. We don’t get a space for blanking. <o
this has to worked out some other way.
Usually this is easy and no problem.

ASCH-6 is used it we are only interested
in the upper case alphabet and numbers and
often used punctuation. and takes 6 bits and
gives us columns 2, 3.4 und S of the code. It
is most often used in the 5«7 character
generator systems. Finallv, we need all
seven bits, less the error feature for all
upper and lower case alphabets. This is cal-
led ASCH-7. Both ASCI1-6 and ASC11-7
provide for a blank or space command.

For more information on ASCIHIL see the
improved  ASCIl Encoder  story.
tRadio-Electronics. January 1974),

Some character generators

Our character generator 1C has toconvert
@ sivor seven bit ASCI character com-
mand into 35 or 63 dots on a sereen, group of
light sources or u piece of paper. Figure 3
shows four possible character generators tor
the 5% 7 format.

In Fig. 3-a. we have an 1€ with some
power supply and ground connections, sin
input lines and 35 output lines, Whenever
we put the ASCH command for a "R on
the input, we get a R in dot matriy form
at the output. This is called a read onh
memory or table fookup code converter and
is simply a ROM that his been tactory pro-
grammed to generate characters. To change
characters, change the input code. For a
blank. input code 10-0000, and so on.

While this 1C would be ideual for
scorebuoards, vou can’t buy it because ot all
the pins. Besides, do we really want all the
dots at once. except possibly for scoreboard

use? And can we cut down the number of

output connections somehow?

For TV raster type use. we only need one
dot at i time and should be able 1o get by
withonly one output lead. Now we need two

types of inputs. We need siv bits worth of

code to select the character. and another
group of inputs to tell us which dot of that
character to output. Changing the later
group of inputs. called riming inpirs. gener-
ates o sequence of dots that let us produce
the whote character one dot at a time. For
instance. we could use three lines for a
“what column is it?"" input command, and
three lines for a ““what row is it input.
This is shown in Fig. 3-b. Now to gener-
ate a character. vou input the character code
and apply timing signals that get the dots ot
in the proper sequence. In the case of the
TV type raster. it rapidly scans in the hori-
sontal direction. and slowly goes vertically,
so we put down i burst of dots correspond-
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ing to the rop line of a character. and then go
on to the neav character, and so on. changing
the ASCII code as needed. On the neat line,
when the character we wanted came up
again, we'd work on the second lines worth
of dots from our output and so on.

This is & mice 1€, but once againg you
can’t biny it This time you run into switch-
ing speed and setthing time problems, along
with an internal 1C arrangement that would
tuke far too much silicon to be practical.
While this is much closer to what we want
than Fig. 3-ais. some compromise is needed
to make o practical low-cost 1€, What ¢an
we do?

Real-world character generators appear in

Figs 3¢ and 2-d. One is called corvas
o e e
| l_: |
o
<« )
-3
<l
N
ALC I MOS ! g()UTPUTS
INPUIT CHARACTER I ALL 35 DOTS
cont | O™ GENE RATOR AT ONCE
[y |
(o — m |
I
o
ROW CHARACTER GEN
OUTPUT SEQUENCE FOR
AT (1T111) 1001001
(01001 (00100)
1001001, 100100
1001001
(279
-
-
ascii|_ |
NPUT (7
Celes |71 - OLEFT
— - MOS -0 ouTPUT
CHARACTER |- O 1 ROW AT
GENERATOR [—0 A TIME
[ -ORIGHT |
ROV |-+
SELECT { —+
TIMING |—of

‘

output character generator. One is called a
ROW output character generator. They are
NOT interchangeable under any circum-
stances. For any svstem. vou have to pick
cither @ ROW or & coremn device 1o suit
vour particular needs.

The Row output character generator (Fig,
3-¢) has five output lines corresponding to a
horizontal row of dots. 1t has sivinput lines
for the ASCII "What character do we
want? " input, and three timing input lines
for the *What vertical position of dots are
we to generate?”” command. Thus, at any
instant, vou get out five dots and “undots™
corresponding to a horizontal Row of o
character.

Figure 4 shows how yvou can convert the

° £ ©
| = |
o
ASCLL
INPUT
cont | __
.
MOS ouTePyT
ROW ( - »] CHARACTER [= O ONE DOT AT
SHLECT {4 GENFRATOR A TIME
TIMING {— >}
COLUMN ((—w
SELECT ( —
TIMING ]

COLUMN CHARACTER GEN
QUTPUT SEQUENCE FOR
A T 10000001 1000000
ST (10000004
£1000000)

?

ll}J
—0

-]
-
ASCIE -
INPUT o l—o T0P
CODE
—o
o MOS QUTPUT
CHARACTER 1 COLUMN
AT A TIME

o
—0
-
GENERATOR|—o
—0
—o

BOTTOM
COLUMN |—=
SELECT { -»f
TIMING | —»d

o

FIG. 3—FOUR POSSIBLE CHARACTER GENERATORS. The top two are not commercially feasi-
able. The row-output device (¢) and column-output generator (d) are readily available and easy to

use.
VIDEO CLOCK
LOAD"* (SETS
COMMAND  VIDEO RATE)
SERIAL SHIFT REGISTER
INPUT SERIAL
L] (74165, erc..) Ooutrut
MOS RIGHT I
ASCI I CHARACTER PARALLEL
—  »| GENERATOR
R TS
(2513,
" etc...) LEFT
—
ROW SELECT *ONCE EACH CHARACTER

TIMING

FIG. —ADD A SHIFT REGISTER to a row-output character generator for high-speed compatible
video. This type of device is used in the R-E TV Typewriter.
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five outputs to serial horizontal video with
an external shift register. On a load com-
mand, the five outputs are loaded into the
shift register. The video clock then marches
things out as serial video. By picking our
load command timing just right, we sample
the character generator after all the answers
have settled. This both increases our poten-
tial video speed by a factor of five and elimi-
nates glitches and invalid answers. Note
that a data selector cannot normally be used
in place of the shift register because of these
settling and glitching problems.

A ROW output character generator is ideal
for things like TV Typewriters and video
terminal displays using television sets or TV
like devices that sweep rapidly in the hori-
zontal direction and slowly in the vertical
direction.

On the other hand. the col uMN output
character generator of Fig. 3-d has seven
output lines, corresponding to a vertical
column of dots. This time. we have our 6-bit
ASCII " What character do you want?™" in-
puts. and three "*What horizontal row
position do you want?”" inputs. By changing
the timing signals on the column inputs, we
get five sequential dot groupings of seven
dots each.

The o1 UMN output character generator
is well suited to a strip printer. where the
paper is moving past some sort of print head
(pins, thermal. hammer and ribbon. elec-
trostatic, etc. . . .) Seven dots or undots are
put down and the paper is shifted /8 of a
character horizontally and seven more dots
or undots are put down. continuing the
process five times to generate the final
character. colruMn output character
generators are also useful for advertising se-
quential displays, scoreboards. and any-
where else you want the entire height of the
character to appear at once. but want to or
at least willing to space things out horizon-
tally. They are also sometimes used on
specialized video systems with reversed
scans; they can not be used on ordinary TV
systems.

Remember. tor normal TV scans, use a
ROW output character generator. for strip
printers. other printing devices. film annota-
tion. advertising displays. etc., use a
Ccol UMN output character generator. Do not
get the two mixed up.

What's available?

Figure S lists some currently popular
MOS character generators. while Fig. 6
gives sources of manufacturers and data
sheets. The Signetics 2513 (rRow output
—TV) and 2516 (Cot uMN output—strip
printer) are often a good choice in simple
low-cost circuits. although their availability
has been rather tight recently.

What good are they?

l.et’s take a quick look. in block diagram
form. at some popular character generator
applications.

In Fig. 7. we have a single character al-
phanumeric display. This is handy for
keyboard verification. deaf communica-
tions. teaching touch typing. remote mes-
sage signalling. etc. IU's intended for use
where vou want to transmit only a single
character at a time. Input signals you need
are the ASCII character on siv lines. a
blanking signal when you want the character
to light, and power supplies. You use a
3S-dot LFD matrin display such as the

FIG. 5§ SOME TYPICAL MOS CHARACTER GENERATORS

Number Mfg.” Matrix Type
58866 AM| 5x7 Row
S$8564 AMI 5x7 Column
EA3501 EA 5x7 Row
EA3513 EA 5x7 Row
EA3701 EA 5x%7 Column
3257 FAIR 5x7 Column
3258 FAIR 5x7 Row
3260 FAIR 7x9 Column
1-2240 Gl 5x7 Row
2561 HARS  5x7 Row
MF7107 MSI 7x9 Column
MK2002 MOSK 5x7 Column
MK2302 MOSK 5x7 Row
MK?2408 MOSK 5x7 Row
MCM6571  MOT 7x9 Row
4240AA NAT 5%x7 Row
2513 SIG 5x7 Row
2516 SIG 5x7 Column
2526 SIG 7x9 Row
2526 SIG 7x9 Column
TMS2400 TI 5x7 Row
TMS4100 TI 5x7 Column
‘See Fiq. 6

FIG. 6 MANUFACTURERS OF

AMERICAN MICROSYSTEMS (AMI)
3800 Homestead Road
Santa Clara, California, 95051

ELECTRONIC ARRAYS (EA)
501 Ellis Street
Mountain View, Calif, 94040

FAIRCHILD SEMICONDUCTOR (FAIR)
313 Fairchild Drive
Mountain View, Calif, 94040

GENERAL INSTRUMENTS (Gl)
600 West John Street
Hicksville, NY, 11802

HARRIS SEMICONDUCTOR (HARS)
Box 883
Melbourne, Florida, 32901

MICROSYSTEMS INTERNATIONAL (MSI)
Box 3529 Station C
Ottawa, Canada. K1Y4J1

Power Package Notes

+5 -12 28

+5, -12 28

+10, -1i2 24

+10, —-12 24 lower case only
+10, —12 24

+5 =12 24 with counter
+5, -12 16 with counter
+5, -12 24 with lower case
+12, 12 24 needs clocks
+5, =10 24 needs clocks
+5, -9 22

+14, -14 24

+5, -12 24 dual output: counter
+5 —-1w 28 dual output

-5 24 with lower case
-12, -12 24

-5 -5 -12 24
+5, -5. -12 24

-5, -12 24 type CM3490
-5 -12 24 type CM3400
-12, =12 28
-12. -12 28

MOS CHARACTER GENERATORS

MOSTEK (MOSK)
1215 West Crosby Road
Carroliton, TX, 75006

MO TOROLA SIMICONDUCTOR (MOT)
Box 20912
Phoenix, Arizona, 85036

NATIONAL SEMICONDUCTOR (NAT)
2900 Semiconductor Drive
Santa Clara. Califorma, 95051

SIGNETICS (SIG)
811 E. Arques Avenue
Surnyvale. Calif.. 94086

TEXAS INSTRUMENTS (TI)
Box 5012
Dalias, Texas. 75222

1 KHz
OSCILLATOR
ROW
+8 GROUNDING
T
T
A XXX
ide [ [ ]
s ° ® | 35007
(Y XX LED DISPLAY
DECODER e o {MANZ, ETC)
[ ] [ ]
ROW e | @ =
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O—and
oS COLUMN
ASCI CHARACTER BRIVE
CHARACTER O__O' GEN *{ >
INPUT ROW .
O—= ouTpPUT RIGHT NV
C |
OUTPUTS
BLANKING o—f ORIVERS
INPUT =um

FIG. 7—SINGLE-CHARACTER ALPHANUMERIC
sage.

DISPLAY. You need one for each unitin the mes-
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Monsanto MAN-2 as an output. An internal
oscillator scans everything much taster than
the eye can follow. This is followed by a
divide-by-eight counter that sequentially
tells the character generator which vertical
row of dots to output. At the same time. the
counter tells o one-of-eight decoder which
bank of five LLED'S to ground. As the com-
mands to the character generator advance
down the character. the respective rows of
LED'S are abso grounded so that at any in-
stant the character generator is putting out
the right code to the proper group of five
LED's. If you ran things too slowly, the
character would start at the top and work its
wiy to the bottom, repeating over and over
again. By speeding things up faster than the
eve can follow . you see everything as nor-
mal brightness and continuously lit. Since
any one dot only gets hit one eighth of the
time. vou run things at eight times normal
brightness to miahke everything come out
even.

Figure 8 showsa TV time display that can
also be used to put the channel number or
any other short (¥ unity message on o TV or
an oscilloscope. Complete construction de-
tails will appear in the TV Revideo Unit
(Radio-Electronics. later this year). Basi-
cally. we have the character generator of
Fig. 4 (row output driving a shift register
serial video convertery, along with some
added system timing. A tour-pole (for num-
bers) or i sia-pole (for evervthing) data
selector of eight positions picks the charac-
ter vou want to display. while system timing
selects the proper line number.

In operation. the vertical sync pulse of the
TV starts off o delay for vertical position
which in tum picks the next whole horizon-
tal line and starts off 4 horizontal position
delay. A video clock of 64 counts is counted
out and then shut down, allowing five dots
and three spaces per ecach of the eight
character positions, The process repeats for
the next seven lines and then shuts down for
the rest of the active scan. Adjusting the
video clock frequency handles horizontal
size. while vertical size can be adjusted in
increments. by using one. two or three inter-
laced horizontal line pairs per character
generator address changes.

Figure 9 shows a video display similar to
the TV Typewriter {Radio-Electronics. Sep-
tember 1974). Here a MOS memory (either
RAM'S or shift registers) stores the total
number of characters to be put on the
sereen, often S12 or 10240 Six bits per
character are needed tor this bufter storage.
Note that we receive each character only
once, but that we have to get it back seven
times on seven sequential lines of each
sweep of the TV'S field. System timing ad-
vances the characters and the “What line is
it commands in the proper sequence put
down one part of a row of characters one
scan and then put down the part im-
mediately below on the next scan. and so
on.

Note that you can't arbitrarily increase
the number of characters per line without
something giving somew here, particubarly it
you are using an unmodified television set.
The two things that get to you are the set-
thing and access time of the chuaracter
generator and the bandwidth of the TV in
use. Let's look at some numbers.

Overscan on many stock TV sets s en-
treme. so it's not unreasonable to allow
one-halt of our active scan for retrace and
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FIG. 8—TV TIME OR CHANNEL DISPLAY uses a character generator, shift register and system
timing. A construction articie on a device of this type will appear later this year.

o
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IF SHIFT REGISTERS
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FIG. 9—VIDEO DISPLAY as used in a TV typewriter or a computer terminal. Details on a do-it-
yourself video display with keyboard input appeared in September 1973.

positioning. Less than this, and you will al-
most certainly get into corner problems at
the beginning and end of the message. Sup-
pose we use normal TV scanning standards
with an interlaced horizontal frequency of
15.750 Hz. This gives us 634 us of scan
time. Cut this in half for an active scan time
of 31.7 . To ease the math. call this 32 ps.
Suppose we have 32 characters per line. [t
takes us 1 s per character, so the SO0 us or
SO access time of the 2513 generator leaves
us with lots of daylight. No problem here.
Now, what about the video bandwidth?
We have five active dots, but we can’t put
the characters beside each other. Suppose
we sanve two dots for spacing. This means
there are seven dots in | ps. or a video
clocking rate of 7 MH/z. With a few crude
approximations. a data rate of 7 MH/ equals
a video rate of one half this or 3.5 MH/.
Now. the video frequency response of o
television setis 4.5 MH/ tor black and white
and 6 MH/ tor color. o this is no problem.
right! WRONG. Those are the /.
handwidths! A black and white set must re-
ject the 4.5-MH/ sound subcarrier in its

video. so the best we can hope tor is about a
3.5-MH/ bandwidth. Colorvideo bandwidth
is even LESS. for it has to reject a
3.58-MH 7 color subgcarrier. leaving us only
with & 2.5 MH7 or so bandwidth. Thus. at
32 characters per line. we can brightly dis-
play a black and white image but can only do
a color image at somew hat reduced con-
trast.

But. the computer people use 72 or K0
characters per line. How do they do it?
Very simply. by modifying the TV set for
direct video entry and extreme bandwidth.
An RO-character system takes i bandwidth
of R32nds of 3.5 MH/z or 8.75 MH/. This
is why there are very few color displays of
long line width. Note that at 72 or 80 charac-
ters per second. you are also at the imit of
the character generator access time and
have to be extremely caretul with system
timing.

What all these numbers are trying to say is
that it’s real hard 10 put more than 32 or 40
characters per line on an unmaodified TV,
particularly a color one. More than this.and
you have to do some moditying. R-E



FIRST STARTHFD RUNNING THE

WHEN Wi
Synthesizer o few months ago (see Reter
ences). we ashed tor reader comments and
suggestions, more to see il anyone was lis-
tening than anvthing else. A number of peo
ple were hstening and were kind enough to
write with suggestions for new modules
some ol which will appear in later parts of
this seres

I'tis month we’ll take a look at o module
that will strengthen what some people con
sidered a weak pointan the original design of
the VCO-—luck of i sinewave output—and
at the same time. add a useful capability that
isnt even available on most ot the high
priced commercial gear: a pulse output with
a voltage controllable duty facton

At the heart of the Sine Converter/ Pulse
Width Modulator is one of the new quad
current differencing National Semicondue
tor amphifier 1C packages. These amplitiers
have been pretty throughly covered in the
technical and hobby press over the last tev
months. so we won’t go into the operating
principle of the 1C. We'll simplv treat it as a
little chunk of plastic that contains tour rela
tively high-gain amplitier bloeks

When a triangular wavetorm is applied to
the input of the module. it is butfered and
implified by the first of the gain blocks in
the packige betore heing applied 10 the
PWAL (pulse-width modulator) and sine
shaping ¢ircuitry. The trimmer in the input
of this first stage (R32. Fig. 1) allows the
gain of the stage to be varied to compensate
tor level differences in the signal source

The pulse-width modulator is essentially
summing comparator built around the se¢
ond amplifier in the package. The current
produced by the voltage appearing across
R20—which is the triangular output of the
first amplifier—is added 10 the sum of the
currents produced hy the control voltages
that appear across R21. R22 and R23. The
total current flow into the inverting input is
compared 1o the reference current Nowing
into the non-inverting input through R25. As
long s the reference current is greater than
the total current fowing into the inverting
input. the output of the amplitier stays high
Resistor values are selected so that the cur-
rent into the inverting input exceeds the re
terence current for a small part of each cycle

BUILD

ol the triangle input. This causes the output
te switch low. thereby producing a very na
raw pulse for zero control voltage. As the
control voltages across R21. R22, und R23
begin to rise. the total current into the in
verting input ot the amplitier increases
causing progressively lower points on the
triangle to switch the comparator. The net
result s i pulse whose width is proportional
ter increases in control voltage

As the comparator switches on and of1. 1t
in turn. switches the third amplitier in the
raachage which inverts the pulse and squares
up the rise and tall times. T he diodes D6:nd
137 serve the dual purpose ol clamping the

TO PiIN 14 IC1
R29 +
270

+18BV

a VEW music
synthesizer

module

You asked for it! An add-on module to provide
sine-wave output and a pulse generator with a
voltage-variable duty cycle.

by JOHN S. SIMONTON, JR.

outputs at about 1| volt. thereby restricting
the muximum rise and consequently lessen.
ing any slew rate problems. as well as pro-
viding biasing current to the inverting inputs
of the amplitiers at times that they would
otherwise be reverse-biased. (One of the lit
tle goodies that the manutacturers of these
1C s tail to mention in their hiterature is that
i any of the inverting inputs are allowed to
reverse-bias. it fouls up the biasing of the
other amplifiers in the package and causes
ghisches to appear in other outputs.)
Except for biasing requirements peculia
to the Norton circuitry the sine shaper is
classic textbook non-linear teedback type

R1 R10
8 R6 < R4 :,R? :’18 :, R8 ‘
> 39K 9 10K o8 2680k
T MEG + C1
5 = Vb
PIN 7 1C1 T j - 1lgv
R31 * >t
GND 2.2K D4
[ ]
1 L L D3 RIS D5 (&)
= =5 s 680K & |
R32 R? > R9S
50K  6BOK 1
R12
J 39K ®+|
c?
2.2/6V
Vb

VI;O——'—-WV—_——

1C1 1S LM3900
D1-D7 ARE IN914°'S

FIG. 1—SCHEMATIC OF THE SINE CONVERTER—PULSE WIDTH MODULATOR.




with diode break points in the feedback loop
of the amplifier. Here we approximate a
sine-wiave with a series of straight line seg-
ments as shown in Fig. 20 Assume for a
moment that we begin watching the sine
conmverter at a point in time when the trian-
gular output of the first amiplifier is ramping
down from the mid-point of the wavetorm.
At the mid-point of the waveform. all the
diodes in the sine comverter (D1-DS)y are

——-—-IDEAL
ACTUAL

g B\s 2720-14A

reversed-biased so that the only clement in
the lfeedback loopis R17. This resistor alone
determines the gain of the stage and conse-
quenth the rate at which the output voltage
of the amplifier increases. This corresponds
to line segment |in Fig. 2.

Exentually the output voltage reaches the
point at which it is greater than the voltage
at the junction of the voltage divider consist-
ing of R6 and R7. At this point. diode DI
torward-biases and parallels R7 with R17.
resulting in lower gain and o new line seg-
ment (segment 23 As the output voltage in-
creases further. it eventually reaches the
point at which D2 is forward-biased.
thereby paralleling RS with R7 and R17 and
resulting in line segment 3. Finally, D3
forward-biuses. adding R3 to the parallel
network resulting in the smallest sloped
segment. 4. The end of segment 4 corres-
ponds to the highest point on the inpur
wavetorm.

On the wuy back down, the diodes ure
progressively reverse-biased. resulting in
the reverse sequence of line segments. As
the signal passes through the mid-point and
heads lTower. D4 and DS sequentiatly
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FIG. 3 (left)—FULL-SIZE PATTERNS for the triangle/sinewave converter and variable pulse-width
modulator. Keep all parts on one board if you have the room behind your panel. Otherwise, cut the
board as indicated. FIG. 4 (right)Y—HOW PARTS ARE POSITICNED on boards.
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forward-bias, resulting in line segments §
and 6 respectively. Ordinarily there would
be a seventh breakpoint. but since the hot-
tom corner of the triangle produced by our
VOO is rounded anyway. it is unnecessary
in this application.

Assembly

Exen though all the active devices are
contained in the single integrated circuit
package. there is still a lot going on in this
circuit and the external resistors and diodes
required consume some space. If you're not
following our modular construction techni-
que. any method of construction may be
used. In the prototype. a standard single
width module (2 x 4V2-inch panel) was indi-
cated by the input and output jacks. but to
fit all of the parts behind this relatively small
panel. it was necessary to place the diode
breakpoint components on a small auxiliary
circuit board mounted above the main
board.

Except for the double circuit board ap-
proach. assembly is the same as with any
other project. Boards may be etched at
home. using the full-size patterns shown in
Fig. 3. or are available commercially. Parts
plkicement is shown in Fig. 4. Notice in
particular that input resistor R12 is not
mounted on the circuit board. but rather
connects between point H on the board
and the hot side of the input jack (J1) on the
front panel.

Watch your soldering temperatures on the
1C und all the diodes: as with any semicon-
ductor. over-temping can knock them out.
When installing the 1€, also be particularly
careful about the orientation of the package
as iUs installed. Putting this device in the
circuit backwards will reverse the power

PARTS LIST

CIl—10 pF, 15 V, electrolytic

C2. C3. Ca, C6, C7—2.2 yF. 10V, electrolytic
C5—100 uF. 15V, electrolytic

D1-D7—1N914

IC1—LM3900 quad current dif. amp.

R1—6800 ohms

R2. R16, R18, R25—10.000 ohms

R3—47.000 ohms

R4, R12—39,000 ohms

R5, R9, R15—150.000 ohms

R6—330.000 ohms

R7. R8. R11, R13, R14—680.000 ohms
R10—1.8 meg ohms

R17—220.000 ohms

R19—680 ohms

R20—27.000 ohms

R21, R22, R23—33.000 ohms

R24—56,000 ohms

R26—330 ohms

R27. R28—1000 ohms

R29—270 ohms

R30. R31—2200 ohms

All above resistors V2-watt, 10%

R32—50.000 ohms, trnmmer pot

R33—10.000 ohms. trimmer pot

Misc: Circuit boards, front panel, wire, "L"
brackets (2). 4-40 x Ya-inch screws and nuts (4),
No. 4 x Ya spacer, 4-40 x 1-inch screw, miniature
phone jacks (3). etc,

The following is available from PAIA Elec-
tronics, Inc., P. O. Box 14359, Oklahoma City,
OK 73114:

Circuit Board only

No. 2720-14pc ~ $4.00 /set postpaid
Complete kit
No. 2720 $16.95 postpaid

References, Electronic Music Synthesizer
Purt 1—Build a Modular Electronic Music Synth-
esizer. May, 1973, p. 38
Part 11—Buwld the Control Electronics. June.
1973, page 56
Part 1 H—Details of Keyboard Construction. July,
1973, p. 46
Part IV —More Synthesizer Modules. Sept.. 1973,

p. §3
Using the Synthesizer. Oct., 1973, p. 60




connections to the pachage and will most
hikely result in smoke the first time the
power is applicd. When all the circuit board
wiring is complete, solder in place wires
long enough to reach from the varons input
and output points on the board to the front
panel connections before proceeding with
mechanical assembly.

I'he smuller board is mounted above the
larger board with a 4-40 bolt and 7s-nch
spacer. When wiring these two boards to-
gether. you will be better oft routing the four
wires over the rear edge of the smaller board
and then across the larger board to the
proper connection pomnts, as indicated in
Fig. 5. With all the wiring going over one
cdge. servicing is simply a4 matter ot~ fold
ing"" the board off: but with wires going over

second bias souree on the power supply can
be used 1o apply o constant voltage to the
A CO corresponding to about middle €
(.25 for a property cahbrated VOCO).

Tum the adjusting disk of the “pulse™
trimmer (R3) fully counterclockwise.
I here shoukd be no sound from the module
at this point. Slowly advance R32 unul you
first hear the tamiliar whine of 4 narrow
pulse wineform. then stop.

Disconnect the amplifier from the pulse
output of the module and re-connect it to the
smewas e output. Y ou should hear a tone at
this output. and as the “sme’” trimmer R33
v tumed. the timbre of the tone should
change. Some pomnt in the rotation of this
trimmer ~hould produce a tone that is
noticeably more mellow than other settings.
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FIG. 5~ THE CONNECTIONS BETWEEN main and au:ilizrj bga_rds. a_m‘:!_t'g_l_ro.nlga-ngl_.-

two edges. the smaller bourd becomes cap-
tive and can’t be removed without unsolder-
ing.

The front panel can be made from any
comvenient naterial (chrome-plated  steel
with screen printed designations in the pro-
toty pe) and is fastened to the circint board
with small **t * " brackets and 4-40 hardware.

Testing and calibration

It an oscittoscope is available. yon can
use it to take a look at the various
wavetorms s testing and calibration pro-
gresses. but 1tU's not necessary. the only
equipment vou really need is 4 VOM. the
VOO that you're going to use the module
with. and an amplitier.

Connect a power source to the connee-
tions on the rear edge of the circuit board:
t4 T o - 18V and ground to ground. The
svathesizer poswer supply described in an
sarlier article is. of course. designed for this.
but any power source. including a couple of
9-volt batteries. will do. bumper the output
of the triangle source to the input juck of the
module and jumper the pulse output to the
high (line) level input of w hi-fi or musical
instrument amplifier.

Turn on the power and. this first ime out.
allow & couple of minutes to stabilize volt-
ages. re-form any electrolytics that may
hine been stored for some time. Ground
one of the Sine PWM module’s control
voltage inputs by connecting it to the 0 10
S-v bias supply pin jack on the synthesizer
power supply and turning the bias source
control knob fully counterclochwise. The

- - -

s B

FIG. 6—TRIMMER TOO FAR CLOCKWISE.

FIG. 7—NOT FAR ENOUGH CLOCKWISE.

I . - N
FIG. 8—CORRECT TRIMMER SETTING.

It anoscilloscope is available. itcan be used
to contirm that this setting produces the best
sinewave. Figures 60 7 and 8 show oscillo-
scope traces corresponding (o the sine
trimmer being set too far counterclockwise.
o far clockwise. and correctly .

Sctting the sinewine symmetry may have
caused the pulse output to change slightly .
s once again connect the pulse output jack
to the input of the amplitier. Rotate the
Cpulse” trimmer R32 counterclochwise
untii the pulse output stops Gf it hasn’t al-
reacy b then advance the controb until the
pulse can once again just be heard.

Increase the control voltage slowlhy to
aboat S0 oand observe that as the control
voltage increases. the sound becomes pro-
ressively more full.”” A scope may be used
to verify that increasing control voltages in-
crease the width of the pulse and that the
duty factor of the pulse reaches SO (square
ware) when the control voltage is at § (=
107 ). Similarly. test the other two control
voltage control inputs.

As i final teste return the control voltage
to ground and listen to the pulse output as
the frequency of the VOO is varied over its
entire range. I at any frequency the sound
of the pulse drops out. advance the ““pulse™
trimmer slightly until the sound returns.

Operation

YWhen using the Sine Converter PWM
maedule. simply think of it as part of
the VCO—cypanding the versatlity of an al-
ready present waneform (pulse) and adding
a waneform not previoushy available (sine).

After playing with this module tor a while.
yvou may come to feel that i sinewiave is not
one of the biggie waveforms in electronic
music. but it n the only pure tone (it you
want to look at it that way) and the sinewane
is the basic building block of all sounds. The
problem. more than anything. is that it's too
basic.

Only a couple of natural instruments
come even close to producing a sinusoid.
The flute is one. and Fig. Y shows a connee-
tion using our synthesizer to produce a tlute
saund. Attack and decay times of the funce-
tion generator should be set moderately
short o properly simulate the enmvelope of
nutural instrument. Using the controller
step output to trigger the function generator
provides for sustain as long as a key is held
down.

Bass. conga. bongo. tom-tom: any drum
that doesn’t have provisions for snare pro-
duces a damped sinusoid. By using the sume
connection that produced the flute. we can
also produce drum sounds. The difference
will be in the function generator: tor drum
sounds. we need the shortest possible attack
and o moderate decay. Whereas the step
output of the controller was used for the
flute. the proper trigger for drums will be the
putlse.

Pulse

There's certainly nothing basic about a
rectangutar pulse train. and a rectangulas
pulse train with varying duty factor is about
as far from being basic as a synthesizer is
from a nose flute.

Probably the first thing you learned after
vou got through building one-transistor
radios was that a squire wasve contains only
add-order harmonics. You may have even
learned that the harmonic structure ol 4
square wave is such that the relative am-
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plitude of any given harmonic s the recip-
rocal of its order number—the third har-
monic s | 3 the magnitude of the tundamen-
tul. the fitthis 1 3. sevenths H 7. and so on.
Fhen, like the rest of us. you probably got in
the sloppy habit of calling any repeating rec-
tangular prlse G o sguare wanve. and from
there yvou really got touled up by thinking
that any rectanguku pulse train contins
only odd harmonics. Not so.

Farst of all. as the duty factor of arectan-
gular pulse traan decreases below 300 it no

FIG. 9—~CONNECTING THE SYNTHESIZER TO PRODUCE A FLUTE SOUND.
By changing the attack and decay times drum sounds can also be produced.

TABLE 1

d.f.

50% 33% 25% 20% 10%
harm
fund 1 1 1 1 1
2nd — 5 7 .81 .95
3rd 33 — .33 54 .87
4th — .25 — 25 77
S5th .20 .20 .20 — 65
6th — — .24 A7 51
7th 14 14 14 -.23 .37
8th — A2 — .20 24
9th BRI — 1 RA 1
10tn — 10 14 — —

Harmonic amplitude for selected duty factor pulses.
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longer contains onhy odd harmonices. In lict.
wostring of rectanguliar pulses with o duty
Lactor of 23 (Ta) has a nutl in oS spectrum
at the fourth harmonice and all integral multi-
ples of the fourth harmonic (Rth. 12th, 16th.
etea. A 200 (F S duty factor rectangular
pulse train nulls at the Gitth harmonic and alt
integral multiples of the fitth harmonic.
Simitarly ca b 1O duty factor nulls at the 10th
harmonic and o 1100 docesn’t null ull the
100th harmonic.

While all of these interesting things are
happening to the nulled harmomes, an
equally interesting thing is happening to the
relativ e amphitudes of the harmonics that are
present—they re tlattening out. Whereas
the first three harmonics of a 254 duty lae-
tor rectangular was eform hanve relative am-
phitirdes of 100071 and 033 respectively:
the first three harmonics of o ¥, duty fie-
tor rectangular pulse trian are 100093 and
OR7. For the tolks that find joy in such
things, the first ten harmonics of avariety of
selected duty factor rectangular pulse trains
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FIG. 10—CONNECTIONS FOR CHANGING PULSE DUTY FACTOR CYCLICLY.

are Jisted in Fable FEhis list doesn’t prove
iwwhole Jot, butit was prepared by g compu-
ter. soat must be worth something.

What we have shown. though, is that
while the square wine is generalhy consid-
cred to be o harmonic-rich winetorm, a
simple thing like reducing its duty factor
nuhes it richer sutl. This s i handy thing to
remember when you're working with band-
patss filterssand it's naturathy the reason that
atilter swept over a narron pulse produces
amuch more striking sound than sweeping o
broad pulse.

Youre probably going to pet very excited
the first ime you use an arrangement such
as that i . 10 1o eyvelicly vary the duty
fuctor of the pubse. This connection pro-
duces i very distinctive “phasmg™ type
sound. The reason for this s more
mathematical than would be interesting
here, but quahtatively it has 10 do with there
bemg two sinewaves going in and out of
phise for cach harmonic. I the two sines
are exactly in phase. the harmonic is at man-
imum. and if they re out of phase. the har-
monic nulls. As we said you realty hine to
see the math to belicve it—unless. of
course, you're listening to it,

One more point reatly needs 1o be men-
tioned betore you're turned Joose on your
onn. You will notice that in all these discus-
sions about pulse duty fictors, never once
have we gone above 3040 That's because
there is reciprocity of duty factors that are

equial increments above and below S04 In
other words, o 304 duty tactor sounds the
same as 600 280 the same as 78 and so
on. Thisis the reason that the duaty factor for
our maninum system standard controt yvolt-
age of Svolts is 800 rather than 100 it tor
somie reason you decide that you absohutely
must hine 1007 duty tactor fora 3-volt con-
trobanput. your can alway s apphy the 3 volis
to two of the control voltage input jucks at
the same time. Don’t forget the imphicit
power of controb voltage summation.

As a inal demonstration of both reciproc-
ity of duty factors amd controb vohtage sum-
mation. let’s suppose that you're designing a
sound that requires the duty Tactor of the
pulse to decrease as the control tunction 1o
one of the other modules (VCA would be
common) s increasing. Your first impulse
might be 1o use some form of inverter o
chunge the positive-going control voltage to
d negative-poing one. Fhat’s one way . but o
better way woukd be to sive the inverter tor
a place where vou realhy need it and simply
put i constant 3 volts ito one of the PWM
control voltage inputs while applying the
function to one of the other controb inputs.,
Here you're starting with o duty factor of
S and increasing it close to 10, s the
function increases. Since your car is anable
to tel whether a duty factor is increasing or
decreasing from 30¢, the effect is the same
as starting with a broad pulse and going o i
ndron one. R-E




PLUG-IN “REFRIGERATOR
ANALYZER”

by JACK DARR
SERVICE EDITOR

GENERAL ELECTRIC'S MAJOR APPLI-
ance Divi has come up with a real
time-saver for refrigerator technicians.
**Plug-in test adapters’’ have been used
by electronics technicians for a long
time. The best-known are the little
socket test adapters, plugged into tube
sockets, with the tube in a socket on

appliance clinic

top. This makes all terminals easily ac-
cessible for measurement. in normal
operation.

General FElectric’s ""R-E-D"" test
unit (Rapid Electrical Diagnosis) is a
very simple but very usetul device. It's
just a little *“jack-box.”" with switches,
a pilot light, and a pair of cables with
9-pin Molex connectors. All of the late
model GE refrigerators are equipped
with a plug-socket combination in the
main control wiring cable. This is
brought out to the front of the cabinet,
at the bottom. These are separated.
and the R-E-D tester plugged in. This
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“*fans out’’ the entire electrical cir-
cuitry of the refrigerator. Each lead is
brought out to one of the pin jacks,
numbered to correspond to the plug
terminals. In this condition, all circuits
are open.

A pilot light on the panel shows
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whether ac power is getting to the unit
or not. Power should be turned oft. by
turning the temperature control oft. be-
fore the R-E-D unit is plugged in. 11 the
light doesn’t light. the house fuse may
be open. there may be a loose lead in
the cable. or the line plug may have
been pulled from the outlet. The hine
voltage can be read at ternminals 3 and 4.
A schematic of the test unitis in Fig. |
At the bottom of the panel (sce
photograph). a dpst switch has its four
terminals brought out to test leads with
pin plugs. By plugging these into the
jacks. any switch contact in the entire
refrigerator can be tested. For exam-
ple. 1t the compressor won't run,

the
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FIG. 1—SCHEMATIC of G-E refrigerator
analyzer.

THE REFRIGERATORANALYZER checks the refrigerator’s controls and components through con-
nectors behind a bottom—{ront panel. Test leads are for ohmmeter resistance checks.

switchis connected to No. Yand No. 7
Both switches are pushed: il the com-
pressor is OK. it will run. The upper
switch applies the ac power

It the compressor does not run. the
motor windings are tested by reading
their resistance across the proper
jacks. These can be instantly identitied
by checking the service manual. Figure
2 is a schematic of a tvpical re
frigerator. Alongside 1t are the various
parts. showing the pin numbers used in
the cable. These correspond to the
numbering on the R-E-D unit panel

Ohmmeter tests can be made on
switch contacts. thermostats. motor
windings. heating elements. and elec-
tric valve solenoids. The normal resis-
tance of each will be shown in the ser-
vice manual. Just to make assurance
doublyv sure. a test resistor of HH) ohms
is included in the R-F-D) unit. across
the two jucks seen at the bottom of the
panel. These are marked METER TEST.

lhis unit can save a great deal of
58

time. especially in making accurate
tests of units that would otherwise take
a lot of ime and disassembly to get at.
Deirost thermostats, heating elements.
and many others are hard to locate.
Y ou ¢an operate most of them by con-
necting the lower switch into the cir-
cuits: defrost heaters. and such things.
can be turned on and off. and checked.
without having to wait until the box has
cooled down or warmed up enough to
mike them tum on normally.

This unit will check everything ex-
cept the little hight inside the boa!
However. it you have a very small
helper. this is easy. lust shut him up
inside the box. and he can tell. Other-
wise follow standard service proce-
dures (Take the old bulb out and putin
a new one. Complicated. eh?). A real
time-saver. and well worth the nominal
Ccosl

Thanks to GE's Major Appliance
Division for the data. and to Robinair
Mig. Co. for the photo. R-E

| ordinary *'normal™

i EQUIPME NT REPORT

(continued from page 26)

The powerline is stepped down by a trans-
tormer and is rectified and filtered to 6 volts
dc. which is fed in place of the battery pack.
As far as the recorder is concerned it can’t
distinguish between the battery and ac
power source. In this manner the
TC-152SD’s performance remains hi-fi re-
gardless of the power source.

Performance plus

The himiting amplifier cuts in cleanly only
when record levels atiempt to exceed the
meter indicated +3 VU (or dB). which rep-
resents approximale tape saturation. In a
typical field application where the operator
is too busy 1o keep track of the record level.
the limiter protects against excessive distor-
tion caused by sudden high sound levels.

Two typical applications illustrate the
Sony's notably good performance. In the
first instance we lested the machine using
tape — TDK-SD. with-
out the Dolby tor noise reduction. In the
second instance we checked the machine’s
total hi-tfi capacity by using Memorex
chromdioxide tape with the Dolby active.

The overall record/play frequency re-
sponse from the non-Dolby TDK-SD tape
measured + /-3 dB from 32to |t kHz witha
S0 JdB signal to noise ratio referenced to the
0-VU record level. The distortion at 0-VU
record level was 1.3% THD. with about 3
dB headroom to tape saturation.

Using the chromium-dioxide tape with the
Dolby active. the record/play frequency re-
sponse measured =3 dB from 32 10 15 kHz
with a Dolbyized signal to noise ratio of 60
dB narrow-bandwidth. Distortion at the
meter indicated 0-VU record level was 2.5%
THD.

Ot special note. the wow and flutter
tfrom batteries. yet — was 0.18% .

In short. the overall performance of the
TC-152SD. using either ac or battery power
source. is what we eapect to find the highest
quality cassclte recorders — those specifi-
cally touted as "“high fidelity models™’
While the term breakihrough has been so
misused we tend 1o distrust its application (o
electronic equipments. the battery-powered
pertormance of the TC-152SD is a true
breakthrough in every sense of its meaning.
for until the TC-152SD there just wasn't any
portable casserte of true high-fidelity quality
or performance.

The Sony TC-152S D) includes a set of bat-
teries. ac power cord. line output connect-
ing cords and a detachable shoulder strap.
Optional equipment includes microphone. a

miver. rechargeable batiery pack. car bat-
terv ¢cord and a carrying case. R-E
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GUITAR PREAMP

(continued from page 43)

the same function for the ac outlet located
on the bottom panel of the preamp.

Fuse: The fuse holder located on the front
of the preamp fuses both the preamp’s
power transformer as well as whatever is
connected to the ac outlet located on the
bottom panel of the preamp. This means
that it a power wnplifier is plugged into the
ac outlet on the bottom panel, the fuse must
be large enough to handle both the preamp’s
current (about 0.25 A) and the power
amplifier’s current which is dependent upon
which power amplifier is used. A 3 A stan-
dard fuse has been specified for the preamp
which is sufticient for most power amplifiers
and should not be increased beyond the rat-
ing of the power switch.

Output: Two output jacks are provided on
the unit. One is on the front panel while the
other is on the bottom. They may be used to
drive more than one power amplifier as long
as the paralleled load is no less than SK.

T'he guitar preamp has been designed as
an independent unit and should work welt
with any power amplifier that does not re-
quire more than 2 volts rms for full output.
Since the preamp has been puckuged by it-
self, | reccommend that you mount the power
amplitier in the speaker cabinet or place it
somewhere between the preamp and
speaker. Do not place the preamp and
power amplifier one on top of cach other or
side by side without first checking tor in-
creased hum pickup. The large power trans-
former on power amplifiers radiate 60-H/
hum that will be picked up and amplified if
placed too close to the preamp.

If desired. a set of the long reverb springs
can be mounted on the lower shelf of the
preamp cabinet. Keep the springs as close to
the lef side of the cabinet as possible. There
are two ¥2"" holes in the bottom panel of the
chassis through which the wires can pass.

than the twisted pair used on the springs in-
side the chassis.

When connecting the output of the
preamp to the input of the power amplifier.
be sure to use high-quality shielded cable.
This is especially important if the connect-
ing cable is more than a tew feet in length.
Of course. shielded cable must also be used
between the instrument and the input to the
preamp.

To minimize hum pickup and string pop-
ping. the unit is provided with a center-off
line reversing switch. Operate the unitin the
position which produces the least noise.
Note also that you can receive an electrical
shock by touching anything connected to the
unit's chassis ground while either standing on
or coming into contact with any well
grounded surface if the ac reversing switch is
in the high-hum/high-noise position.

When using the preamp. try to avoid mah-
ing volume corrections with the guitar’s
volume control. [t is best to operate your
guitar with its volume control wide open and
to use the volume control on the preamp to
set the actual output level. If your guitar has
a very high output. it may be necessary to
use the B input to keep from overdriving the
input of the preamplitier.

How it works

The guitar output is fed into either input A
or B with the B input providing about a 9-dB
cut in the input signal level. The signal is
amplitied by 1C2-a at a gain dependent upon
the drain-to-source resistance of ficld etfect
transistor Q3. Trimmer resistor R17 sets
Q3's de gate bias through 1C1-b tor a drain-
to-source resistance of about IK. 1C - is
the phase-shitt osciltator used in the tremolo
circuit, Its output is summed along with part
of the drain signal from transistor Q3 in
1C 1-b which in turn drives the gate of Q3.

The tremolo circuit varies the drain-to-
source resistance of Q3 and thus causes the
gain of input amplifier 1C2-a to vary with the

creating the tremolo effect. The teedback
connection of {C 1-b to the drain of P ET Q3
helps to eliminate the distortion generally
encountered in FET voltage variable resis-
tor circuits of this type. The output of 1€ 2-4
feeds the inputs of the low- and high-pass
active filters composed of 1C3-4 and 1C2-b
respectively.

THE 1OW MIDDIL control R4 and Hion
MIDDLE control RS set the passbands tor
cuch of the two filter circuits while the out-
puts of the filters are then summed in pro-
portions determined by EMpHASIS control
R2 and amplified by 1C3-b. The circuitry
between the output of 1C3-b and the input of
1C4-2 is o conventional passive bass and
treble-boost circuit with Bass control R3
and TREBLE control R6 setting the boost
anywhere from zero to around 20 dB. Am-
plitier 1C4-u makes up tor the signal attenua-
tion n the tone control circuit and drives
vou LMe control R1L Part of the signal from
the wiper of the v o1 vMe control is then fed
to the output of summing amplifier 1CS-b,
while the other part is fed to reverb driver
amplifier 1C4-b. Amplifier 1CS-a boosts the
delayed output from the reverb springs
which is also fed to output summing amp-
lifier 1CS-b, after passing through the
REVERB level control RY. Resistor R47 and
capacitor €25 protect the output of the
preamp should anything other than a power
ampiifier input ever be plugged into it [twill
also help protect the power amplifier should
the preamp fail.

The power supply for the circuit consists
of 4 conventional full-wave rectifier that
provides both a positive and negative 15
volts with respect to ground. Power line re-
versing switch ST and capacitor €32 help
presenta pop when the power switch s flip-
ped to the off position. Transistors Q1 and
Q2 are used as series regulator transistors
while Zener diodes DS and D6 limit the out-
put of ICS, as well as help reduce turn-on
and turn-off transients generated in the early

Use shielded cable on these wires rather frequency of the tremolo oscillator. thus stages of the preamp. R-E

POWER SUPPLY SPLITTER ( _

FOR DUAL VOLTAGES 2 3 2

When working with linear [C's you 3 7152 260uF L+
usuilly need a power supply that deliv- $4.42K Q2 Q3 xv T
ers equal positive and negative volt- g% 6.8k ¢ 2NII321 2NII32
ages. This circuit solves the dual- L %2 4719 5 20 VDC
supply problem. It is a splitter that op- 68K ¢ > 2w
erates with inputs ranging from 10 1o 40 %2
volts dc. When balanced. the output Q4
ranges from + and — S volts to + and — Cl €2 2N2192 | com
20 volts. One-percent resistors are in- ‘O‘APN\;B-?J 25K & > DUAL EB:’ 1 o<
dicated on the diagram. You may use < L
the nearest 5% values shown in the 3] £2 -
table. o { A{:f a5

To calibrate the output. connect two v
equal resistors in series across the plus 2N2060 1.27K 1: 4 Sl §-20 VDC
and minus output and then connect a $ 4.42K %9 250uF ¥
tvm or similar meter between their % | 25V
junction and the common terminal. 4420(1; 32,05k 479
This torms a bridge nulling curcuit. Ad- R % w )
just the 2.5K pot for zero volts on the e y —0
meter.

The splitter handles the difference 1% 5% NOTE: QL%D;ESS?SB,%%'SUF/?\SS‘
current between the plus and minus 4.42K UNLESS OTHERWISE NOTED.
loads so current through Q4 and ()5' i~ 127k | 12K
fairly low. When unbalanced operation |l E1
is required. one of the output transis- - g
tors carries more current than the A || ey 2N2060 cilo  o)E?
other. Good heatsinking is required. 6.8K | 6.8K 0O
—Polv-Paks Engincering Department 24K | 24K © = B2
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Step-by-step
TV Troubleshooters Guide

The absence of a raster on a color TV set can be caused by several
circuit defects. Use this logical approach to quick and easy servicing.

b YOU TURN v (COLOR IV ON,
and see no raster at all, you naturally
think first ot a loss of the high voltage.
Uhis is right: this /v the most conmion
catise of a loss of raster. There are
others: aren’t there always? Suppose
vou cheek tor high voltage. and find it
is normal. but there is no raster at all,
Or: the high voltage comes up. and
then the raster shrinks (or blooms)
dims. and goes out. What doyou do? |s
this really o high-voltage supph
problem. or something clse? The right
tests will show you.

How it works

The picture” inall color TV sets.is
actually rvo pictures, One is black and
white. the other colors. The signal is
separated. then recombined in o matrin
twhich just means ““miner™ ) betore it is
lfed to the picture tube. tn the original
circuit. these signals go through com-
pletely different paths. The mining is
done in the picture tube gtself. Black
and white (video. for shorn goes to the
ciathodes. and colors to the grids. Fyen
in the laier RGBT circuits, where all
signals are fed to the cathodes: the two
are separiated first. and then matrined
in the combined color/video amphifiers.

It vou have a very good black and
white picture. no color at all. the trou-
ble must bie in o cirenit which handles
only color signals. H the picture is pale.
weak, and odd-tooking. you've fost the
video and are seeing only the colors,
Gio to the video amplifier circuits: one
or the other will be open: the signal
path is broken.

Both video and color amplifier cir-
cuits are directly coupled to the picture
tube cathodes and grids: <o, they con-
trol the de bias on the picture tube.
There are troubles which can cause a
complete loss of the ravier, these can
lead you to a talse conclusion ot high-
voltage trouble. H the high voltage s
normal. high or gquite fos. this can be
due to some problem in the picture tube
bias circuitry ! In this article, we aren’t
going to deal with any signal problems:
this is strictly about the Jc voliages at
the pictiire tube base. and their effect
on the high voltage.
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Why is this? Simple. The high-
voltage supply in the ty pical color TV
set. has i limited output. Fis manimum
current capabilits will be only o few
milli-conperes. Normal maximum bheam
current lor the picture tube is about
F300u A for all three guns. It the picture
tube s biased into excessive condue-
tion. the high-voltage supph can be o
hadly overloaded that the voltage drops
drastically . or even disappears com-
pletely ! Fhat's one.

You can have an exactly opposite
bias problem. of course. tn this case.
the tube will be biased fur beyond
ctoft. so that no beam current can
flow . This. too will black out the raster.
I he one thing that will help more than
anvthing clse. in such cases, is 1o re-
member that big and comples as it is.
the picture tube is Stll just o big, fat
vactan tube, and <o obeys all of the
laws that govern every vacuum tube.

Justfor a brush-up. let’s see ones we
need. One. grid voltage. I the grid vol-
tage of a tube is made far more negative
than 1t should be. with respect to the
ciathode. the plate current will be cut
oft. CAIways remember that this “grid
voltage™ means de voltage with re-
spect to the tibe’s own cathode™ . Fhe
voltage Lo ground is not important: it is
the difference between grid and cathode
that counts.y

Iwo: in this circuit. af the cathode
voltace is made far too positive, this
meuns that the grid is too far negative.
Here. borh voltages are variable, ft's
sull only the dilference between the
two that counts.

Figure | shows ity pical circuit. with
de voltages close to those you'lt find in
color TV sets. Cathodes around  + 300
volts, controf grids around « 200 v olts.
Grids are thus =100 volts 1o the
cathodes. This sounds like a high nega-
tive voltage. but remember that 25,000
volts plate voltage™!

I'hese devoltages are the ones found
on the schematic. They ‘re taken with
the brightness control set for an
average-brightness raster. The actual
cutoft voltage of this tube depends on
the setting of the thiree sereen grid con-
trols. The higher the sereen voltage.

the more negative voltage will be
needed to cot off the beam current.
Average sereen voltage will be around
+ 600-700 v olts.

Double variations.

This circuit /s slightly unusual (com-
pared 1o a stoek tetrode circuit)y in that
borh cathode and grid voltages are vari-
able. The signal makes them vary. to
control the tube: however. the circuitry
tsed between the video and color amp-

+300V
FROM VIDEO
AMPL PLATE
r '
] 1
t 1
]
0 i COLOR
— ! PIX
I i
i ]
] ]

N

FROM +200V
COLOR-

DIFFERENCE

AMPLS

FIG. 1—TYPICAL VOLTAGES on the cathodes
and control grids of a color picture tube. Grids
average 100 volts lower than cathodes.
lifiers. and the picture tube itselt. is
direct-coupled. So. the de voltages on
the tube will be determined by condi-
tons in the amplifier siages. Fig. 2
shows the busic circuit of this.

I'he plate voltage of the video outpat
tube seis the cathode voltages of the
picture tube. These are all tied to-
gether, elfectivelv. <o that the video
signal controls all of them at once. The
three grids are controtied by the plate
voltages of the three color-ditterence
amplificr tubes. In “action™ . these are
driven by the color signals from the
demodulators. The red and blue di-
rectly . the green being derived from the
matrin action in the common cathode
resistor,

So: here we have circuits which can
vary both grid and cathode voltages.
Once again. this does nor hay e anvihing
to do with signals: what we're in-
terested in now s the ““statie™ or de



voltage conditions which could black
out the raster. Defects in tubes. resis-
tors, ¢te in either of them can upset the
picture tube bias.

This leads us to some facts, and
some ypical reactions” . Remember
these: thev'lt help vou to get to the
cause of the trouble o ot faster. One:

S

+ 800V

VIDEO }
ouTtPUT T
AMPL J" ] !
—
H  COLOR
CONTRAST\ j — i PIX
CONTROL ' )
I H '
COLOR
DIFFERENCE
AMPLS
2
RFD
) (RY)
$ 250V

TO DEMOD

BLANKEFR
TUBE

FIG. 2—BIAS ON THE CONTROL GRIDS is de-
termined by the instantaneous plate voltages
of the color-difference amplifiers.

any problems in the video circuit will
attect the whole raster. This de voltage
controbs all three cathodes at once.
since theyre effectively tied together.
A shilt ol cathode voltage (grid remain-
ing the samer will have an equal but
opposite” effect on the tube. Making

HV, HIGH OR

the grid Far enough negative cuts the
tube ol \aking the cathade oo far
positive does, too,

H the video output tube goes dead. it
draws no plate current. s plate vol-
tuge rises to the supply voltage. - 400
volts. So do the picture tube cathodes.
Net bias oo grid is now o =200 volts,
(200~ 408 - = 2000 Fhis is fur beyond
cutofl. Shorted video output tube: bias
problem on its grid which makes it
draw e more than its normal current
— it will pull down the plite voltage.
making the cathodes too Far negative.
Video plate drops to +200 volts Grids
Sty at 200 volts, So 200 =200 equals
sero: the picture tbe is at cero bias,
and draws aovery high current: high
voltage supply drops and rister goes
out,

Since cach picture tube grid has s
own color-difference amplilier stage.
we won't have the same problems. I
amy one al the tubes goes ontLits plate
current will cease. s plate voltage wilt
co highly positive. taking the grid with
it Phis gun will conduct very heavily .
and you will have an casibv identified
Cone-color onlvY problem. Too much
green. too much blue: etes You can
have the opposite. of course: some
fault in here can bias the wrid too far
negative and you'l have o Tone-
color-missing”™ problem,

So: it vou tind alf of the picture tube
erids fur too negative. with the raster
out. there is only one bas ¢ Tuh that
can cause this. The de suppiv voltage to
the 3 difference amplitiers is low or
missing. ‘Fhis would be the - 230 volt
source in Figs 20 Al of the plate load
resistors, marked R20 go o the samwe
point.

Since the color-difterence amphifiers
hiave o common cathode resistor. here
is another souvce of troublte. 1 rhis re-
sistor shonld open, or have a bad solder
connection, all the amplitiers would be

NO RASTER

READ

open-circuited at once. The plate volt-
ages would rise to the supply value.
tgrids of picture tube too far positive)
and the raster may go out, or “tlare’™”:
show an uncontrollably bright picture.

One more possible source of trouble
i che difference amplifier circuit is
seenin Fig, 20 The horizontal blanking
pulse is often fed into the common
catnode circuit. through the 0.22-41-
coupling capacitor. Since the plite vol-
tage on the blunker tube is around =250
vooany deleakage in this capacitor will
upsct the bias on the difference amp-
lifiers very badhyv. Fhis swill make the
difterence-amplitier cathodes too lar
positive. reducing their plate current.
nidhing picture tube gnds positiveand
causing a flare or blackout from over-
loiml. Oddly enough. if this coupling
capacitor should open. you will get o
very similar symptom: probably loss off
raster: the difference-amplitier plate
vortages wilb drop to about o - 80 volts,
or Cnegative . Reason: the high amp-
litade blanking putse ted 10 the
cathodes helps to develop the normal
bras. 11 this pulse is missing. the
ditterence-amplifier tubes will not have
cnough bras and draw excessine plate
current.

Troubleshooting techniques

['he Rey test. which should be made
firstin alt cases of no-raster. is reading
of the high voltage. 7 this is close 1o
normal. meaning o minimum 20 K\,
vou have probably got bias problems,
Note the reaction of the high voltage at
turn-on. it comes up. makes a raster.
which then putis in or blooms then dis-
appears, o bias problem is very likety .
Fle test which will contirm or deny
this s disconnection of the picture
tube. You can putl the base. i this isn’t
aoseries-heater sete or pult the ultor
fead: cither one. Now recheck the high
veltage. I you now read tull high vol-

HV LOW

NORMAL

i

CHECK PICTURE TUBE

l GRID, CATHODE VCLTAGES

HIGH VOLTAGE

CATHODES NORMAL
GRIDS LOW (TOO FAR )

GRIDS NORMAL
CATHODES HIGH

HVv NORMAL

OR ZERO

!

DISCONNECT HV

LEAD RECHECK

HV STILL
LOW

{ {TOO FAR +)

READ PICTURE }

TUBE BIAS
{ VOLTAGES

; SUPPLY

CHECK BLANKER
COUPLING CAP, KINE
BIAS CONTROL,
CIRCUITRY

CHECK VIDEO AMPL,
TUBE, CIRCUIT
CONTINUITY

GRIDS TOO FAR
POSITIVE

1

CHECK DIFF AMPL.
TUBES, CATHODE
RESISTOR, BLANKER
COUPLING CAP.,
KINE BIAS CONTROL

CATHODES
TOO FAR
NEGATIVE

!

CHECK VIDEO AMPL.
CIRCUIT, VIDEO
PEAKER TRANSFORMER

FIG. 3—TROUBLESHOOTING G UIDE for localizing circuit troubles when the symptom is "'no raster™.
Voltage readings guide you step-by-step to the defective stage or component.
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tage. or high. this would definitely
point to a bias problem.

Quick-cheek: turn the service switch
to st.rRVICE. U you can get the three
lines by raising the screen voltage. you
have high voltage. and this is a bias
problem. High voltage will read slightly
above normal in the SERVICE position
due to reduced beam current. 1t the
raster is out. but the high voltage is
noticeably high (28 to 30 kV) this
show s definitely that the picture tube is
cut off,

To pin down the actual cause of the

trouble. tollow the steps in the chart of

Fig. 3. For the first test. read the de
voltages on the picture tube grids and
cathodes. In most sets. vou can do this
casily by following the wires from the
picture tube socket to their terminals
on the chassis, The standard color cod-
ing for these is solid color wires for the
grids. red for red grid. ete. and yellow
wires with color stripes tor the
cathodes. There is o small amount of
tolerance: say 25 volts either way. In
many sets the cathode voltages will
show quite a variation as the brightness
control is turned.

If the de voltages are oft at the
plates. though the supply normal. sus-
pect the tubes. Remember, if o tube is
very weak. it won't be able to draw its
normal plate current: plate voltage will
thus be higher than it should. Susbtitut-
ing o new tube s quickest. I it goes
back to normal. that was it 11 i0s stll
bad. check its grid bias.

CAUTION: it is NOT a good idea
to pull color-difference amplifier tubes
with the set on! Older sets used two
twin triodes: both triodes of one. and
halt’ of the other. 6GUT7.6CGT7, ete
tubes. 11 you pull the one using both
triodes (Usuully the R—=Y and B-Y
amplifiers) vou'll geta sudden surge of
beam current which can actually dam-
age the picture tube. o the later chas-
sis using a triple-triode tube such as
6NTDRS for all three. pulling this tube
will make all colors tlare. I you see
signs of o flare. make a quick eyeball
check to be sure that the heater of this
tube is ht.

Oddball troubles.

ATV sets love to throw curves and
this circuit is tull of them. Here are a
few actual cases.

1. Raster flared up: grids far too
positive. Cause: intermittently open
solder joint on common cathode resis-
tor of ditference amplifiers.

2. Same symptom. Observation
caught the heaters of both difference-
amplifier tubes going out. Cause: bad
solder joint on solid wire jumper on PC
bouard which supplicd the heater ot both
of the tubes.

3. Raster visible: no video. Bright-
ness control had no effect. Video amp-
lifier  plate voltage very
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high.

(Contradictory sy mptoms!) Contrast
control, in video output tube cathode.
open. Raster was visible because previ-
ous technician had trned all three
sereen grid controls tull on!

4. Raster came on, flared up and
went dark. High voltage dropped.
Open circuit in primary ol video peak-
ing transformer. between video output
tube plate and picture tube cathodes:
higher positive voltage ted throneh this
transtormer to cathodes: video output
tube had paraliel voltage teed trom
lower voltage source. Picture tube
cathode voltage went down. making it
near zero bias. drawing very heavy
beam current.

5. After one mimite, good picture.
raster pulled in from sides. dimmed.
then went out. Cathode voltages nor-
mal. Grid voltages of picture tube
changed. too positive. “Tracing cathode
circuit of ditference amplitiers through
picture tube bias control, found that de
circuit of picture-tube bias was com-
pleted rthrough place-cathode of blanker
tube. This tube had o thermal intermit-
tent open inits cathode ribbon! After
heating for exactly one minute. it
opened! R-E

visible-light resolution of 1.2 km. It is ex-
pected to alert meteorologists to poten-
tial perilous storms, typhoons and hur-
ricanes over an area extending from
Hawaii to Pakistan.

The equipment is being planned and
designed by an international contractor
team consisting of Nippon Electric Co. of
Tokyo and Hughes Aircraft Co. of Califor-
nia

300 technical seminars
being given by Sencore

“Taking the company to the dis-
tributor,” is the term used by Herb Bow-
den, president of Sencore, for the
company's new Tech-a-Rama program. It
uses company vans and factory trained
technicians, with slide films and sim-
plified demonstrators to put on lively and
informative programs.

More than 200 of these seminars are al-
ready scheduled in Sencore News, now
mailed for 125,000 readers from coast to
coast. Anyone interested in electronic
equipment from a service and design
standpoint is welcome at any of these
Tech-a-Ramas. information on dates and
locations may be obtained from the
nearest Sencore distributor or from Herb
Bowden, Sencore, inc., 3200 Sencore
Drive, Sioux Falls, SD 57107.

New weather satellite
works in the dark

The latest weather-watcher, Japan’s
Geo-stationary Meteorlogical Satellite, to
be launched in 1976 from Cape Canaveral
into an orbit that will keep it over a point
500 miles south of Tokio, will carry
equipment designed to see in the dark as
well as daylight. The instrument is a Visi-
ble (and) Infrared Spin-Scan Radiometer
(VISSR). It will transmit images of nearly

GEOSTATIONARY

{
METEOROLOGICAL
* SATELUTE
D

AUSTRALIA

2 4
NEW 2t ALAND

ANTARCTICA
CTICA ) 400

one-third of the earth to ground stations
every 20 minutes 24 hours a day, with an
infrared resolution of 5 kilometers and a

R-E's Substitution
guide for
replacement transistors

PART XVI

compiled by
ROBERT & ELIZABETH SCOTT

ARCH—Indicates the Archer brand of
semiconductors sold only by
Radio Shack and Allied Radio
stores Allied Radio Shack. 2725
W 7th St . Ft Worth. Texas 76107
DOM—D M Semiconductor Co.. PO Box
131. Melrose. Mass 02176
GE—General Electric Co. Tube Product
Dw . Owensboro. Ky 42301
ICC—International Components. 10 Danel
Street. Farmingdale, N Y 11735
IR—International Rectifier, Semiconductor
Dwv . 233 Kansas St.. El Sequndo.
Calif 90245
MAL—Mallory Distributor Products Co . 101
S Parker. Indianapohs. Ind 46201
MOT—Motorola Semiconductors. Box
2963. Phoenix, Ariz. 85036
RCA—RCA Electronic Components. Harri-
son, N J 07029
SPR—Sprague Products Co . 65 Marshall
St . North Adams, Mass 01247
SYL—Sylvania Electric Corp.. 100 1st Ave..
Waltham, Mass 02154

WOR—Workman Electronic Products. Inc.,
Box 3828. Sarasota, Fla. 33578

ZEN—Zenith Sales Co.. 5600 W. Jarvis Ave.,
Chicago. Il 60648

Radio-Electronics has done its utmost to in-
sure that the histings 1n this directory are as ac-
curate and reliable as possible, however, no re-
sponsibility 1s assumed by Radio-Electronics for
its use We have used the latest manufacturers
matenal avalable to us and have asked each
manufacturer covered in the listing to chéck its
accuracy Where we have been supphed with
corrections, we have updated the listing to in-
clude them The first partofthis Guide appeared
in March 1973



2N3341
2N3342
2N3343
2N3344
2N3345

2N3346
2N3347
2N3348
2N3349
2N3350

2N3351
2N3352
2N3365
2N3366
2N3367

2N3368
2N3369
2N3370
2N3371
2N3374

2N3375
2N3376
2N3377
2N3378
2N3379

2N3380
2N3381
2N3382
2N3383
2N3384

2N3385
2N3386
2N3387
2N3388
2N3389

2N3390
2N3391
2N3392
2N3393
2N3394

2N3395
2N3396
2N3397
2N3398
2N3399

2N3400
2N3401
2N3402
2N3403
2N3404

2N3405
2N3407
2N3409°
2N3410°
2N3411°

2N3412
2N3414
2N3415
2N3416
2N3417

2N3418
2N3420
2N3423°
2N3424°
2N3425°

2N3426
2N3427
2N3428
2N3435
2N3436

2N3437
2N3438
2N3439
2N3440
2N3441

NA=NOT AVAILABLE

ARCH

RS276-2009
RS276-2021
RS276-2021
RS276-2021
RS276-2021

RS276-2021
NA
NA
NA
NA

NA
NA
NA
NA
NA

RS276-2003
NA

NA
NA
NA
NA
NA

RS276-2013
RS276-2013
RS276-2009
RS276-2009
RS276-2009

RS276-2013
RS276-2009
RS276-2009
RS276-2013
RS276-2003

NA
RS276-2021
RS276-2016
RS276-2016
RS276-2016

RS276-2016
NA
NA
NA
NA

NA

NA
RS276-2009
RS276-2009
RS276-2009

NA
RS276-2005
RS276-2005

NA

NA

NA
NA
NA
NA
NA

DM

T-50
T-51
T-51
T-51
T-51

T-51
T-715
T-715
T-715
T-715

T-715
T-715
NA
NA
NA

NA
NA
NA
T-3
NA

TS-3020
T-803
NA
T-803
NA

T-803

TS-736
TS-736

T5-0002
T5-0002
T-720
T-720
TS-0004

TS-0001
T-630
T-630

NA
T-801

T-801
T-801
NA
TS-3021
T-241

G-E

GE-21
GE-22
GE-22
GE-21
GE-21

GE-21
NA
NA
NA
NA

NA

NA
GE-FET-1
GE-FET-1
GE-FET-1

GE-FET-{

GE-FET-1

GE-FET-1
GE-51
GE-63

GE-28
NA
NA
NA
NA

NA
GE-27
GE-27

GE-62
GE-62
GE-62
GE-62
GE-62

GE-20
GE-62
GE-62
GE-20
GE-50

GE-2
GE-22
GE-18
GE-20
GE-18

GE-10
GE-10
GE-20
GE-20
GE-20

GE-51
GE-20
GE-10
GE-18
GE-17

GE-28
GE-28
GE-20
GE-20
NA

GE-63
GE-53
GE-53
GE-63
GE-FET-1

GE-FET-1
GE-FET-1
NA
GE-32
NA

iIcC

ICC-50
ICC-51
ICC-51
ICC-51
ICC-51

ICC-51
ICC-715
ICC-715
ICC-715
ICC-715

ICC-715
ICC-715
NA
NA
NA

NA
NA
NA
ICC-3
NA

1ICC-53020
ICC-803

ICC-F1035
ICC-803

ICC-F1035

ICC-803
ICC-F1035
ICC-803
ICC-F1035
ICC-803

ICC-F1035
ICC-803
ICC-F1035
NA
NA

ICC-730
ICC-726
ICC-724
1ICC-723
ICC-723

ICC-726
ICC-724
ICC-723
ICC-726
ICC-3

ICC-2
ICC-51
ICC-54
ICC-54
ICC-54

ICC-54
NA
1CC-S0004
ICC-S0004
ICC-50004

ICC-2
ICC-50002
ICC-S0003

ICC-736
ICC-736

1CC-50002

ICC-50002
ICC-720
1ICC-720

ICC-50004

1ICC-S0001
1ICC-630
ICC-630
NA
NA

NA
NA
NA
ICC-S3021
ICC-241

NA
NA
NA

NA
NA
NA
TR-17
NA

IRTR-66
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA

NA

NA
IRTR-87
IRTR-78

NA
TR-51
TR-51
TR-51
TR-24

IRTR-51
IRTR-51
IRTR-51
IRTR-51
TR-17

NA
TR-28
TR-86

NA
TR-86

TR-21
NA
IRTR-64
IRTR-64
IRTR-64

TR-17
NA
NA
NA
NA

IRTR-87
IRTR-87
IRTR-86
IRTR-86
IRTR-86

IRTR-65
NA
NA
NA
NA

NA
NA
NA
NA
NA

MAL

PTC 103
PTC 103
PTC 131
PTC 131
PTC 131

PTC 131
PTC 127
PTC 127
PTC 127
PTC 127

PTC 127
PTC 127
PTC 151
PTC 151
PTC 151

PTC 151
PTC 151
PTC 151
PTC 107
PTC 144

PTC 144
NA
NA
NA
NA

NA
NA
NA
NA
NA

PTC 125
PTC 117

PTC 139
PTC 139
PTC 139
PTC 139
PTC 139

PTC 139
PTC 139
PTC 139
PTC 139
PTC 107

PTC 102
PTC 131
PTC 123
PTC123
PTC 123

PTC 123
PTC 121
PTC 136
PTC 136
PTC 136

NA
PTC 123
PTC 123
PTC 123
PTC 123

PTC 110
PTC 110
PTC 115
PTC 115
PTC 136

PTC 144
PTC 102
PTC 102
PTC 144
PTC 152

PTC 152
PTC 152
NA
NA
NA

MOT

HEP-50
HEP-51
HEP-51
HEP-51
HEP-51

HEP-51
HEP-715
HEP-715
HEP-715
HEP-715

HEP-715
HEP-715
NA
NA
NA

HEP-53020
HEP-803
HEP-F1035
HEP-803
HEP-F1035

v
HEP-803
HEP-F1035
HEP-803
HEP-F1035
HEP-803

HEP-F1035
HEP-803
HEP-F1035
NA
NA

HEP-730
HEP-726
HEP-724
HEP-723
HEP-723

HEP-726
HEP-723
HEP-723
HEP-726
HEP-3

HEP-2
HEP-51
HEP-54
HEP-54
HEP-54

HEP-54
NA
HEP-S0004
HEP-S0004
HEP-S0004

HEP-2
HEP-S0002
HEP-S0003

HEP-736
HEP-735

HEP-S3002
HEP-53002
HEP-720
HEP-720
HEP-S0004

HEP-S3001
HEP-630
HEP-630

NA
NA

NA
NA
NA
HEP-S3021
HEP-241

RCA

SK 3114
NA
NA

SK 3025

SK 3025

SK 3114
NA
NA
NA
NA

SK 3112

SK 3112

SK 3112
NA
NA

NA
SK 3045
SK 3045

SK 3124
SK 3124
SK 3124
SK 3124
SK 3124

SK 3124
SK 3018
SK 3124
SK 3124
NA

SK 3123
SK 3114
SK 3124
SK 3124
SK 3124

SK 3124
SK 3019
NA
NA
NA

NA
SK 3124
SK 3124
SK 3124
SK 3124

NA
NA
NA
NA
NA

NA
SK 3004
SK 3004

NA
SK 3112

SK 3112
SK 3112
SK 3103
SK 3044
NA

RT-110
RT-110

RT-102
RT-102
RT-102
RT-100
RT-102

RT-102
RT-102
RT-102
RT-102
NA

NA
RT-115
T-102
RT-102
RT-102

RT-102
RT-113
NA
NA
NA

NA
RT-102
RT-102
RT 102
RT-102

NA
NA
NA
NA
NA

NA
RT-120
RT-120

NA

NA
NA
NA
RT-128
NA

SYL

ECG 159
ECG 106
ECG 129
ECG 129
ECG 129

ECG 159
NA
NA
NA
NA

NA
NA
NA
NA
NA

ECG 154
ECG 154

ECG 123A
ECG 123A
ECG 123A
ECG 123
ECG 123A

ECG 123A
ECG 123A
ECG 123A
ECG 123A
ECG 160

ECG 160
ECG 159
ECG 123A
ECG 123A
ECG 123A

ECG 123A
ECG 108
NA
NA
NA

ECG 160
ECG 123A
ECG 123A
ECG 123A
ECG 123A

NA
NA
NA
NA
NA

NA
ECG 102
ECG 102

NA
ECG 133

ECG 133
ECG 133
NA
ECG 124
ECG 175

WOR

WEP-717
WEP-52
WEP-242
WEP-242
WEP-242

WEP-717
WEP-717
WEP-717
WEP-717
WEP-717

WEP-717
WEP-717
WEP-801
WEP-801
WEP-801

WEP-801
WEP-801
WEP-801
WEP-637
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

WEP-712
WEP-712

WEP-735
WEP-735
WEP-735
WEP-53
WEP-735

WEP-735
WEP-735
WEP-735
WEP-735
WEP-637

WEP-637
WEP-717
WEP-735
WEP-735
WEP-735

WEP-735
WEP-56
WEP-735
WEP-735
WEP-735

WEP-637
WEP-735
WEP-735
WEP-735
WEP-735

WEP-735
WEP-735
WEP-56
WEP-56
NA

NA
WEP-631
WEP-631

NA
WEP-801

WEP-801
WEP-801
NA
WEP-240
WEP-241

ZEN

ZEN 100
ZEN 101
ZEN 101
ZEN 101
ZEN 101

ZEN 101
ZEN 106
ZEN 106
ZEN 106
ZEN 106

ZEN 106
ZEN 106
NA
NA
NA

NA
NA
NA
ZEN 301
NA

ZEN 116
ZEN 113
ZEN 112
ZEN 111
ZEN 111

ZEN 113
ZEN 112
ZEN 111
ZEN 113
ZEN 301

ZEN 300
ZEN 101
NA
NA
NA

NA
NA
ZEN 127
ZEN 127
ZEN 127

ZEN 300
ZEN 126
NA
ZEN 120
ZEN 119

NA
NA
ZEN 109
ZEN
ZEN 127

NA
ZEN 306
ZEN 306

NA

NA

NA
NA
NA
ZEN 208
NA

tcontimed on page 18
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ADVANCED ELECTRONICS CAREER TRAINING AT HOME

|1 you are too busy to go to college to learn advanced electronics, CREI
brings college level training to you. CREI programs give you practical
engineering training that you can apply in your work to move ahead to
higher paying jobs. And CREI lets you specialize in exactly the area of
electronics you want. You have a choice, depending on your qualifications,
of 18 different programs.

Not only are CREI| programs college-level but arrangements are available
for you to earn college credit applicable to advanced degrees.

Only CREI offers you a clioice of '
18 programs in advanced electronics -

Nuclear
Engineering
Technology

For over 45 years CREI programs have been recognized by leading
technical organizations as effective home study training in advanced
electronics.

NEW OPTIONAL LAB PROGRAM

CREI now offers a supplementary ELECTRONIC DESIGN
LABORATORY PROGRAM toc make learning advanced
electronics easier and to give you actual experience to

use in your work.Only CRE| offers this completecollege type
laboratory program. You learn to actually design electronic
A circuits. At the same time you get extensive experience

in tests and measurements, breadboarding, prototype
building and other areas important to your career.

Qualifications to Enroll. To qualify for enrollment in a CREI program, you
must be a high school graduate (or equivalent). You should also be working
in electronics or have previous training in this field.

Send for FREE book. If you are qualified, send for CREI's newly published
book describing your career opportunities in advanced electronics. This full
color book is filled with facts about career opportunities for you.

CREI, Dept. E-1406-E

Accredited Member, National Home Study Council
3939 Wisconsin Avenue
Washington, D. C. 20016

Rush me your FREE book describing my opportu- “nEI

nities in advanced electronics. | am a high school CAP'TOL

graduate. R AD.O

) il ENGINEERING
Address INSTITUTE

City State__ ol A Division of McGraw-Hill
It you have previous training in electronics, check here [] con“nuing Education Co.
Employed by, 3939 Wisconsin Avenue,
Type of Present Work Washington, D. C. 20016

Veterans and servicemen, check here for G. |. Bill information (]




2N3442
2N3443
2N3444
2N3445
2N3446

2N3447
2N3448
2N3449
2N3451
2N34523
2N3453

2N3454
2N3455
2N3456
2N3457
2N3458

2N3459
2N3460
2N3461
2N3462
2N3463

2N3464
2N3465
2N3466
2N3467
2N3468

2N3469
2N3478
2N3483
2N3485
2N3486

2N3493
2N3494
2N3496
2N3498
2N3499

2N3500
2N3501
2N3502
2N3503
2N3504

2N3505
2N3506
2N3507
2N3508
2N3509

2N3510
2N3511
2N3512
2N3513°
2N3515°

2N3516°
2N3518°
2N3520°
2N3521°
2N3522°

2N3524°
2N3525
2N3526
2N3527
2N3528

2N3529
2N3542
2N3544
2N3545
2N3546

2N3547
2N3548
2N3549
2N3550
2N3553

ARCH

NA
NA
NA
NA
NA

NA

NA
RS276-2003
RS276-2003

NA

NA

NA
NA
NA
NA
NA

NA

NA
RS276-2006
RS276-2009
RS276-2009

RS276-2021

RS276-2018
RS276-2011
NA
RS276-2021
RS276-2021

RS276-2011
NA
RS276-2023
NA

NA

NA

NA
RS276-2021
RS276-2021
RS276-2021

RS276-2021
NA
NA
RS276-2011
RS276-2011

RS276-2009
RS276-2001
NA
NA
NA

NA
NA
NA
NA
NA

RS276-2023
NA

NA

NA
RS276-2011
RS$276-2023
RS276-2024

RS276-2023

RS276-2023

RS276-2023

RS276-2023
NA

DM

T-707
T-2
TS-3002
T-247
TS-5004

T-247
T-704
T-3
T-52
T-801
T-801

T-801
T-801
T-801
T-801
T-801

T-801

T-801

T-238
T-50
T-50

T-51
T-801
T-801

TS-3027
TS-3031

T-243
T-56
T-240
T-51
NA

T-56
T-710

T-52

T-53

T-714

T-713
T-713
T-51
T-51
T-708

T-51
TS-3002
TS-3002

T-56

T-56

T-50
T-56
TS-3001
TS-0001
TS-0001

TS-0001
TS-0001
T-736
T-736
T-736

T-736
SR-1222
T-714
T-52
NA

NA
NA
T-56
T-52
T-57

T-52
T-52
T-52
T-52
TS-3001

G-E

NA
GE-2
NA
GE-14
GE-14

GE-14
GE-14
GE-51
GE-21
GE-FET-1
GE-FET-1

GE-FET-1
GE-FET-1
GE-FET-1
GE-FET-1
GE-FET-1

GE-FET-1
GE-FET-1
NA
GE-20
GE-20

GE-20
GE-FET-1
GE-FET-1

GE-67

GE-67

GE-28
GE-17
NA
GE-21
GE-67

GE-11
NA
GE-21
GE-20
GE-18

GE-32
GE-18
GE-67
GE-67
GE-67

GE-67
GE-28
GE-28
GE-20
GE-20

GE-20
GE-20
GE-18

NA
GEMR-4
GE-18
GE-67
GEMR-5

NA
GE-20
NA
GE-22
NA

GE-67
GE-67
GE-21
GE-21
GE-28

ICC

ICC-707
ICC-2
ICC-S3002
ICC-247
ICC-S5004

ICC-247
ICC-704
ICC-3
ICC-52
NA
NA

NA
NA
NA
NA
NA

NA
NA
1ICC-238
ICC-50
1ICC-50

ICC-83027
ICC-S3021

1CC-243
ICC-56
NA
ICC-51
ICG-51

ICC-56
ICC-710
1CC-52
NA
NA

ICC-714
ICC-714
ICC-51
ICC-51
ICC-708

ICC-51
ICC-$3002
ICC-§3002

ICC-56

ICC-56

ICC-50
ICC-56
1CC-S3001
ICC-S0001
ICC-S0001

ICC-S0001
ICC-S0001
ICC-736
ICC-736
ICC-736

ICC-736
ICC-R1222
ICC-714
ICC-52
ICC-621

NA
NA
ICC-56
ICC-52
ICC-57

ICC-52
ICC-52
ICC-52
ICC-52
ICC-S0001

IR

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA

NA

NA
TR-21
TR-21

NA
NA
NA
NA
NA

NA
IRTR-95
NA
NA
NA

NA
IRTR-88
NA
NA
NA

NA
NA
IRTR-88
IRTR-88
TR-20

TR-20
NA
NA

TR-25

TR-21

TR-25
TR-21
IRTR-64
NA
NA

NA
NA
NA
NA
NA

NA
IR-1778
IRTR-87

TR-20

NA

NA

NA

NA
TR-20
TR-54

TR-20
TR-20
TR-20
TR-20
NA

MAL

PTC 118
PTC 102
PTC 144
PTC 118
PTC 118

PTC 119
PTC 119
PTC 109
PTC 103
PTC 151
PTC 151

PTC 152
PTC 152
PTC-152
PTC 152
PTC 152

PTC 152
PTC 152
NA
PTC 136
PTC 136

PTC 103

PTC 152

PTC 152
NA
NA

PTC 144
PTC 133
NA
PTC 103
PTC 103

PTC 132
PTC-127
PTC 103
PTC 144
PTC 125

PTC 144
PTC 144
PTC 141
PTC-141
PC 127

PTC 127
PTC 144
PTC 144
PTC 123
PTC 123

PTC 136
PTC 133
NA
PTC 144
PTC 144

PTC 144
PTC 144
PTC 123
PTC 123
PTC 123

PTC 123
NA
PTC 117
PTC 127
NA

NA
PTC 136
PTC 123
PTC123
PTC 127

PTC 127
PTC 127
PTC 127
PTC 127
PTC 144

MOT

HEP-707
HEP-2
HEP-$3002
HEP-247
HEP-$5004

HEP-247
HEP-704
HEP-3
HEP-52
NA
NA

NA
NA
NA
NA
NA

NA
NA
HEP-238
HEP-50
HEP-50

HEP-51
NA
NA
HEP-$3027
HE P-S3031

HE P-243
HEP-56
NA
HEP-51
HEP-51

HEP-56
HEP-710
HEP-52
NA
NA

HEP-713
HEP-713
HEP-51
HEP-51

HEP-708

HEP-51

HE P-S3002

HE P-$3002
HEP-56
HE P-56

HEP-50
HEP-56
HEP-S3001
HEP-S0001
HEP-S0001

HEP-S0001
HEP-S0001
HEP-736
HEP-736
HEP-736

HEP-736
HEP-R1222
HEP-714
HEP-52
HEP-621

NA
NA
HEP-56
HEP-52
HEP-57

HEP-52
HEP-52
HEP-52
HEP-52
HEP-S3001

RCA

SK 3079
NA
NA

SK 3027

SK 3027

SK 3027
SK 3027
NA
SK 3114
SK 3112
SK 3112

SK 3112
SK 3112
SK 3112
SK 3112
NA

NA
SK 3112
NA
SK 3124
SK 3124

SK 3114

SK 3112

SK 3112
NA
NA

SK 3024
SK 3019
NA
SK 3114
SK 3114

SK 3039

SK-3025

SK 3114
NA
NA

SK 3104
SK 3104
SK 3025
SK 3025
SK 3114

SK 3114
SK 3024
SK 3024
SK 3039
SK 3124

SK 3122
SK 3039
NA
NA
NA

NA
SK 3502
NA
SK 3019
NA

SK 3502
NA
SK 3039
SK 3114
SK 3114

SK 3114
SK 3114
SK 3114
SK 3114
NA

SPR

NA

NA
RT-102
RT-102

NA
NA
RT 113
RT-115
RT-115

RT-115
RT-115
RT-115
RT-115
NA

SYL

NA
ECG-160
NA
ECG 130
ECG 130

ECG 130
ECG 130
ECG 160
ECG 159
NA
NA

ECG 133

ECG 133

ECG 133
NA
NA

NA
ECG 133
NA
ECG 123A
ECG 123A

ECG 159

ECG 133

ECG 133
NA
NA

ECG 128
ECG 161
ECG 175
ECG 159
ECG 159

ECG 108
ECG 129
ECG 159
ECG 123
NA

NA
NA
ECG 129
NA
ECG 159

ECG 159
ECG 128
ECG 128
ECG 108
ECG 108

ECG 123A
ECG 108
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
ECG 159
NA

NA
NA
ECG 108
ECG 159
ECG 159

ECG 159
ECG 159
ECG 159
ECG 159
NA

WOR

NA
WEP-637
NA
WEP-247
WEP-247

WEP-247
WEP-247
WEP-637
WEP-717
WEP-801
WEP-801

WEP 801
WEP 801
WEP 801
WEP 801
WEP 801

WEP 801
WEP 801
WEP 238
WEP 50
WEP 50

WEP 51

WEP 801

WEP 801
WEP S3027
WEP S3021

WEP 243
WEP 56
WEP 241
WEP 51
WEP 51

WEP 56
WEP 242
WEP 52
WEP 53
WEP S3021

WEP 53
WEP 53
WEP 51
WEP 51
WEP 52

WEP 51
WEP S3002
WEP S$3002

WEP 56

WEP 56

WEP 50
WEP 56
NA
WEP 712
WEP 712

WEP 712
WEP 712
WEP 736
WEP 736
WEP 736

WEP 736
NA
WEP S$3021
WEP 52
NA

NA
WEP 735
WEP 56
WEP 52
WEP 57

WEP 52
WEP 52
WEP 52
WEP 52
WEP 712

ZEN

ZEN 204
ZEN 300
NA
NA
NA

NA
NA
ZEN 301
NA
NA
NA

NA
ZEN 329
ZEN 100
ZEN 100

ZEN 101
NA
NA
NA
NA

NA
ZEN 104
NA
ZEN 101
ZEN 101

NA

ZEN 101
ZEN 101
NA

ZEN 101
NA
NA

ZEN 104

ZEN 104

ZEN 100
ZEN 104
NA
ZEN 125
ZEN 125

ZEN 125
ZEN 125
ZEN 120
ZEN 120
ZEN 120

ZEN 120
NA
NA
NA
NA

“Indicates a dual transistor for high-speed switching. diff amplifier etc. Likely to be a matched pair. Use two of the type specified.
matching when necessary. on a curve tracer or lab-type transistor checker.

NA=NOT AVAILABLE
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Color oscillator—
it’s easy to know

It is simple, and similar to
two circuits you know well

This column is for your service
problems—TV, radio, audio or general
and industrial electronics. We answer all
questions individually by mail, free of
charge, and the more interesting ones will
be printed here.

If you're really stuck, write us. We'll do
our best to help you. Don'tforget to enclose
a stamped, self-addressed envelope. If re-
turn postage is not included. we cannot
process your question. Write: Service
Editor, Radio-Electronics. 200 Park Ave.
South, New York 10003.

R-E’s Service Clinic

THE COLOR OSCITENTOR IS v (IR-
cuit that causes a good deal of confusion. It
shouldn™t. 1S a nice friendly circuit. not at
all complicated after vou get acquainted. In
fact. it’s exactly the same as a couple of old
circuits that vou've been fining for vears!
l.earn the basic reactions. and it's easy. Not
much test equipment needed. citker: a
color-bar generator. vtvm and a diddle-
stick. and vou're on the way.

1US o ervstat-controlled oscillator, run-
ning at 3.579545 MH/. which everyone calls
“three-fifty -cight™ for short. To reproduce
colors correctlyv, it must be tightly locked in
phase with the burst signal. This s little
samples of the originul 3.58-MH/ signal
from the transmitter. to which all of the
color signals are “referred™. All color sign-
als are ac waveforms with a certain phase
relationship to the burv. So. if the local
color oscillator gets slightly out of phase
with the burst. we still see colors, but
they “re not the right ones,

The local oscillator is held in phase by o
circuit that works exactly like the tamiliar
horizontal afe, 1t's called afpe: (Automatic
I requency and Phase Control). mostiy to let

vou know it isn’t afe. The action is the
sanw: the incoming burst signal is compared
to the local oscillator signal. 17 it inst pre-
cisely in-phase. a small de control voltage is
generated which pulls the local oscillator
back in step. (Did someone say phase-
locked loop? Yep. Shore is)

When we were voung, we were taught
that a crystal-controlled oscillator wis very
stable. 1t s, However. mast of us got the
idea that a crystal oscillator could not be
“tuned™ or its frequency varied. This isnt
so. By varving either capacitance or induc-
tince in the crvstal oscillator arcut. vou
can make it change frequency. Not much.
but plenty  for what we need.

In practical circuits, this is done with
what we call a reactance tube. This s o cir-
cuit with a tube which has its plate current
out of phase with its plate voltage. So. it
looks like i reacrance 1o any circuit in which
i's used. By varyving the control-grid vol-
tage of this wbe. we can change this reac-
tance: this in turn changes the oscillator tre-
quency. The schematic shows a typical
crystal oseillator circuit., with the reactance
tube. burdt amplifier. et¢. Note the dual-

TO B Y DEMOD
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diode phase detector which varies the reac-
tance tube grid voltage. 1.ooks like o hori-
zontal afe? Luis!

Like the horizontal oscillator, our crystal
oscillator must be able to run, without any
control at all. very close to the right fre-
quency. (free-wheel). If it will. the fre-
quency control can hold it with ease. So,
this leads us to our first simple test. Kill the
frequency control. and adjust the oscillator
frequency to exactly where it must be. (Afc
adjustment again!)

To do this. we need a color picture on the
screen of the TV preferably a color-bur pat-
tern. First, we ground the input of the bunst
amplifier. This kills the incoming color

svne. Our colors will promptly fall out of

sync. It you'll notice. they will make the
familiar “sfanting-lines™” that we see when

the horizontal oscillator isn’t locked.
Thev'll make bands of red. green and blue,
or rainbowsTLin slanting lines across the
picture. The farther the color oscillator is
oft. the more rainbows we see.

By tuning the reactance coil. we can make
fewer and fewer rainbows, until we eventu-
allv wind up iith only three vertical color
hars. A cuareful twiddle of the adjustment
will make these lock in place on the color-
har pattern. Like horizontal bars, they'll
float, since there’s no syne. but the fact that
we cun get this momentary lock shows that
the oscillator is running on-frequency.

Now. we take the ground off the burst
amplifier, and check the sync. The colors
should lock in and hold. Just as with afe. it
this makes the colors fall o of syne. we
know where the trouble is. In the atpe.

The case for more profitable service calls:

It has more than twice

the capacity of the
previous Module Caddy.
And that lets you carry

a greater variety and
larger supply of the
modules used most in color
TV repairs. So you can
make more service calls —
and more profit — on each
trip out of the shop.

The new Module Caddy has plenty of storage space in the lid,
as well as in the bottom of the case. A special flip-divider snaps in
place between lid and case to keep things in order.

With the Caddy come the 12 most-used modules for servicing
RCA XL-100 sets. But there’s plenty of room for extra modules of
your own choosing, the XL-100 components kit, the RCA Home
Service Handbook, and some small tools.

‘ Even with all its extra capacity, the new Caddy is only 8
inches thin, making it easy to handle. And it has the same rugged
construction as RCA'’s original Module Caddy.

See your RCA Distributor, or contact

RCA Parts and Accessories, P.O. Box 100,

Deptford, N.J. 08096.

70 Circle 16 on reader service card

NOT in the oscillator! So we check out the
burst amplifier. the transtormer. and the
dindes.

Oscillator failure.

If we can see strong black-and-white bars
on the screen, but no colors, this is usually a
symptom of oscillator failure. There is one
tricky reaction here that can tfool vou. In
many sets. if the 3.58-MH7 oscillator goes
out. you will see @ bar pattern which s
lightty, but definitely blue and green! (This
seems to be dite to i little bit of burst getting
through: the burst is in this arcan) So. vou
may be misled into hunting for i “*loss of the
reds”. Always check the 3S8-MHz oscil-
lator first, just to be sure.

Another detinite check is tracing the color
bar wavetorm through the color-difference
amplifiers to the picture tube gridy 1t vou
see the familiar comb pattern at these
points. but itis flar-topped. vour oscillator is
out. The color signal o going through the
bandpass amplifiers and the demodulators;
without the oscillator. there 1s no demodula-
tion, which would give you the normal
“rocker’ or Lazy-S patterns on the grids.

Oscillator testing
Testing these oscillators isn’t hard. Even
a narrow-buand scope will show vou enough
vertical deflection so that vou can get an
idea of the p-p voltage. (To find out. check
an oscillator that is working: this will shwo
vou what you will see with vour scope.) You
do nor have to see individual ¢yveles of this
waveform. This wouldn't tell vou anvthing
anvwiy . You check phase and frequency by
simply lookmyg at the color-bar pattern, and
(continued on page 72)

endeco
Soldering and
Desoldering

Modet 500K
12-piece
desoldering kit
$21.55 NET

® Soldering kits ® Desoldering kits
® Soldering-Desoldering kits

Everything needed to solder or desolder,
or both. Featuring new Endeco soldering
and desoldering irons with safety light
... the irons professionals really appre-
ciate. Tips, stand, desoldering head and
cleaning tool included, as required, all
in a metal box with hasp. $21.55 to $39.65.

To locate your nearest distributor
call toll-tree 800-645-9200
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Stocking these 9 ECG semiconductors
is like having hundreds of high-voltage
rectifiers on hand.

“ust nine Sylvania EOG high-voltage
rectitiers and :riplers can rzplace
hundreds of other types that are lurking
under man-ifacturers’ Jart cumbers in
many different TV sets.

We've alsc put together a brand- , 4
new cross-reference guide s
(ECG-212E’ thatmakesiteasy <% -~
for »au to find out wkich 3
ECG semicor.ductor replazes
which manuzacturer’s
number.

And the guide isc’t just
limited to rect_fiers and tr-plers.

It covers over 75,000 pact numbers
in 2], including industrial
replacements.

Because so few Sylvania ECG
coraponens replace so many others, it's
easy for you tc have tke par: your
customer wants.

When he wants it.

SYLVANIA

GTE Sylvasia Electron.c Components, Waltham Mass. 02154
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This Cordless Soldering Iron
is worth about

*
s 900 A At least that’s what our customers
have been telling us. Because so

many user response cards have said the same thing:

i

Still the greatest advance in
soidering since eiectricity.

®
WAHL CLIPPER CORPORATION

Sterling, Illinois 61081

2902 Locust Street
Phone: (815) 625-6525

See us at NEWCOM Show Booth i#D-25

Manufacturing Excellence Since 1919

“it’s worth its weight in gold”.*

Well, we started wondering just how much that
would be. After all, it only weighs 6 ounces . . .
complete with built-in worklight to let you see what
you're soldering. A simple press of the button gives
you over 700° soldering heat in less than 5 seconds,
and our exclusive “lock off” switch prevents
accidental heating of the tip. (Incidentally, we have
4 completely different interchangeable tip sizes
from heavy duty to fine.)

You can carry it anywhere and make up to 125
electronic joints (or more) per charge and there’s
never a cord to get in the way. Its recharging stand
repowers its batteries overnight . . . and the
iron is UL approved.

Accessories include carrier storage tube,
auto charger, and 4 replacement tips.
For all details, see your local
electronic component distributor.

So, don’t think of Wahl’s
Iso-Tip as ‘just a soldering
iron’. Think of it as 850.5
karats of cordless soldering
freedom for less than $20.
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SERVICE CLINIC
tcontimed from page 710}

noting whether the colors are there, and in
the right place.

Control testing; reactions

You'll find quite a few sets with wrong
colors, weak color syne. and <o on. I you
do see colors, the oscillator must be running.
If they're wrong. the frequency is off. 1 it's
off far enough. the afpc won't be able to
hold it. When you change stations, the color
syne will fall out. This can be due to one ol
two things. The oscillator circuit may be
mistuned. or you may have a crystal which
is slightly oftfrequency.

This is easy to pin down. Just run the full
afpe setup adjustment. If the oscitlator
jumps far off-frequency when the burst is
killed. it could be mistuned. (Symptom:
many small rainbows on screen.) Run the
tune-up procedure for the oscitlator. In most
sets simply adjust the reactance coil. until
you see only the three color bars, and a
momentary color-lock.

When the afpe is put back it should lock
the colors tightly. tn a lot of sets. the hold-
range can be checked by reading the de con-
trol voltage developed by the afpe. on the
grid of the reactance tube. Normal voltage
here. in-sync. should be zero volts. ‘The afpe
should develop equal and opposite polarity
voltages. as the reactahee coil is tuned
through its full range. A good ball-park fig-
ure for this would be =5 volts, zero volis
with the oscillator locked.

But! What if you read about -3, or +3
volts. with the oscillator in swae? Or.if the

teontined on page 4

Now...the most
enjoyable
do-it-yourself
project

of your life-

A Schoeber
Electronic Organ!

You'll never reap greater reward, more
fun and proud accomplishment, more
benefit for the whole family, than by
assembling your own Schober Electronic
Organ

You need no knowledge of electronics,
woodwork or music. Schober's com-
plete kits and crystal-clear instructions
show you — whoever you are, whatever
your skill (or lack of it) — how to turn
the hundreds of quality parts into one
of the world's most beautiful, most musi-
cal organs, worth up to twice the cost
of the kit.

Five superb models with kit prices
from $500 to around $2,000, each an
authentic musical instrument actuaily
superior to most you see In stores, easy
for any musically minded adult to learn
to play, yet completely satisfying for the
accomplished professional. And there
are accessories you can add any time
after your organ is finished—lifelike big
auditorium reverberation, automatic
rhythm, presets, chimes, and more.

Join the thousands of Schober Organ
builder-owners who live in every state
of the Union. Often starting without
technical or music skills, they have the
time of their lives — first assembling,
then learning to play the modern King
of Instruments through our superlative
instructions and playing courses.

Get the full story FREE by mailing the
coupon TODAY for the big Schober color
catalog, with all the fascinating details!

lThe .TMGJ{)) Organ Corp., Dept. RE-127
'43 West 61st Street, New York, N. Y. 10023

-

]

]

(] Please send me Schober Organ Catalog 1
1

)

1

[ Enclosed please find $1.00 for 12-inch L.P.
| record of Schober Organ music

.NAME_____- e —— .
ADDRESS .

1
1
geITY—— — STATE_ ____zIP 1
R R _N N N K N N N N N N N N N |
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< LED X0~

7
| TEr
1 RIOT
LED Starter Kit $3.50
8 Lg. Red LEDs 1 Red Bullet
2 Lg. Green LEDs 1 Green Bullet
2 Lg. Yellow LEDs 10 Resistors
1. Lg. Multicolor Exp. Book
LARGE RED LED's 128250 &7
LARGE GREEN LED's 5 §2 30 S10
LARGE YELLOW LED's 5 $2 30 SI0
MULTICOLOR LED's 28112 %5
(Color changes witn Voltage)
LED Experimenter's Kit $6.75

15Lg Red LED's 2 Red Bullets
2 Lg Green LED's 2 Gn. Bullets
2 Lg Yellow LED's 10 Lim. Res.
2 Multicolor LED's 1 Book Exp.
4 SLA-1'smissing | Segment

1 SLA-17-seg READOUT w D.P.
READOUTS
SLA-1.33" Red 3 S5 10 SI5
SLA-11.33" Green 2 S5 10 S0
SLA-21.33" Yetlow 2 S5 10 S0
(ahove 1n Epoxy 14 Pin DIP)
SLA-3H .77 Red 3 SI0 10 S30
SLA-13H .77 Gieen 3 SI12 I0 S35
SLA-23H .77 Yellow 3 S12 10 S35
SLA-1"s with 1 seg. Missing (Ideal
for signs, exp.) 2 S1 10 S4 30 SI0
SATISFACTION GUARANTEED

ELECTRONICS  UNLIMITED

PO BOX9) OLNEY.MD. 20832
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TESTING!

with MITS lab quality test equipment

SG 1900—The Audio Sweep Genmrator provides the capabilities of
both a fixed frequency (CW) and s sweap genarator in a lsborstory quality
instrument. Modes include CW, linear sweep, snd log sweep with 8 sweep
time of 10 milliseconds to 100 seconds. Wavetorms are sine, square, and
triangle. The range is from 1 Hz to 100 KHz. The output has fixed sttenuation
levels 010,20,and 40dB +=1dB, as well as continuously variable atte nuation.

Prices: Kit........$119.95 Assembled........ $149.95

WG 1700—The Waveform Generator/Frequency Counter is well suited
to a wide variety of test work. Six carrier waveforms (sine, triangle, squsre,
ramp, sawtooth, and pulse) and three internal AM or FM modulator wave-
forms (sine, triangle, and square) are featured. The carrier frequency range
is 1 Hz to 1.5 MH2z in twelve overtepping ranges; the modulator waveform
frequency range is 100 Hz to 150 KHz In six overlapping ranges. Both
outputs are buftered for low output impedance. The unit also accepts
oxternal AM or FM dulating signals. The freq y counter with adjust-
able sensitivity measures the waveform generator output frequency and
frequency of external signals from 1 Hz to ovar 10 MHz, with input imped-
ance of 100K ohms.

Prices: Kit........$199.95 Assembled........ $249.95

DV 1600 —The 2-1/2 digit Digital Voltmeter is & pertect companion for
MITS’ other fine test equipment. Features include full scale measurement
ot alternating and direct current in tive ranges trom .1 ma to 1 amp, measure-
ment ot AC and DC voltage in tour ranges to 1000 volts, and measurement
of ohms in six ranges to 10 megohn s, The resolution in low ranges for
voltage is 10 mv; for current, 1Qu.a; and for resistance, 1 ohm. The DC accur-
acy is 5% and the AC accuracy is *=1%. Other features include autopolarity
and 100% overrange capability on s¥ ranges, which eftectiveiy doubles
full-scale capability.

Prices: Kit........$ 89.95 Assembled........ $129.95

‘CT 1800—1’!\0 Integrated Circuit Tester is ideal for testing digital
integrated circuits and for breadboarding IC's while developing circuits.
The eighteen LED indicators show the status of the IC under test. The
internal § voit 1 amp power supply, which has overitemperature and over-
current shutdown capabilities, is also availabile for external use. The cross
bar switch allows complete programming ot the IC under test. Other fea-
tures include an internal two speed clock, single step capability, and four
each remote outputs and inputs.

Prices: Kit........$119.95 Assembled........$169.95

ampilifiers tor gain, stabllity, input offset voltage, and input bias current in a dynamic operating environment,
A single LED indicates IC status.

Prices: Kit........$29.95 Assembled........$39.95

Power Sale

PS 500—Tho 5 Voit Power Supply, which has overiemperature and overcurrent shutdown capability, is an
ideal unit to power TTL, DTL, and other IC's. Features include load regulation at 0.6% and line regulation at
0.005%. Output voltage is 5 volts —.2 volt.

Prices: Kit........$2995 $19.95 WHILE THEY LAST!

pll |CT 1810—Tho Operational Amplifier Tester with fast, simple GO/NO GO test capability tests operational

Warranty: Full two-years warranty on assembled units, ninety days on kits.
*Prices subject to change without notice. Available from your local Olson Electronics Dealer.

1

-~ |NC. 1 [ Enclosed i, a Check for § :|

I or Z BankAmericard = — -— !

m |Is ® I or = Master Charge = o wl

1 Credit Card Exprration Date - OKit L |

1 Include $5 0C for Postage and Handhng OAssembled ]

! DsG1900 OWG1700 ODV1600 OICT1800 OICT1810 OPS500 I

o” [r!u}w- Elettmnits oz : [J Please Send Information on Entire MITS Line. :

1 NAME 1

I ADDRESS ]

6328 Linn, N.E., Albuguerque, New Mexico 87108 : City —_— == :

505/265-7553 Telex Number 660401 i STATE & Z2IP .
1 MITS/ 6328 Linn, N.E , Albuguerque, New Mexicao 87108  505/265-7563 Telex = 660401
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at—

elelllatic
0" 80LYE
ACCESSORY KIT!

ONLY
KIT

$
CONTAINS: 2500 H

C.R.T. BRIGHTENER
F
g ¢

CR-115
REPLACEMENT SOCKET

PA-222

-+
‘ .
CR-90-110

TUBE TEST ADAPTOR

CR-110-90 g

CHASSIS SERVICE ADAPTOR

CR-110
SERVICE EXTENSION

K AVAILABLE INDIVIDUALLY ‘

FREE Reference Charts.

“lelellatic

\ Brooklyn, N.Y_. 11207 ‘/

74 Circle 18 on reader service card

SERVICE CLINIC
(continued from page 72)

control voltage will not ““cross zero' . but
locks (with weak color sync) al something
like
can happen. It is almost always due to a
crvstal that 1s just a little bit off frequency!
By carefully diddling the afpe. you can liter-
ally haul it back on-frequency. but your hold
will be very bad. The oscillator is pulling
against the afpc all the time. like a car with a
sof't front tire. For a quick check. substitute
an exact-replacement crystal. and see it you
cangetthe § 0 S-volt reaction. as
the reactance coil is tuned. (Does this sound
like tuning up an FM detector. 10 get an
S-curve? Sure is. Same thing. That's the
other familiar circuit | mentioned hefore.)

So there you are. Nothing mysterious
about 112 just a couple of old friends. used in
a new way. Remember this. and you're
home free

reader
questions

SLOW LOSS OF STEREO
Tiis Motorola HS-2702 stereo tuner
loses the stereo signal verv gradually.
after plaving for about an hour. The
stereo indicator light goes out. too. Turn

it off. let it cool for 30 minutes. and it

PAIA ws
SYNTHESIZER

KITS

°

MODELS PRICED
FROM $139

PAIA ELECTRONICS

BOX R14389, OKLAHOMA CITY, OK 73114

Circle 19 on reader service card

3 volts? This is not too common. but it [

FILTER CONDENSERS
1 Mfd. 50 volts (RCA S tor $1.00
5 Mfd.-2 It C S tor $1.00
50 Mtd.-25 Volts (RCA 5 for $1.29
2 Mtd. 450 volts. (RCA 4for $1.19
8 Mtd. 450 volts- (RCA 4 for $1.19
16 Mtd.-450 Volts RCA 4 for $1.49
30 Mfd.-450 Volts 3 for $1.19
20 Mfd.-500 volts-RC 3 for $1.29
10 Mtd.-600 volts RCA 3tor $1.19
CONDENSERS CANS
0-20-10 Mfd. 350 Volts 3 for $1.00
40-20 Mfd. 1 (P.C 5 for $1.00
300-300-150-150 Mtd. 150V 6 for $2.59
00 Mfd..50 Volt 3-1.98
Mono Tonearms-Turnover Cart $1.39
tereo Tonearm irnover Cart $1.69
» Antenn; hespins $1.19
6-Coax “'F nnector $1.19
Hi-Gain 2 Set ( r $1.89
Hi-Gair ot C er $2.79
UNER CLEANER 80z. Spray $1.00
M: ntrols $2.00
66 Meg. IRC HV Resist 4 tor $2.00
0 Asst'd W.W. Resist $2.49
st'd Fuse $2.00
sst'd M ( o} $1.19
CONDENSERS-BY.PASS
0039 Mtd. 1KV 20 tor $1.00
001 Mtd.- 1KV 20 tor $1.00
056 Mtd. 1KV 20 tor $1.00
01 Mtd.-400 Volts 25 for $1.00
Mfd. 1K ‘ut Leads 25 for $1.00
1 Mtd. 1K 20 for $2.00
OID0ES SEMI-CONOUCTORS
2¢ 5 Amp. 1000 PIV $4.95
00 IR 2.5 Amp $16.95
M Xta 3 for $2.00
15 Rect 4 for $2.00
KV 3 5 tor $3.00
18 KV Focus 3 tor $2.00
.t t 5 for $2.00
51 RINTE DS $1.00
late Caps-Leads-(6JE¢ 12 tor $1.00
ite Caps-Leads (6D.16 12 for $1.00
F Cables Tinned 6 for $1.00
Rect ket 6 for $1.19
50 Asst'd IF Xtmrs $2.49
DELAY LINES 2for $1.19
Meg. Vv.C.-W/Sv 3tor$1.19
Meg. V.C. W'Sw. PP 3tor $1.29
COLOR FLYBACK XFMRS
RCA- (3754 $7.95
RCA 136640 $7.95
= M IN 738229 A $3.95
2-1 1 $3.95
TUBES. -TUBES
6BA11-(RAY S tor $4.50
3EH7-(RAY 5 for $3.50
6GH8-(RAY 5 for $3.50
12GES-(RAY S for $4.50
4BUS-(RAY S tor $4.25
5HZ26 (TOSHIBA S tor $2.75
1X2 (TOSHIBA 5 for $3.50
YOKES B/W
Y-130 Zen. 95-2974 $7.95
Y 5 UNIVERS $7.95
MOTOROLA 24D66926A04D $2.00
MOTOROLA 24D66926A07 .$2.00
COLOR YOKES
70°.-21" CRT $8.98
SILVERTONE 80-56-4G $5.95
DY95AC-Y109 $6.95
Y-133- -ADM.—-Mag $3.95
Mag.-361348- Y110 $5.95
Mag. 361395 Y135 $5.95
0 R CR OSTER 7 $4.29
R T B( TER9 $4.59
ZENITH- .ZENITH
" 21-4 $2.95
Voltage Tripler 212-109 $4.95
Voltage Tripler--212-136 $4.95
MINIMUM DROER $15.00
SEND FOR FREE CATALDG
TUBES UP TD 80 % OFF
SEND CHECK DR MONEY DRDER
P.0. BOX 603
Kings Park, L.l., New York 11754
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repeats the whole thing. What iy

this? —R.G.. Ink. Ark
Fhis is rire but as vou know. does

happen. Check the hittle germamum
diode in the base circuit of QI121. the
3IR-kH7 doubler transistor. This diode

actuallvy serves as the frequency dou
bler unit. 11t becomes leaky. shunts the
base of Q121 and kills the stereo signal
and the heht. Replace it with a silicon
drde

CAN’T SEE PIPS ON SCOPE
The instruction manual for my Heath
kit 1G-62 color-bar generator savs |
should see several small pips on the
(continued on page 7N)

FASCINATING Honnh

VINTAGE RADIO brings you the pioneer
days of wireless and radio in pictures. The
collector’s hible. it opens doors (o a nev
hohby. Great browsing. too. Qver 1,000 pic-
tures, 263 pages. 1887-1929.

RADIO COLLECTOR’S GUIDE lists over
50.000 facts on 4,000 radios, 1921-32:

maker. model. year. original price, style,
circuit type. 264 pages.

SEND TODAY 1o Vintage Radio. Dep’t R.
Box 2045. Palos Verdes Peninsula. CA.. 90274

Vintage Radio. hard cover % 695
Vintage Radio. handbook 498
Rudio Collector’s Guide 395
Rudio Fncyclopedia. hard cover 12.95
Radio Encyvclopedia. handbook 9.95
Postage Paid, California residents add 5% Tax
Name

Street.

City — State Zip____

Q«mor THE OLD DAYS!

WITH CARI

HANDLI

Please:
Help prevent
torest tires.

(&,

CAN YOU

| QUALIFY

for a High Paying and Secure
. position as a

CIRCUIT
DESIGNER ?

HELP WANTED

CIRCUIT
DESIGNERS

Salary:
Si 3,000 to $17,500
Requirements:

BSEE or EQUAL

ANY COMPANY
EVERYWHERE USA

{CHANCES ARE
YOU CAN...
Quickly &
Easily!

DEGREE REQUIREMENT WAIVED! The need for Circuit
Designers is so great that employers will put aside the degree
requirement to move up or hire men with these skills. In every
Industry, there are men holding these prestigious positions
who do not have a degree in engineering. WHY NOT YOU?

UP-TO-DATE INTENSIVE TRAINING! Our programs are
not a rehash of the electronics you already know, but intensive
training in the electronics you don't know. They offer you
“hands-on” learning of how to design circuits using the latest
devices. Included are: Transistors, IC's, FET’s, 1IC power sup-
ply regulators; UJT’s ... plus more. ARE YOU READY FOR
TODAY'S ELECTRONICS?

LOW COST HIGHLY SPECIALIZED COURSES! Because
these courses are highly specialized, you can choose a cur-
riculum which best suits your needs. And most important, you
can learn at a price you can best afford. CAN YOU AFFORD
TO WAIT ANOTHER DAY?

FREE

———» rF ¥ _F 7 7 1 ]
Gentlemen, please send me complete details on your CIRCUIT
DESIGN courses.

Age

Send for proof on how you can qualify
for training as a circuit designer!

Name
Address
City _ State Zip

1t Is understood that there is no obligation
on my part and that no salesman will call.

'a wholly owned subsidiary of Kurz-Kasch, inc

| I @g?‘ter gp\opnie,),/ Dept: RE674

LI ©  Phone: 513/296-1020
for technic? *" 2876 CULVER AVENUE
DAYTON, OHI0 45429

C 27 curd
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VWHAT THE
SAY ABOUT

READ
EXPERTS

THE NEW
HEATHKIT

DIGITAL
COLOR TV

The editors of RADIO-TV
REPAIR said, “With
manufacturers only now
beginning to get the color
excellence Heath has fea-
tured for years, it was time
for Heathkit to once again
move ahead of the industry, and move they did...”

According to RADIO-ELECTRONICS, the Heathkit
GR-2000 Digital Color TV “‘uses so much digital design
and so many integrated circuits. . . it sets new standards
for state-of-the-art in color TV”'.

The RADIO-ELECTRONICS editors said the Heathkit
Digital TV has “teatures that are not to be found in any
other production color TV being sold in the U.S.:
N\ E
g8l
. A\"
W

‘On-screen electronic digital chan-
nel readout...numbers appear each
time you switch channels or touch

the RECALL button ... On-screen electronic
digital clock...an optional low cost feature. .. will
display in 12- or 24-hour format. .. Silent all-electronic
tuning. It's done with uhf and vhf var- o

2 b, -l
actor diode tuners...Touch-to-tune, (‘-' Jut :
reprogrammable, digital channel selec- L
tion...up to 16 channels, uht or vhi. ..in ‘ﬂ’ et

whatever order you wish ...there’s no
need to ever tune to an unused channel.
LC IF amplifier with fixed ten-section LC
IF bandpass filter in the IF strip . .. elimi-
nates the need for critically adjusted traps for
eliminating adjacent-channel and in-channel carrier
beats. No IF alignment is needed ever. Touch volume
control ... when the remote control is used. . . touch
switches raise or lower the volume in small steps.”

. " POPULAR ELECTRONICS took a look at
% the 25-in. (diagonal) picture and said it
2 “‘can only be described as superb. The Black
g{f (Negative) Matrix CRT, the tuner and IF strip,
: and the video amplifier provide a picture equal
to that of many studio monitors...”
Furthermore, the Heathkit GR-2000 is an easier kit-form
TV to build. POPULAR ELECTRONICS pointed out that
“Each semiconductor has its own socket and there are
12 factory-fabricated interconnecting cables. .. The
complete color adjustments can be performed in less
than an hour.
And here’s what RADIO-TV REPAIR said about service:
“...virtually every function of the TV receiver has been
broken down to a miniature plug-in circuit assembly ...
if trouble develops you simply pop out the correct
board and check it yourself...Heath provides free
technical consultation, and if you do need factory
service, as we said, the costs are low, well below that
for (conventional color TV) insurance protection.”

To sum up, POPULAR ELECTRONICS concluded its
study by stating, “In our view, the -

color TV of the future is here — :
and Heath’s GR-2000 is it!"”

Why not see what the experts have
seen? The Heathkit Digital Color
TV —without question the most re-
markable TV available to-
day. Mail order price for
chassis and tube,
$649.95. Remote Con-
trol, $79.95 mail or-

der. Clock, $29.95 mail
order. Cabinets start

at $139.95. (Retail

prices slightly higher).
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Heathkit
electronics-

<" technology
is in your hands

A. Heathkit IB-1103 180 MHz Counter has phase-locked
multiplier, extremely high resolution with 82 -digit
readout. Pushbuttons permit multiplication by 1 (direct),
10, 100 or 1000. Also has temperature compensated
crystal oscillator (TCXO) and pushbutton selection of 1
msec., 100 msec. and 1 sec. gate times. Input sensitiv-
ity is 50 mV to 120 MHz and 100 mV to 180 MHz. Has
lighted indicators for MHz, kHz, Hz, Gate, Overrange and
unlocked conditions. $379.95°. Shipping weight, 12 Ibs.

B. Heathkit ID-1290 Weather Station has Uni/Mag
barometer for 212 times greater pointer deflection; 8
wind-direction compass points that light-up in combina-
tion to give you 16-point resolution; wind speed
indicator with 2 switch selectable ranges, 0-30 and 0-90
mph; dual-sensor thermometer with switch selection of
indoor and outdoor temperatures. Includes weather
cup and wind vane assembly, simulated wainut hous-
ing. $89.95°. Weight, 9 Ibs., 50’ cable, 5.95*, 2 Ibs.;
100/, 9.95*, 4 Ibs.; 150’, 14.95", 6 Ibs.

C. Heathkit GC-1005 Electronic Alarm Clock. A six-
digit timepiece that displays hours, minutes and
seconds on highly visible cold-cathode readout tubes.
Gentle “beeper"” alarm can be set for 24-hour cycle,
features snooze switch for seven more minutes of
sleep. Displays time in 12-hour, or 24-hour format.
$54.95°. Mailing weight, 4 Ibs.

D. Heathkit ID-1390 Digital Thermometer. A solid-state
device that monitors indoor and outdoor temperatures.
Switches set thermometer for alternate display of
indoor/outdoor temperature at 4-second intervals, for
constant display, and for readout in either degrees
Fahrenheit or degrees Centigrade. Includes 85’ cable
and 2 sensors. $59.95°. Mailing weight, 5 Ibs.

E. Heathkit AR-2020 4-Channel Receiver offers 25
watts music power per channel, built-in decoder for

reproducing matrixed 4-channel material, and an
AM/FM tuner that boasts 2,V sensitivity, 2dB capture
ratio. There are individual front panel controls for all
four speakers plus a ““‘master” control, pushbuttons for
all modes of operation and inputs to accommodate
phono, tape and auxiliary source in stereo or 4-channel
combinations. The solid-state circuitry mounts on mod-
ular plug-in boards for easy assembly and self-service.
And the low kit price includes the cabinet, too! $249.95*
Mailing weight, 31 Ibs.

Send for your FREE '74 Heathkit Catalog —
world’s largest selection of electronic kits

HEATHKIT ELECTRONIC CENTERS

Units of Schlumberger Products Corporation

Retail prices slightly higher

ARIZ.: Phoenix; CALIF.: Anaheim. El Cerrito, Los Angeles. Pomona,
Redwood City. San Diego (La Mesa}, Woodland Hills; COLO.: Denver;
CONN.: Hartford (Avon); FLA : Miami (Hialeah), Tampa; GA.: Atlanta;
ILL.: Chicago, Downers Grove; INO.: Indlanapolis; KANSAS: Kansas
City {Mission); KY.: Louisville; LA.. New Orleans (Kenner}; MD.
Baltimore, Rockville; MASS.: Bostan (Wellesley); MICH.: Detrolt;
MINN.: Minneapolis (Hopkins); MO.: St. Louis; NEB.: Omaha; N.J
Fair Lawn; N.Y.: Buffalo (Amherst}). New York City, Jericho (L.1.)
Rochester, White Plains; OHIO: Ciacinnati (Woodlawn}, Cleveland
Columbus; PA.: Philadelphia, Pittsourgh; R.l.: Providence (Warwick}
TEXAS: Dzllas, Houston; WASH.: Seattle; WIS.: Milwaukee

.- HEATH - ].
Do comans [ Schiumberger
| Dept. 20-6 ]
| Benten Harber, Michigan 49022 |
| O Please send my free 1974 Heathkit Catalog. |
: {1 Enclosed is §. _, plus shipping. I
| Please send model(s). — - — —— |
| Name._ o i = e, |
I Address_ — — — — :
| City ___State. __ np
IL *Mait order prices; F.0.B. factory cL 510_]l
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Put .005/
resolution in the
paim of

Distributed nationally.
Call your local office
for a demonstration.

ourhand|:
AZ {602)946-7252

CA/s  (714)540-7160

CA/n  (8415)321-7323

co (303)449-5294

cT (203)527-1245

FL/s  (305)581-6611

FL/E  (305)622-6850

FLw  (813)726-2373

FLn  (305)727-3205

GA {404)252-5360

295 I (312)593-0282

o IN (317)293-9827

MA (617)273-0198

Model 245 4% digit DMM offers 21 range MO (301)552-2200

versatility, 100% overrange, line and bat- Ml (313)482-1229

tery operation, (DC and AC volts, ohms, DC MN {612)781-1611
and AC amps) .005% resolution with £.05% MO/  (913)236-6600
basic accuracy for only $295 including MO/E  (314)731-2331
battery module, charger, input probes, NC (919)787-5818

NJ (215)925-8711

carrying case and full documentation.

Truly portable, pocket-size NM : (505)265-6471
o o » NY/nv  (315)446-0220
) 13/4" X31/2°X51/2 NY/s  (516)482-3500
Simple, fool-proof and protected operation. OHN  (216)243-7430
Data Precision Corporation OH/s  (513)298-3033
Audubon Road, Wakefield, Mass. 01880 2;‘ :3?2;%;2223;
617) 246-1 09
¢ e TX/s (713)461-4487
ERDATA PRECISION WA (206)763-2210
...years ahead
Circle 22 on reader service card
Kleps 40
Kleps 30 Kleps 1
Kleps 10 - 20
Kleps 10
_ N .
Kleps 30
Kleps 20 ~ . f

Pruf 10

Clever Kleps

Test probes designed by your needs — Push to seize, push
to release (all Kleps spring loaded).

Kieps 10. Boathook clamp grips wires, lugs, terminals.
Accepts banana plug or bare wire lead. 434" long. ?.39
Kleps 20. Same, but 7” long. 1.49
Kieps 30. Completely flexible. Forked-tongue gripper. Ac-
cepts banana plug or bare lead. 6” long. $1.79
Kieps 40. Completely flexible. 3-segment automatic collet
firmly grips wire ends, PC-board terminals, connector pins
Accepts banana plug or plain wire. 62’ long. 2.59
Kieps 1. Economy Kleps for light line work (not lab quality).
Meshing claws. 42" long. $ 99
Pruf 10. Versatile test prod. Solder connection. Molded
phenolic. Doubles as scribing tool. “Bunch” pin fits banana
jack. Phone tip. 5%2” long. $ .89
Allin red or black - specify. (Add 50¢ postage and handling).
Write for complete catalog of - test probes, plugs, sockets,
connectors, earphones, headsets, miniature components.

g Available through your local

distributor, or write to.
INDUBSTYA IEB

Kieps 40

Kleps 1

Pruf 10

RYE INDUSTRIES
129 Spencer Place, Mamaroneck, N.Y. 10543
In Canada: Rye Industries (Carada) Ltd.

Circle 23 on reader service card
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waveform, in the early stages after the
189-kli: oscillator. | can't see them. The
crosshateh patterns are very stahle.
though, on a TV screen. What should 1
do?—S.G., Hayward, Calif.

It the crosshatch pattern s stable
these timers have to be set correctly
you don’t need to see the pips. If' you
want to. you can usually see them by
using a direct probe. with a very small
capacitor, 310 5 pFinseries. Turn ver-
tical gain up tll you can see the pips on
the slunting part of the wavetorm.

THREE CRAWLING LINES
Everv once in a while, on our local TV
station, | see three very thin, equally
spaced lines crawling up the screen. ¢spe-
ciallv when they go to black. This doesn’t
happen all the time: it’s intermittent.
Sometimes one of the lines will be black
and the other two white, or vice versa.

What is this?—B . E.. Ft. Smith, Ark.
Most hikely cause is a three-phase
glitch. This is caused by a problem in
the primary power supply of the TV
transmitter. Seems to happen when the
mercury-vapor high-voltage rectifier
tubes get just alittle age on them. Due
to very small bursts of 1t on peaks of

voltage. R-E

SOLDERING +
DESOLDERING +
RESOLDERING =

ELEMENTARY TO ELITE
MOST PRACTICAL SOLDER HANDLING TOOLS

mieets tndustries demands. ...
with a COMPLETELY PORTABLE SOLDERING/DESOLDERING/RESOLDERING SYSTEM

EDSYX

15958 ARMINTA STREET
VAN NUYS, CALIFORNIA 91406
= PHONE (213) 989.2324
TELEX NO. 65-1469 EDSYNEX VAN

PEOCATED ta

Send for our FREE 16 page

SOLDER ' ABILITY e
1T

Ads in EEM, OTS, EBG,

manual AE, TR, and EPAC Catalogs
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FREE BURGLAR-
FIRE ALARM
CATALOG

400 PRODUCTS

Full line of quality systems and supplies
for professional or electronic hobbyist,
Prompt delivery, quantity prices

mountain west alarm

4215 n. 16th st.
w phoemx, az. 85016

on reader service card

DISCOUN T
TEST
EQUIPMENT
SPECIALISTS

SENCORE

LEgiler

COMPLETE LINE OF
ELECTRONIC SUPPLIES
ICC/Mullard & Raytheon Tubes
Telematic Test Rigs
TV Tuner Subber

FREE CATALOG
A/

Radio Supply Co., Inc.
558 Morris Ave., Bronx, N.Y. 10451

Tel: (212) 585-0330

Circle 26 on reader service card

UNTIL REGENTLY,
THERE WERE OVER

22,500 TRANSISTOR

PART NUMBERS
T0 WORRY ABOUT

IN THE SERVICE_ # 3

BUSINESS. -

Now, only 47 types
put an end to the nightmare.

Sprague’s concise but complete
line of 47 replacement transistors
(24 small-signal, 18 power, and 5
field effect) is designed to do the
work of over 22500 O.E.M. tran-
sistors. But don’t just take our word
for it. The ‘Fantastic 47’ are on the
self-service Semiconductor Q-Mart
at your Sprague distributor’s, ready
to help you now

And here’s more good news! To heip you keep the most-fre
quently-used transistors handy in your shop, we've got a new KS-10 Tran-

sistor Assortment. The Keen 18
power transistors . .

. 10 small-signal transistors and 8
give you a working inventory that replaces thou-

sands of the most popular domestic and foreign O.E.M. part numbers

They come in an attractive, blue, durable plastic cabinet
cabinet is yours at no additional cost!

for transistors only . ..

you pay

See the KS-10 with a special introductory price at your distributor’s.
While you're there, pick up a free copy of the 48-page Sprague K-500

Semiconductor Replacement Manual. Or
North Adams, Mass. 01247.

Co., 81 Marshall St,

write to Sprague Products

.REGULARLY $34.11

special
introductory
price . ..

< $2 499

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS

THE MARK OF RELIABILITY
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Get Less

For Your
Money.

Yes. we said less. HP's 3'%-digit
probe multimeter gives you less of the
things yvou'd rather do without. Less
worry about knob settings because
this unique digital multimeter has
AUTO ranging, AUTO zeroing and
AUTO polarity. Less weight and
bulk...at a scant seven ounces in-
cluding a rechargeable NiCad® bat-
tery. it's fully self-contained and fits
in the palm of your hand. less chance
for error because the ecasy-to-read
digital readout is right at the test point,
This casy-to-use probe multimeter is
so advanced that it's practically fool-
proof...yet it costs only $310*, But
get the full story onall the features
and benefits you do get

from HP's 970A probe
multimeter. .. and from
its compan ton scope
mentioned else-

where on this

page.
‘Domestic U S A
price onl

HEWLETT @ PACKARD

Sales and service from 172 offrces 1n 65 countries
HUT e MO RO - AT Lt FREE IR

Tell me more about your

-] probe multimeter, O scope.
Name
Dept.
Company
Address
City_ - .
State Zip . __

Hewlett-Packhard C o
1501 Page Ml Rd.

Palo Alto, California 94306
Circle 28 on reader service card
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new products

More information on new products is available from the
manufacturers of items identified by a Reader Service num-
ber. Use the Reader Service Card inside the back cover.

POCKET COLOR BAR GENERATOR, mode!
239 1s hand-held. self-contained service test in-
strayment with nine stable FCC-specification
signals that include gated rainbow for
testing/aligming color TV circuits. MOS LSI
solid-state circurtry, instant operation. low bat-

v

M

tery drain, stability from —-50° to 150 F. diqital
timing.

Simplified controls include two matrix shde
switches for pattern selection: chroma level ad-
justment from 0 to 150% for bright, sharp pat-
terns. rt adjustment for channels 2 through 4.
Uses two standard 9 V batteries. 5% x 33 x17
in.. 12 0z. — Hickok Electrical Instrument Co.,
10514 Dupont Avenue, Cleveland, Ohio 44108.

Circle 21 on reader service card
DIAMOND NEEDLES, Caddi-Kits. Give the ser-
vicing dealer the dramond needles he requires
to service phonographs that are popular in his
area. There are six Caddi-Kits: each contain an
assortment of 12 diamond needles to cover the
major brand names. they are designed to re-
place the popular diamond needles used by GE,
RCA. EV. Magnavox. Zenith, BSR, Astatic, and

gy 2 >

| gE REA-ZENTH
bRyl

Varco. Also included s a universal kit that con-
tans one each of the 12 fastest selling diamond
needles.

Available 1ndividually or by sampler kit,
SNK-6, which 1s one each of the six kits pack-
aged for sales presentations. Each assortment
1s packed In a clear plastic box approximately
2-%2 inches square with a self-inventory and
cross reference label that 1s color coded.—EV.
Game Inc., 186 Buftalo Avenue, Freeport, N.Y.
11520

eircle 32 on reader service card
VHF-FM ANTENNA PREAMPLIFIER, RD-375
features a 75-ohm output and 1s used tn noisey
signal areas or where use of 300-ohm twinlead
1S undesirable High input capabilty (228,000

uV) eliminates strong signal overload in tough,
noisy. low-signal areas where reception from a
distant station 1s desired. High gain of +16 dB

(five times input level) cuts TV snow and inter-
ference and helps pull in hard-to-get channels.
High output level (1.350.000 uV) provides
enough signal to operate several TV sets in
most areas. Ac powered with 1solation trans-
former to ellminate polarty problems and
shock hazard.—Winegard Co., 3000 Kirkwood
Street, Burlington, lowa 52601.

Circle 33 on reader service card
PULSE GENERATOR, mode/ 8011A has high-
voltage output for testing MOS circuitry as well
as hinear circunts. Pulse amplitude vanable from
250 mV to 16 volts. Source impedance on lower
ranges 1s 50 ohms: in 4- to 16V range. erther
ohms or high impedance can be selected. Pulse

polanty can be positive. negative, or symmetri-
cal.

L
M

Repetition rate 1s variable from 0.1 Hz to 20
MHz. Repetition rates slower than 0.1 Hz are
obtaned by external triggering. or switching
the instrument to square wave mode where re-
petition rate can be 0.05 Hz to 10 MHz. Pulse
width can be varied from 25 nano-seconds to
100 mithiseconds. $435.00.—Hewlett-Packard
Co., 1501 Page Mill Road. Palo Alto. Calf.
94304.

Circle 34 on reader service card

DDM, mode! 168 automatically selects proper
range and moves decimal point into correct
posttion. Direct-reading LED display indicates
alt information pertinent to a reading. Two ter-
minals for all measurements on all functions.
Simple connections; no speciat test feads. Five
functions are selected by front pane! pushbut-
tons and cover 24 different ranges that incliude
five ranges of ac and dc voltage. six ranges of
resistance, and four ranges of ac and dc cur-
rent. Basic dc accuracy 1s 0.1% of reading.
Auto-ranging unit has two modes of resistance
measurement. Operates on any voltage bet-
ween 90 and 250 vofts rms




ELECTRONIC
TECHNICIANS!

Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

We are proud to announce two great
new courses in Engineering Mathematics
for the clectronic industry.

These unusual courses are the result of
many years ot study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men. from all walks of
life, on mathematics, and electrical and
electronic engineering

You will have to see the lessons to ap-
preciate them!

NOW vyouw can master engineering
mathematics and actually enjoy doing it!

WE ARE THIS SURE: you sign no
contracts— you order your lessons on a
money-back guarantee.

In plain language, if you aren’t satis-
fied you don’t pay, and there are no
strings attuched.

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing to gain!

The INDIANA
HOME STUDY INSTITUTE

Dept. RE 6. P.0. Box 1189, Panama City, Fla.
32401

Circle 30 on reader service card

TOOL CATALOG

2000 items - 112 packed pages

\l instruments
\] relay tools

A wire strippers /

\J tool kits
cases bags
\/ \J tweezers {‘\
|/ soldering irons;
\ drivers
\/ metric tools
\/ optics
y/ wrenches

r-———-—_----

SEND FREE CATALOG 674 TO:

|
I Name o =
i |
I Company I
I Address I
| i

City State Zip

E JTENSEN ToOLS and ALLOYS
4117 N, 441h Street, Phoenix, Arisona 35018

Circle 61 on reader serviee card

Electromc overload protectinn s burlt nte
unit (to =1200 volts — dc plus peak ac) All
ohms ranges will withstand repeated overloads
of 250 volts rms (sinewave or dc) Better than 75
dB over one digtt rejection of ac noise may be
supenmposed on a dc input signal. Rejection
bandwidth spans 50 Hz to 20 kHz for noise
levels to 300 volts peak-to-peak with at least 1
millivolt dc applied Basic ac voltage accuracy

of -0 5% of reading 1s guaranteed for frequency
response down to 20 Hz Basic accuracy of = 1%
of reading 1s guaranteed for all ac current
ranges over 30 Hz to 5 kHz frequency response
Specitied reading time of 3 seconds on all
ranges of all functions Automatically discon-
nects its input 1f a function button 1s not de-
pressed Lockout feature prohibits selection of
more than one function Single printed circuit
board contains all cahbration adjustments and
virtually all components Almost entire digital
circurtry 1s contained on one custom-designed
IC chip that uses LSl $299 00 — Keithley in-
struments, Inc., 28775 Aurora Road. Cleveland,
Ohio 44139
Cirele 35 on reader service card

MODULAR AUTOMATIC TURNTABLE, mode/
1120 features bi-directional viscous-damped
cue and pause control. adjustable anti-skate

and stylus pressure control. factory-installed
ceramic cartrnidge with diamond stylus and

(R

fingerhift automatic pickup arm locking rest. in-
terchangeable manual and automatic play
spindles. and 11-inch turntable platter with
cushioned protective mat Molded base. tinted
dust cover ac and audwo cords
$59 95 —Glenburn/McDonald, Inc., 787 Sus-
quehanna Avenue. Frankhin Lakes. NJ 07417

Curcle 36 on reader service card

WOW AND FLUTTER METER. model M-T uses
wide-carner-range percentage demodulator

that accepts any carrier whose frequency 1s be-
tween approximately 2 kHz to 8 kHz Allows
operator to use only one pre-recoroed tape to

toomittee d on pae SO

Get Less
For Your
Money.

. il “ & &
1 L4 "
s
L3
C ]
L3
L]
&
+ & & !
|7 =

I essreason for those squinting, guess-
ing. hnob-twisting measurements with
HP'Ss bright, full S-inch diagonal dis-
pliy. Choose HP'S new dual-channel.
15 MH/ scope and you'lb get all the
sensitivity, accuriacy  and  hig-scope
conveniences you're likely to need.
That nreans less wasted time because
the scope is so casy to use. Less
weight litting because it chechs out
at a mere 15 pounds. And less down-
tme because the scope meets HP'S
most rigorous qualty standards —and
1Us backed by HP's worldwide ser-
vice and support organization. Best ot
all. it costs less —much, much less —
than vou might think. Just $695 . Get
all the information on this great buy —
and on HP'S revolutionary new probe
multimeter discussed elsewhere on
this page. Send in the coupon today.

Domesie ©S 8 prce only

HEWLETT@ PACKARD

Sales ind service trom 172 ottices in 65 countries

Tell me more about your

M scope. ™ probe multimeter.
Name
Dept S
Company _ L -
Address
Cny _ _ - _
State

Hewlen Packard Co

1301 Page VWl Rd
Palo Ato Calitornia 93306

REG-74
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CIE graduate builds
two-way radio
service business
into*1,000,000
electronics company!

How about YOU? Growth of two-way
transmitters creates demand for
new servicemen, field and system
troubleshooters. Licensed experts
can make big money. Be your own
boss, build your own company. And
you don’t need a college education.

Two-way radio is booming. There are already nearly
seven million two-way transmitters for police cars, fire
department vehicles, taxis, trucks, boats, planes, etc.,
and Citizens Band uses. And the number keeps growing
by the thousands every month. Who is going to service
them? You can — if you've got the know-how!

Why You’ll Earn Top Pay

One reason is that the United States Government doesn’t
permit anyone to service two-way radio systems unless
he’s licensed by the FCC (Federal Communications
Commission).

Another reason is that when two-way radio men are
needed, they're really needed! A two-way radio user
must keep those transmitters operating at all times. And,
they /st have their frequency modulation and plate
power input checked at regular intervals by licensed
personnel to meet FCC requirements.

As a licensed man, working by the hour, you would
usually charge at least $5.00 per hour, $7 50 on eve-
nings and Sundays, plus travel expenses.

Or you could set up a regular monthly retainer fee
with each customer. Your fixed charge might be $20 a
month for the base station and $7.50 for each mobile
station. Studies show that one man can easily maintain
at least 135 stations—averaging |5 base stations with 120
mobiles! This would add up to at least $12,000 a year.

82

Edward J. Dulaney, Scottsbluff, Nebraska, (above and at right)
earned his CIE Diploma in 1961, got his FCC License and moved
from TV repairman to lab technician to radio station Chief
Engineer. He then founded his own two-way radio business.
Now, Mr. Dulaney is also President of D & A Manufacturing,
Inc., a $1,000.000 company building and distributing two-way
radio equipment of his own design. Several of his 25 employees
are taking CIE courses. He says: “While studying with CIE, |
learned the electromcs theories that made my present
business possible.”

Be Your Own Boss

There are other advantages, too. You can become your
own boss — work entirely by yourself or gradually build
your own fully staffed service company. Of course, we
can’t promise that you will be as successful as Ed
Dulaney, or guarantee that you’ll establish a successful
two-way radio business of your own, but the opportuni-
ties for success are available to qualified, licensed men
in this expanding field.

How To Get Started

How do you break in? This is probably the best way:

I. Without quitting your present job, learn enough about
electronics fundamentals to pass the Government
FCC exam and get your Commercial FCC License.

2. Then get a job in a two-way radio service shop and
“learn the ropes” of the business.

3. As soon as you've earned a reputation as an expert,
there are several ways you can go. You can move
out and start signing up and servicing your own cus-
tomers. You might become a franchised service repre-
sentative of a big manufacturer and then start getting
into two-way radio sales.

Cleveland Institute of Electronics has been successfully

teaching Electronics for over 37 years. Right at home, in

your spare time, you learn Electronics step by step.




CIE’s AUTO-PROGRAMMED® Lessons remove the
roadblocks by using simple, concise examples. You learn
in small, compact steps — each one building on the other!

You’ll learn not only the fundamentals that apply to
all electronics design and servicing, but also the specific
procedures for installing, troubleshooting, and maintain-
ing two-way mobile equipment.

You Get Your FCC License...

or Your Money Back!

By the time you’ve finished your CIE course, you'll be
able to pass the FCC License exam. A recent survey
of 787 CIE graduates reveals that better than 9 out of 10
CIE grads passed the FCC License exam. That’s why
we can offer our famous Money-Back Warranty: when
you complete any CIE licensing course, you'll be able to
pass your FCC exam or be entitled to a full refund of all
tuition paid. This warranty is valid during the completion
time allowed for your course. You get your FCC License
— or your money back!

It’s Up To You

Mail the reply card for two FREE books, “Succeed in
Electronics” and “How To Get A Commercial FCC
License.” For your convenience, we will try to have a
representative call. If card has been removed, mail cou-
pon or write: Cleveland Institute of Electronics, Inc.,
1776 E. 17th St., Cleveland, Ohio 44114.

APPROVED UNDER G. I. BILL

All CIE career courses are approved for educational
benefits under the G.I. Bill. If you are a Veteran or in
service now, check box for G.I. Bill information.

Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council

Please send me your two FREE books:
1. Your book on ‘“How To Get A Commercial FCC License.
2. Your school catalog, “Succeed in Electronics.

-
| |
| |
| |
| |
| |
| |
| {
| |
| |
| |
I ) am especially interested in: |
| [ Electronics Technology ] Electronic Communications |
| [] Broadcast Engineering [ Industrial Electromics |
I ] First Class FCC License ] Electronics Engineering |
: ] Electronics Technology with Laboratory :
| |
| |
| |
| |
| |
| |
| |
| |
| |
L d

Name. -
(Ptease Print)
L [1 ] R S —— =
City. - _
State. — _ Zip. . Age.
[J Veterans & Servicemen: Check here for G. |. Bill information
RE-31
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NEW PRODUCTS

WINEGARD AMPLIFIED teontimued from page 81y
PRODUCTS PROVEN IN OVER make multiple speed measurements. Saves
"nless time, reduces error, and eliminates dis-
criminator controls
l 000 000 INSTAI_I_ATIONS. '0“ Other features include automatic level set
’ ’ that eltminates level controls and compensates
'ant automatically for tape dropouts. switchable fil-

L] N .
CASE I N POINT. “'es’, ters that assist operator in defining area of rate

frequency deviation: built-in oscillator that al-

WINEGARD SOLID_STATE lows for making your own test tapes, etc.:
men’ battery-operated. designed for low current

’ comsumption: portable and automatic. Unit 1s

BOOSTER'COUPLERS. don t also a sensitive ac voitmeter with full scale sen-
sitivity of 1 mV which allows 1t to make accurate

sa rumble and signal-to-noise measurements.

$350.00.—Manke Instruments, 4860 East
“nO” Simpson. Fresno, Calif. 93703.
to the Circle 37 on reader service card
For quali_t_\_r a_nd amplify signals for up to four CASSETTE DECK, model MK-50 features pro-
dependability in booster- TV receivers or outlets. co ese fessional Dolby-B noise reduction system that

couplers, look to Winegard. achieves a signal-to-noise ratio of better than
You know they’'re good. ® 75 and 300 ohm 0‘ ,our ?

Because our solid-state, models

booster-couplers deliver the ; . ARG
best TV/FPV§ reception and 300 3 60 GEapeletiling
the best reliability in the solid-state circuitry
industry today. lightning protection
Winegard booster-couplers i

come in a wide choice of
models so each TV system
can be “customized’ for rugged commercial
perfect reception. You can quality steel cabinet

three wire ground cord

Best TV products for Best TV reception

“VWINEGARD

TELEVISION SYSTEMS
Winegard Company ® 3000 Kirkwood Street © Burlington lowa 52601

60 dB. Also features wearproof molybdenum

Gi:'e to theheollese record/play head with precision micro-gap that
":';;. oice. delivers wide frequency response (30—18 kHz
Circle 63 on reader service card for CrO tapes). Electric governor dc motor

Rack up extra profits on the QT.

New RCA “QT” Rack
stores your
fastest-moving

TV replacement parts
within easy reach.

The new RCA "QT" (Quick Turnover)
Inventory Selector Rack is the most
efficient way to store the most-
frequently used RCA TV replacement
parts. It puts the parts you need most at
your fingertips, for easier control,
faster servicing.

Re-designed with two shelves, ample
pegboard space for hanging blister-
|| packaged parts, and two wire baskets for
neatly holding film-wrapped items, this
new “QT" rack makes it handier than
ever to stock parts and find them quickly.
It's sturdy, but light enough to be safely
hung on a wall,

Your RCA "QT" Parts Distributor has a
parts inventory system designed to meet
your needs. See him soon. Or contact
RCA Parts and Accessories, P.O. Box
100, Deptford, N.J. 08096.

Cirdde 64 on reader service card
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maintains even drive speed  wow and flutter are
less than 0.10% rms

Cue and review switch, tape scan indicaior
and 3-digit tape counter make it easy to locate
desired selections; no stop required between
play and fast forward and rewind. Separate left
and right channel slide level controls are pro-
vided for both record and play modes. Two
large VU meters offer instant readout for chan-
nel level control. Separate left/right mike in-
puts: line-in terminals: head-phone jacks
low-distortion/high-output preamp. 10 [bs.. 4 x
16 x 11-% in.. $249.95—Dokorder, Dept. P
11264 Playa Court. Culver City. Calif. 90230

Circle 38 on reader service card
METRIC HEX KEYS, stock no. 70156. Folding
set of seven works on the jack knife principle
Includes sizes 1.27 mm. 2 mm. 2.5 mm

£
3 mm. 4 mm, and 5 mm. Blades are made ot
#8650 nickel-chrome-molly wrench steel and
are precision drawn. Individually carded

$2.48 —Vaco Products Co., 510 North Dear-
born Street. Chicago. Ill. 60610

Circle 39 on readey service card

Our little '3 -incher”
is bigger than

anybody’s!

LB0O-302

3 DUAL TRACE/
DUAL CHANNEL
TRIGGERED SCOPE

Conquer the tast bench squeeze! Obtain lab-
grade quality’ Here's solid state accuracy plus
push-button comvenience for trig. & auto. sweep
& ‘“free rum’ momentary function. e 10MHz
b'width e 10mVp-p/div to SVp-p/div Vert. Sen

LEADER

INSTRUMENTS CORP.

De

$699.5
With accessories

sitivity, 9 steps. o Sep. or simult. sweep display,
¢h 1 &2 - alt., chopped, algebra added and X-Y
vector. o Sweep range from lusAdiv (0.2us
w/SX mag) to 0.2s/div, 17 steps. e Polarity in-
versios an ch 2. o 43/4”H, 10 Ibs.

“Put us to the test’’

151 Dupont St., Plainview, LI, N.Y. 11803 (516) 822-9300

Circle 66 on reader service card

The Ultimate in Ignition Systems!

% ELIMINATES BREAKER PQINTS.
Pertect Timing and Dwell never change!

Y Eliminates Tune-ups.
Never wears out or needs any Maintenance.

% The Most Advanced
“OPTOQ-ELECTRIC SYSTEM"

@ The Allison Breakerless System eliminates the Points
and Condenser, replacing them with an Opto-Electronic
Trigger. using a Light-Emitting Diode and Phototransistor
Also completely eliminates wiper-arm “friction” wear

The only “TRUE" Electronic Ignition . that you can install
tor under $100. Gives 40-times more Timing Accuracy
than ANY system using mechanical Breaker- Points!
Unlimited RPM_ Smoother running (No timing tluctuation
as with Magnetic units). Unatfected by Temperature,
Moisture, or Vibration! All Solid-State Components
Easier Starting under any condition! Increased Horsepower.
Sparkplugs last longer. Perfect timing Increases engine
Efficiency and Gas Mileage up to 30%!

® Quick and Easy Installation!

Y Tested and Proven reliability.
Only $4 Q9 e SATISFACTION GUARANTEEO!
® Complete ® 1-YEAR FACTORY WARRANTY,
(State Make, Year, Engine Size). (Calit. Res. add Tax)

@ CCNVERT YOUR "'C-D UNIT TO BREAKERLESS!
“TRIGGER-UNIT* ONLY $34.95

Y& Send Postcard for FREE BROCHURE Today.

ALLISON AUTOMOTIVE CO.
P.0. Box 881-L, TEMPLE CITY, CAL. 91780

Circle 65 on reader service card

Model AT15S cartridge shown
in Model AT10C9 tone arm.

IS SHIBATA

...and
audio-technica!

The only phono stylus tip design-
ed for the new discrete 4-channel
records is the new Shibata multi-
faceted stylus.

It's the stylus we include on our
AT12S, AT14S, AT15S & AT20SL
Audio-Technica Dual Magnet®

audio-technica.

— .= ., correct, long-lasting per-

cartridges. To give you

formance from discrete
4-channel records. And
better sound from any
matrix record or present
stereo disc as well.

Audio-Technica Dual Magnet
cartridges are brand new and
loaded with features. Like a sepa-
rate, independent magnetic sys-
tem for each side of the sterec
groove. And smooth response to
45,000 Hz and beyond. Plus very
low moving mass for superior trac-
ing ability.

Get a tip from leading audic
showrooms throughout the
country who are now stocking
and recommending the Audio-
Technica Dual Magnet cartridges.
For every modern record you own.

*U.S. Patent No. 3,720,79€; 3,761,647

_J

AUDIO-TECHNICA U.S.,, INC., Dept. 64E, 1655 W. Market St., Fairlawn, Ohio 44313

Circle 67 on reader service card
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VIDEOTAPE-VIDEODISC

{continued from page 35)

independent firms using its real-time dup-
licating equipment for dubbing of Omnivi-

sion cartridges. Later in the year the firm
evpects to start shipping duplicating equip-

ment that permits 10-times-real-time dupli-

cation of the half-inch cartridge. The com-

pany also provides cartridge duplication at
its own marketing/warchousing/servicing
facilities in New York. Georgia, [Hinois and
Tenas.

In addition to the above, there are scores
of independent software duplicators and
producers. Using pairs of recorders, they

cin duphicate on i one-to-one basis in any of

the key formats. These companies. by pro-
viding o needed service, are helping to ex-
pand the overall VTR market. And in the
process are helping themsehves to expand.
to become bigger. even more important in
the total industry.

Will it ever be HVTR?
While VTR today is considered to be
primarily an industrial/educational/medi-

cul proposition, there is a certain amount of

consumer interest building up. The
consumer—or “home™” market for VIR s
generalty put at S0 of total sales.

One waggish source pointed out that a
“home ™ market for VTR was developing at
amuch faster clip than most people realized.
He noted that dozens of reattors had
adopted VTR'S as a means of selling homes.
instead of trunsporting prospects to various
home sites, the realtor merely flips i switch
and the prospect can check out what's

available on a TV screen—without leaving
the realtor’s office. The cartridge tapes
show inside and outside views ol the homes
up for sale. along with views of adjacent
homes. The realtors are enthusiastic about
the VTR approach in that it saves a lot of
time and travel. . .and gasoline.

The bulk of today’s consumer market is
sales of equipment to an avant garde known
as video freaks™. This group uses the
cquipment for its own pleasures. 1t s also
instrumental in developing some of the
softwire — pornographic — that is being
used on a commercial level.

T'he Latteris kargely motel proprietors who
operate videocassette or cartridge palyers
through the TV sets of motel rooms, ofter-
ing rannchy program fare as an inducement
or “special attraction”™ beyond traditional
services 1o the wayfarer. The motels are
quite open about their special offerings: they
run newspaper ads heralding them. A typi-
cal headline is “"Adult Movies! In the pri-
viey of your own motel room. X-Rated!™

In fact. the pornographic aspect is re-
garded by many observers as one of the
most important “"hooks™ 1o attract " Mr.
Jones™ to VIER, and eventually create o
consumer market of such magnitude that it
will put the “*home™ back into the carly-
dity s phrase " Home Video Tape Recorder.™

Another hook that is helping to create a
home market for VTR is exposare to the
concept. Scores of sales have been chalked
up by video product retailers to people who
hine seen VTR used in schools or at their
places of employment. These consumers
see the vatue of VTR for their own use at
home. as a multi-vatue instrument tor learn-
ing. pleasure., ete. R-E

FIVE CHEMICALS. Bl/ast-Utt dispenses dry air
under pressure to remove dust and 10ose oxide
deposits from delicate electronic and mechani-
cal assemblies Stik-E spray adhesive 1s used
for permanent or temporary bond on almost
any kind of matenal. Corona Dope 1s a high-
voltage insulating spray that prevents arcing

and corona. Siic-Spray 1s a silicone spray that
stops squeaks. prevents rust. and lubricates.
used where sticking i1s a problem. WE40. a lub-
rncant and morsture displacer. cleans and frees
rust from tools. locks. and other metal pro-
ducts: corrects electrical shorts due to
moisture —Workman Electronic Products, Inc.,
Box 3828. Sarasota. Fla 33578.

Corcle 40 on reader service card
2-WAY RADIO, Messenger 130. Radiotelephone
configuration teatures automatic control of
built-in speaker function. With handset in the
cradle position, the speaker 1s activated so in-
coming calls can be heard. When operator Iifts
the handsel. the speaker s automatically sil-
enced to permit private handset listening. Op-
tionally. the operator can continue to have the
loud-speaker active by flipping a switch to the
“speaker” position.

Contains push-to-talk bar in the handle.
Other controls provide full CB functions. in-
cluding operation on all 23 channels plus PA

teontinned on page 91)

Accuracy like a VTVM...
Convenience like a VOM...

NEW BATTERY-OPERATED FET
SOLID-STATE VOLT-OHMMETER #116

Easy-to-build KIT

$32_40:11&(

Factory-Wired & Tested

344 906

Now you can get all the benefits of a
VTVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm.up, no bulkiness. New Field
Effect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for
both bench and field work.

Compare these valuable features:

e High impedance low loading: 11 meg-
ohms input o7 DC, 1 megohm on AC e
500-times more sensitive than a standard

X7

20,000 ohms-per-volt VOM e Wide-range
versatility: 4 P-P AC voltage ranges: 0-3.3,
33, 330, 1200V; 4 RMS AC voltage ranges:

end FREE catalog of complete EMC line
nd name of nearest distributor,

ness is.

0-1.2,12, 120, 1200V; 4 DC voltage ranges:

0-1K, 0-100K, 0-10 meg., 0-1000 meg.;
4DB ranges: —24 to +-56DB.

Sensitive easy-to-read 4%2” 200 micro-
amp meter. Zero center position avail-

i
1
[}
1
[}
1
:
0-1.2,12, 120, 1200V; 4 Resistance ranges: |
1
i
[}
1
1
1
1

able. Comprises FET transistor, 4 silicon
transistors, 2 diodes. Mefer and tran-
sistors protected against burnout. Etched
panel for durability. High-impact bake-
lite case with handle useable as instru-
ment stand. Kit has simplified step-by-
step assembly instructions. Both kit and
factory-wired versions shipped complete
with batteries and test leads. 5Va"'H x
634°'W x 2%"D. 3 Ibs,
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ELECTRONIC MEASUREMENTS CORP.
625 Broadway, New York, N.Y. 10012

Name

If you’re a professional...

a $129.00

telephone answering machine
isn’t the answer.

Record-O-Fone units are quality engineered with the pro-
fessionat in mind and offer important features not found in
other makes Say a calter wants to leave a message that's
more than 1C or 20 seconds long. No problem. With Record-
O-Fone he can teave as long a message as necessary . . .
and so can you, And if something comes up, or you're de-
layed, Record-O-Fone lets you change the message you've
left for callers without ever going back to the office! Try
doing that with a $129 unit. You don't have to wait to get
back to the office to collect your messages either.

There are many more advantages to owning a Record-O-
Fone for your office, such as never having to put up with
annoyed or inefficient answering service operators, and the
fact that Record-O-Fone is backed by the world's largest
most experienced service organization, But the real ques-
tion isn't whether or not you think Record-O-Fone is worth
the investment . . .

it's whether or not you think your busi-

For more information on the full tine of Record-O-Fone
units, filt out and return coupon. Record-O-Fone. It's the
next best thing to being there.

RECORD-0O-FONE

DIVISION OF ELECTROSPACE CORPORATION

RECORD-O-FONE Dep'tRE674
1717 Paterson Plank Road
North Bergen. New Jersey 07047

Address
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BE CHOOSEY.
YOU CAN AFFORD TO WITH EICO
The more you know about electronics, the more you'll ap-
preciate EICO. We have a wide range of products for you to
choose from, each designed to provide you with the most
pleasure and quality performance for your money. If you
prefer, you can “Build-it-Yourself”" and save up to 50% with
our famous electronic kits.
For latest EICO Catalog on Test Instruments, Automo-
tive and Hobby Electronics, Burglar-Fire Alarm Systems and

name of nearest EICO distributor, check reader service card
or send 50¢ for fast first class mail service.

Over 3 million Eico
mnstruments in use

- = | since 1945

283 Malta 3treet. Brooklyn, N

E&L SK-20 SOCKET

TEST NEW CIRCUIT IDEAS, I.C”’S, DISCRETE
COMPONENTS WITH NO SOLDERING!

Just insert components directly into the Socket.
Make all of your interconnections with common
22 gage solid wire and you've got your design
complete in minutes. Plug in 14 watt resistors,
ceramic capacitors, diodes, I.C.'s,
transistors and more, and your cir-
cuit is built! Handles wide range
of wire leads from .015” to .032~.
Money back if not completely
satisfied. Send check or M.O. today.
Add 50¢ for postage and handling.
PLUS . .. ask for New Free Catalog.

CIRCUIT DESIGNS, INC.

P.0. BOX 24, SHELTON, CONN. 06484
Exclusive mail order dist. for E&L Instruments.

I on reader ~ervice curd

LOOKTO

FOR YOUR

SOLDERING

You'll find the right product at
the right price in the Lenk
line — made by long-time
specialists ir soldering
equipment

»>

CORDLESS

Battery powered. Built-in light. Fits easily into
a tool box. Can be used while re-charging. Over
700°F tip termperature. Heats almost instantly
very useful!

Very light

[ —

PACEMAKER

An instant type gun at low
low cost. Lightweight — no
heavy transtormer. Fast heat-

PENCIL
TYPE

IRONS

Lightweight,
cool handles
screw-in
tips

ing. Thermostatic action. Long,
thin reach. Needs no stand, rests
with tip upright. Interchangeable tiplet

AND OTHERS —
ALL MADE IN THE U.S.A. BY SKILLED CRAFTSMEN
See the Lenk line where quality soldering tools are sold

# WALL-LENK MFG. CO.

WORLD'S LARGEST MANUFACTURER OF SOLDERING IRONS
KINSTON, N. C. 28501

WHILE THEY LAST!
R 88 oo, <K %

i SECURITY TRANSMITTER:

Crystal controlled, tone modulated, R.F. device
{1 which contains: crystal, audio+R.F. transistors, reed j
switch, audio+R.F. coils, etc.
UF $1.25 each

2/$2.00 8 oz. Shp. Wt.

SUPER HET. CONTROL, RECEIVER:

Crystal controlled, with re-transmitter. Contains &

timing circuits, electronic siren, 12 volt power supply

with relay output. Operates on 110 VAC or 12 VDC.
2/$7.50

100/$300.00

10/$8.50
100/$80.00

w

$5.00 each 4 1b. Ship. Wt.

REMOTE RECEIVER:

gy Crystal controlled receiver includes timing cwcuit,
power supply with relay output. Operates on 110

g VAC or 12 vDC.

1/l $3.50 each 4 |b. Shp. Wt.

(] ALL EQUIPMENT SOLD AS IS.
Include sufficient postage; excess will be refunded
NO CASH OR C.0.D., please. California residents add &
» sales tax.

/-

R. A.G.S.
666 WILLOW STREET

Circle 72 on reader service card



NEW PRODUCTS

(contined from page 88)

capability. Solid-state circuitry also features au-
tomatic gain control (agc) and noise hmiting
(anl) on receive, plus electronic speech com-
preSSIOn on transmit. $199. 95—complete with

mounting bracket for under-dash or transmis-
sion hump mounting—E.F. Johnson Company,
Dept. 72-19, Waseca, Minn. 56093.

Circle 41 on reader service card

Prrreccccay

Cancer’s
seven
warning
sngnal.s

Change in hnwelu
bladder habnts

2.
A sore that does mot heal

3.
Unusual bleeding
or discharge

4.

Thickening of lump
n breast or elsewhere

5.

Indigestior o
difficulty in swalksving
6.

Obvious change in
wart or mole
7.

Nagging cough

of hoarseness

If you have
awarming syznal,
~ee your doctor

Aserican Cancer Socisty |

becccececead

 Evergthing gou wanted fo
“know about CD. Ignition

.,}"“"Sgstems but didn't know
‘whom to ask,

Send for FRILE Tiger booklet

(20 pages) which answers all

your questions.

Name __ _ . —
Address - -
City___ _ - —_
State_ —_ Zip - -
CLIP OUT THIS AD AND SEND TO

TRI-STAR CORP.

P. O. Box 1727 Dept. H
Grand Junction, Colo. 81501
Circle 73 on reader service card

Is
YOUR
BLOOD

PRESSURE
HIEH?

Only your docter
can control hign
biood pressure
Protect yoursalt
2ways

Gat reguisr
medical
chechups. and
R suoport
Your Heart
Associatron s
tight against th s
teading causa of
heart aracss
and strohas

eve. (P
so more will live

HEART FUND

If You Work In Electronics:
GRANTHAM OFFERS YOU
College-Level Training

and a college degree.

Electronic Circuit Design,
Engineering Analysis (includ-
ing mathematics thru calculus),
Classical and Solid-State

Physics, Engineering Design, (oo
etc., etc., are all part of -
V

the Grantham home-study de-
gree program in Electronics
Engineering.

PUT PROFESSIONAL
RECOGNITION IN
YOUR CAREER.

By adding college-
level home training
and a college degree
to your experience,
you can move up to
greater opportuni-
ties in electronics.

Grantham offers the .
A.S.E.T.degree by corre-
spondence. After earn-
ing this degree, you may
continue with additional
correspondence plus a 3-day
residential seminar and certain transfer credits, to
earn the B.S.E.T. degree. Then, the B.S.E.E. is
available through further study.

GRANTHAM SCHOOL OF ENGINEERING
2000 Stoner Ave., l.os Angeles CA 90025

® Telephone (213) 477-1901 @
Worldwide Career Training thru Home Study

Mail the coupon below for free bulletin.
Grantham School of Engineering RE 6-74
2000 Stoner Ave., Los Angeles, CA 90025
I have been in electronics for. years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name Age

Address

Circle 74 on reader service card




new literature

All booklets, catalogs,
charts, data sheets and
other literature listed here
with a Reader Service
number are free. Use the
Reader Service Card inside
the back over.

SAMS BOOK CATALOG, 90 pages. Features
books on amateur radio; appliances, motors,
power mechanics: audio and hi-fi: basic and
hobbyist; CB and communications: circuits and
components. data processing: electricity and
electronics. instrumentation: mathematics:
radio and television: reference. semiconduc-
tors and tubes; servicing; space technology
test equipment. Contains a section on Audel
books as well as alphabetical index, numerical

F159 |
TUBE g a |
BONANZA!

20

assorted tubes for $1.00 !
Untested (some will be

good, some bad).

TAKE A CHANCE FOR

$1.00

% SWSII'}I(?HEES % ;mxed capdacitan:es ;-and mixed carp1a5:|1-
¥ 00 HlGHEST QUAL“‘Y ances and mixed vo tag_es. _—
12 tor $1 _ 72 MINIATURE <7 i
Alltypes, SPDT, DPDT, etc. F106 | POTS I{/
TRANSISTOR o ]2 for s]oo ATy
REPAIR KIT ° Used in transistor and miniature
$1 00 ONLY NEW |applications. F1a1

ncludes resistors, condensers, trans
istors, transtormers and various &
sundry parts used to repair transitor
radhos. walkie-talkies. tape recorders

BARGAIN |
BONANZA

EDLIE

PRODUCTS
EXCELLENT MIXTURE

DISC CAPACITORS _

%’ 60 for 51

Assorted capacitancesfrom .0001to. 1.
|Different voltages, mostly 600 volts
IN.P.0. N750. F140

—=0—

MINIATURE TRANSISTOR
ELECTROLYTES

13 for 5100

|Some axial leads, some vertical mount.

Acquired from U.S.
Defense depots or re-
moved from equip.
ment (new and used).

These are laboratory |
ete L] | F188 GIANT PACK OF fested and_guaran-
e ASSORTED TRANSISTORS R
standard k
—_ Silicon Planar RCA,.(SE. Tt.c."’ "
PRECISION Untested. NPN & PNP RADIO & TV Receivi
; eceiving
RESISTORS Power, Audio, RF
60 100 for $1.98 Any 3 for §1.19
Al 1%, V2 watts & 1 5 1L4. 1S5
watts. From low to for LED's in working 3CB6. 3DG4. 3EH7. 3EJ7

figh obmages L g $700 | 3for $1.00

OUAL

POTENTIOMETERS
25 for $1.00

Assorted ohmages. Originally for

10 LED's asst. in working
conditions $1.00

7 segment
readouts

condition 3 green or 3 yellow

3KT6. 354. 3.14. 4BC5
FI01 | gNe6. aBUS. 5C75. 506
518, 5U4, GACT. 6ABA. GAF4

F102 | gacs. 6AJ8. 6AKS. 6AKE
$1.25 each | g5 6a.25. 6AUG. 6AXA
F103 | 6BA6. 6BAl)

6BL8. 6BN4
6B.26, 6BS3. 6BUB. 6BW4
6B26, 6CB6. 6CD6. 6CF6

' e
ﬁ %% CG7. 6CG8. 6CM3

VOLUME CONTROLS

6C.24. 6DA4. 6DE4. 6DG6
6DK6. 6DN7. 6DT6. 6DW4

Hi-Fi, Stereo and TV 6EA7. 6EH5. 6EH8. 6FD7
F123 20 for $1.00 6FM7. 6F 17. 6GF7. 6GH8. 6GK6
- ST Wire wounds & carbons, upto 1| 6GL7. 6GM6. 6GN8. 6GU7
(ol | oddie meg, some with switches 5. € 6HJ7. 6HJ8
TIE LUGS F126 ot g e
50 for $1.00 6LFS 6LYS 5 6 .7
T
From 2 lugs up =0 SN7. € ,; 8 )
F143 /4. 6W4, 6X4 7GS7
10 SHIELDED WIRE “M7 8CN7. BEBS. BSN7
MISCELLANEOQUS ASSEMBLIES for $1.00 2AD6. 12AE7. 12AU7
MINIATURE _ IWith RCA molded plug at one end AT7 1‘ AU6. 12AV
TUNING & tinned wire at the other. 12Ax4. 12BA6. 12BE6
METERS. | F145 S
2 for $1.00 12sC 5N
l WRITE FOR 18FW6. 19T8. 2.E£27. 22BW3
| FREE VALUE PACKED 35v4. 36AM3. 5085
MONEY BACK GUARANTEE CATALOG CARBON RESISTORS

Terms: Minimum order $4.00. In-
clude postage. Either full payment
with order or 20% deposit, bal-
ance C.0.D.

FREE CATALOG

BONUS

FREE CAPACITOR KIT
With Every $5 Purchase

175 for $1.00
Most with cut leads (long
enough for soldering),
some pre-formed. Most

all 5% or 10%. F175

EDLIE ELECTRONICS, INC. 2700-F HEMPSTEAD TPKE., LEVITTOWN, N.Y. 11756

92 Circle

75 on reader service card

index, and author index.—Howard W. Sams &
Co.. Inc., 4300 West 62nd Street, Indianapolis,
Ind. 46206

Circle 42 on reader service card

PROFESSIONAL SECURITY SYSTEMS.
32-page catalog list 17 professional security
systems. Also includes sales demonstration
case, power supplies, replacement batteries,
test equipment, tools for proper installations,
bells, horns and sirens, sensors, wire & wiring
tools, foiling accessories, wireless accessories.
heat and s