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Performance

*Audio magazine says:

“It is extremely attractive with its base and dust cover,
both of which are optional accessories, and it performs
superbly. In over twenty hours of use, the unit performed
flawlessly, with never a fault in its changing operations
during that time. Naturally, we cannot test any
equipment to destruction and still produce a number of
profiles each month. However, Garrard’s reputation
practically guarantees continued high-quality
performance for years, and any user should be com-
pletely satisfied with this model, which represents the
culmination of many years of turntable manufacture.”

Price

**Stereo Review says:

“At a time when most automatic turntable prices are soar-
ing, it is encouraging to note that the price of the SL95B
is unchanged from that of the SL95 ($129.50). A number
of different bases are available ranging in price from $6.50
to $19.95. A dust cover that fits all bases is $6.50.”
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% Reprinted with permission from the
March 1970 issue of Audio©

** Reprinted with permission from the | L e :

March 1970 issue of Stereo Review © & ; .

Garrard’s SL

Automatic Turntable $129.50.
For literature write Garrard, Westbury, N.Y. 11590

British Industries Co.
Circle I on reader service card
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Put More ““GO POWER’’

into Your Electronics Career —
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ENGINEERING

“the college that comes to you”

Earn a DEGREE in Electronics Engineering

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to
upgrade electronics technicians to the engineering level, mostly by home study.

While you continue your present employment, you
can really learn electronics engineering and earn an
ACCREDITED DEGREE. Upgrade your income and
prestige by upgrading your electronics cducation at the
college level.

GRANTHAM’S strong-foundation educational pro-
gram in electronics engineering is designed especially
for the working technician. This program, offered mostly
by home-study, leads to non-obsolescent skills—to skills
based on reasoning —and leads to the DEGREE of Asso-
ciate in Science in Electroniecs Engineering (the ASEE
Degree).

This accredited degree program consists of four “cor-
respondence semesters’ of 100 lessons each, a total of 400
lessons. All except the last ten of these lessons are com-
pleted entirely by correpondence. However, after you have
completed Lesson 390 you must then attend a two-week
Graduation Seminar at the School. It is during this at-
tendance that you complete Lessons 391 thru 400 and
receive your ASEE Degree.

Accreditation and G.1. Bill Approval

Grantham School of Engineering is accredited by the
Accrediting Commission of the National Home Study, is
approved under the G.I. Bill, and is authorized under the
laws of the State of California to grant academic degrees.

Grantham School of Engineering
e Established in 1951 »

1505 N. Western Ave.
Hollywood, Calif. 90027

Telephone:
213) 469-7878

O\T ED S,
o® %

Earn Your FCC License Along the Way

You have heard and read, over and over again, about how
important an FCC license is to your success in electronics.
It is true that an FCC license is important —sometimes
essential —but it’s not enough! Without further educa-
tion, you can’t make it to the top. Get your FCC license
without fail, and then continue your electronics education
to earn your degree. It makes good sense to prepare for
vour FCC license with the School that includes the FCC
license preparation as an incidental part of your degree
program.

In the Grantham ASEE Degree program, FCC-license
and radar-endorsement preparation are integrated into
the first two semesters for the benefit of those students
who have never obtained such a license.

Find out how
you can advance in elecironics

@ Mail the coupon below for our free Bulletin @&

T s R T |
| Grantham School of Engineering 7271070 |
I 1505 N. Western Ave., Hollywoed, Calif. 90027 }
} Gentlemen: |
[ Please mail me your free Bulletin which explains how the |

Grantham educational program can prepare me for my FCC |
| license and Associate Degree in Electronics Engineering. I |
} understand no salesman or counselor will call. }
} Name {
I I
| Address - . =0 _ i
; ]
l City State . Zip ;
| Ihave been in electronics for years. |
S N S el Y~ ]

Circle 2 on reader service card
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The FERPICS are Coming

MURRAY HILL, N.J.—Think of
an erasable, reusable 35-mm
slide on which an operator
can electronically erase all or
part of the image, add new
material, and reproject a new
image on the screen.

Scientists at Bell Labora-
tories are investigating these
devices which store images
until they are electronically
erased or changed.

Called ferpics (ferroe-
lectric ceramic picture de-
vices), the devices are made
of material first announced
by Sandia Corporation.

The ferpic device is a
sandwich structure consisting
of transparent electrodes, a
photoconductive film and a
thin plate of fine-grained fer-
roelectric ceramic. To change

an image is stored in the
form of variations of trans-
parency across the film. In a
ferpic the image is stored as
a variation of the ‘bi-
refringence” of the ceramic
plate—as a variation in the
way the plate transmits pola-
rized light.

In one mode of oper-
ation, a scanned laser beam
records an image on the
photoconductive film—one pic-
ture element at a time as in a
TV picture. A voltage applied
to the transparent electrodes
develops a field across the ce-
ramic. When the field is re-
moved, the image remains

stored on the ceramic plate.
The image store in the fer-
pic device can be viewed by
putting light polarizing sheets

FERPIC FOCUS ADJUSTMENT is made by Juan Maldonado on image
of Bell System symbol projected onto small screen.

the stored information in this
simple structure, a new tech-
nique, called “strain-biasing”
was developed at Bell Labs.
The basic ferpic sandwich is
bonded to a transparent
substrate which is then flexed
so as to stretch or “strain”
the material.

In an ordinary film slide

over it, or the image can be
projected on a screen using
polarized light in a con-
ventional projection system.

To erase the image, the
entire structure is flooded
with light in the presence of
a reversed electric field; the
plate is then ready to store
another image.

HANDFULL OF MEMORIES--Ann Karagines examines 250 feet
of magnetically plated Mini-Wire at Honeywell’'s Aerospace Di-
vision in St. Petersburg, Florida. The wire, which is only two
thousandths of an inch in diameter, has been combined with
medium-scale integrated circuits in a new computer memory

being tested at the division.

The device is being ex-
plored in the hope of obtain-
ing efficient, low-cost solid-
state  information displays
with features that are diffi-
cult to obtain in present dis-
play systems. Because the im-
age stored in the ferpic

b

ORIGINAL PHOTO (above) is
conventional photo. FERPIC
STORED IMAGE (below) shows

loss of detail and clarity.

WWW. americanradiohistorv.com

device can be projected, very
large displays can be ob-
tained. Also ferpic slides can
retain images for a long time
without electrical power. A
TV set must be fed signals
continuously to retain an im-
age; once power stops, the
image fades.

At the present stage of
development ferpic devices
can store and display, with
high resolution, black and
white images that fade only
slowly. Thus present ferpics
are suitable for the display
of, for example, written text
or figures, since such appli-
cations, while exploiting the
unique image storage capabi-
lities of the device, would not
place severe demands on the
speed or lifetime of the ce-
ramic material. *

Faster Fax

SADDLE BROOK, N.J.—A new,
low cost, high speed facsimile
telecommunications unit that
can cut telephone costs by as
much as one-half has been in-
troduced by Magnavox Sys-
tems, Inc. Called Magnafax

860, the new unit is a two-
(continued on page 12)
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October 1970 ® Over 60 Years of Electronics Publishing
Hl-FI——STEREO——AUDIO

New 4-Channel Stereo Techniques . ... 33 ..... Walter Salm
The latest word on the newest sound

Get The Most Out Of Your Stereo System . , 4Q .. . .Peter Sutheim
What you can do to make your system better

How To Buy Audio Tape . . . .. .. .. 43 ... .. Byron Wels
All recording rape is not the same

Constant-Speed Motors For Tape Recorders 49 |, .. ..
Hysteresis-synchronous for betier speed control

Tape Recording Facts And Falacies . . . ., . 83 ... .David K. Kirk
Check your tape recording avareness

Al Williams

BUILD ONE OF THESE

Six-Channel Stereo Mixer-Preamp. . . . . 36 .. George Hanchett
Modular solid-state unit does most unything
Low-Cost FM Stereo Multiplex Generator 63
ldeal for seiting up solid-state receivers

. «....Al Franson

TELEVISION
lni The ShoOp ;i % sy « = arasigl | 2 e w alh . Jack Darr
Ripple and noise
Modular TV Sets Chart | . ., . ... .. 44 . Stanton R. Prentiss
Kwik-Fix Troubleshooting Charts , . , . . 45 . . .Forest H. Belt
4-types of focus stages
R-E Reference Manual ., , . ... ..... 858 JamesA. Gupton, Jr.
How to install TV antennas
Senvicel CINICLT. swars & o Nmiwiais 5 = 2 84 . oenso Jack Darr

Solutions 1o reader problems

GENERAL ELECTRONICS

lLooking Ahead . . .. . ... ....... 4 . David Lachenbruch
Current happenings with future overtones

Editorial . . . . .. > O N N 6

Veteran’s benefits for technical courses

Equipment Report . . . . . . ... ..... 26 ...... Jack Darr
Heuathlit IG-57 postmarker sweep generator

How To Putter With The PUT, . . . . . 50 ...... R. W. Fox
Try these circuits using the programmable unijunction transistor
Blueprint For Progress ., . . . . ... ... 68 ..... L. L. Farkas

Your future in the elecironics industry

DEPARTMENTS

4-Channel Stereo is here. Take a careful
look at the latest developments in this

exciting area. . see page 33

L1949

4 LAYER
DIODE

How to Use the PUT (programmable
unijunction transistor). Try some of
these circuits. . see page 50

> L -FT__ -
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Stereo Mixer Preamp is solid-state
dream unit. If you make tape recordings
you need one. . see page 36
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by DAVID LACHENBRUCH
CONTRIBUTING EDITOR

Technicians and X-rays

A little-publicized survey by the U.S. Department of
Health, Education and Welfare so far has indicated that
there may be no grounds for fears that service technicians
are exposed to excessive amounts of X-radiation from
color television receivers.

The tests are being conducted with the cooperation of
technicians in Baltimore. At press time, surveys had been
completed in about 50 shops and HEW was hoping to
enlist about 50 more. In the tests, technicians used a new
type of dosimeter to determine their exposure to radiation.
The tiny instruments were mounted in eyeglass frames, on
finger rings and on belts, to measure radiation exposures at
various vital points of the body.

At the halfway point in the tests, Dr. Robert L. Elder,
acting director of HEW’s Division of Electronic Products,
Burcau of Radiological Health. told us that analysis of the
dosimeters showed “no significant exposure” to radiation
of technicians servicing color sets. “To date there has been
no radiation which warrants action.”

Dr. Elder also said that the survey showed that tech-
nicians were being extremely diligent—at least in Balti-
more—in checking high-voltage in every service job and
setting it to the manufacturers’ specifications.

How about the U.S. Surgeon General’s admonition to
“sit 6 to 10 feet away from color TV sets?” Dr. Elder
indicated that this rule is being modified slightly with the
improvement in ncw color sets, less radiation-prone re-
placement parts and good radiation discipline by tech-
nicians. “It’s a guide, not a mandate,” he said. To those
who inquire, HEW is saying: “If you are concerned about
possible radiation, sit 6 to 10 feet away and call a service
technician.”

Causes of radiation

While we’re on the subject, another HEW study has
found that the “predominant cause of X-radiation” in
color scts is excessive high voltage on the picture tube.
HEW made lab studies of sets which flunked factory radi-
ation tests between June and September 1969 (there were
22 of them). The studies showed that none of the sets
emitted excessive radiation when the high voltage was held
down to the manufacturer’s suggested maximum. On the
basis of preliminary data, the studies indicated that Japa-
nese-made color tubes “may be more poorly shielded than
their American counterparts.” Since the tests were made,
Japanese glass manufacturers have increased the X-ray re-
sistant content of their tube envelopes.

1970 TV-model sales

There’s a recession on, but it hasn’t affected total TV
sales as much as you might think. Sales of 1970 model
television sets totaled about 11.9 million units, only five
percent below the record 12.55 million 1969 models sold.
Of course, the difference was that black-and-white sales
went up (about six percent) while color sales declined (16
percent) from the 1969 model year. And within the color
category, portables—particularly foreign-made—accounted
for a far greater percentage of sales than ever before.

Color sets carrying American manufacturers’ brand
names declined by 18 percent in the 1970 model year,
while U.S.-brand monochrome sets dipped 14 percent. On

4

the other hand, so-called “foreign brand” imports (sets
without American manufacturers’ names on them) in-
creased their sales 12 percent in color and a big 170 per-
cent in black-and-white during the 1970 model year.

Another videoplayer system

A dark-horse entry in the home videoplayer sweep-
stakes could be ABTO Inc. This firm, jointly owned by
American Broadcasting Companies and Technical Oper-
ations Inc., was originally formed to sell to television sta-
tions an optical process which permits the recording and
playback of color programming on black-and-white motion
picture or slide film.

ABTO now is discussing a home version, in which a
color television set would use a film-scanning system to pro-
duce color from low-cost Super-§ monochrome film car-
tridges. As an added plus, the TV-film player would be able
to show conventional color home movies on a color TV
screen. ABTO is interested in marketing the film system
only, not the hardware.

Higher speed facsimile

Relatively low-cost facsimile systems which use regu-
lar voice telephone lines now have become accepted items
of equipment in many oftices, large and small. Their major
drawback, particularly where long-distance telephone lines
are used, heretofore has been their slow speed—normally
six minutes to transmit one 8%2-x-11-inch page. But now a
speed-up is coming.

The first to announce a faster officc fax machine
available for sale has been the Magnavox Corporation
(see New & Timely, this month, for full details).

Other high-speed machines are on the way. Xerox is
expected soon to introduce a 4-minute version of its 6-
minute Telecopier. Comfax is developing a somewhat more
elaborate machine which can transmit and receive a stan-
dard letter-size page in as little as 90 seconds.

TV fires evaluated

How big a problem is posed by burning television
receivers? National Electronics Association has released re-
sults of a survev of its own scrvice technician members
which differ rather sharply from the ‘“clear-and-present-
danger” philosophy expressed in the recent report of the
National Commission for Product Safety, NEA’s survey
covered the period of January 1 to March 30, 1970, but
was projected to cover the entire United States.

On the basis of its survey, NEA made these projec-
tions: Some 4,000 television failures occur each year which
show signs of combustion. Only about 20% of these, or
800, involve any fire which is not contained within the
cabinet. With some 87 million TV sets now in use, the
figure comes to less than one one-thousandth of one per-
cent. Any TV set fire is one too many, but NEA’s data
seems to indicate a good safety record considering the
number of sets in use and the amount of time the average
family spends with the TV set.

NEA gave this breakdown of the causes of television
set fires: On-off switch area, 38%; high-voltage and hori-
zontal-output transformer area, 33%:; short circuits caus-
ing power-supply overloads, 13%; miscellaneous, 16%.
Since the report of the National Commission on Product
Safety, Underwriters’ Laboratory and the television manu-
facturing industry have developed new and tighter fire
safety standards for receivers and components. R-E
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Instant inventory.

Keep electronic components handy with
Mallob n® Benchtop Orgznizess Eac Mallobin
contairs a pogular assortment of electronic
compoients in a stackaole, in“erlocx ng plastic
case. Fiftean partitionsd drawars keep parts
neat. And each drawszr is color ooded and
labelec for quic< locatien of the part you want.

MALLOR

Mallobins come vdth selected compoaents in-
cluding all types cf fixed capacitors, MOL and
wire-wound resistors, catbon and wire-wound
controls. In addition to regular Mzllahins, cus-
tom assortments a-e available

Ask your Mallory cistributor for Mallobin prces
and details today.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

Aadivisiom of P. R MALLORY & CO. INC.

F= 1568 Indianapolis, Indiana -16200; Telephone: 317-6%56G-6:353

Batteries Casserte Tapes m Semiconductors = Sonalart® . Sw tches . Timers « Vibrators

Circle 3 on reader service card
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Editorial

Veterans Educational Benefits

If vou're a recent veteran, there are many kinds of educational
benefits that are available to you. They are particularly important
if you wish to increase vour knowledge of electronics. Through
the Veterans Administration it is possible to obtain up to $175
per month for 36 months (a grand total of $6400), to use toward
vour further education in electronics. This applies to both resident
and home-study (correspondence) courses.

If vou now know nothing about electronics, you can start
with a basic course and go on through whatever specialty
interests you. If vou are already at the technician level, you
can take specialized courses in communications, radar, broad-
casting, computers, etc. As long as the school is approved (check
with your local Veterans Administration Office) you will be
entitled to financial assistance. In all instances, the school offering
the course you are interested in can tell you if it is approved
by the VA. They can also spell out the exact benefits you can
expect to receive.

A reminder; in many instances these benefits will cover the
complete cost of a correspondence course. So if you can’t attend
a resident school, don’t write off further education as impossible.
If you do take a correspondence course, all electronic equipment
normally supplied with the course is included and is yours to keep.

Don’t let this opportunity pass you by. These benefits are
available to vou for a limited time after your discharge from
military service. If there’s a school you want to attend, follow it
up now. It’s vour future—get the training you need to make

the most of it.
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There wasn't room for a big improvement.
So we made a little one.

Er;

E B Ay?o/.-_HANL:AL

Our engineers made three
changes in Sony's popular PS-
1800 playback system. They
added a little button called “Automatic/Manual’
streamlined its appearance and added “A” after
the PS-1800. Obviously, none of these, earth-
shaking changes.

You might never use the little button labeled
“Automatic/Manual,” unless you ran across a
non-standard record where the recorded material
goes too far into the normally “dead” space
surrounding the label. Such records are few and
far between. If you run up against one of them,
the automatic tonearm return on the Sony would
ordinarily lift and return just before the record's
end. However, if you push the button to “Manual”
the arm will track the entire record until you lift
it off by hand (or push the reject button).

The styling change means that this superb
playback instrument will enhance any room. And
the “A” will help you identify it as the new model
when you visit your hi-fi specialist.

What's more important is what our engineers
didn’t do to the PS-1800; what they left well

enough alone. The servo con-
trol DC motor that keeps wow
and flutter at an inaudibly low
0.08; rumble down 60dB (ARLL). A variable
pitch control from +49% (if you don't need it, the
built-in strobe disc assures that the variation is
indeed tuned out). And the balanced, low mass
tone arm is capable of tracking virtually any
cartridge at its lowest recommended tracking
force.

Not to mention the automation system, which
uses a remarkable new solid-state device, the
Sony Magnetodiode (SMD). Automatically, it
lifts and returns the arm without imposing any
drag on the arm during play. The SMD eliminates
a variety of mechanical linkages formerly neces-
sary for this function. And there’s a reject button
{on the front panel so you don’t have to lift the
dust cover to get at it).

The price of the PS-1800A? No change.
$199.50 (suggested list), includes turntable, arm,
base and dust cover (cartridge not included).
Sony Corporation of America, 47-47 Van Dam
Street, Long Island City, New York 11101.

SON Y:PS-1800A
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Learning
electronics
at home

is faster,
easier, more

GET A FASTER START IN THE
COURSE YOU CHOOSE WITH NRI'S
REMARKABLE ACHIEVEMENT KIT

When you enroll with NR1 we deliver to your door
everything you need to make a significant start
in the Electronics field of your choice. This re-
markable, new starter kit is worth many times
the small down payment required to start your
training. And it is only the start. .. only the first
example of NRI's unique ability to apply 50 years
of home-study experience to the challenges of
this Electronics Age. Start your training this
exciting, rewarding way. No other school has any-

thing like it. What do you get? The NRI! Achieve-

ment Kit includes: your first set of easy-to-un-
derstand ‘“‘bite-size’ texts; a rich, vinyl desk
folder to hold your training material in orderly
fashion; the valuable NRI Radio-TV Electronics
Dictionary; important reference texts; classroom
tools like pencils, a ball-point pen, an engineer’s
ruler; special printed sheets for your lesson an-
swers—even a supply of pre-addressed envelopes
and your first postage stamp.

interesting with new achievement kit

Only NRI offers you this pioneering method of
“3 Dimensional” home-study training in Elec-
tronics, TV-Radio . ..a remarkable teaching idea
unlike anything you have ever encountered.
Founded more than half a century ago—in the
days of wireless —NRI pioneered the *learn-by-
doing’” method of home-study. Today, NRI is the
oldest, largest home-study Electronics school.
The NRI staff of more than 150 dedicated people
has made course material entertaining and easy
to grasp. NRI has simplified, organized and
dramatized subject matter so that any ambitious
man —regardless of his education—can effec-
tively learn the Electronics course of his choice.

DISCOVER THE EXCITEMENT
OF NRI TRAINING

Whatever your reason for wanting knowledge of
Electronics, you'll find the NRI “3 Dimensional”’
method makes learning exciting, fast. You build,
test, experiment, explore. Investigate NRI train-
ing plans, find out about the NRI Achievement
Kit.. Fill in and mail the postage-free card. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D. C. 20016

8
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ELECTRONICS COMES ALIVE
AS YOU LEARN BY DOING WITH
CUSTOM TRAINING EQUIPMENT

Nothing is as effective as learning by doing.
That's why NRI puts so much emphasis on
equipment, and why NRI invites comparison with
equipment offered by any other school, at any
price. NRI pioneered and perfected the use of
special training kits to aid learning at home. You
get your hands on actual parts like resistors,
capacitors, tubes, condensers, wire, transistors
and diodes. You build, experiment, explore, dis-
cover. You start right out building your own pro-
fessional vacuum tube voltmeter with which you
learn to measure voltage and current. You learn
how to mount and solder parts, how to read sche-
matic diagrams. Then, you progress to other ex-
perimental equipment until you ultimately build
a TV set, an actual transmitter or a functioning
computer unit (depending on the course you se-
lect). It's the practical, easy way to learn at
home —the priceless ‘‘third dimension” in NRI’s
exclusive Electronic TV-Radio training method.

SIMPLIFIED, WELL-ILLUSTRATED
"BITE-SIZE” LESSON TEXTS
PROGRAM YOUR TRAINING

Lesson texts are a necessary part of training, but
only a part. NRI's “‘bite-size’ texts are as simpli-
fied, direct and well-illustrated as half a century
of teaching experience can make them. The
amount of material in each text, the length and
design, is precisely right for home-study. NRI
texts are programmed with NRI training kits to
make things you read come alive. As you learn,
you'll experience all the excitement of original
discovery. Texts and equipment vary with the
course. Choose from major training programs in
TV-Radio Servicing, Industrial Electronics and
Complete Communications.
Or select one of seven spe-
cial courses to meet spe-
cific needs. Check the
courses of most interest to
you on the postage-free
card and mail it today for
your free catalog.

Available Under
NEW
Gl BILL

If you served since
January 31, 1955, or
are in service, check Gl
linein postage-free card.

custom training kits “bite-size”texts

OCTOBER 1970
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(continued from page 2)

full-page documents (draw-

Offers ou speed model which offers the ings, proofs, financial and
//‘:ﬁ user the option of a 3 minute  priority reports, photographs)
¥

32 choices . %

Choose
your combina-

tion: with or without
switches and safety
shields . . . four different
wattages ... 120 0r

or 6 minute transmission for  through a telephone coupling.

The two-speed model of-
fers a significant reduction in
both telephone line charges
and operator time while oper-
ating in the 3-minute setting,
and the 6-minute mode pro-
vides improved resolution and
picture quality. In addition,
the 6-minute setting permits
the Magnafax 860 to speak to
a wide number of facsimile de-
vices installed in the USA. *

230 volts. Snap-in, rugged
ceramic elements are encased
in stainiess steel, easily changed
¥ in seconds. Compressed air or inert
" gas concentrates precisely controlled
i \ 13 45 heat up to 1000° exactly where you
dae i “ ~wantit. The perfect tool at an unbeatable
2 -‘i price . .. as low as $75! Send for your
k complete FREE Catalog of flameless Heat

Guns, Blowers and Torches.

MASTER) HEAT TORCHES

TV PSYCHIATRIC CONSULTA-
TION shows how system will
operate in Boston.

Racine, WI 53403 BosTON, MAss.—Television now links two large Greater Boston
Circle 5 on reader service card teaching hospitals in a way never attempted anywhere before.

PROGRAM YOUR
AUDIO SYSTEM

ci0200 WITHOUT EXTENSIVE WIRING

THIS HIGH DENSITY MATRIX SELECTOR SWITCH eliminates hundreds of soidered
joints and hours of labor when you pre-program, select monitor audio systems or
insert components in breadboarding circuits. Useful in applications from EKG
equipment to water sprinkler time control systems; also in electrical component
testers, numerical control for machine tools or to control, transmit and receive
frequency.

L PP P P L L L L LTS

THIS COUPON WORTH $10.00
OFF REGULAR $25.00 PURCHASE PRICE OF A C10-20A

Mail this coupon and get a C10-20A Matrix Selector Switch with 100
crosspoints for only $15.00 postpaid. (Regularly $25.00) No COD’s.
Check or money order must accompany order.

MAIL TODAY! OFFER LIMITED

CHERRY ELECTRICAL PRODUCTS CORP.
CHERR.Y - 3618 Sunset Avenue, Waukegan, Illinois 60085

NAME. S

ADDRESS

CITY

[ ]
]
[ ]
[ ]
[ ]
[ ]
]
1
1
[ ]
]
]
]
[ ]
]
]
1
]
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]
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]
1
]
1
]
[ ]
]
[ ]
N

STATE 1P

-
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Massachusetts General Hospital in
Boston and the Veterans Administration
Hospital, 25 miles away in Bedford,
share their expertise over closed-circuit
television. The unique venture embraces
all three purposes of each institution:
patient care, physical education, and re-
search.

Dr. John H. Knowles, General Di-
rector of the MGH, and John J. Whalen,
Director of the V. A. Hospital, primarily
a4 psychiatric institution, announced the
project recently. Newsmen watched a
program beamed between the two hospi-
tals. After a successful pilot period of
two months, the project is now open on
a regular basis.

The psychiatrist and patient at Bed-
ford will also be able to see whoever is at
the MGH Teleconsultation room.

The two-way nature of the system
enables either of the two hospitals to
seek medical or allied medical consulta-
tions. Residents in training at MGH—in
dermatology, for example—with their
instructor will be able to see skin dis-
orders that would be rare or non-existent
to MGH. At the same time, the Bedford
patient will gain by the consultation that
is part of the demonstration. And, an
engineer at the MGH could examine a
chart shown by an engineer at Bedford
in addition to hearing a word description
of a hospital engineering program. Medi-
cal and non-medical teaching programs

(continued on page 14)
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ANY NUMBER CAN PLAY.

The time is tomorrow. The name is TEAC. The machines are the Simul-trak "
Series TCA-40. And they’re here today.

This series of tape decks combines the best features of high-quality
quarter-track, two-channel operation with four-channel stereo capability.
It’s the best of two worlds, in three versions, four channels.

All three models feature four-channel playback, as well
as regular two-channel playback with auto reverse. What'’s
more, Models 40 and 41 can be modified later to the full j
four-channel capability of Model 42, at moderate cost.
Meanwhile, any one of these machines is compatible with
your present equipment; no modifications or reassembly
are necessary.

So what are you waiting for?

Simul-trak”™ surrounds you with sound — and gives you
a headstart on tomorrow.

TEAC

TEAC Cerporation of America * 2000 Colorado Ave. * Santa Monica, Calif. 90404

General Specifications

® Speeds—7% and 33 ips
* Motors—1 hyst. sync., 2 outer rotors
® Wow and Flutter—0.12% @ 7Y ips
® Freq. Response— =3 dB 50-15,000 Hz @ 7¥%: ips
* S/N Ratio—50 dB
® Crosstalk—-48 d

(Y11 1 RECORD SELECT 2

o 00

U L4 2
PLAYBACK
e TEAC MODEL RA-41 STEREO RECORD- AMPLIFIER = N-g" ) 3
_ u |

TCA-40

® Ya-track, 2-channel stereo playback, plus 4-channel stereo playback (in-line)
® Y-track, 2-channel erase and record heads for future “step-up ® Automatic
reverse for uninterrupted playback of conventional 2-channel tapes ® Readily modified
to TCA-41 or 42 e Built-in solid-state preamplifiers ® Idea! for duplication master or copydechk

TCA- 4' (INust rated)

® Ya-track, 2-channel stereo playback, plus 4-channel stereo playback (in-ling) ® Ya-track, 2-channs! record
® Autamatic reverse for uninterrupted playback of 2-channel tapes Readily madified to future 4-channel
recording capability, or TCA-42 ¢ Solid-state playback and record preamplifiers ® Off-the-tape monitoring selector

TCA-42

® Ya-track, 2-channel stereo playback, plus 4-channel stereo playback (in-line) ® Ya-track 2-channel stereo record and
4-charnel stereo record (in-line) ® Automatic reverse for uninterrupted playback of 2-channel tapes  Total of 8 separate D
solid-state playback and record preamplifiers o Off-the-tape monitor selectors

& =

-

2.

£
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TRUE TRIGGERED SWEEP

0SCILLOSCOPE/VECTORSCOPE

.

New & Timely

(continued from page 12)
will also be developed be-

vice aimed at making optimal
use of the busy physician’s

MODEL
TO-50

e DC to 10 mhz
frequency response

in Boston have

some

LEGCTROTHCH

|
AL
[

ees and
o .02 volt sensitivity

tween the two institutions,
Physicians at the hospital-
examined
1,700 patients at the
airport since the system origi-
nated. Both airport employ-
passengers
availed themselves of the ser-

time by eliminating travel to
the airport medical station.

Late in the spring of
1969, Dr. Thomas F. Dwyer,
an MGH psychiatrist, began
interviewing psychiatric pa-
tients over the closed-circuit
network, *

have

@ Calibrated vertical
attenuator

e Calibrated time base

e Supplied with combi-
nation Direct/Lo-Cap
probe

e 5 X magnifier

@ Automatic triggering
mode

e 5” flat face tube

. : One Year Warranty
edge-lit graticule

Made in U.S.A.

339"

See your distributor or write Dept. RE-10

LECTROTECH, INC.
4529 N. Kedzie Ave., Chicago, Illinois 60625

Circle 8 on reader service card

* Model 2301

132-174 MH2 $375°°

VHF-FM 1 CHANNEL
1 pair of crystals and 1 set
of standard batteries.

Model 2301A $47 500
VHF-FM z "CHANNELS

1 pair of crystais and 1 set
of standard batteries

Model 2303A 547500

32.5-41 — 42-50 MHz

Avaitable in 2 Frequency Ranges

LF-FM 2 CHANNELS*

1 pawr of crystals, 1 set of

standard batteries less tone*
*Model 2303A available with
tone at additional charge.

odel 2302 $ 00
Potasme  *595
UHF-FM 1 CHANNEL
1 pair of crystals, 1 set of
standard batteries and Tone.

Professional performance! Perfectly designed for efficient dependable and continuous heavy duty
use. Provides instant voice contact with base stations mobile units and other portable transceivers
e Compatible with all 2-way systems * Receiver and transmitter operates on independent frequen-
cies ¢ sensitive, noise immune squelch ¢ external connectlons for antenna, earphone and charger
¢ 1.6 watt output. FCC TYPE ACCEPTED & D.0.C. APPROVED —U.S. BUREAU OF MINES APPROVED

Please send information on the SONARCOM

]

'SONAR RADIO | e H
X CORPORATION :
(]

\]

Address
¥ 73 Wortman Avenue, Brooklyn, N.Y. 11207
]
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New Coast-Guard Radar-TV

WASHINGTON, D.C.,—A new airborne
search radar which converts radar infor-
mation to daylight viewing will increase
the US. Coast Guard’s capabilities for
small craft searches and rescues.

The new system, called Search and
Rescue Airborne Radar, will be built by
the AIL division of Cutler Hammer for
the Coast Guard to detect objects as small
as a 16-foot fiberglas boat in five-foot
seas at distances of 10 miles from the
searching Coast Guard aircraft. The sys-
tem is designed to detect these objects in
clear weather as well as heavy fog and
rain.

The system will have a scanning an-
tenna that will turn 300 revolutions per
minute, a rate five times greater than that
of today’s operational radars. The resul-
tant increase in radio beams, reflected by
the consistency of the targets looked at,
will reduce the interference from random
objects in the ocean, such as wave crests
which might normally appear on the
radar scope as targets. Distinguishing this
random “sea return” from small targets
has been a major problem in the past.

One of the most important features
of the system will be the conversion of
the radar information to a television
screen. This will be the first development
of a motion compensated system that con-
verts radar blips to a TV type bright dis-
play on board a flying aircraft.

The relationship of small targets to
other targets which appear on the radar
screen will be accentuated because of a
new design which takes the relationship
of the input to the output amplifier loga-
rithmically instead of linearly, R-E

RADIO-ELECTRONICS
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Want to
tie up the
service
market?

Start with tre Channel Master
Opti-Vue Color CRT wizh the trree
year warranty, one TV set that
needs a picture tube, and one
custamer.

Tell vour customer how Opti-Yue
guarantees thz finest color te’s
ever seen for a full three years---
not just one or two. And how, just
in case sometting shouldgo wrong,
he gets a free replacement. So it
may cost a little more, but it's
worth it. And the price is right,
too!

Now, you've secured the part of
the sat he's most worried about
he’s sure to zall you when any
other part fails. You've tied upall
his service kusiness for a full
three years by taking care of his
knott est prob em, and, not unim-
portantly, your customer's very
happy with his new color vision!

So gc ahead and tie cne on with

OPTI-VUE

The line with 3 year warranty!

CHANNEL MASTER

Div. of Avnet, Inc.. Ellenville, N.Y. 12428

Circle 10 on reader service card
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ANNOUNCING
An

All New
MIGHTY MITE
Tube Tester

Now Checks more tubes

and it’s faster
than ever before with

o all solid state FET circuitry for instant-
on action . . . first time in tube tester
history

ew solid action push button function
itches to speed up every test

y encore Mighty Mite tube tester; it's
updated and streamlmed in appearance and performance. No more wasted time
waiting for the tube tester to warm up when you have a hot troublesome tube
in your hand ready to test. The TC154 Mighty Mite VI is instant-on with no meter
drift. New FET circuitry still enables you to read grid leakage up to 100 megohms
because it too is a high impedance device like a vacuum tube. New circuitry
permits even higher sensitivity check on heater to cathode leakage; from 180,000
ohms to 300,000 ohms. The Mighty Mite still checks for shorts between each and
every tube element with the famous stethescope shorts check. New two-toned
vinyl-covered and brushed steel presents a truly professiona! instrument. See
your Sencore distributor today and ask him for the new all solid state Mighty Mite.

Only Sencore has it.
ony $99.50

Over 60,000 Mighty Mites now in use.

SENCOREKE

NO. T MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT

3200 Sencore Drive, Sioux Falls, So. Dakota 57107

Circle 11 on reader service card
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/]
orrespondence

i,

HOW TO FIND PARTS

I was sorry to read about John
Sikara’s complaint in the Correspond-
ence Column about the difficulty in
obtaining parts for construction arti-
cles.

I would like to suggest a method
for the readers to find their parts. The
first stop is, of course, their normal
distributor from whom they can pick
up all the standard parts. The second
move is to find a distributor for the
manufacturer of the parts they are
missing. This usually can be done by
checking the catalogues, yellow pages
of the telephone book, or calling the
nearest sales office or representative of
that company. Then order the missing
parts from that distributor. In some
cases it may mean a delay of several
weeks but the distributor can get the
parts. If the parts still can not be pur-
chased, then write directly to the com-
pany that makes them at the place
they are made. The last resort, of
course, is for the builder to write to
the author in care of the magazine.
RicHARD W. Fox
Applications Engineer
General Electric Company
Auburn, New York, 13021

8-TRACK-DATA NEEDED

As a subscriber, I appeal to you
or your readers for information—sche-
matics and operating instructions—
covering 8-track player/recorder man-
ufactured by Kalof Electronics, Van
Nuys, Calif. It is model U.T. 801, Se-
rial No. D 1054. Will appreciate any
information anyone has on subject
player/recorder.

BoB SPICER
P. 0. Box 191
Fort Gaines, Ga. 31751

OLD COPIES AVAILABLE

1 have several vintage copies of
Radio News magazine, forerunner of
RADIO-ELECTRONICS. Available are is-
sues for the years 1924, °25, ’26, 27
and ’28. 1 have all issues for the year
1925 and one copy of the March 1940
issue.

HaroLD DISHMAN
Route 5
Maryville, Tenn.
(continued on page 22)

RADIO-ELECTRONICS
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WE HAD JUST REPRINTED OUR LITERATURE . . .
ADDING OUR FIFTH NEW PLANT . . .

I[EN WE DID IT AGAIN , ., PRECISION TUNER SERVICE

enas
w, 18

: ) Longvie Miami, Floda
i ‘ V'3
AT

YOU can offer this specialized, expert service. Quality Tuner Ser-
vice is our bag, man! Experienced, conscientious PTS craftsmen
with sophisticated, precision (and expensive) tools and equipment

mean faster PROFIT for you with PTS 8-hour service.....

VHF or
UHF
...and
R o $8.95
: ¢ even UV Combo’s
Service ol S1s
«++..No doubt about it! PTS mails your tuner back the i “CLAR Sk Major Part:ggs
SAME DAY it is received! Now less in-transit time, too! time! Transistors
charged at Net Price
t CUSTOMIZED REPLACEMENTS AVAILABLE
- At FOR 312.95 UP (NEW OR REBUILT)

a FIRST TO OFFER 365-DAY GUARANTEE!
L () COLOR — BLACK & WHITE — TRANSISTOR TUNERS — ALL MAKES
GUARANTEED COLOR ALIGNMENT — NO ADDITIONAL CHARGE

For fastest service, send faulty tuner with tubes, shields and all broken parts to:

F HOME OFFICE—Box 272—Bloomington, Ind. 47401 Tel. 812/824-9331
REE JOB CARDS FREE SH'PPING LABELS EAST— Box 334w, Spvinggﬁeld, Ma. 01089 Tel. 413/734-2737
SOUTHEAST— 4451 N.W. 37th Ave., Miami, Fla. 33142 Tel. 305/633-0002

SOUTHWEST— Box 7332—Longview, Tex. 75601 Tel. 214/753-4334

WEST— Box 1431-—Turlock, Calif. 95380 Tel. 209/632-2928

Circle 12 on reader service card
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NTS puts a whole new world at vour fingerins.

NTS home training can put a
whole new way of life in the palm
of your hand. A new, exciting job,
a much bigger income is now
easily within your reach.

NTS training is something spe-
cial. We provide all the kits you
need for the most effective train-
ing. National Technical Schools
sends kits with every course, and
teaches you to build and test a

18

wide range cf professional equip-
ment — the same kind of 2quip-
ment you'll actually use on the job.

That’s the NTS “Project Method”
—training that’s practical and
in-depth. You learn everything
from fundamentals to the latest
innovations. From beginning
to end, NTS makes il fas-
cinating and fun to learn this
way. And all you need is a little

WwWWwWWwW.americanradiohistorv.com

spare time and an interest in
electronics.

Each year, men are moving into
important new jobs, or their own
businesses, straight out of
NTS electronics training. NTS is
what’s happening to men every-
where. Check the coupon. Take
hold of the career you want most.
Do it now. No obligation. No
salesman will call.

RADIO-ELECTRONICS
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We nack vour electronics course with Kits to make
vour trainino fast. You'll eniov everv minute of it.

NTS COLOR TV
SERVICING

COLOR TV
295 SQ. IN. PICTURE

NTS training provides an easy way
to become a professional home-
entertainment service technician.
You receive a big screen Color TV
with many unique features. The unit
even includes self servicing equip-
ment that permits you to make all
normal test operations. No addition-
al test equipment is needed for ad-
justing your set. In addition you get
an AM-SW radio, Solid-State radio,
Field-Effect Transistor Volt-Ohm-
meter, and Electronic Tube Tester.
You learn about Electronic princi-
ples and trouble shooting, hi-fi,
multiplex systems, stereo, and color
TV servicing.

NTS COMPUTER
ELECTRONICS

This is the future. And it’s happen-
ing now. The number of computers
will increase many times in the next
few years.

Exclusive new

Compu-Trainer®
e L T .
If card is missing

check coupon and
mail for free color
catalog and sample
lesson. Now.

4000 S. Figueroa St., Los Angeles, Calif. 90037

Please rush Free Color Catalog and
Sample Lesson, plus information on
course checked below. No obligation.
No salesman will call.

|

|

|

|

{ 3 A
} National Technical Schools
|

I

|

|

r
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NTS offers a solid grounding in com-
puter operation, wiring, data pro-
cessing and programming. One of
the 10 important kits included is our
exclusive Compu-Trainer®, It's afully
operational computer logic trainer
— loaded with integrated circuits —
the first ever offered in home study.
It introduces you quickly to how,
what, when and why of computers
... from theory to practical servicing
techniques. This unit is capable of
performing 50,000 operations per
second.

NTS ELECTRONICS
COMMUNICATIONS

Choose from two exciting courses
to get into the big-paying fields of
transmitting and receiving equip-
ment: (1) The FCC License Course.
(2) The Master Course in Electronic
Communications (more comprehen-
sive, with Citizens’ Band Two-Way-
Radio). Either Communications
program qualifies you for your FCC
First Class Commercial Radio-Tele-
phone License — NTS assures you
will pass this FCC exam within six
months after successfully com-
pleting your course or your tuition is
refunded. Kits include an Amateur-
Phone 6 Meter VHF Transceiver —
NTS exclusive, 6 transistor Solid-
State Radio, Volit-Ohmmeter (fully
transistorized).

5 Watt AM Transmitter/
Receiver

"] Master Course in Color TV Servicing
[] Color TV Servicing

"] Master Course in TV & Radio Servicing
(] Practical TV & Radio Servicing

[T Master Course in Electronic Comm.
[T] FCC License Course

[] Master Course in Electronics Tech.

[] Industrial and Automation Electronics
[7] Computer Electronics

[T] Basic Electronics

WWW.americanradiohistorv.com

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Let NTS put you into the age of elec-
tronic controls. Systems Automation
is rapidly becoming the emphasis of
modern industry. Your NTS training
in automation electronics includes
equipment like a 5" wide band Oscil-
loscope. You also get the new NTS
Electronics Lab. It's an exclusive
NTS experimental laboratory — a
complete workshop that simplifies
learning about solid-state, miniature
and integrated circuits.

:

e e e

o [

e

5 1
AT
ee

e

5]

e |
e ".‘

2

5" Oscilloscope

8
-l

CLASSROOM TRAINING
AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in facilities devoted ex-
clusively to technical training. Check box

in coupon.
NATIONAL SCHOOLS

WORLD-WIDE TRAINING SINCE 1905

4000 South Figueroa Street
Los Angeles, Calif. 90037, U.S.A.

APPROVED FOR
VETERANS

Accredited Member: National Associ-
ation of Trade and Technical Schools;
National Home Study Council.

Name Age
Address _ a2
City __State Zip

[ Check if interested in Veteran Training under
new G.1. Bill

[J Check if interested only in Classroom Train-
ing at Los Angeles

Dept. 206-100
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CORRESPONDENCE
{continued from page 16)

PRINTED-CIRCUIT PATTERNS

I quite ¢njoy your magazine, es-
pecially the many fine construction ar-
ticles you have presented in the past.
However, T am experiencing difficulty
in having negatives of the printed-cir-
cuit layouts reproduced, due to copy-
right laws which commercial print
shops must abide by.

I would appreciate your sending
me a release to photocopy the printed
circuit layouts for photo-etching my
boards.

Howarp F. GARRISON
Englewood, Colo.

The photocopy shop is right, For
themm 10 go ahead and duplicate with-
outr perinission does violate the copy-
right laws. However, it is our intent,
when we present a printed circuit lay-
out, to have our readers use the pat-
tern to make hoards for their own
personal use. Therefore, we do au-
thorize readers to use these patterns
and make copies of them for their
convenience in the construction of the
particular article described; provided
this is not for manufacture and is for
their personal use.—Editor

WHY NOT TUBES?

I want to congratulate your

magazine for the challenging projects
that arc published in its pages. But I
notice that most of the clectronics
magazines publish only construction
articles based on solid-statc com-
ponents. I agree that this type of proj-
ect has its advantages over the tube-
based ones, but I feel that tubes are
not vet out and that the reader should
have a chance 10 acquire some prac-
tical background on the operation of
tube equipment.

Also, many readers have various
amounts of tubes on hand and the
surplus market is loaded with in-
expensive ones. So how about some
articles with vacuum tubes?

UgaLpo ORGNERO
Calgary, Canada

We agree that tubes are not dead,
but in many instances there is little ex-
cuse for using them. The transistor is
ofren easier and less expensive to use,
and always smaller. When you use
tihes you have a much more complex
power supply associared with the cir-
Cuitry 100.

We will present articles using
tubes whenever the use of tubes gives
the reader a rangible advantage; per-
haps in high-frequency applications or
extremely high-power circuits, other-
wise we will continue to present proj-
ects  based on solid-state  com-
ponents.—Editor

KWIK-FIX. MIXUP

Two errors appeared in the June 1970
issue that should be of interest 1o all
readers.

In the Kwik-Fix article, page 44.
second column; the first paragraph
reads “Both horizontal and wvertical
blanking are applied to the emitter of
Q1 by R6. R5 and C2 shape the hori-
zontal pulse. These positive-going pul-
ses bias the transistor completely off
for their duration. That makes high-
amplitude nregative-going pulses in the
collecror.”

This is erroneous; there is no in-
version when a signal is applied to the
emitter.  Applying a  positive-going
pulse to the emitter is the same as ap-
plying a negative-going pulse to the
base.

The second sentence in the sec-
ond column of the same article on
page 44 reads “L2 and L4 are a
matched load for the load line.” Ac-
tually L4 is the peaking coil of V2.
B.J. BRowN

Trion, Ga. R-E

IN THIS ISSUE
Stereo system not delivering top
performance. Better take a look
at the article starting on page
40. Peter Sutheim tells how to
get better sound from vyour
stereo system.

99.99% reliable

Every now and then, one of our tubes fizzles—

and somehow it’s the one you install.
Even we don’t know how you happen

to receive that particular tube. But we

do know that it doesn’t happen
morethan once in thousands of times.
Raytheon receiving tubes—including
Raytheon Tubes for Imported Sets—have
to be extra reliable. Because,

Raytheon is the leading independent
supplier of receiving tubes to
_~independent servicemen. We don’t

. have competing service trucks or
";g;;fg?ﬁretail outlets. So, we depend on you
- just as much as you depend on us.

N

Circle 13 on reader service card
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Finally! A visually perfect sine wave!

OCTOBER 1970

The sine wave above was generated by Shure’s design computer — it looks
like the sine wave that was generated by the Shure V-15 Type II Improved
Super Track Cartridge in the Hirsch-Houck lesting laboratories . . . “the
first cartridge we have tested to have done so,” according to their published
report. This perfect sine wave was generated during the playing of the
heavy bass bands on the Cook Series 60 test record at 3% gram, and the
30 cm/sec 1,000 Hz band of the Fairchild 101 test record at 1 gram. They
were impressed, and we were pleased. And we’ll be pleased to send

you the full Hirsch-Houck Report on the W
“trackability champion.” Shure Brothers ‘g SHHURE
Inc., 222 Hartrey Ave., Evanston, IIl. 50204, P4

Circle 14 on reader service card

23

WwWWwWWwW.americanradiohistorv.com


www.americanradiohistory.com

ot

Py

another
great new

idea

reversinie
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These two unique plastic (UL) handies
extend the usefulness of ail Xcelite
Series ‘99" tools, make welcome addi-
tions to any 99" set.

Both regular (99-1R) and Tee (99-4R)
types accept more than 60 individually
available nutdriver, screwdriver, and
special purpose snap-in blades to speed
and simplify assembly and service work.

Fully enclosed ratchet mechanism is
built to highest socket wrench quality
standards. Recessed reversing shift op-
erates at the flick of a thumb. Patented
spring chuck holds blades firmly.

nationwide availability
through local distributors

REQUEST BULLETIN N670

Made in U.S.A.

XCELITE, INC., 10 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.
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In the Shop ... With Jack

By JACK DARR
SERVICE EDITOR

Ripple and Noise; Unfiltered Rig

“Ripple” is what you have left over
after you get through filtering the dc
power supply. Like all leftovers, it can
cause trouble. Turkey hash for 6 days in
a row is monotonous. It’s not the actual
60- or 120-Hz ripple itself which causes
the trouble—of course you can get a
faint hum-bar or two in the picture, but
this isn’t the worst of it.

The presence of 60-Hz ripple in-
dicates far more serious trouble. When
this is above normal limits, your dc
power supply filtering, or more accu-
rately, decoupling, is a long way from be-
ing good enough. In all electronic circuits,
one thing is common to all stages—the dc
power supply. With the great number of
different spikes, pulses, signals of all fre-
quencies, and so on, that you have, it is
absolutely imperative that you get rid of
them after you've used them! If any of
them is allowed to get into another
stage, you’ll really find some weird and
unusual troubles.

This is caused by feedhack. Even if
it is only from the output of a stage to its
input, this can cause oscillation or in-
stability. If they happen to get back in
the right phase, it can cause degcnera-
tion and “mysteriously” reduce the gain
of a stage. If the feedback signal comes
from a stagc with different signals. we
get some real howlers.

Example—a horizontal-frequency
sawtooth or spike signal getting into the
video amplifier stage. This causes hori-
zontal shading of the raster—one side is
darker than the other. Vertical-fre-
quency feedback causes shading from
top to bottom. If this is strong enough,
you get the odd symptom of the picture
“going out from top to bottom” as the
brightness is turned off. as if you were
pulling a shade down over it. The key
clue in such cases is the nature of the
effect. Side-to-side shading is coming
from the horizontal circuits; top-to-bot-
tom shading from the vertical.

In either case, the basic cause is the
same—feedback. Feedback happens be-
cause the filtering is not good enough. In
the “source-stage” this signal, after we've
used it to swecp the screen, has to go
somewhere. It’s supposed to go back to
the (common) power-supply, and from
there straight to ground.

This signal is “ac.” Tt goes to
ground because the normal impedance
of the d¢ power supply is very low. For
example, a 50-uF capacitor has 63.7
ohms reactance at S0 Hz. At 5000 Hz,
only 0.637 ohm. At 15,750 Hz, this gets
down to about 0.2 ohm or so. (This is
why you will see a greater 60-Hz ripple
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than the other frequencies—the lower
the frequency the greater the reactance
1

2xfC
circuits, you’ll find several capacitors to-
taling 200- to 300-uF or more, and a
total impedance of practically zero
ohms.

We’ve got to keep this impedance
very low to prevent feedback at any fre-
quency. The wused signals must be
“drained off” to keep them out of mis-
chief. Think of this in terms of plain old
resistance. If we had a 100 mA signal
flowing through a 100 ohm resistance,
we’d develop a 10-volt ripple. This will
actually cause the plate voltage (or collec-
tor voltage) of stages fed from this line
to vary 10 volts. You can see what kind
of trouble that would cause!

The easiest way of finding this kind
of trouble is with your scope. Just touch
the direct probe to the hot terminals of
all electrolytic capacitors anywhere near
the circuit which is showing signs of
trouble. A good trick is to set the scope
up for a certain deflection at 1.0 volt p-
p- Any ripple greater than this is very
apt to cause trouble. Don’t confine your
efforts to 60-Hz ripple alone! Anything
you see on there, except a nice straight
“dc line” means trouble!

In tube circuits, you'll find 6 to 8
volts of ripple (60-Hz) at the rectifier
output. However, at the filter output this
had better be down to about 1.0 volt p-p
maximum. One volt of ripple in a 300-
to 400-volt circuit won’t be too bad sim-
ply because of the very small per-
centage. In (ransistor power supplies,
with their far lower voltages, a 1.0-volt
ripple means difficulties; percentage
again. Solid-state power supply circuits
use very large filter capacitors. You'll
find several thousand microfarads of fil-
ter capacitance.

The quickest check in a tube circuit
is to bridge a good capacitor across the
suspected unit. Look for the ripple to
disappear. If it does. replace the capaci-
tor. DO NOT (Repeat: DO NOT)
bridge large filter capacitors across tran-
sistor power supply circuits. Turn it off,
hook up the new unit, then turn it back
on. The charging surge of a 2000-uF ca-
pacitor is fearsome and can easily blow
a fuse or pop a transistor.

Sometimes the ripple won’t go
away, but will merely drop a little when
a new capacitor is bridged across the old
one. If this happens, the old capacitor
probably has a high power factor (loss
of filtering efficiency) and it will have to
be taken completely out of the circuit
and replaced by a good ene to clear up
the trouble. R-E

of a capacitor Xc =

In practical
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don’t miss this opportunity

If You Have What It Takes
to Qualify for Training in Electronics
We'll Not Only Train You...

We'll Help You Finance
Training and Help Place You
In the Job You Want!

Just a few short years ago, who could have imagined
electronic marvels like the micro-miniaturized printed

circuit, no larger than the head of a pin . . . battery-
= powered heartbeat regulators . . . computers that
QAR SR Sy erbs i3 I, LN make split-second calculations it would take the

human brain years to duplicate! This is the amazing
world of technology.

e

<

The demand for trained Electronics Specialists and
Draftsmen is increasing every year! These are well-
paid, prestige positions with practically unlimited
opportunities for advancement. In 12 months or less,
United Technical Institute can prepare you to take
your place in this dynamic, expanding field. You can
study right at home, in your spare time and at your
own pace — or attend a UT| resident school near you.

Because UTI is an eligible institution under the
Federally Insured Student Loan Program, you may
attend the Institute on a government-guaranteed
educational loan. And after you finish your training,
we can help you find your first position!

Accredited Member of National Association of Trade and
Technical Schools. Approved for Veteran Training.

<, United Technical Institute—l

8
s L‘& g division of Career Academy I
I 125 W. Wells St. Milwaukee, Wis. 53203 Dept. 07N215205
Get the facts now! Just clip the coupon and I l Please rush me your free 28 page booklet I
send today for a FREE, fact-filled book des- with all the details on your Electronics course
cribing the exciting opportunities in electronics, I
and how you can qualify for them. We'll rush Name - Age
. M (Please printy
your book by return mail so you can read it and I I
. . . Address
decide for yourself. No obligation, of course.
But don’t delay — clip the coupon for your free City i State Zip I
book today! : —j Phone
| am interested in: [J Classroom Study [] Home Study [] Facts on GI Bill I
ee— e ——— e e —— S ES— ES— ‘—r— _J
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SPECTRUM PRODUCTS PRESENTS
HIGH QUALITY POWER AMPLIFIERS
AT MANUFACTURERS PRICES

LA TPEE *C I}

[P 12

ONE FET AND 7 SILICON TRANSISTORS.

POWER OUTPUT. 25 watts RMS at 8 ohm load. (35
watts IHF music power)

FREQUENCY RESPONSE. — 1DB from 10Hz to 50,-
000Hz at full RMS output.

DISTORTION. Less than one (1) percent.

THREE INPUT CHANNELS. One megohm FET high im-
pedance input, and two (2) low impedance inputs.

INPUT SENSITIVITY. High impedance .5 volt for full
RMS output. Low impedance .25 volt for full RMS
output. Low impedance 1.5 volt for full RMS

0010 7. 810 3-8 4

output.

TRANSpISTORIZEU TEMPERATURE SENSOR. Holds idle
current at a constant 10 ma. preventing thermal
damage.

DC OPERATING VOLTAGE. 45 volts.

DC OPERATING CURRENT. 10 ma. idle, 1 ampere at
full IHF output..

OVERALL DIMENSIONS, 4x4x2 inches. PRICE. $16.50

SPECTRUM PRODUCTS
PRESENTS THE NEW
SELECTRA-MATIC POWER AMPLIFIER

ONE FET AND 7 SILICON TRANSISTORS.

SELECTRA-MATIC. Automatically lets you select any
power from 1.5 to 15 watts RMS at 8 ohm load.
(22 watts IHF music power)

FREQUENCY RESPONSE. 3DB from 10Hz to 50,000Hz
at full RMS output.

DISTORTION. Less than 1 percent. )

THREE INPUT CHANNELS. One megohm FET high-
impedance input. Two low-impedance inputs.

INPUT SENSITIVITY. (35 volt supply) High imped-
ance .25 volt for full RMS output. Input (1) Low
impedance .5 volt for full RMS output. Input (2)
Low impedance .05 volt for full RMS output.

TRANSISTORIZED CURRENT CONTROL. Automatically
holds distortion at a minimum. )

TRANSISTORIZED TEMPERATURE SENSOR. Holds idle
current at a constant 20 ma. thus preventing

thermal damage. .
DC OPERATING VOLTAGE. Anywhere from 12 to 35

volts.
DC OPERATING CURRENT. 20 ma. idle. 750 ma. at

full 1HF output. A
OVERALL DIMENSIONS. 3 x 3%z x 1%2 inches.

PRICE. $16.50, two (2) for $31.00

SATISFACTION GUARANTEED
SPECTRUM PRODUCTS P.0. BOX 2562
CULVER CITY, CALIFORNIA 90230
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EQUIPMENT REPORT

Heathkit 1G-57 Post-Marker Sweep Generator

For manufacturer’s literature, circle No. 21 on Reader Service Card.

THE MORE THINGS A SINGLE TEST IN-

strument can do, the more valuable it is
in the service shop. The Heathkit 1G-57
TV Post-Marker Sweep Generator cer-
tainly mcets this evaluation. With this ver-
satile test instrument, you can use
sweep-alignment techniques on any stan-
dard piece of electronic equipment “with
the greatest of ease” and accuracy.

Many technicians have hesitated to
use sweep alignment in the past, simply
because it was such a hassle getting ev-
erything hooked up; also because of a
nagging doubt that it wasn't accurate!
Previous methods of putting markers on
the sweep curve caused several troubles,
the worst of which was actual distortion
of the curve by the markers. In the end,
we actually did not know whether we
had helped alignment or made it worse.

With the system used in the 1G-57,
this doubt is gone. It uses the “post-
marker” circuit; this is the only way in
which frequency markers can be added
to swecp-response curves without dis-
tortion of or interference with the actual
frequency response of the unit being
aligned. The markers are put on the
curve dafter it has gone through the tuner
circuits. A special “marker-amplifier”
and mixer circuit is used. The marker
frequencies cannot affect the response of
the tuned circuits. Amplitude of the
curve and the markers can be controlled
individually.

Above all, the whole thing is
simple. Two cables connect to the TV
sct, sweep input and output, and two to
the scope, vertical and horizontal inputs.
Turn it on and away you go. To further
reduce clutter on the bench, the IG-57
even has two dc bias supplies on its
front panel: many alignment instructions
specify a fixed bias, especially in color
TV if’s. No separatc bias box is
needed. The dc voltage goes to 15 volts,
and the polarity can be reversed, if nec-
essary, for use with transistor forward-
bias agc, etc.

The list of specifications for the 1G-
57 is fascinating. The instrument pro-
vides three sweep ranges: 1Low, 2.5 to
5.5 MHz, for color bandpass and sound
i.f. alignment. The 10.7-MHz i.f. of FM
tuners can be swept by the 2nd harmo-
nics on Low. Next, IF for TV i.f. align-
ment covers 38 to 49 MHz, on funda-
mentals. Finally, the RF sweep goes from
64 to 72 MHz (channel 4) and a high
band (192-198 MHz, channel 10) on
the harmonic. All these have a minimum
signal output of 0.5 voit (500,000 uV)
which is, as one of my colleagues used
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to say, “enough to blow a signal through
an inch pine plank!”

However, as in all sweep alignment,
it is the markers which are the most im-
portant. Marker accuracy is the key to
the usefulness of any sweep generator,
and the thing which has caused us the
most trouble in the past.

The 1G-57 meets this requirement
by using crystal oscillators. There are 16
of these, each individually controlled by
switches on the top of the front panel.

One very important part of the if.
sweep alignment procedure is now much
simpler—trap alignment. This is vital in
color TV alignment. A misplaced trap
can cause color suckouts and a multi-
tude of other problems. (For a test, try
running the 41.25-MHz trap up on the
side of the curve till it gets the color
carrier, and vou’ll find out!) With the
crystal markers. the three most impor-
tant traps—39.75, 41.25 and 45.75 MHz,
can be tuned right on the nose.

For additional help in this, as well
as in sound if., sound detector, stereo
FM and aft alignment, a 400-Hz signal
can be modulated onto the marker sig-
nal. The trap is simply tuned until audio
modulation is at its lowest point, and
there you are—the trap is now at its
maximum attenuation. Or a sound detec-
tor is aligned for maximum AM rejec-
tion. which is the “right place.”

Special  connecting cables and
probes are used. These have tiny clips
for connecting into the circuits. An rf
probe is used for i.f. and rf alignment,
and a demodulator probe can be used at
intermediate points through the TV if.
(specified in some manufacturer’s align-
ment instructions, for link and trap
alignment). Incidentally, these probes
are light and small.

Frequency modulation (sweep) is
done with an all-electronic circuit using
a controllable inductor. No more me-
chanical sweeps, with hums and buzzes.
Tiny toroidal cores coupled to the in-
ductor control the amount of frequency
deviation (sweep width) and the center-
ing. These two things are controlled by a
concentric dual-knob on the panel, for

one-hand operation. Incidentally, the
“curve height” (“Trace Height”) and
marker pip amplitude (“Marker

Height”) are also a concentric dual con-
trol. This makes adjustment of the curve
height on the scope and the marker
heights on the curve very easy. A
separate seven-step attenuator is pro-
vided for regulating the output signal
voltage. This has 1.0-dB, 3.0-dB, 6.0-dB.
two 10-dB and two 20-dB positions. Any
or all of these can be used simulta-
neously. With this accurate attenuator,
the scope can be calibrated in dB; this
makes alignment with markers set “so
many dB down” from a given point very
simple.

The IG-57 is available from Heath
as a ready-made instrument or in Kit
form. R-E
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Hi-Fi Stereo Servicing Guide
by ROBERT G. MIDDLETON. A complete
guide to effective hi-fi and stereo serv-
icing. Provides the basis for a full un-
derstanding of hi-fi tuner and amplifier
circuitry and procedures for servicing
this type of equipment. The proper use
of audio test and measurement equip-
ment and the basic principles of acous-
tics are also given. Covers all hi-fi com-
ponents (except record players and tape
recorders). Order 20785, onty ... $3.95

ABC's of Avionics

by LEX PARRISH. Provides a basic un-
derstanding of avionics—the electronic
equipment used to insure the safety of
crew and passengers. The type of equip-
ment and the techniques employed in
private aircraft operations are featured.
Discusses requirements for basic com-
munications, navigation aids, instru-
ment flight aids, weather guidance,
and flight control safety devices.

Order 20764, 0nly . .. .......... $3.50

Mobhihe TIT
Sreueny 1
Plannig

Aviation Electronics, 2nd Edition

by KEITH W. BosE. This practical hand-
book for aircraft owners, pilots, tech-
nicians, and engineers explains the de-
sign, operation, and maintenance of
aviation electronics equipment. Covers
automatic direction-finders, distance-
measuring equipment, omnirange, ATC
transponders and weather radar, com-
munications and instrument-landing
systems, and related devices and Sys-
tems used in aviation today.

Order 20743, only

Questions & Answers

on Short-Wave Listening

by H. CHARLES WOODRUFF. A helpful
guide to the interesting world of listen-
ing afforded by short-wave receivers.
Questions and answers cover interna-
tional short-wave broadcasting, fre-
quencies, and services; how short-wave
is transmitted; how short-wave is re-
ceived; and how short-wave receivers
are constructed and operated.

Order 20783, 0nly............. $3.50

OCTOBER 1970

Books

Mobile-Radio Systems Planning

by LEO G. SANDS. Here is practical, basic
information about various types of
mobile-radio systems, how they work,
their capabilities and limitations, sys-
tem requirements, licenses, channels,
band and frequency selection, trans-
mitter-receiver selection, antenna sys-
tems, and accessories. Includes an in-
valuable system-requirements form for
planning a mobile-radio system.

Order 20780, 0nly. .. ......... . $

Transistor-TV Servicing Made Easy

by JACK DARR. This practical guide will
help you become skilled in the special
techniques of transistor-TV servicing.
Covers tools and equipment required;
transistors and transistor-servicing
techniques; power supplies; horizontal
and vertical sweep circuits; video i-f
and output circuits; agc and sync-sep-
arator problems; tuners; audio circuits;
and selecting replacement transistors.
Order 20776, 0nly .. ........... $4.95
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1-2-3-4 Servicing Transistor Color TV

by FOREST H. BELT. The “‘1-2-3.4
Method” is a simple, logical, step-by-
step process that helps do the service
Job the right way and the easy way. In
this book, the fundamentals of transis-
tor color TV are covered, followed by
a detailed explanation of how to apply
the method for quick troubleshooting
and easy repairs.

Order 20777, 0nly. ...... ... ... $4.95

Security Electronics

by JOHN E. CUNNINGHAM. Explains the
operating principles of modern elec-
tronic devices and systems used to pro-
vide security against crime. Describes
intrusion alarms and intrusion-detec-
tion devices. Includes chapters on the
detection of hidden metal objects, an-
nouncement of detected intrusions, bug-
ging, debugging, and speech-scrambling
systems, and future developments.

Order 20767, 0nly. .. .......... $4.50

How to Hear, Police, Fire,
and Aircraft Radio

by LEN BUCKWALTER. After World War
I1, police, fire, and aircraft radio moved
to the less crowded vhf bands, and the
“police band”’, which was found in many
older radios, was silenced. Few listeners
had receivers capable of covering the
vhf band, because they were relatively
expensive, With the advent of solid-
state circuitry, a wide variety of rela-
tively low-cost monitoring equipment
is available. This book is a guide to the
selection and use of vhf radio.

Order 20781, 0nly. .. .......... $3.50

101 Questions and Answers

About Transistor Circuits

by LEO G. saNDs. Answers the most
commonly asked questions about tran-
sistor circuitry. Explains transistor no-
menclature, biasing, the three basic cir-
cuit configurations, input and output
impedances, current and voltage gain,
and other basic considerations. Covers
power supplies and circuits; af circuits;
rf circuits, and oscillators.

Order 20782, 0nly. ... ... . ... .. $3.50

1-2-3-4 Servicing Automobile Stereo

by FOREST H. BELT. This book first ap-
plies the ingenious “1-2-3-4” repair
method to both mechanical and elec-
trical equipment. It then proceeds to
cover the electronic and mechanical
principles of automobile stereo, fm
multiplex and tape cartridge systems.
Finally, the book shows how to apply
the method to auto stereo systems.

Order 20737, only

North American Radio-TV
Station Guide, 6th Edition

by vANE A. JoNEs. Lists all radio and
TV stations in the U.S., Canada, Mex-
ico, and the West Indies. Includes oper-
ating a-m, fm, and television stations,
as well as those that are about to start
operating, or are temporarily off the air.
Separate listings arranged by geograph-
ical location, frequency (or channel),
and call letters make this guide the most
useful one available.

Order 20779, 0nly. .......... .. $2.95

P —————— HOWARD W. SAMS & €O., INC.— — — — — — — A

Order from your Electronic Parts Distributor,

|
i |
[ or mail to Howard W. Sams & Co., Inc., Dept. RE-100 ] 20785 [ 20777 L
| 4300 W. 62nd St., Indianapolis, Ind. 46268 |
I ) [J 20764 [ 20767 |
Send books checked at right. $ enclosed
J' [ Send FREE 1970 Sams Book Catalog [ 20780 [ 20781 :
| Name - [7] 20776 [ 20782 |
A [ 20743 [] 20737 |
| Address 120783 720779 |
I City State Zip I
E L sty g g g—_ = W ol (e
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A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

the license exam at home in your
spare time—with a passing grade
assured or your money back.

IF YOU'RE OUT TO BAG A BETTER JOB in Electronics,
you'd better have a Government FCC License.
For you’ll need it to track down the choicest, best-
paying jobs that this booming field has to offer.

Right now therc are 80,000 new openings every
year for electronics specialists—jobs paying up to $5,
$6, cven $7 an hour...$200, $225, $250, a week . ..
$10,000, $12,000, and up a year! You don’t need a
college education to make this kind of money in
Electronics, or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionally accepted method of measuring this knowl-
edge .. .the licensing program of the FCC (Federal
Communications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engineer, or get into serv-
icing any other kind of transmitting equipment—
two-way mobile radios, microwave relay links, radar,
etc. And even when it’s not legally required, a li-
cense proves to the world that you understand the
principles involved in any electronic device. Thus,
an FCC *“ticket” can open the doors to thousands of
exciting, high-paying jobs in communications, radio
and broadcasting, the aerospace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License and start cleaning up?

The answer: it’s not that simple. The govern-
ment’s licensing exam is tough. In fact, an average
of two out of every three men who take the FCC
exam fail.

There is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
one of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That’s why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses, you must be able to pass the FCC exam and
get your license—or you’ll get your money back!

They got their licenses and went on to better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thous-
ands of successful students and graduates.

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING . ..
now includes Video Systems, Monitors, FM Stereo
Muitiplex, Color Transmitter Operation and CATV.

2. ELECTRONICS ENGINEERING ... covers steady-
state and transient network theory, solid state physics
and circuitry, pulse techniques, computer logic and
mathematics through calculus. A college-level course
for men already working in Electronics.

Ed Dulaney, Scottsbluff, Nebraska, for example,
passed his Ist Class FCC License exam soon after
completing his CIE training...and today is the
proud owner of his own mobile radio sales and serv-
ice business. “Now I manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
“l was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he’s an inspec-
tor of major electronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, “and earning $228 a month more.”

Send for FREE book

If you’d like to succeed like these men, send for
our FREE 24-page book “How To Get A Commercial
FCC License.” 1t tells you all about the FCC License
...requirements for getting one...types of licenses
available...how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
“How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attached
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.I. BILL. All CIE
courses are available under the new G.1. Bill. If
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.

?Q; -
CI Cleveland Institute
of Electronics

1776 E17th St, Cleveland, Ohio 44114

Accredited Member National Home Study Council m
A Leader in Electronics Training . . . Since 1934 :
e e e e o m— —— S R e L

Cieveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114

Please send me without cost or obligation:

| [
| |
| I
] Your 44-page book ‘“How to Succeed In Elec- |
tronics' describing job opportunities in Electronics
| |
today, and how your courses can prepare me for |
them.
: Your book on ‘‘How To Get A Commercial FCC |
License.”
| | am especially interested in: |‘
| [ ] Electronics Technology [ ] Electronic Communications |
I ] Broadcast Engineering [ Industrial Electronics I
| D First Class FCC License D Electronics Engineering |
I I
| Name_ . L _ |
' (PLEASE PRINT) l
| Address___. I
ll city . :
| state Zip Age |
| O check here for G.I. Bill information RE-83 |
e = = e Y e R Y -l
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technical
manual

The long awaited and newly revised Sylvania
Technical Manual is out. Complete and unexpur-
gated. The fantasy of every Independent Service
Technician. Written anonymously by an agile team
of Sylvania engineers. 32,000 components de-
scribed in breathtaking detail. Including thousands
of unretouched diagrams and illustrations. Discover
the unspeakable thritl of new color TV Tubes, listed
as never before. The ecstasy of 28,000 ECG Semi-
conductors.

From exotic Deflection Oscillators to a lurid ac-
count of Transistors and Rectifiers.

This book has what you want. Components for
the man who knows what to do with them.

The 14th Edition of the Sylvania Technical Man-
ual is not available in any bookstore. Your Sylvania
Distributor is discreet. Speak to him.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

“Electrifying”

RADIO-ELECTRONICS
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“You better get-teady. for 4t, and ‘get
ready o apswer lots of questions; gquad
is_coming and it’s the hottest thing in
home entertaintiment since the stereo
record was invented. ;

Ir's—still very-new and do€sty’t

—€Vven ha%l‘m' nent_fame yet
People —are—caling it~ quadrasonic
steree, —four-channel stereo, - teirap<
phonic sound, surround souni ard
who-knows-what-else—All the names
are descriptive. but most_of them are

—too tongue-twisting to become  a
houschold word. We're betting on the
simplest of all: “Quad’ and the broad-
casts—will be ‘‘quadcasts.” Quad s

—fatrly-simple in-itse}f —it just just adds

—two more.audio channels to the at-

New Ad-channe
stereo tec

A mediol[:re 'lnﬁpliﬁe End L cobple | of
relatively inexpensivel speakers will da

Ithe job | |

But if this is all there \is to quiad,
v.hy not ;iimpyy take gx\ibti'ng two-
channel /stered /recordings, | pipe \some
of th‘c'//s{glwal /through | 'pait’, of\ in-
gxpensive / reperb  units, | and’ |\ theén
through/ ‘the /gecond ' \amplifier \ ‘and
speakers?/ AWhY, not \indeed?" 1h fact,
thiy telchiidud Avill work very\ well foy
the vast ‘majority of \existing stereo
fecordings. /and pr?)\gerly used. will
prevent existing record and' tape col
lections fTom/Becoming obsolete.

Bur true quad is uch more thao
sunple ;g:\;epbt;rulioﬁ\ IR @ recent
Audio “Engineering \Societ) meeting
devotel) 1o gquad, some spectacular
demonstration tapes were plaved, am
ply demiopsirating the drantatic “ping:
ping/ porig-pong effect possible. -Most
spectaular of “all was Yhe MOtoreycle
that ran m/c{;:cles around the huge
RCA recotdjng studig\\vwz; bﬁe neget~

by WALTER G. SALM

audio\ techniques, guad-is-probably as
much \an advance  over cenventional
sterenas ster¢o was over mono. That's
. whopping ‘conclusion to make, but
quad in one giant step puts_huge con-
certhall acoustics in the living—room.
We've bemoaned for years—_the fact
that we'd ‘never be able~to recreafe
conceri hall acoustics im the home.
Various speaker manufacturers—have
tried, -with. Jimited degrees of-success.
Nowt's possible,
Compariseits—_te—_two-channel
stereoconte~gasily. Quad is now ap-
proximately where stereo was in 1956-
57. There's good reproduction equip-
iment avaiTa‘ble:\youjan use two stereo

amp!iﬁ\ﬁf{ur one of the~timited runs

hniques

4-channel stereo is here to stay. Here's the
latest on what’s happening in this new race
for solid sound that surrounds the listener

;—dm&reo pair._ The first

sterco pair confinues as- before. cem-
ing out of a pair of matched speakers
at the front of the-listening room. The
—two —new.__thannels are-rear-af-the:
room-speakers. facing forward.
In its classic form. guad adds twe
—channels of room~everberation—the
minute-echoes, phase and time delays
—that—are—characteristic - of - the  hall
“where_the recording was sade. This
~ecan—be donc_ by cing an_additonmal
pair-of microphenes Semewhere  be-
—hind the ariginal steseq pair, tecording
two_extra. chanaels- oir the fape, aad
—playing them “bask through @\ second
—stereo—amphifierJand \the \bwo \rear
speakers=-Treated this way, \the \ extka
rwo_chainels dor't > have\ (o' be'\ the
“same high-qualit yeu \have, up\ {ront,
i‘

B i & ¥ b
i | _.
, &= 1,
- |
" W e ——
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g hadO sssrkbled. That partichiar
tape “pointed up more than anything
else the tue effectivengss of surronnd
soird.

There's \no shortage of recerded
matenial.. Mosp record” comparics 40-
day k\éep theix eight- (and 16-) chan-
el master tapes in the vault. and
these masters, can be feniixed into
{four-channel apy time, me/ neededl
Thus we will see lots of re-feleases of
well-known stereo recordings l}] quad.
New masters \érc ma({e,.’with quad in
mind, and' many recofdings of con
temiporary music can really make full
‘use of this room-filling ilJusion./ A few
classical works—very fedy--were Brigy
inally ‘scored ' with orchast{w;l 'ﬂ;{mcms
in \the\ rear \of\ the conge{r/hall, Quad
lets\ the \audiophile hear/this magic/the
way! It was| written, sonj¢thing e tan'y
do, with| cohyentional ft:c,reo, Hvén /59,
su hitecordings sound h \pel?qsly gim-
i f‘fq:dtu |aftter all, who/ ever| heprd

[trumpets Pi ing from the rear of [the
livﬁg r}n m?
A

an provenJent in lexisting
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of _new four-channel amplifiers, and
thefe are programi_seurces, at {east on
tape. As was the case with—stereo in
1956, tapeis the only readily available
sotirce of quad program material right
aow.- Like 1956, conversion heads—for
four-channel playback are expensive,
as —arc add-on preamplifiers.— Like
1956. _there's talk about compatible,
single-groove ~discs —and compatible
FM  broadcasts. ﬁsc/ﬁu’l%lexing
techniques are being proposed. and at
lea,s’t/qne inventor;~Peter—Scheiber.
claims to have devised—the “liltimate
solution,” although it's far frem per-
feet fand turns out not 16-be true
four-Channél),

Thefe are debates raging about
auad s trug effeciivencss, and wouldn
feyetb/fed regr  speakers be cheaper,
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RCHESTR

TRACK

TRACK

just as effective and solve all these
problems? And so it goes.

Here’s what’s happening now.
Tape equipment is in the forefront, as
it was in 1956. Companies now pro-
ducing quad playback-capable equip-
ment include: Crown International,
Teac, H. H. Scott, 3M and
Telex/Viking. Ampex has produced
quad equipment for professional use,
machines that will handle both %2-
inch and Ya-inch tape, but an Ampex
consumer quad unit may not be far
away. At the CES show in New York
Ampex showed a four-channel cassette
player. Kenrich Purchasing, an im-
porter of Japancse cassette recorders,
plans to market an inexpensive quad
conversion kit for cassette surround
sound.

4-track in a cartridge

Possibly the easiest single format
to work with for home entertainment
use is the 8-track, continuous-loop
cartridge. This cartridge has sufficient
tape width to accommodate two four-
channel programs with interleaved
tracks, making playback heuads easier
and cheaper to build. Bearing this out
have been twin announcements by
Motorola and RCA. Motorola said it
had a four-channel stereo 8-track tape
player for the car and would be in-
troducing it later this year. No men-
tion was made of where the tapes were
to come from.

At virtually the same time, RCA
unveiled a living-room quad system
also based on the 8-track cartridge.
This one was more rcalistic, since
RCA can make its own quad tape car-
tridges very casily and demonstrated
some new ones in the prototype dem-
onstration.

@) @) OR
[ 3 L

TRACK WGBH

@) O
2 4
TRACK

ORCHESTRA

O O
LO
R

WCRB

The basic unit looks little differ-
ent from any living-room version of a
cartridge player. It has two speakers
built into its cabinet, but also has two
outboard speakers at the rear of the
listening room. And there in lies the
difference. The same unit can be used
with four outboard speakers, as is an-
other unit that has no built-in speak-
ers.

The cartridge machine is com-
patible with conventional 2-channel
stereo tapes. All it takes is a flip of a
front-panel switch to go from quad to
old-fashioned stereo. The track ar-
rangement is 1-3-5-7 for sequence A
with 1 as left front, 3 left rear, 5 right

TYPICAL 4-CHANNEL STEREO AMPLI-
FIER. This one is the H. H. Scott model

499. Several other manufacturers have
announced similar gear.

front and 7 right rear. At the end of
sequence A, the head shifts down and
plays tracks 2-4-6-8. Program time is
halved by the quad format so a
doubte-length tape becomes instead
standard album-length. Presumably
the tapes will be priced somewhat
higher than standard 2-channel car-
tridges and because of the use of four
tracks, will have half the playing time.
Tapes should be available now.

One of the few amplifiers on the
scene so far is the Scott “Quadrant”—
a 35-watt-per-channel unit with an im-
pressive number of front-panel con-
trols and a staggering price tag of

ORCHESTRA !
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$600.00. Interestingly, the unit has
two different stereco  headphone
jacks—one for the front speaker pair
and one for the rear speaker pair.
The front-pair jack is used when listen-
ing to conventional 2-channel stereo.
Eventually, such amplifiers will no
doubt have a single headphone jack
with choices of various blends for both
two-channel monitoring and the most
suitable mix for casual listening, and
the owner will make his choice.

The broadcast situation is far
from clear. Even as we go to press,
there’s every chance that the FCC will
grant that all-important experimental
broadcast approval. In the meantime,
the only quadcasts that have been le-
gally possible have been via two stereo
FM stations paired up with rented
telephone lines. The listcner needs two
complete stereo receciver setups to lis-
ten to these limited quadcasts. Sound
familiar? Other systems are available,
but won’t be heard by the public until
the FCC issues the necessary ex-
perimentat license.

Latest word on the status of
single-station broadcast is that no one
can seem to make up their minds as to
what is desirable and not. It’s gener-
ally conceded that if a station’s going
to broadcast quad, then its SCA chan-
nel must go. SCA is that special ser-
vice channel with a 67-kHz subcarrier
that carries background music or
other special programs to paying cus-
tomers. SCA has in fact become the
focal point of disputes between propo-
nents of different kinds of quad trans-
mission systems, and often the feuders
have other, SCA-bred axes of their
own to grind.

A basic system suggested by Wil-
liam Halstead (“Mr. Multiplex”)

RECORDING, BROADCAST AND PLAY-
BACK techniques are shown on the left
as they are now being used.

FOUR-CHANNEL TAPE, reel-to-reel is
the Telex Quad/Senic Model 230 below.
QQ transport is for playback only; QQRM
handles both recording and playback.

. T~ PO e B
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working with Leonard Feldman, uses
two 8-kHz-wide subchannels for the
two rear speakers, with subcarrier fre-
quencies at 69 and 89 kHz. This tech-
nique has a certain amount of overlap
with the alloted SCA channel (59 to
75 kHz), so the SCA capability is
automatically eliminated in stations
that quadcast. One serious problem
here is the fact that any quad decoder
for such a system would also be ca-
pable of picking up SCA channels, be-
cause of this overlap between SCA
and the lower of the (wo quad sub-
channels.

To avoid any outcries of “SCA
piracy,” Feldman has installed a tiny
reed relay in the quad decoder circuit
that automatically mutes the detector’s
output when a 67-kHz subcarrier is
received. This idea casily wins the
Rube Goldberg medal and does noth-
ing to stop the tinkerer who wants to
bridge across the relay to get SCA.

Another technique, formally pro-
posed to the FCC by McMartin In-
dustries and later withdrawn, uses a

form of time-division multiplexing
(TDM). This technique intermixcs
the two signals at a 19-kHz rate.

Channel bandwidth
per channel and in the playback,
sampling is locked to the 19-kHz
stereo pilot signal. This signal cnve-
lope embraces good old 67-kHz as a
center frequency (suppressed) and is
amplitude-modulated to prevent any
eavesdroppers from illicitly picking up
SCA broadcasts which happen to be
McMartin's bread and butter. Main
problem with the TDM technique is
phase distortion. Add just one tiny bit
of phasc delay because of propagation
conditions and the signal separation

is held to 8-kHz

SYSTEM USED BY DYNACO to add front (F) and back (B)
information to left and right channels. SPEAKER ARRANGE-
MENT for turning existing 2-channel system into pseudo 4-chan-
nel. All you must add are two additional speakers and a special

matrix network (shown below). When using this arrangement
adjust the amplifier balance control for minimum sound in the
back speaker when monophonic material is being played.

L =
INPUT "

goes to pieces.

Actually, there’s little reason not
to adapt the Halstcad/Feldman sys-
tem by converting both channels to
AM with suppressed carriers—the
same transmission method used for
the FM sterco subchannel. This way,
quad decoders wouldn’t pick up SCA,
reed-relays notwithstanding, and
broadcast modulation level could be
held at reasonable proportions.

Some people, both in the FCC
and out, are understandably nervous
about the proposed additional use of
the FM band. Anvthing above the as-
signed 150-kHz bandwidth is dan-
gerous, they believe, and might cause
co-channel interference. Not so. The
actual bandwidth in use would never
go above 150-kHz, simply because
bandwidth use is a function modu-
lation percentage. In the present setup,
a station broadcasting mono FM can
use 100% modulation which cffec-
tively cats up that tull 150-kHz. If the
station broadcasts FM sterco, it re-
duces its main-channel modulation to
80%, uses 10% for the 19-kHz pilot
and 10% for the L — R stereo infor-
mation on the subchannel. If the sta-
tion carries SCA, it reduces the main
channel another 10%. This brings us
down to 70% main-channel modu-
lation.

If two quad channels were to be
added, they would each probably re-
quire 10% modulation. Since SCA
can't be carried during a quadcast,
there’s 10% available right there.
Chop off another 10% from the main
carrier—leaving 60% and we have our
quadcast setup. What would this do to
signal-to-noise ratio? Not much. Each
10% reduction in main-channel modu-

lation results in a loss of about 1.5 dB
of S/N radio—a cheap price to pay
for so much extra sound. Thus a
quadcasting station would have about
1.5 dB poorer S/N ratio on its main
channel than would a stereo statjon
carrying SCA.

What will happen?

What actually happens will prob-
ably follow the pattern set in 1956-
1961. Someone will propose a definite
system that will be fully compatible
with conventional sterco and mono re-
ception. A limited number of decoders
will be produced and sold at a pre-
mium price to experimenters who will
use them to listen to perhaps one or
two hours a week of test quadcasts.
Other systems will be proposed, in in-
creasing numbers. The closer the FCC
comes to making a decision, the more
companies will get into the act—cach
one with a quad transmission system
of its own. Ultimately, the system se-
lected as the industry standard will not
be one of those that had had ex-
perimental quadcast experience, but
will be one of convenience, and possi-
bly onc that wil still permit SCA
transmission!

But perhaps the Commission will
recognize the fact that SCA is no
longer a matter of life and death for
many FM stations the way it was 10
years ago. FM stations are making it
on their own now, and many are mak-
ing it in the big lcagues.

The FM-FM quadcasts that have
taken place so far raise another inter-
esting question: what is the optimum
microphone placement for quad
recording and broadcasts? In three

(continued on page 86)
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R8

R 8
PREAMP4

PREAMP|

Build |

oppge V' RS J2 ON-OFF R7, MONITOR J3 RS J4
ll.'.' I' .‘l PREAMP 2 RIO PREAMP3
® ®
G-channel sferco mixer preamp
. AN A .

by GEORGE D. HANCHETT, Senior Engineer, RCA Solid State Div.

THIS STEREO PREAMPLIFIER AND

mixer is particularly interesting to SR & GO 12

. . \% ¥y - 1
those who want to make high-quality $K3030(4) — s ve[ V- 1 K0S
tape recordings. The preamp has four o0 [ ! 1 [ w
microphone and two linc inputs that METER iol Y4 5 (Ls q ;05 METER
can be switched to left, right, or both O3¥ ||LINE AMPLIFIER A LINE AMPLIFIER B b7} 2
channels. In addition, two auxiliary (FIG.8) (FIG.8)
inputs are provided, one for each MU s DAY ¢ wy i — PPz Ry ¥08 w2
channel. The auxiliary inputs cannot 5;, 10K A MASTER 5 \ a §os
be switched. All inputs that can be 1A s 109 N ] eaw 10 ) . 5
swiiched are controlled from the front A’ LT NPT MIXER ULTT-FUT MIXER A® e .
pancl. The two auxiliary inputs are . 2 234567 2 3a56 7 ) —2e *
controlled from the rear of the unit. B RS 979 o) |
Each output channel has its own VU of °J'OK T?? (f |Ro|E ol o
meter. °“L‘f R6 o
The stereo preamplifier and 10K
mi?:cr is :mde up. qf three bfasig tcir- e puT — i
cuits and a minimum of inter- —8 5| el +20V
connccting wiring. The three circuits Ji=b A S By Ao fsl g fsl =2 LINE J7-a
are a high-dynamic-range microphone Z 0wy, 8o M £s +Boe o Bo &M Bo B 2
gy I R |

C1, C2—1000 ,F, 25 volts, electrolytic A R Bk uiL ° | ;L ‘ RIS l
D1 through DE—SK3030 (RCA) D 'R: M\GT g - Cln = =1 | | e @ :
Rl,’ R2, R7, r;fo,erRIS, R1'6—potent_ionmeter, 10K j)HSIGH 5 :IGH S ¥?215|GHJ)6 7)Hs|GH(g6 ICK ! :
R3 RISO'O:g °$‘1"2’S gg' %1104:’;0‘138(') ':)"he;; p?/tz) - DYNAMIC DYNAMIC c2f+ | orNamic DYNAMIC RIG

o Roplay [h B . ' ® 52 5 RANGE RANGE T | RANGE RANGE o Ik ®
R PO | s | resose| L e o | | e
S1 through S6—rotary switch, 2 poles, 5 ':& {(FI6.2) (FI6.2) 1000725V | (FiG.2) {FIG.2) Jo ___L
i, JzonéfI?Ei;?g:)g‘fo;);pjeacks AT ol i i re Qi 2 o
J5, J6—phone jack a 02 & ha 8

J7—4-lug terminal strip (screw terminals)
J8, J9—phono jack
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preamp, a multi-input mixer, and a
headphone or line amplifier. A block
diagram of the total unit is in Fig. 1.

The output of each microphone
preamp (see Fig. 1) is fed to a switch
which can connect it to channel A,
the left channel, channel B, the right
channel, or both channels (A and B)
simultaneously. The output of these
switches as well as the line input for
cach channel is fed into the multi-in-
put mixers. A master gain control
combines or gangs the outputs from
the mixers installed in each channel
and passes the combined signal to the
line amplifiers. The diode limiting cir-
cuit used with cach VU meter keeps
the meter from being damaged during
the charging of the large coupling ca-
pacitors in the line-amplifier. Two R-C
power-supply filters consisting of R8
and Cl, and R9 and C2 assure circuit
stability. Each filter services two mi-
crophone preamplifiers.

The stereo prcamplifier and
mixer is made up of a number of cir-
cuits as described above. The descrip-
tion of each of the three circuits in-
cludes circuit boards and component
placement diagrams. The individual
circuit boards and the interconnecting
wiring required for the stereo preamp

CIRCUIT BOARDS
A complete set of 8 circuit boards needed to
build this unit are available for $10. Order
1070B-1. A set of 4 boards for building a
mona version are $6. Order 1070B-2. Boards
are G-10 glass-epoxy, undrilled. Photo nega-
five for making your own boards containing
all board patterns is $1.50. Order from
Photolume Corp., 118 E. 28 St., New Yark,

N. Y.

and mixer may be assembled as de-
sired by the builder to form the kind
of custom unit he nceds.

The high-dynamic-range micro-
phone preamplifier, intended to be
used with low-impedance dynamic mi-
crophones, will handle loud passages
of music and close talking without ad-
verse effect on the output. The ampli-
fier has a gain of 1500 to 2000 and
can provide a maximum undistorted
output voltage of 2 volts rms to a load
impedance of 500 ohms or more. The
maximum undistorted input is 400
mV rms. The frequency response is
flat from 20 Hz to 30 kHz.

The circuit for the high-dynamic-
range microphone preamp are in
Fig. 2 The preamplifier consists of
two stages of current-stabilized ampli-
fiers separated by a gain control and
an R-C filter, consisting of R7 and

C5, that prevents motorboating. Re-
sistors RS and R12, placed in the
emitter circuits of transistors Q1 and
Q2, improve the frequency response
of the preamplifier by providing some
emitter degencration. The output of
the preamplifier is shunted with re-
sistor, R15, to make the circuit com-
patible with the zero-point switching
capability used in the master preamp.
The output impedance of the preamp
is low. The table shows the value of R1
to use with microphones of various im-
pedances.

The printed-circuit-board layout
for the microphone preamp is in Fig
3. A photograph of a completed board
showing parts placement is in Fig. 4.
All ground connections in this circuit
must be made to the same point, as
shown in Fig. 3, to avoid forming
ground loops. This common-ground
feature is built into the printed-circuit

TABLE |
Microphone Impedance |[R1 (ohms)
200 220
500 560
4,000 IR1 not used

R1 connected across microphone input
jack.

Modular construction lets you build a
custom mixer-preamp that meets your needs
precisely, or duplicate the unit described here

8200
R7 +20vV
¢ )
Ril 6
K
$R2 2R4 $R9 ©
100K FI0K 100K -
10/6v |0é|§v K3020
cl
Py +
— o ' - 50/15V
c4 c7
J) >’@> 100 c5 4 )SK3038 ’_.LK___
IN' R3: oI 125V[4  losizv |
» | 82kf  sk3o03s T \\ RI2 =
- R5 & 680 RIS qut
¢RI 680 LT I|rio 10K
3 c2 3 | 4
3 6.2K
300 3 RS J
/6Vj+  ipe 10K SRI3 $RI4
4700 cé 34700 TIK
3hL_ T ooy | COM GND

- *SEE TEXT AND TABLE T

PARTS LIST
(Fig. 2)

Cl, C5—10 .F, 6 voits, electrolytic
C2, C6-—300,F, 6 volts, electrolytic
C3—10 ,F, 15 volts, electrolytic
C4—100 .F, 25 volts, electrolytic
C7—50 .F, 15 volts, electrolytic
Q1, Q2—SK3038 (RCA)
Q3—SK3020 (RCA)

All Resistors 14-watt 109%,
R1l—see table | and text
R2, R9—100,000 ohms
R3, R10—6200 ohms
R4, R11, R15—10,000 ohms
R5, R12—68 ohms
R6, R13—470 ohms
R7—820 ohms
R8—potentiometer, 10,000 ohms, audio taper
R14—1000 ohms

OCTOBER 1970
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HIGH DYNAMIC RANGE
MICROPHONE PRE-AMP
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G

FIG. 1—(FACING PAGE) BLOCK DIA-
GRAM of complete mixer preamp. FIG.
2—(LEFT) MICROPHONE PREAMP sche-
matic. Three transistors are used. FIG.
3—(BELOW) CIRCUIT BOARD PATTERN
for the mike preamp. FIG. 4—(ABOVE)
PHOTO OF ASSEMBLED BOARD show-
ing parts placement details,

920515821 : ©
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board and must be followed if some
method of circuit construction other
than the printed board is used. In ad-
dition, all preamplifier connections to
external circuits should be made to the
same ground point.

by connecting a resistor across the
output and input. Thus there is no
disturbance, no cracks or pops, when
inputs are switched in or out. The am-
plifier portion of the circuit, shown at
the right in the schematic, is current
stabilized by the emitter resistor. This
resistor is not bypassed, and provide a
greater degree of degeneration and re-
ducing the overall gain of the mixer to
unity.

Some adjustment of resistor val-
ues is required if less than seven in-
puts are used. Tuble 11 shows these re-

Multi-input mixer

The multi-input mixer is designed
to mix the inputs from up to seven
sources, usually microphones, for in-
put to an amplifier, recorder, or other
picce of audio equipment. The mixer
has a gain of approximately unity
and, thercfore, has no effect on the
system in which it is installed. 1f more
than seven inputs are required, as
many as three mixers can be wired in

TABLE 1l
RESISTANCE VALUES

parallel. No. of inputs R17 R18
. 2 8.2k 120 oh
How it works ms
L .. 3 7.5k 110 ohms
The circuit for the multi-input
. . Oy . 4 6.8k 91 ohms
audio mixer is in Fig. 5. The resist-
5) 6.8k 82 ohms
ance nctwork shown at the left not
only provides th ixing function but 6 6.2k 75 ohms
nly provides the mixing function bu - 6.2k 68 ohms
also to make possible zero-point

switching of the inputs.

In the zero-point switching, as
used in this unit, the capacitors at the
output of the microphone preamps as
well as the input capacitor of the
mixer are kept charged. This is done

sistor values for from 2 to 7 inputs.
When three or more mixers are paral-
leled to accommodate more than seven
inputs, not only must the outputs of
the mixers be paralleled but the ground

points on each circuit board must
be connected. The gain of the mixer
thus connected is somewhat less than
unity.

Component placement and cir-
cuit board pattern for the multi-input
mixer are in Figs 6 and 7 along with a
photograph of a completed board.

Headphone or iine amplifier

The headphone or line amplifier
is very useful when the power ampli-
fier is located some distance from the
microphone. If preceded by a micro-
phone preamp, the amplifier makes a
very useful remote pickup. It is also
very useful for driving the line inputs
of tape recorders.

The headphone or line amplifier
has a voltage gain of 100 and can
drive any line impedance of 250 ohms
or more. It has a maximum undis-
torted output of 3 volts rms into a
500-ohm line and has a frequency re-
sponse flat from 20 Hz to more than
25,000 Hz. The input impedance is
1,800 ohms.

Amplifier operation

The circuit for the headphone or
line amplifier is in Fig. 8. The inter-
connection of the transistors in the

c7 Rl ce R9 c5

+20V RIS Ri4 RI2 RIO R8 RS R6 R4 R3

FIG. S—(BELOW) CIRCUIT of multi-input audio mixer. Two are needed to build the
unit described in this article. FIG. 6—{RIGHT) CIRCUIT BOARD PATTERN for the
audio mixer. FIG. 7—(ABOVE) PHOTO OF MIXER shows parts placement on the circuit
hoard. Refer to Fig. 1 for interconnection details of the complete preamp.
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PARTS LIST
(Fig. 5)

C1 through C7—10 .F, 6 volts, electrolytic

€8—50 ,F, 15 volts, electrolytic

Q1—SK3020 (RCA)

R1, R3, RS, R7, R9, R11, R13—1000 ohms, %
watt, 10%

R2, R4, R6, R8, R10, R12, R14—39,000 ohms,
14, watt, 10%

R15—100,000 ohms, Y watt, 10%

R16—2200 ohms, 1, watt, 10%

R17, R18—see table 11 and text
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PARTS LIST
(Fig. 8)

C1—5 ,F, 6 volts, electrolytic
C2-—100 ,F, 25 volts, electrolytic
Q1-—SK3020 (RCA)
Q2-—SK3024 (RCA)
R1-—1000 ohms, 1% watt, 10%
R2—3900 ohms, V%, watt, 10%
R3--680,000 ohms, 4 watt, 10%
R4—470 ohms 1, watt, 10%

+20

92CS15838

FIG. 8—(TOP) LINE AMPLIFIER circuijt
uses two transistors. FIG. 9—(CENTER
ABOVE) CIRCUIT BOARD pattern for
the line amplifier is shown actual size.
FIG. 10 (ABOVE} COMPLETED BOARD
showing parts placement. See Fig. 1 for
circuit board interconnections.
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FIG. 11-POWER SUPPLY is regulated
circuit. It is built right on the main
chassis of the mixer reamp as you can
see in the photo at the right.
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FROM THE REAR OF THE MIXER-PREAMP you can see the auxiliary input and line
input jacks. Three sets of outputs were connected in parallel to provide connectors for

all likely applications.

LOOKING IN FROM THE TOP you can see the power-supply components in the lower
right of the photo. The two VU merers are at the top. Most of the jumble of wiring
consists of leads connecting outputs to the circuit hoards.

amplitier makes the operating condi-
tion of the amplifier self-adjusting,
(i.c.; the amplifier can maintain itself
in a stable operating state in spite of
variations in power-supply voltage and
ambient temperature. Stability is in-
sured by feedback through R3. If Q'
emitter current should increase, the
base voltage of Q2 would decrease be-
cause of the additional voltage drop in
R3. However, the decreased base volt-
age of Q2 resuits in a drop in Q2’s
emitter current, a reduction ol feed-
back voltage to QI, and hence a de-
crease in QI°s collector current. This
decreased collector current causes an
increase in Q2’s basc voltage that
compensates for the original decrease
and the amplifier is stabilized. The in-
terconnection of transistors just de-
scribed also makes possible (he low
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output impedance of the amplifier.
The printed circuit board pattern

for this circuit, and a photo of a com-

pleted board, are in Figs. Y and 10,

Power supply is last

A simple power supply completes
the unit. This supply is shown in Fig.
I'1. It is assembled directly on the
chassis of the unit and is not built
onto a circuit board. Once you have
completed the power supply, selected
the desired number of input, mixer
and output boards you can proceed to
assemble your custom mixer-preamp.
We are sure you will enjoy it.

This article is presented through
the courtesy of the RCA Solid-State
Hobby Circuits  Manual, HM-91,
$1.95, which will be published carly
this fall. R-E
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A do-it-yourself guide to maintenance

and simple adjustments to get
the best from your stereo rig.

by PETER SUTHEIM

This article is one of a series intended
as a sort of supplement to the oper-
ating booklet that comes with hi-fi
components. The manuals are often
pretty short on information that
doesn’t have to do directly with turn-
ing the unit off or on, using the con-
trols, and such basics. Since most cus-
tomers for hi-fi components are not at
all technically inclined, the makers feel
it’s pointless to take up space describ-
ing maintenance and the more subtle
adjustments. But for those who enjoy
getting a feel for the equipment they
use, the warning, “no user-serviceable
parts inside” does not nced to apply.

One caution before we begin,
though. Nothing in this article is in-

Harman-Kardon’s Citation 12 120-watter.
The latest in stereo power amplifiers.
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tended to contradict anything in the
instruction manuals. We may suggest
occasional lubrication, for example;
but if your booklet says very explicitly
not to oil this or that, then don’t oil it.
They know more about what they’ve
made than you do, or than we do.

This month we discuss tuners
and amplifiers. Later we will cover
such components as speakers, record
players and tape recorders.

Keeping the amplifier fit

Well-designed transistor ampli-
fiers tend to deteriorate a [ot less with
age than tube amplifiers do, partly be-
cause of the inherently long life of
transistors when they are not abused,
and partly because of lower voltages
and lower temperatures in solid-state
equipment. There is usually not as
much preventive maintenance to do in
solid-state  gear.

It is important, though, especially
in dusty or smoggy regions, to clean
air vents, grilles and heat sinks. Heat
held in by restricted air flow can cause
premature failure of transistors and
other parts, especially in marginally
designed equipment. Use a whisk-
broom, brush, rag, or vacuum cleaner.

Noisy or intermittent switches
and controls can sometimes be fixed

WWW-americanradiohistorv.com

Get better
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by cleaning the contacts. Seldom-used
switches and controls are the most
likely to cause trouble. Often just
twisting the switch or control rapidly
from one stop to the other several
times is enough. Sometimes you will
have to use a switch and control
cleaner, or some cthyl chloride, to
help dissolve dirt. Inspection of a
switch will sometimes turn up the
cause for intermittent operation—bent
or corroded contacts, dirt, a bad sol-
der connection.

A fairly common cause for noisy
volume and tone controls in transistor
amplifiers is dc leakage through the
control. The tendency to use relatively
low-resistance controls in solid-state
amplifiers (10,000 ohms, for ex-
ample) requires coupling capacitors of
5 or 10 pF, typically. In all but the
most expensive equipment, these are
clectrolytics, which tend to leak more
than other types of capacitor. Lcakage
also tends to increase with age and
temperature. The only answer is to re-
place the offending capacitors. If you
can afford to, use tantalum capacitors,
which have far less leakage current
for a given capacitance.

Many early solid-statc amplifiers
and preamps had objectionably noisy
phono preamp stages. It is sometimes

RADIO-ELECTRONICS
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possible to improve them with newer

transistors. The General Electric or
Sprague 2N3391-A is a good, low-
noise, low-cost silicon planar npn
transistor now being used by many
manufacturers; it can replace other
silicon npn types probably without
any changes in circuitry. An even bet-
ter transistor is the Fairchild SE4010,
though it may be harder to come by.
Both cost well under $1.00.

Several designs used the RCA
2N2613, a pnp germanium transistor
especially recommended for low noise.
Performance was sometimes dis-
appointing; buying a handful of
2613’s and finding the one with the
lowest noise may bring significant im-
provement. A possible replacement is
a silicon pnp transistor by Fairchild,
the 2N4250 (or its brother and sister,
the 2N4248 and 2N4249). Depending
on the circuit, this may require some
changes in first-stage bias-resistor val-
ues. Its gain is very high even at col-
lector currents around 10pA, where
noise is extremely low. The 2N4248-
50 series also cost well under $1.00.

Sometimes replacing first-stage
emitter, base and collector resistors
with some of better quality helps. Any
resistor with dc flowing through it is a
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Fig. 1—ADJUSTMENTS IN HI-FI AMPLIFIER. Not all amplifiers have all these adjust-
ments. Usually, R2 plus R3 equals R1. Pot R3 sets equal drive to tubes V1 and V2. RS sets
the dc bias level, while R4 sets equal cathode currents through R6-R7.
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Fig. 2—POWER AND OUTPUT BALANCE CHECK. Assymetrical clipping not correctable
by batance adjustments is probably developed in earlier stage. To measure power out-
put, adjust the 400- or 1000-Hz input signal to just below point where clipping is seen
on scope. Square the voltage reading and divide it by the value of the load resistor.

potential source of extra noise. Oh-
mite, IRC or Allen-Bradley com-
position resistors are likely to be better
than unknown or “bargain” resistors.
It is impossible to tell by looking at a
resistor how noisy it is, so pulling out
resistors and replacing them with new
ones is a gamble. But it may be worth
the effort if you are annoyed by hiss.

If yours is a tube amplifier, much
of what has been said about cleaning
applics to it also. If the tubes are more
than about 3 years old, replace them.
Use matched pairs in output stages
unless your amplifier provides dc bal-
ance adjustments. Run through the
balance and bias adjustment (Fig. 1)
in any case; follow the manufacturer’s
instructions. The idea is to get the two
push-pull output tubes in cach chan-
nel to draw equal current through the
output transformer primary winding.
Since the currents drawn by each tube
flow in opposite directions, the mag-
netic fluxes they generate in the trans-
former core cancel each other. This
reduces distortion and extends the bass
power capability.

Several tube amplifiers provide
metering terminals or some other way
of adjusting output-stage current. An-
other good way to check is to set the
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amplifier up for a power measurement
(as in Fig. 2—400- or 1,000-Hz tonc
to the input, 8-ohm resistor and scope
across the output), and adjust the
tone level and the output-stage bal-
ance until the clipping of the output
waveform is symmetrical. Still a third
way is to connect a harmonic distortion
meter to the amplifier output and ad-
just the bias and balance controls for
minimum distortion at a power output
near the rated maximum.

A few amplifiers have adjust-
ments for balancing the signal drive to
the two sides of the push-pull output
stage (Fig. I again). These too should
be checked after the tubes are re-
placed, and checked again after the
first hundred hours’ use. The sym-
metrical-clipping test can be used here,
but the best way is to adjust for lowest
harmonic or intermodulation distor-
tion.

If an amplifier does not meet its
power or distortion specifications (at
rated line voltage) after you have re-
placed its tubes, perhaps some resis-
tors have drifted off their original val-
ues, paper capacitors have become
leaky, or electrolytics have become in-
efficient. If you can, check supply
voltages against the schematic. They
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should be within 10% of their speci-
fied values. If they seem low, and you
know your line voltage is normal, re-
place the electrolytic filter and de-
coupling capacitors. This should also
help cure hum or instability that may
have developed over the years.

But don’t be too hard on an old
amplifier. First of all, remember that a
10% drop in power (as from an origi-
nal rating of 20 watts down to 18) is
only ¥ dB, and completely inaudible.
A loss of even half the power (3 dB)
may not be noticeable in many situ-
ations. Secondly, many amplifiers were
(and are) sold on the basis of exag-
gerated or “best of the run” figures. If
this is the first time you’ve made mea-
surements on your old amplifier, you
may be discovering that it never did
perform as well as you were led to
believe.

The noise level of the pre-
amplifier stages can vary enormously
with the tube used. Not all 12AX7’s are
the same. By general consensus in the
industry, the quictest are the ones
made by Telefunken in Germany; scv-
eral manufacturers imported them for
inclusion in original equipment, often
stamping them with their own brand
names. Such premium tubes may be
available as replacements if you write
to the manufacturer. Good bets also
are the ECC83 tubes (Europecan type
number corresponding to the Ameri-
can 12AX7) made by Mullard (Brit-
ish) and Amperex (Dutch). The
American premium versions of the
12AX7 never quite came up to the
standard set by the European types,
although the G-E or RCA 7025 may
be worth trying. If you have the
money and thc patience, buy several
and find the ones that have the lowest
hiss, hum and “flicker noise”. Tf vour
amplifier uses 12AX7’s in tone-control
or other later stages as well, you can
safely use the noisier tubes there,
where the signal level is higher and
less susceptible to tube noise.

Tuners

For tuners with vacuum tubes,
replace all the tubes if they arc more
than about 3 years old. In all tuners
except the Marantz 10B, which uses
i.f. filters instead of tuned trans-
formers, it would be wise to follow
tube replacement with an alignment
job. FM alignment, especially in a
sterco multiplex tuncr, is much more
critical than AM alignment, and the
safest procedure is to follow the man-
ufacturer’s service instructions.

In general, though, you can
check i.f. alignment ecasily enough by
tuning in a weak station, or by weakly
coupling a signal generator to the i.f.
strip. Assume, if you use a generator,
that the i.f. strip is basically tuned to
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the correct frequency (that is, 10.7
MHz). It is probably more accurate
than your generator, so connect a
vtvm (switched to a relatively low dc
range) between the last limiter grid
and ground, and introduce a weak sig-
nal from the generator. Then tune the
generator until the meter peaks (or
until the tuner’s own signal-strength
meter peaks). Don’t worry if the gen-
erator’s dial reads something other
than 10.7 MHz. This way you’ll avoid
the risk of unnecessarily realigning the
whole i.f. strip to a new frequency,
with possibly very evil effects on the
tuner’s performance. It is important to
use a weak signal for peaking the
alignment of an FM i.f. strip. Strong
signals will cause limiter stages to
saturate, and when they do, their tun-
ing characteristic will be very broad
and the peak hard to find. You can
also use a weak FM broadcast station
for the same purpose.

Aligning the detector in a high-
quality tuner is more difficult, and
best donc with a sweep generator and
a scope, with the help of the manufac-
turer’s service manual. It is best to
leave the ratio detector or dis-
criminator alone unless you have rea-
son to belicve that it’s seriously out of
whack (if, for cxample, there is au-
dible distortion on almost all FM sta-
tions, or if you’ve diddled with the
alignment already). Fig. 3 shows a
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Fig. 3—~TOUCHING-UP FM DETECTOR.
With input from FM generator or station,
adjust secondary slug for zero output.

quick “field expedient” method for at
least “centering” the detector with a
signal generator or FM station as the
signal source, and a vtvm.

If the dial calibration is off,
check to see whether it’s off by a
lincar amount (a certain fraction of
an inch) all the way across the dial. If
so, the error is probably due to dial-
cord slippage, or some other kind of
mechanical slippage. Slipping dial
cords can often be restored just by
cleaning them with a greaseless sol-
vent, like isopropyl alcohol or ethyl
chloride. Or perhaps the pointer has
simply slipped slightly. Even if it
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hasn’t, you can sometimes restore dial
calibration reasonably well by sliding
the pointer to the correct spot on the
dial when the tuner is centered on a
station whose frequency you know.
(Remember that FM broadcast station
frequencies are far more accurate than
service-type signal-generator calibra-
tions.)

If the calibration seems to be pre-
cise at one end of the dial or in the
middle, but off by an increasing
amount elsewhere, the error is almost
certainly due to a drift of value of
some component in the oscillator tank
circuit. It is often possible to restore
accurate calibration by juggling very
slightly the adjustment of the os-
cillator coil and the oscillator trimmer,
but this can be tricky and time-con-
suming. Under no circumstances
make any gross adjustments unless
you know exactly what you are doing
and why you are doing it, otherwise
you may have a full-scale alignment
job on your hands. If the error is not
serious it is sometimes better to play it
chicken and live with it, or to move
the dial pointer slightly to “split the
difference” in the calibration error.

If you choose to replace the dial
cord altogether, be sure to make an
accurate sketch of how it is installed
before you remove the old cord, else
you may have scveral hours’ intenscly
frustrating work ahcad.

Unless you have had experience,
leave the multiplex section alone. Any
kind of alignment work on a multi-
plex decoder rcquires at least an accu-
rate source of 19-kHz and 38-kHz sig-
nal. The procedure is too long to go
into here. Numerous books and arti-
cles dealing with the adjustment of
stcreo multiplex decoders have been
published.

Many complaints of poor FM re-
ception arc due not to the tuner but
the antenna and lead-in. An outdoor
antenna should be inspected at least
once a year, cspecially in industrial
arcas where corrosive pollution runs
high. or in seacoast locations. The poly-
ethylene insulation of twin-lead dete-
riorates with exposure to sun and air
pollutants, and its clectrical loss in-
creases. Connections between the fead-
in and the antenna or lightning arres-
tor can corrode and break. Insulating
blocks on the antenna itself can be-
come coated with conductive salts,
greatly decreasing the effectiveness of
the antenna.

Other things change with time,
too; a new tall building may have al-
tered reception conditions in your
home, and that could be responsible
for worsened quality on some stereo
stations. A change of antenna loca-
tion, or a different antenna, may be
needed to solve the problem. R-E
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RECORDING

how to buy audio tape

There’s more to magnetic tape than the box it's packed in.
Here’s the story on what goes into those white boxes.

by BYRON G. WELS

YOU'VE BOUGHT YOUR FIRST TAPE RE-
corder, and now you want to buy
tape, so you can put it to use. You're
faced with a fantastic assortment of
brands, types, lengths, thicknesses
and prices. Chances are, if you're like
most people, you will try a bit of this
and a bit of that, until finally you
learn what you like and what you
don’t like. However, although this
process works, it is horribly expen-
sive. You can often get stung by the
cost until you learn, and more costly,
you might even entrust a valuable re-
cording session to a shoddy tape and
wind up losing money and recording.

In this article, we will outline
what to look for and what to look
out for in tape, so if you do spot a
bargain and go for it, you'll at least
know what you’re getting and won’t
be surprised.

Prerecorded tapes

The newcomer (and many old
hands) at tape recording look upon a
tape machine more as a means to
play music than to record it, and this
is fine. These people invest in “al-
bums” of prerecorded tapes, collect-
ing the music they like.

But you’ve got to be on your
guard. Today, most tape albums are
sealed in plastic wrap, and you can’t
open the package to look at what
you’re getting, let alone listen to the
tape before you buy! The best rule
here is to know what you are buying
beforehand. You can do this by lis-
tening to your better FM music sta-
tions, those that announce the name
of the tape producer and the number
of the tape either before or after
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playing. This gives you the chance to
listen and judge in advance. Another
good rule is to stick to the names you
know, both in producers and per-
formers.

Because artists’ fees are high,
some of the smaller music producing
companies will go abroad and hastily
organize a “pickup” symphony or-
chestra to play into a recorder. This
master tape is then brought back
home for processing, duplicating and
sale. Such tapes can be spotted by the
fact that the box will rarely mention
the performing orchestra, featuring
the title of the work for a big play
instead! Somewhere on the box. if
you can find it, the orchestra will be
identified. But if you spot a name like
the “Lower Slobovia Penultimate
Symphonette,” watch your step.

Another thing to watch for are
certain key words. “Suite” and “Ex-
cerpts” both imply abbreviated ver-
sions of a work. Unfortunately, we
often accept such words as part of
the actual title. However, “Swan
Lake Ballet Suite” means a shortened
version of the full ballet. The word
“Suite” is French for fast. Another
trick word is “Overture” or in French,
if you want to add class to your rec-
ord or tape box, “Ouvreture.” This is
really just an introduction, not an en-
tire opera.

Finally, take a look at what
you’ve bought when you get home.
Maybe you bought a box that’s a full
7 inches across, and maybe it con-
tains a reel 7 inches in diameter, but
you might find a huge plastic hub at
the center, up to 4 or 5 inches across.
The result? A heck of a lot less music
than you expected!

If you can get stung with re-
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corded tapes, the problem is even
worse for blank tape. Let’s take a
look at what’s generaily available.
First, you've got to choose your
base material. This is the plastic on
which the oxide recording medium is
applied. You have a choice of ace-
tate or Mylar, in varying thicknesses.
The acetate is more prone to break-
age and embrittlement, unless you go
for the thicker base. Of course, using
a thicker base means that they can’t
put quite as much tape on each reel!
The Mylar is far longer-lasting
and in the thin Y2-mil and thinner
Va-mil varieties you get a lot more on
each reel. Of course, you pay more,
and if you set the record level too
high you may get print through. That
is, the recorded information on the
tape is transferred to the next layer,
with all kinds of echo effects that
were never recorded in the first place!
More critical is the oxide itself.
How well has it been designed, how
well has it been milled, and how good
a binder has been used in making it
adhere to the base? These are all
critical factors. Why? If the oxide
hasn’t been properly milled, it will be
lumpy, and each lump will make the
tape rise from the head, causing
dropouts in your recording. If the
binder isn’t good, the oxide will shed,
again leaving blank spots in your
tape. It can also speed head wear.
Chances are that if you buy a
name brand, you’ll get good quality.
Your choice really depends to a great
extent on what you plan to use the
tape for. But you also ought to select
your tape to fit the application in
light of what that application is. If
you anticipate recording level prob-
lems, use a high-output tape. If
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you’re going to be recording long ses-
sions with no opportunity to clean the
heads, use sandwich tape, in which
the oxide is sandwiched between two
layers of plastic, the top layer being
very thin. No oxide touches the heads,
so there’s no need to clean.

White-box tape

As Barnum said, “There’s one
born every minute.” White-box s
tape that is usually sold in a plain
white box, with no manufacturer’s
name or reputation to back it up.

It’s usually sold at a compara-
tively low price, and usually there are
more than enough customers ready
to shell out their money for this stufl.
What white-box tape is, however, is a
story in itself.

Usually it’s computer tape that
was 1 or 2 inches wide and reslitted
to the required Y4 inch. Unfortunately,
computer tape is required only to reg-
ister the fact that it has been mag-
netized or not magnetized. The fidel-
ity of this stuff is often not suited to
audio work. Sometimes, white-box is
reslitted video tape, which has a bet-
ter frequency response but can bring
other problems. The safest rule is to
stay away from this stuff.

Another good source for the
white-box packagers is mill ends or
rcjects. When a tape manufacturer
starts or finishes a run of tape he
must adjust his coaters. Until they are
set properly, quality will suffer. How-
ever, he can and does sell these mill

ends or rejects to the white-box peo-
ple. Fortunately, many tape manu-
facturers have begun to realize that
they are actually doing themselves a
disservice by this practice, and sim-
ply throw away the subgrade mate-
rial.

Testing tape

The proof of the tape pudding is
usually in the playing, but there are
tests that you can use to find out how
good (or bad) a reel of tape is.

One good test is to take a look
at the new reel of tape, holding it up
to an ecven, strong light. The layers of
tape on the reel should be smooth
and even, with no sign of buckling. If
you see a slight “hump” in the tape.
unwind it to that point to sce whether
you’ve got a buckling overwind or a
splice.

Next, unwind about 4 or 5 feet
of the tape in a room where the air is
quite still, and let it hang from the
reel. If the tape does not hang even-
ly, with no “pulling” to either side,
this indicates that the tape slitters
were dull and that the tape has
“warped” as a result. Such tape may
jump the idlers during a session.

Next, draw the tape tightly over
a straight edge, such as a tahle edge.
Look carefully for any sign that the
oxide has flaked off. As a final test of
shedding, place the tape on a flat sur-
face, oxide side up. Press a piece of
pressure-sensitive tape over the oxide,
and pull it away quickly. Examine the

IF OXIDE FLAKES OFF when you run
it over a table edge, it could be a bad buy.

tape carefully under a good light to
sce if any oxide pulled off.

Tape recording is a wonderful
hobby, but it can be marred by a

poor purchase. Know what you're
going to buy, and then go to the store
and buy it. Remember, you’re buying
tape—not fancy four-color packages,
not low prices—just good. high-qual-
ity recording tape.

And watch out for glib, smooth-
talking salesmen, too. They do not al-
ways have your best interests at
heart! Some stores give the salesmen
what are called “P.M.s” or Push-
Merchandise bonuses. If they sell
products so listed, it’s more money in
their pockets, so don’t be fooled.

More than anything, eclse, re-
member to Caveat the heck out of
Emptor! R-E

MODULAR TV SETS (A rundown of the new sets)

MOTOROLA Panel Circuits s State)
. i I
(1S-915-"19) AFC AFC discriminator & amplifiers . . IFs, video det., & driver
Cuasar Solid B Video IF amps., AGC amp., video det., video ﬁlzoﬁ%gl?rome 1525‘7;3)(” Three IFs, video flver
State det amp., 4.5 MHz det. 150-204 Sound IC demodulator, amplifier
Color D Audio demods, & output amps. (Sound
E Noise inv., AGC gate, sync sep., vert. sync Mod.)
inv. & oscillator, 1st video amp., 2nd video 9.22 (Video-  Video out, sound driver, sound output
amp., brightness stabilizer sound Mod.)
F Color gate pulse former, horz, osc., horz. output 9.23 (Svnc- AGC gate. AGC out, AGC delay, noise gate
& Vert. pincusion amp., H. reg. amp. & driver AGC Mod.)  driver, noise gate, syn limiter
H Vert. limiter & Vert out., vert. and horz. con- 9-24 (Vert. Vert. osc., vert. driver, vert. output
vergence assy. . . Mod )
& RGB demodulators, RGB video driver, blanker 9-25 (Horz. AFC, horz. osc., horz. driver
amp., blanker out., brightness controls Mod.)
M RGB video out. amplifiers & drive adjust. y Circuit
S ACC amp., color killer amp., color IFs, color HEATHKIT Panel ; JLEUI LI
oscillator output & drivers Sl IF Assy. Three IFs & video detector, driver
MOTOROLA GR-270, Luminance Lum. Amps., blanker, brightns lim. & control,
(Hybrid) BA Video IFs, video amp., audio IC, audio out. gRI-370 Board dot generator
. CTV52CTVG FA Sync. hsep., qut. osc./out., H. phase det., horz. 0.0] Sound Board  IC amp.-discriminator, driver, audio out
uasar osc., horz. driver h ' : ;
Color R{\\ ngvergence assembly \éléj:{t:jOut IC demodulator, lum. amp., RGB outputs
AFC discriminator & output i
SA Color sync & osc, col. killer, ACC amp., 2nd égacr{ijn ﬁ%% |:;i-s'.egira13/e i'yngcatgz({ear:yl:{é QerC amp., RF
vigeo amp., sync & AGC takgoﬂ, color IF? ' B ' . i
RGB demodulators, volt. rg., RGB video outputs :
ZA Transistor supply regulator (420 volts) with Chroma Board ﬁggdapnalgs.,aﬁlljor killer, 1st & 2nd color amps.,
foldback current limiting ) )
ZENITH | Osc. Circuit Burst amp., ACC, APC phase diodes, I1C 3.58
(Hybrid) Panel Circuits Board MHz oscillator, CW amp.
4B25C17,19
Color 9-23 (AGC AGC gate. AGC delay, AGC output, noise gate AFT Circuit IC amp., discriminator,
Module) driver, noise gate, sync limiter Board
Convergence RLC circuits for dynamic convergence
9.27 (Sub- IC subcarrier oscillator, APC, ACC, output amp. Board
Gen. Modute vert. Osc. Vert. switch, vert. predriver, linearity clamp,
Assy.) Board vert. driver
9-3'\; ZC;lroma IC chroma ampa. & IC demodulator Horz. Osc. Phase spiitter, AFC diodes, horz. osc.
od. Board
150-166 (IF Three IFs, Audio Det., Video Det., 1st video amp. Horz. Qut SCR HV drivers, HV regulator
Assy.) Board i
ZENITH S-85579 Dynamic convergence assy. . RCA Panel Circuits .
(Hybrid) {Conv. Assy) (KCS 184, Pix Module IF amps, video detector, video drivers, AGC
12B14C52 9-47 (Color 2nd color amplifier & IC demodulator 177,176) circuits
Module) Solid State Video Module  Video out, sync, AGC keyer
Color Monochrome Sound Module IC sound det., amp., audio output
44 RADIO-ELECTRONICS
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NEW R-E EXCLUSIVE

Focus stages—four major
versions in color chassis

Kwik-Fix"picture and waveform charts

by Forest H. Belt & Associates®

SCREEN SYMPTOMS AS GUIDES

WHERE TO CHECK FIRST

SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM PART
For reference: Normatl Normal Normal
Raster lines
in focus
(closeup)

Raster out of Focus anode No help
focus and of CRT Bleeder
shaded (closeup) resistor
Focus anode No help
No raster of CRT Focus
rectifier
Raster out Focus anode No help 100k
of focus oi CRT resistor
(with picture) (diagram B)
No raster Focus anode No help Focus
and transformer
no tube current

NOTES:

Screen symptoms are only of marginal help in tracking
down trouble in focus stages.

Study the screen as you turn the Focus control.

Ounly helpful clues are at the points indicated.

“an Easy ReadT¥ feature by FOREST H. BELT & Associates © 1970

Clieck focus voltage or horizontal-output cathode current
as indicated.

For quick check, test or substitute parts shown as most
likely cause of the screen symptom you see.

THE STAGES

All color picture tubes except recent small-screen types
require a high dc focus voltage. Its value must be at all
times from [8-20 percent of whatever value of high volt.
age is applied. If the high voltage varies, the focus voltage
must vary with it. Otherwise, there will be poor focus at
high and low brightness. In practice, that means focus volt-
age must vary from about 4200 to 5500 volts dc.

Color picture tubes use electrostatic focus. This makes a
“dry” circuit; that is, there’s NO normal current flow to or
from  the focus electrode in the CRT. The only electron
flew in the entire focus stage is a very tiny current where
there’s a bleeder resistor. That’s normally a very large
value—66 megs or more.

Focus voltage is developed by rectifying a high-energy

pulse taken from the plate of the horizontal output tube.
Its value is usually about 5000 volts peak to peak (p-p).
The pulse is fed to the focus rectifier anode, usually
directly from the horizontal output plate. Only in an occa-
sional chassis is there a small bit of flyback winding be-
tween horizontal output plate and focus rectifier.

The stage in diagram A has the control potentiometer
across part of the flyback winding. The pot slider picks off
cnough of the pulse to develop the correct value of dc at
the output of the 1V2 focus rectifier. This version is sel-
dom used anymore.

Diagram B is popular in middle-age color sets. Some-
times a solid-state rectifier is used in place of the tube. The
distinctive part is the focus transformer, which has a mov-
able core in part of the windings. The rectifier anode is

wWww.americanradiohistorv.com
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DC VOLTAGES AS GUIDES

to zero

Voltage change very low low slightly low slightly high high
Diagram A R1 open
V1 cathode V1 open
Normal—
209, of HV
Diagram A R1 open R1 leaky* R1 faulty* R2 v. high R3 open
focus anode lead R2 open V1 socket bad R2 arcing*
Normal— V1 open CRT socket
209, of HV (pin 9)
Diagram B V1 open C1 shorted T2 open R3 open
V1 orX1 X1 open X1 shorted R1 open R2 high
cathode V1 socket T2 shorted CRT socket C1 open
Normal— bad (pin 9)
209, of HV T2 shorted
Diagram B R2 open R2 v. high
focus anode lead
Normal—
209, of HV
Diagram B C1 shorted
H-O Tube T2 shorted
cathode current X1 shorted
Normal—
200-240 mA
Diagram C R1 open R1 faulty R2 faulty* R1 open
focus anode lead R2 faulty*
Normal— R3 open
209, of HV
Diagram D R1 open R1 v. high R2 open
focus anode lead R2 open R3 open

NOTES

*erratic voltage usually depicts internal arcing.

Use this guide to help you pinpoint the faulty part.

Measure each key voltage with vivin and high-voliage probe.

Measure key current with current function of vom.

For each, move across to the column that best describes the
change you find.

Notice which parts the chart says might cause that change.

46

Finally, notice which parts are repeated in whatever com-
bination of voltage changes you find.

Test those parts individually for the fault described.

NOTE: Use the chart rows for the diagram closest like the
focus stage you're servicing.

NOTE: All these voltage guides assume the ‘high voltage is
within 1000 volts of normal.

RADIO-ELECTRONICS
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driven from the horizontal output plate, as in other focus
stages. The focus-transformer windings are fed out-of-
phase with each other, and at a different phasc than the
voltage pulses at the rectifier anode. The adjustable core
determines how much and what phase of pulse is fed to the
rectificr cathode through the 130-pF capacitor. The net dc
at the cathode depends on the relative values and phases of
pulses applied to the rectifier. The core adjustment there-
fore in eflect controls dc focus voltage.

Some early models—and a few small-screen recent
ones—use a focus stage like diagram C. A specially built
divider resistor develops focus dc directly from the high-
voltage source. That takes care of tracking very simply;
focus voltage is automatically a fixed percentage of the
high voltage at all times. A high-vaiue potentiometer at the
ground end of the bleeder provides manual adjustment,

In diagram D, a voltage sextupler, of the half-wave vari-
ety, buikds an input pulse voltage into the 25 kV dc needed
for the color picture tube second anode. A tap in the volt-
age multiplier picks off about 30 percent of the total volt-
age value for focus. Divider resistors and a pot sct the
exact value of dc sent to the CRT focus anode. This ver-
sion is found in recent-model solid-state color receivers.

SIGNAL BEHAVIOR

There is only one “signal” or waveform in any of these
focus stages. That’s the high-energy pulse from the hori-
zontal output tube plate. It is above 5 kV p-p, far beyond
the rating of almost any scope or probe. You scldom need
to know its voltage, anyway.

If you want to view the pulse waveform, clip the scope
probe tip 1o the insulation of one of the leads. The lead
from the plate cap of the horizontal output tube is fine, if

TO HV RECT
HORIZ
OUTPUT

2
» TO FOCUS ANODE
CRT PIN9

E 22 MEG §

Vi

HY
RECT
o TO SECOND
p— ANODE OF CRT
)
ORIz
M E
. ¢ » TO FOCUS ANODE
]
| 2sl OF CRT
MEGT
rR3§50
MEG
IN SOME e
VERSIONS i = Focus

OCTOBER 1970

the connection is direct. DO NOT LET THE PROBE TIP TOUCH
the terminals or windings of the focus-transformer or fly-
buack. If a focus transformer is used, the pulse taken at one
of its leads (sec Waveform Guide) varies considerably in
shape and size as the core is adjusted.

DC DISTRIBUTION

Actual dc voltage in a focus stage may be different from
that given on the schematic for the chassis. So much de-
pends on the particular CRT. But the difference won’t be
great. A lot also depends on the value of the high voltage.
That, in turn, depends on the settings of the screen and
drive controls, brightness, and in some sets the contrast.

Dc focus voltage is usually fed to pin 9 of the picture
tube. There may be a series resistor, or none. Since no
current flows, the value doesn’t affect dc voltage. The re-
sistor is mainly a filter to smooth out any pulse “hash” that
gets past the rectifier.

To stabilize the load on the focus rectifier and pulse-
supply circuits, there is often a bleeder. Changes in its
value, or in the values of any resistors in series with it, can
alter focus voltage seriously.

SIGNAL AND CONTRCL EFFECTS

Controls are of three main types. One is the potentiome-
ter version shown in diagram A. This kind has almost dis-
appeared. It was dangerous because so much hot rf from
the flyback was present. The control didn’t last long, either.

More popular is a different kind of potentiometer
hookup, shown in diagrams C and D. A pot in a resistive
divider network has a comparatively small dc voltage—
only a few thousand volts, and dc at that.

The third type of focus control is the adjustable-core

TI

~——= TO HV RECT
HORIZ
OUTPUT 2AV2

+- =
v2 Dl*/ALTERNATE DIODE
| @ | R
e ’ . ZNES o= TO FOCUS ANODE
130pF T2 CRT PIN 9
Ci=
6 | R3
% [6ky ) 66 MEG

%)
mA Rl%IOOK b :Mﬁ
2
= L 3§

7 o 25 kV
—] TO CRT
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A ]'\
4 —p
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{€ » o R2
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L
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focus transformer (diagram B). Its operation has been cx-
plained: it controls dc output of the rectifier by altering the
net pulse voltages applied to the focus rectifier.

The object of any focus control is to vary the average
focus voltage to suit the CRT and the secttings of other
controls in the chassis. To a small extent, the video in the
station signal can affect focus voltage. If you put a dc
meter on focus voltage, you’ll sece it vary with brightness
content of the picture. More brightness over the screen
loads down the high voltage, so the focus shifts downward
enough to track. The high-voitage regulator should take
care of voltage shifts, but small changes are normal as
scenes change.

QUICK TROUBLESHOOTING

The quickest way to spot a focus problem is to look at a
blank raster on the picture-tube screen. If the set has a
SERVICE switch with a RASTER position, use that. Or, turn
the AGC control to produce a whiteout. Or, just pull an i.f.
tube temporarily.

If horizontal scanning lines are not clear and sharp, turn
the focus control in both directions. One way should bring
the raster to sharp focus. If not, the set has focus trouble.

For a first check, measure the high voltage with a nor-
mally bright raster. If it is within 1000 volts of the value
recommended by the manufacturer, yet the raster will not
focus, the trouble is definitely in the focus stage. The high
voltage must be within tolerance before you can make any
meaningful tests in the focus circuits. That’s because, one
way or another, the focus stage gets its drive from the
sweep-and high-voltage section.

Compare the two voltages to their normal values. If the
high voltage is, say, 10 percent low, and focus voltage is
perhaps 50 percent low, that points to focus trouble.

If hoth voltages are either high or low by the same per-
centage, the trouble is common to both. The horizontal
output tube, flyback, B-plus, boost voltage—all could af-
fect the pulse reaching the HV and focus stages.

You can measure focus voltage conveniently at pin 9 of
the socket for standard color picture tubes. Or, it may be
casier to reach at the focus-rectifier socket or terminal, or
at the hot end of the 66-meg resistor. Most high-voltage
probes or voltmeters can read focus voltage accurately.

While you’re near the CRT socket, take a look at pin 9.

This terminal often corrodes, turning green and sometimes
eating the wire through. The cure is a new CRT socket,
and then fill the pin-9 socket terminal with silicone grease
to keep air from it.

SPECIAL CLUES

If focus voltage drops to a very low value or zero, there
can be no raster. With focus voltage at about 50 percent of
normal, you probably can see fuzzy blobs of color—the
highlights of the picture—floating around the screen. But
be sure high voltage is up; if it's not, you can’t do a thing
with the focus stage.

If the high voltage is only half of normal and the hori-
zontal output tube overheats, a selenium focus rectifier
may be shorted. Also check for a shorted pulse-coupling
capacitor (diagram B). Shorted turns in the focus trans-
former can overload and destroy the flyback.

Cathode current in the horizontal output tube is a good
clue. Measure it. If it is high, yet the circuit tries to pro-
duce high voltage, disconnect the focus transformer. If it’s
shorted, disconnecting it returns the cathode current and
high voltage almost to normal.

If high voltage is normal and cathode current within
reasonable limits, yet focus voltage is very low or zero,
suspect an open focus rectifier. The solid-state type rarely
open. Usually, they partially short and overload the fly-
back and output tube.

A change in value of a high-resistance bleeder can raise
or lower focus voltage. If a plastic-encased one goes bad,
use an exact duplicate.

Check potentiometers. The kind in diagram A is espe-
cially critical. Never spray it to clean it. If contact gets
poor, or the element starts arcing to ground, replace the
pot. Use a thick sheet of polyethylene film between the
control and the mounting—it increases the insulation path.

It's best to replace pots in divider circuits, too, if they
begin to get scratchy. Cleaning rarely lasts more than a few
days (or hours). They can also change value, which upsets
the voltage.

If sets with voltage multipliers (diagram D), any high-
voltage trouble also affects focus voltage. If an individual
rectifier in one of these goes bad, it’s a good idea to replace
the whole “board-full” of rectifiers. All of them have prob-
ably been subjected to overload. R-E

WAVEFORMS AS GUIDES

help in diagnosis.

WF 1 Normal Unknown V p-p

This waveform is sample picked up by holding scope probe near focus transformer
(diagram B). It has little practical value for diagnosis. It varies in shape and peak-to-peak
amplitude as the core of the focus transformer is adjusted. The changes verify that the
core is affecting coupling in the transformer, but the changing value of dc voltage at
the rectifier cathode tells you the same thing. Changing parts values elsewhere in the
circuit have little or no effect on the waveform. See DC Voltages As Guides for better

NEW BOOKS

LOGIC CIRCUITS, by N. M. Morris. McGraw-
Hill Book Co., 330 West 42 St., MNew York,
N.Y. 10036. 199 pages, 6 x 9 in. $13.50.

A general guide to design and use
of logic devices and systems with chap-
ter review questions for self-study.
Chapters describe numbering systems
and codes, arithmetic processes, the
flip-flop, counting systems and hardware.
Advantages of Karnaugh map method
are described.
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MOTOROLA COLOR TV SERVICE MANUAL, by
Forest H. Belt. Tab Books, Blue Ridge Summif,
Pa. 17214. 160 pp., 8% x 11", Soffcover,
$4.95.

Covers all models using TS-907-TS-
924 chassis. First chapters are on mon-
ochrome purity, gray-scale tracking,
static and dynamic convergence adjust-
ments, as well as tuner repair. Remain-
ing chapters are devoted to analysis of
each chassis.

WWW . americanradiohistorv.com

HANDBOOK OF PRACTICAL ELECTRONIC
TESTS AND MEASUREMENTS, by John D. Lenk.
Prentice-Hall, Inc., Englewood Cliffs, N.J.
07632. 302 pages, 6% x 9% in. $15.

Guide to most practical electronic
test and measurement procedures en-
countered by electronic technicians.
Covers component tests and quantity
measurements. Generally, a quick proce-
dure with simple equipment is described
along with a detailed lab procedure. R-E

RADIO-ELECTRONICS


www.americanradiohistory.com

THIS SUMMER, IF YOU LIVE IN A REA-
sonably large city, you found that at
various times many of your appli-
ances—from toasters to refrigerators,
to blenders—were working at some-
thing less than maximum efficiency.
Worse, some of your high-fidelity
equipment did not work up to stan-
dard. Tt wasn’t the fault of the appli-
ances or components. The plain fact is
that there were serious voltage drops
at certain times of the day. Actually,
voltage under the best conditions may
vary considerably from the standard
115 to 120-volts supposedly delivered
to your houschold outlets.

It's not just a summer problem,
when air conditioners create a tre-
mendous demand on available power.
It can happen almost anywhere, any-
time. A case in point is a busy ski
area in Southern Vermont. During
the evening, with every lodge filled to
capacity, there is a definite loss in
light levels compared with other times
of the year.

A serious voltage drop can affect
tape recording quality. The problem
can be as sticky for the amateur home
recordist as for the professional work-
ing on location. Let’s take a look at
specifics and the part that the motor
drive—and  hystcresis  synchronous
motors-—can do to help the situation.

The fundamental task of a trans-
port system is the smooth, constant
movement of recording tape through
the tape head contact area. Achieving
and maintaining this movement under
varying ambient conditions is the
transport designer’s challenge.

Some of the annoying results of
inadequate transport design include
change in kcy or pitch of recorded
audio information and random fluc-
tuations detectable as wow and flutter.
These problems can occur due to ac
input power line variations as well as
loading changes within the transport
system.

The drive motor is the prime
mover in the transport system. All
tape speed deviations, whether sta-
tionary or time varying ones, can ulti-
mately be referred back to the drive
motor. Therefore, the essential specifi-
cation for a tape transport drive mo-

#*Chief Engineer
Concord Electronics Corp.

OCTOBER 1970

Constant-Speed Motors

@

=

for Tape Recorders ; .

by AL WILLIAMS*

tor is constant speed. In terms of
practical design the linkage between
drive motor and the rest of the tape
transport system will typically involve
belts or friction wheels. And in order
to keep a reserve of momentum at the
point of contact between the tape and
drive system (the capstan), inertia is
supplied with a flywheel attached to
the capstan shaft directly.

The flywheel removes short term
disturbances in the transport motion,
but its average angular velocity must
be maintained with the drive motor.

The tvpes of motors or motor
systems which might be seclected by
the designer include d¢ motors with
mechanical or electronic regulation;
ac induction motors; and ac synchro-
nous motors.

Dc motors with governors are
widely used in and generally restricted
to low cost portable battery operated
recorders, but have been used, occa-
sionally, in component class recorders
where battery supplies are not used.
The disadvantages of the dc system
include brush and contact noise if me-
chanical regulation is employed, the
need to supply dc, and usually some
additional circuitry such as amplifiers
and/or filters. Remote control of
motor speed is a possible but very mi-
nor advantage of the dc system.

Ac induction motors of single- or
two-phase design are often found in a
variety of tape recorders primarily be-
cause of their simplicitv and low cost.
In the single-phase induction motor
the rotor speed is highly dependent on
the ac source voltage and will change
significantly with minor changes in
source voltage. A two-phase induction
motor may be coupled with a detector
and servo amplifier to provide motor
speed control. This approach is com-
plicated, costly, and commonly rele-
gated to control functions such as
head motor speed in video recorders.

Ac synchronous motors repre-
sent a class of motors that are sclf-
correcting relative to rotor speed and
consequently  deserve first consid-
eration in tape transport design espe-
cially for the component type
recorder. A “self-correcting” mecha-
nism implies some form of servo sys-
tem which will oppose fluctuations in
both input power and output load in
order to maintain some predetermined
characteristic in the overall system
output. A servo system is comprised
of a detector and feedback mechanism
usually incorporating amplification.

WwWWW. americanradiohistorv.com

Comparative transport performs-
ance has proven the superiority of the
hysteresis synchronous motor particu-
larly in large cities where ac voltage
fluctuations are extreme during high
demand periods of the day and in
heavy industrial locations where ex-
treme fluctuations may be more
frequent if not more severe. While the
amplitude of the ac power undergoes
large changes, the frequency (60 Hz
standard) remains closely controlled.
Such circumstances clearly suggest
preference of the synchronous motor
over ordinary induction motors in se-
lecting a tape transport drive. The
transport speed of Concord MK
scries decks has been controlled to
within 0.7% for ac power fluctuation
of between 100 and 128 Vac and
within 1.0% over an 80 to 140 Vac
range, surpassing the dynamic range
of either ac induction or dc servo-con-
trolled machines tested under identical
circumstances.

The hysteresis synchronous mo-
tor takes special advantage of the phe-
nomenon of hysteresis for detection
of an error signal and generation of a
correction signal. Hysteresis as related
to the synchronous motor means the
lag in magnetic effect which in the
synchronous motor is used to store
and compare the phase of the angular
velocity of the rotor with the elec-
trical phase of the ac source, some of
which flows in the stator windings.
The synchronous motor then per-
forms magnetic amplification of the
correction signal that subsequently al-
ters the angular velocity of the rotor
just enough to eliminate the error sig-
nal. This process is a dynamic one
taking place on a continuous basis.
The result is a phase lock between the
frequency of the ac source and the
frequency (rpm) of the rotor. Once
locked in phase the motor speed is
highly dependent on the frequency of
the ac source and remarkably inde-
pendent of the voltage level of the ac
source. Phase lock will be lost only
when the ratio of motor load to input
power is excessive. In addition to the
basic synchronous motor windings,
others are included which serve two
important purposes, that of self-start-
ing and dynamic damping in case of
large sudden changes in rotor load.
Hence, the hysteresis synchronous
motor is a self-contained closed loop
phase lock servo system that can fur-
nish constant speed over a wide range
of power levels. R-E
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How To

The PUT or comple-

mentary SCR is new

solid-state device. Here
is how it works and

how to use it.

b pFD O

4 LAYER
DIODE

Putter WithThe Put

by R. W. FOX

About three years ago, the Gen-
eral Electric Company introduced the
fourth member of the pnpn structure.
This device has been called both a
Programmable Unijunction Transistor
(PUT), since it may be used in place
of the unijunction transitor, and a
complementary SCR. The former
name is to show a major use of the
device while the latter is a more de-
scriptive name. General Electric has at
present two devices on the market, the
Cl3 Complementary SCR and the
DI3T PUT. These two devices are
specified for their respective tasks, but
to a degree may be interchanged. This
article is devoted mainly to the D13T
PUT. Several of the applications and
much of the theory can apply equally
to both devices. Included are theory,
UJT replacement, switching circuits
and many examples of their use.

Theory of the PUT

In Fig. 1, the equivalent circuit
shows the two transistor analogue of a
pnpn structure. For an SCR, the gate
is the base of the npn transistor, but
for the PUT the gate is the base of
the pnp transistor. This is the differ-
ence between a PUT (and/or a com-
plementary SCR) and an SCR. The
theory follows normal thyristor theory
for turn-on, turn-off and latching, etc.

A
A
G
e G
K
K
Fig. 1—PROGRAMMABLE UNIJUNC-

TION transistor and its equivalent cir-
cuit.

The device is turned on by making
the gate negative with respect to the
anode by a little more than the diode
oflset voltage so that enough anode
current exists through the first pn
junction (i.e., the anode-anode gate
junction) to cause regeneration to oc-
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cur. This current can be considered
base current for the pnp transistor.
The current required to trigger is typi-
cally on the order of a microampere.
The current at which regeneration
takes place is defined as the peak-point
current (1,). As the regeneration
causes the anode-cathode voltage to
collapse the device switches to the
conducting state. The time for device
turn-on is about 50 to 100 nanose-
conds. (This turn-on, it should be
noted, is an order of magnitude faster
than the conventional unijunction
transistor.) This results in a steep
pulse for high di/dt SCR trigger ap-
plications. The device is now in the
on-state, and in this region there are
two parameters of great interest.
These parameters (shown in Fig. 2)
are I, or valley current and I, or

(

G e 50

Vy Ve

Ip
-V

-
I <
Fr—T»

a

Fig. 2—-~ANODE-CATHODE CHARACTER-
ISTICS based on the I:: and 1;; parameters.

holding current. Valley current is the
point at which the PUT starts out of
saturation, however, because of the
beta shifts in the two transistors, the
device will remain in conduction until
the holding current is reached. The
device at this point returns to a non-
conducting state.

The PUT in relaxation oscillators

Figure 3 shows a typical PUT
relaxation oscillator. This circuit has
two allowable states. State 1 will be for
the PUT in the off or non-conducting
state and state 2 will be for the PUT
in the on-state.

First let's analyze the steady state
conditions. Assume that the PUT
is in state 1. After sufficient time
the capacitor will be charged to
(Vas — Rule), where Ig, is capacitor
leakage current. The anode-cathode
voltage would be (Vi — Rl — Rily),
where I, is the cathode leakage current

www.americanradiohistorv.com

Fig. 3—A PUT
CILLATOR. Like most circuits of this
type, the active element is either on or
off.

RELAXATION OS-

(which usually may be neglected). The
voltage would be (Vae — Rgleo), where
Iso would be the gate current with de-
vice off. (At room temperature lgo will
be less than 10 nanoamperes). If this
state is allowed then:
Vs — Ry (I + Iow)

< Ve — Releo + Ve Eq.1
Where V. is the gate offset voltage to
trigger.

If this equation is satisfied then this
state is a permissible state, and the out-
put voliage (Vo) is I.R.. Assuming
that 1., I and g0 are negligible, Equa-
tion I reduces to:

Vi = (Vea + Vi) Eq.2
Equation 2 points out vividly that

as long as the anode supply voltage is
less than the effective gate source volt-
age (VGB A Ve — V'r) the PUT will

remain non-conducting.

If the PUT is initially in state 2,
then the following relationships will
hold:

Vee = (Ro + RL) I + Rolan Eq. 3
Vi =(Rs+ R) e +Rle Eq.4
Vo = Ry (I + Lik) Eq.5
Where 1,« is anode-cathode current
and V; is the forward voltage drop.

o Ink > I Eq. 6
then the PUT will remain in conduc-
tion.

If Veo is applied to the circuit of
Fig. 3 and then V,, is applied, capacitor
C will charge exponentially toward Vaa.
If Equation 2 is satisfied then the PUT

RADIO-ELECTRONICS
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does not turn-on. If, on the other hand
Vir > (Vee + Vi) then it may be
possible for the PUT to turn on. As the
capacitor charges the current through
R, decays exponentially. When
Ve = (Ve + Vi) the current through
RA iSZ
I, = (Vaa — V) /R, Eq.7
It is at this point the PUT will trigger,
if at all. For thc PUT to be triggered
) Y Eq. 8
For if L, is less than I, then regenera-
tion cannot occur and the device re-
mains in State 1.

If regencration occurs then the
anode-cathode voltage collapses and
V. appears across R,. Voltage V,
will now follow V., on an cx-
ponential decay less the forward drop
of the PUT to one of two end points.
The first is the case where equation 6
holds; the second where it does not. It
can be scen, if the capacitor has been
discharged, and Equation 6 still holds,
then, as a consequence the PUT will
remain conducting. In the other case,
as the capacitor discharges, there will
he a point in the discharge at which
the anode current has dropped below
the holding current. At this point the
PUT returns to State 1 and the capaci-
tor is recharged through R.. This is
the free-running rclaxation oscillator.

PUT fudge factors

In the above discussion, I, I, V,
and V.. were assumed. The param-
eters, though, are not just single num-
bers that are merely plugged into
equations. Each of these may be varied
over a considerable range.
Factor No. 1—Stand-Off Ratio ()

Vaa ™
Ra Rgz2
c Vee
<L
a
V.. g
AA 7
R
A
Ra
c l
T nVeB
Ry
| 1
‘
=L

Fig. 4-a—A UJT RELAXATION O0S-
CILLATOR and (b) a comparable PUT
circuit.
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In the above example two power
supplies were used for the relaxation
oscillator. In a conventional unijunc-
tion circuit (Fig. 4-a) only onc supply
is used and the peak capacitor voltage
at turn-on is expressed as a function of
the inter base voltage (V.,). How-
ever, between UJT’s of the same type
this function, the stand-off ratio (7),
varies by 10 to 20%. With the PUT
cach and every peak-point will be
essentially the same and the designer
may pick his pcak-point over the range
from 0.1 to 0.9. The stand-ofl ratio is
merely the ratio of resistors in divider
R1-R2 in Fig. 4-b. Thus, for the PUT,
the stand-off ratio is:

N = R]/(Rl +R.) Eq9
Factor No. 2—Pecak Point Current (1,.)

Peak-point current is a function
of gate source impedance and tempera-
ture, one is an advantags but one a
disadvantage. As gate source imped-
ance and temperature are raised the
pcak-point current decreases. Tempera-
ture compensation will be discussed in
a later section. Figure 5-a and 5-b show
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Fig. 5—PEAK-POINT CURRENT is a
function of gate source impedance and of
temperature. Chart (a) plots peak-point
current against temperature and chart (b)
against supply voltage (V.) for different
values of gate source impedance R,.

the typical variations of peak-point
current with changes in temperature
and V (gate supply volts) for different
values of gate series resistance (Rg).
Factor No. 3—Valley Current (1,)
Valley current can be varied the
same way the peak-point current is
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Fig. 6—VALLEY CVURRENT character-
istics, for given gate impedance, varies
with V. {chart a) and temperature (b).

varied. Figures 6-a and 6-b show this
variation.
Factor No. 4—Oflset Voltage (V)
Since the PUT, like most thyris-
tors, is current triggered, the offset
voltage is a function of gate source
impedance. In reality this offset is due
to the diode voltage drop between
anode and gate, hence it is a function
of temperature. Figure 7 shows the

3 l T
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AMBIENT TEMPERATURE - °C

Fig. 7—TRIGGER OFFSET VOLTAGE for
a programmable unijunction transistor
varies with ambient temperature level
and with the series impedance at the
gate.

typical variation of V,
source impedance and

with gate
temperature.

Replacing UJT's with PUT's
In many cases a designer will
wish to replace a UJT with a PUT to
obtain a cost or performance advan-
tage. Using the PUT (DI3T) in a cir-
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cuit in place of an unijunction is easily
understood. Figure 8-a shows a basic
unijunction circuit. Figure 9-a shows
the identically same circuit except the
unijunction transistor is replaced by
the DI13T plus the resistors R1 and
R2. Comparing the equivalent circuits
of Figs. 8-b and 9-b, it can be seen
that both circuits have a diode con-
nected to a voltage divider. When this
diode is forward biased in the unijunc-
tion transistor, Rl becomes strongly
modulated to a lower resistance value.
This action generates a negative
resistance characteristic between the
emitter (E) and base one (BIl).
For DI13T, resistors R1 and R2 con-
trol the voltage at which the anode-
gate diode becomes forward biased.
After the diode conducts, the regenera-
tion inherent in a thyristor causes the
PUT to switch on. This generates a
negative resistance characteristic from
anode to cathode simulating the modu-
lation of R, in the conventional uni-
junction.

Resistors R,.. and R, (Figure 8-a)
are gencrally unnecessary when the
DI3T replaces a conventional UJT.
This is illustrated in Fig. 9-c. Re-
sistor Ry, is often used to bypass
the interbase current of the unijunc-
tion which would otherwise trigger the
SCR. Since R1 in the case of the PUT
(D13T), can be returned directly to
ground there is only the pcak-point
current of the PUT (about 1pA) to
bypass. Resistor R.. is used for tem-
perature compensation and for limit-
ing the dissipation in the UJT during
capacitor discharge. Since R2 (Fig. 9)
is not modulated, R.. can be ab-
sorbed into it. The result is the circuit
of Fig. 9-b which contains the same
number of components as thc UJT
circuit but at a lower cost and with
better performance.

Resistors R1 and R2 have been
removed from thc pulsc circuit, there
is no rcason why they cannot be
changed in impedance to change the
pcak-point and valley currents as re-
quired by the application.

Applications of the PUT

The PUT with its flexibility can
be tailored to fit many places where a
UJT would not be acceptable: but be-
fore proceeding to some examples of
this type of circuitry, there is a need
to examine some final UJT appli-
cations of the PUT.

Tt was noted above and shown in
Fig. 5 and 6 that peak and valley cur-
rent were functions of gate source im-
pedance. Since they both decrease
with increase in gate source imped-
ance there could be a problem if we
wish to vary them independently. Fig-
ure 10 shows some variations on the
gate circuitry.
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In normal UJT circuitry the in-
terbasc resistance is normally about
10,000 ohms, with the PUT imped-
ance level as a design factor. Figure
10-a shows a high-impedance divider
which gives low I, and low I, If
you want characteristics closer to the
UJT’s, use the circuit in Fig. 10-b. Re-
membering that at the peak-point the
anode (point E) of the PUT (DI13T)
is above the gate potential by Vi.
Thus the diode is reversed biased and
the gate source impedance is high (1-
megohm in this case). But at the val-
ley-point the gate is near cathode po-
tential (point B1), so that the diode is
forward biased and the gate source
impedance is low (about 1000 ohms).

E B2
R2
RBB=R| +R2
RI
TR +Rz2
Bl
a b
VEs)
Te
i

Fig. 8-a—A TYPICAL UNIJUNCTION
driving an SCR. b—UJT equivalent cir-
cuit and (c) negative-resistance charac.
teristic.

Fig. 9—HOW A PUT REPLACES UJT in
circuit in Fig. 8-a. b—UJT equivalent cir-
cuit using programmable unijunction. c—
The simplitied PUT version of Fig. 8-a.
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IN4154
DI3T

\\Blll

c

Fig. 10—TYPICAL UNIJUNCTION circuit
configurations. a—For low 1. and low I,.
b—Use paralleled diode and resistor for
low l.-high I, and (c) for low 1. and high
I, with temperature compensation.

+20 !
VOLTS

l 2.2 MEG

S40MEG

b3

DI3T2
1008
100 -

Fig. 11—A ONE HOUR TIMER using a
pair of PUT’. The first does the timing;
the second one triggers the load circuit.

This circuit has a low I, and rclatively
high I,.

Figure 10-c shows a similar diode
network that provides temperature
compensation of Vi(V,e). When the
peak-point is approached, the trigger
point is when

(Ve — Vi) = (Ve — V.) Eq. 10
where Vg is the effective gate source
voltage; V. is the emitter of the
equivalent UJT and V, is the diode
forward drop. Equation 10 shows that
temperature compensation is obtained
when the diode’s temperature co-
efficient is the same as V..

In Fig. 11 there is shown a
one-hour timer using a single DI3T2
PUT for timing and to develop a trigger
pulse for the D13T! at the end of the
delay.

(continued next month)
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TAPE

by DAVID K. KIRK

PERHAPS IT'S BECAUSE NOBODY HAS
yet decided what magnetic fields really
are. Maybe the reason is simply the
comparative youth of the system. The
fact remains that magnetic tape
recording is both the most fascinating
and the most mystifying aspect of
modern audio. If you find this hard to
swallow, try your hand at these.

The upper limit of recorded fre-
quency range is set by the length of
the record head gap. False. At high
frequencies, only one side of the
record head gap needs to be operative
to place a related signal pattern on the
tape. Most audio recorders have a
record bandwidth of well over 40 kHz
at 7% ips and record their own high-
frequency bias. Pull the tape along at
1 ips and you will hear it.

The effect can be quite annoying
to anyone trying to edit a 15 ips tape,
where it is necessary to rock the tape
slowly back and forwards across the
playback head. The main factor limit-
ing overall bandwidth is the replay
head gap, where the “trailing edge”
recording effect does not apply.

Storing tave without rewinding
reduces print-through. Truc but how
many followers of this common studio
practice realize why? The general the-
ory, and it’s wrong, is that post-echo
rather than pre-echo is printed when
the tape is stored without rewinding
and post-echo is less audible, being
drowned in the decay of the transient
that caused it. Actually, print-through
travels in both directions by equal de-
grees, causing equal amounts of pre-
and post-echo.

Then why docs storage without
rewinding work? Because print-
through is largely a temporary cffect
that disappears after a few seconds
out of contact with the responsible
field. Storing tape before rewinding
means that a program must be
rewound a few minutes before play-
back. This act alone gives the print-
through time to decay. On some tape
transports, the time lag between the
tape leaving the feed recl and reaching
the play head is great enough for the

(continued on page 58)
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You probably don’t know all the answers, but if you
get all of these right, class yourself an expert!

REEL-TO-REEL TEAC A-7010 is typical of
high-quality professional-type equipment
for home use.
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Second in a series...

C

n you solve
these problems
in electronics?

They're a cinch after you've taken RCA Institutes’
new communications electronics program.

It includes new preparation for the FCC license plus the
assurance of your money back if you fail to get it.

This one is quite elementary. This one is more advanced.
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In this door bell circuit, which kind of What is the total capacitance in the above
transformer is T, — step-up or step-down? circuit?

|

Note: if you had completed only the first lesson of
any of the RCA Institutes Home Study programs,
you'd easily solve this problem

jmg
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Note: you'd know the solution to the probtem if
you’d taken only the first two lessons in RCA's new
Communications Electronics Program.

These are the lessons that prepare you step-by-
step for an FCC License.

This license is a requirement for servicing al!
types of transmitting equipment and ¢an help
open doors to jobs commanding high income in
communications, radio and broadcasting,

aerospace, industrial automation and many others.

For a rewarding career with good pay, take that
first step now. Send for complete information—
mail the attached card.

RADIO-ELECTRONICS
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RCA Institutes Autotext learning method

makes problem-solving easier...

gets you started faster towards a good-paying career in electronics

Are you just a beginner with an interest in
electronics? Or, are you already making a living
in electronics, and want to brush-up or expand
your knowledge? In either case, RCA has the
training you need. And Autotext, RCA Institutes’
own method of Home Training will help you learn
more quickly and with less effort.

Wide Range of Courses

Select from a wide range of courses. Pick the
one that suits you best and check it off on the
attached card. Courses are available for beginners
and advanced technicians.

Electronics Fundamentals
Black & White Television Servicing
(Transistorized TV Kit Available)

Color Television Servicing (Color TV Kit Available)
FCC License Preparation
Automatic Controls
Automation Electronics
Industrial Electronics
Nuclear Instrumentation
Electronics Drafting
Computer Programming

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Buiid and keep this
valuable oscilloscope.

Prepare for good paying =
positions in fields like these | &

Television Servicing YA
Telecommunications £
Mobile Communications

CATV Pl e B

Broadcasting

Marine Communications
Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting

In the new program on Solid
State Electronics you will study
the effects of temperature and
leakage characteristics of
transistors.

OCTOBER 1970

Variety of Kits—Yours to Keep

A variety of RCA Institutes engineered kits are
included in your program of study. Each kit is yours
to keep when you've completed the course.
Among the kits you construct and keep is a working
signal generator, a multimeter, a fully
transistorized breadboard superheterodyne

AM receiver, and the all-important oscilloscope.
These 4 kits are at no extra cost. Compare this
selection with other home study schools.

Two Convenient Payment Plans

Pay for lessons as you order them. No contract
obligating you to continue the course. Or, you can
take advantage of RCA’s convenient monthly
payment plan. No interest charges!

Classroom Training Also Available

RCA Institutes operates one of the largest technical
schools of its kind. Day and evening classes. No
previous training is required. Preparatory courses
are available. Classes start four times a year.

Job Placement Service, Too!

Companies like Bell Telephone Labs, GE,
Honeywell, IBM, RCA, Westinghouse, Xerox, and
major radio and TV networks have regularly
employed graduates through RCA Institutes’ own
placement service,

All RCA Institutes courses and programs are
approved for veterans under the new G.I. Bill.

Send Attached Postage Paid Card Today.
Check Home Study or Classroom Training.

Accredited Member National Home Study Council.

= T T T T T T T T |
:‘ IF REPLY CARD IS DETACHED, SEND THIS COUPON :
| RCA Institutes Inc. |
| Home Study Dept. 758-010-0 I
I 320 West 31 Street I
| New York, N.Y. 10001 I
! Please send me FREE illustrated career catalog. |
I Name __Age !
i (please print) |
| Address |
l I
1 City State Zip |
| S S R =1
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(continued from page 53)
print to fall below audibility; so no
need for preplayback winding.

Magnetic tape wears out. False.
Run a brand new tape through a
recorder with clean heads and mea-
sure the frequency response. Rewind,
clean the heads once more, and mea-
sure again. The 7-20-kHz response
should be at least 2 dB up on the vir-
gin figures. Far from wearing out,
professional and high-quality tape ac-
tually improves with age, the oxide
coating smoothing out to a level, dust-
frce surface. By contrast, most new
tapes arc covered in a fine powder of
loose excess oxide. This clogs the
record and play heads, causing high-
frequency attenuation. A brand new
tape should always be fast-wound a
few times before serious use.

The best way to dub a tape is
backwards. This one is true, strange
though it may seem, and is applied by
at least one major tape recording man-
ufacturer. Run any recording back-
wards and you will notice an apparent
lack of high frequencies that makes
you reach for the treble boost. The
reason is that the reversed tape is de-
void of sudden transients; our ears are
climbing relatively slowly up what
would naturally be the decay. The
sudden cutoff at the “end” of each
transient has little impact on our ears.
Under normal conditions, the ampli-

VARIABLE NOISE FILTER is featured
in Ampex AX-300. Other versions offer
automatic threading too.

fiers would be prone to “ringing” on
the leading edge of strong transients.
Reversed, the only sudden change they
have to make is in downward level.

Residual head magnetism builds
up over several hours. False, or at
best only half true. The major cause
of residual head magnetism is dc from
the tape amplifier reaching the record
and/or play heads. This occurs to
some extent in almost all recorders,
particularly where a high-value ca-
pacitor is in circuit close to the heads.
A degaussed head can become re-
magnetized within minutes, depending
on the circuit design, input load and
operational switching sequence.

A 30 Hz-20 kHz +3 dB fre-
quency response gives better quality
than 30 Hz-12 kHz +3 dB. This
may be true of amplifiers but with
tape equipment is a very false assump-
tion indeed. When a manufacturer or
service engineer sets the bias current
of a recorder, he usually goes for wide
frequency range simply because the
customer, reared on specifications, ex-
pects it.

Most studios, however, rightly set
the bias at a higher level in order to
secure maximum signal-to-noise ratio
and minimum distortion for a particu-
lar brand or (tape is very variable)
individual reel of tape. Studios appre-
ciate that lifting the high-frequency
response to extremes inevitably brings
in an extra octave of noise, both from
the tape and from the preemphasis cir-
cuits. It's no good throwing figures at
the public.

A dealer who wants to guarantee
himself regular customers should let
them hear an A-B comparison of two
machines, one biased for maximum
frequency range at 3% distortion, the
other for maximum signal-to-noise ra-
tio at around 1.5% distortion. Most
people will go for the latter because
most people don’t like hiss. [A few so-
called non-professional  recorders
(c.g., Tandberg’s model 6000) offer
extended frequency response with ex-
cellent signal-to-noise ratios and low
distortion. Also, Dolby noise reducers

RECORD AMPLIFIERS ARE STACKED
below the tape deck in the Roberts model
771X.

(Advent, Harmon-Kardon) now per-
mit extended response without tape
hiss.—EDITORS]

Quarter-track systems produce
more hiss than V2-track. False. When
you switch from a Ya-track playback
head on a stereo recorder to a Y2-
track head, the hiss will go up, not
down as a lot of people seem to ex-
pect. The Y2-track head theoretically
produces 3 dB more hiss than the Ya-
track, so an A-B test on background
noise alone will show Y2-track to be
the “inferior” system. The important
fact is that V2-track produces a full 6
dB increase in signal level and, when
the 3 dB hiss is allowed for, this
makes a 3 dB improvement in signal-
to-noise ratio. It is the latter 3 dB that
counts.

Finally a question the reader
might like to puzzle over. The answer
requires nothing more than a basic
understanding of equalization. When
asked to make copies of a 3% ips
master on 15 ips speed-to-speed
equipment for later playback at 3%
ips, for what speed do you set (a) the
equalization of the playback machine
and (b) the preemphasis of the
recorder? R-E

N.Y. 11722.

COLOR TV ANTENNA INSTALLER'S GUIDE

This month Section Il of your Radio-Electronics Reference Manual continues to grow. We
present the final part of an article on TV antenna installation.
If you wish, you can purchase a special hardcover binder to keep your Reference Manual pages
together. It has a dark blue fabric cover and is gold-stamped Radio-Electronics Reference
Manual. The cost is $1.00 postpaid. Order from N. Estrada, 17 Slate Lane, Central Islip, L. 1.,
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MULTIPLEX GENERATOR
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19 KHZ
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The stereo generator described here
is designed for low cost and simplicity. It
compares favorably to commercial units
in stereo performance, but does not
have self-contained audio signals or i.f.
test signals. Only a 1-kHz signal and a
general-purpose scope are required for
aligning this generator. An FM receiver
should also be available. The generator
provides over 30 dB stereo separation
between 300 and 20,000 Hz. Total parts
cost is around $50, but many parts are
common and can be found in your spare
parts box.

This unit does have an rf output to
check an entire receiver’s performance
without an external rf generator. The
high-frequency oscillator works at 106
*+2 MHz and is frequency modulated
by a variable-capacitance diode. A regu-
lated power supply is incorporated and
gives exceptional rf stability.

Theory of operation

A basic understanding of FM stereo
transmission will aid the user in under-
standing the generator operation and de-
sign theory. The FCC controls the
method of stereo transmission. The base-
band spectrum is shown in Fig. 1. The

RELATIVE
AMPLITUDE SUPPRESSED
(STEREO SUBCARRIER
PILOT \
80 : L-R
%l SUBCARRIER | R o
Max| sca
(WHEN USED)

519 23 38

53 59 67 75
MODULATION FREQUENCY — kHz

Fig. 1—FREQUENCY SPECTRUM in a
frequency modulated stereo broadcast.
monaural information or average left
plus right (L+4R) signal is contained in
the 0 to 15 kHz useful audio range. The
L—R information required for stereo
demodulation is transmitted as an ampli-
tude modulated 38-kHz suppressed-sub-
carrier signal. This will result in fre-
quency components +15 kHz around 38
kHz, or 23 to 53 kHz. The 38-kHz sub-
carrier must be reinserted in the correct
phase at the receiver to obtain the com-
plete stereo information. To do this, a
low-level 19-kHz pilot signal is trans-
mitted which has a definite phase rela-
tionship with the orginal 38-kHz sub-
carrier at the transmitter. This pilot

OCTOBER 1970

phasing is one of the most important
properties of the transmitted composite
signal and is discussed in greater detail
in the section on alignment procedures.

A few FM stations also transmit a 67-
kHz storecast subcarrier. This signal is a
frequency modulated subcarrier occupy-
ing the spectrum from 59 to 75 kHz.
This subcarrier was not included in this
generator since it has nothing to do with
aligning stereo separation of a receiver.

The composite baseband signal shown
in Fig. 1 now frequency modulates the
rf carrier between 88 and 108 MHz at a
maximum deviation of +75 kHz peak.
Broadcast stations use pre-emphasis of
the audio inputs which increases the
level of audio frequencies above 2 kHz.
This makes a de-emphasis necessary in
stereo FM receivers to restore correct
frequency response. This pre-emphasis
at the transmitter occurs before multi-
plexing. In other words, the subcarriers
previously mentioned are not pre-em-
phasized. This makes it unnecessary to
include pre-emphasis in a stereo gener-
ator which is used for alignment pur-
poses. If pre-emphasis is desired, it can
be applied to the audio input signals be-
fore they are fed to this generator.
Circuit description

Transistor Q1 in Fig. 2 operates as a
19-kHz oscillator with the exact fre-
quency of oscillation determined by the
twin-T feedback network. The twin-T net-
work makes a very stable oscillator once
R2 is adjusted for 19 kHz. The 11-volt
peak-to-peak output of the oscillator (Fig.
3) is fed to a phase-shift network through

/

Fig. 3—PILOT SUBCARRIER signa!l gen-
erated in 19-kHz Twin-T oscillator Q1.
buffer amplifier Q2. The phase-shifter is
also isolated from the summer through
buffer amplifier Q3. The phase-shifter pro-
vides a means of correcting phase relation-
ship between the 19-kHz pilot and the 38-
kHz subcarrier. The range of phase shift
available is about 120°. A maximum

WWW.americanradiohistorv.com

Build FA\ sferco

mulfiplex
generafor

by AL FRANSON

With the popularity of FM stereo receivers,

test equipment to align these sets is a must for
service technicians and anyone interested in building
FM receivers. To get good stereo separation

from a receiver, a multiplex generator is much
better than adjusting the set by ‘‘ear."”

phase shift variation of 90° is necessary.

Transistor Q4 is the doubler amplifier
which delivers two equal but opposite
polarity signals to diodes D1 and D2
which full-wave rectify the 19-kHz sig-
nal. Germanium diodes are used for
highest rectification efficiency. This dis-
torted waveform (shown in Fig. 4) is

| ﬂ\/\/\ | i/{\'

Fig. A—DISTORTED SIGNAL
when 19-kHz subcarrier is

results
rectified.

passed through an active bandpass filter
consisting of Q5, Q6, and QI11. This is a
twin-T filter which has excellent selectiv-
ity. The filter output is shown in Fig. 5.

Fig. 5~~-THE STEREO SUBCARRIER is
cleaned up by sharp 38-kHz Twin-T filter.

The two audio inputs representing left
and right channels must be conditioned
to give L+R and L—R signals for
proper stero transmission. The left and
right inputs are fed to the summer, Q10,
which is a feedback amplifier that pro-
vides greater than 20 dB isolation be-
tween L and R inputs. The actual isola-
tion is partially determined by the
generator internal impedances used to
fed the L and R signal inputs. Source
impedances below 100 ohms should be
used to give greater than 40 dB isola-
tion. Transistor Q7 is operated as an in-
verter to give —R at its output. This is
summed with L by Q8 to give R—L at
its output. R31 and R22 must be ad-
justed to give proper stereo separation.

The R—L signal is used to modulate
the 38-kHz subcarrier delivered by QI1.
This is done with a ring modulator with
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All resistors 14 watt, 5% unless noted R56—100,000 ohms T3—24 volts, 0.3 amp transformer (B.A.
R57——51 ohms #13A903)

R1, R49, R52, R71—4700 ohms

R2, R22, R31, R43, R46—potentiometer,
10,000 ohms, linear taper

R3, R4, R12, R40-—6800 chms

R5, R37, R38—56,000 ohms

R6, R35, R36—5600 ohms

R7, R9, R17, R33, R34, R45, R47, R48, R50,
R54—10,000 ohms

R8, R18, R21, R23, R29, R70, R73, R75, R76—
1000 ohms

R10—15,000 ohms

R11, R13, R68—470 ohms

R14, R15—1200 chms

R16—22,000 ohms

R19—680 ohms

R20, R28, R30—1500 ochms

R24, R25—47,000 ohms

R26—100 ohms

R27, R42, R60, R61, R62, R63—560 ohms

R32, R41—820 ohms

R39—2700 ohms

R44—potentiometer, 50,000 ohms, linear
taper

R51, R59—potentiometer, 5000 ohms, linear
taper

R53, R64, R65, R72—330 ohms
R55—3900 chms

R58—390 ohms

R66—-27,000 ohms

R67, R69—2200 chms

R74—75 ohms, 5 watts

C1, C2—1500 pF, 2%, mica

C3—3000 pF, 2%, mica

C4, C19, C24, C35, C41—.01 ,F, ceramic

C5—56 ,F, 15 volts, tantalum

Cc6, C7, C20, C29, C31, C32—0.1 ,F, ceramic

C8, C12, C15, C18, C23, C33—5 ,F, 6 volts,
tantalum

C9, Cl14, C16, C30, C43—20 .F, 50 volts,
tantalum

C10—30 ,F, 15 volts, tantalum

Cl11, C13, C17—100 ,F, 6 volts, tantalum

C21—4300 pF, 5% mica

C25, €26, C27, C28—1000 pF, 2%, mica

C34, C39—1000 pF, ceramic

C36—15 ,F. 20 volts, tantalum

C37, C38-—33 pF, 5%, mica

C40—100 pF, 5%, mica

C42—500 .F, 30 volts

C22—-820 pF, 5%, mica

T1l, T2—Three 60-turn windings on CF111-06
core (see text), Newark Electronics Stock
No. 59F1510. $2.05

T4—3-turn primary, 1 turn secondary, #26
enameled wire, 3/16"” dia form, brass slug

S1, S2, S3—spst toggle switch

D1, D2—1N276 diode, Hughes

D3, D4, D5, D6—1N3064 diode, TI

D7—1N536 rectifier, G.E.

D8—1N965B, 15-volt Zener, |.R.

D9—1N5234, 6.2-volt Zener, Mot.

D10—1N5140, Mot. or MV1624 (see text)

Q1—2N2222, Mot.

Q2, Q3, Q4, Q5 Q6, Q7. Q8, Q9, Q10—
MPS2923, Mot.

Q11—MPS404, Mot.

Q12—MPS918, Mot.

Q13—2N2218, T.I.

IC-1—MC1531G op amp, Mot. or MC1709C

(see text)

J1, J2—phone jacks

13, J4—teflon feedthru

J5, J6, J7—bannana Jacks

Fl—15 amp fuse

Case—3” x 5” x 7 aluminum minibox
(Bud CU3008A)

Miscellaneous: 12 pin printed circuit connec-
tor, 300 ohm twinlead, fuse holder, 1/16”
single sided p.c. board—414x6 inches.

diodes D3-D6. This type modulator is
doubly balanced with two center-tapped
transformers so the 38-kHz component
is canceled at the output as desired. The
output of the modulator consists of the
amplitude modulation components of
the 38-kHz suppressed subcarrier. Resis-
tors R60—R63 are used to improve bal-
ance or carrier suppression. The carrier
is more than 40 dB below the input,
which is adequate.

Transformer T1 must respond past 50
kHz without any resonances. AMost com-
mercial audio interstage transformers do
not meet this requirement. Therefore. a
special toroid transformer was designed.
The construction details for this trans-
former are in Fig. 6 on page 67.
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Transformer T2 can be identical to
T1, T used a commercial 2:1 center
tapped transformer instead. At audio fre-
quencies below 300 Hz the reactance of
T2s primary introduces an undesired
phase shift which results in decreased
sterco separation. This can be improved
only at the expense of a larger trans-
former winding or by reducing R65 and
R64 which requires more transistor cur-
rent. A higher current transistor could
be used for Q9.

The total composite modulation con-
sists of L+R audio, L—R information
on the 38-kHz suppressed subcarrier,
and the 19-kHz pilot signal. These are
summed together by operational ampli-
fier IC1. An op amp is used to give
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greater than 60 dB isolation between the
three inputs. Summing resistors R47,
R48, and R66 can be varied to adjust
the individual gains of each input. The

individual gain is equal to R34 divided
by the series resistor. I wused an
MC1531G which is rather expensive.

Newer and cheaper op amps are avail-
able, such as the MC1709C, and can be
used 1nstead.

The summer output modulates vari-
able-capacitance diode D10, which is
part of the resonant tank circuit of the
100-MHz oscillator. The diode, a Moto-
rola IN5190 Epicap, makes this a volt-
age-controlled oscillator which results in
an FM signal output. The center fre-

(continued on page 67)
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MULTIPLEX GENERATOR

(continued from page 64)

quency of the oscillator can be varied
about =2 MHz by adjusting the slug in
T4. My unit oscillated between 102 and
106 MHz. The exact frequency will be
affected by stray wiring capacitance and
layout. Be sure to prevent ground cur-
rents from modulating the oscillator.
This is the rcason for the decoupling
consisting of R68, C35, and C36. The
oscillator is especially susceptible to 19-
kHz ground currents. Too much leakage
will cause the pilot to be transmitted
even though R46 is set at minimum. The
oscillator output can be suitably loaded
with a 300-ohm twin lead. Diode D10
can be any of a number of 10-pF units
now available. One low cost unit is the
MV1624 ($1.42). The difference in op-
eration between it and the IN5140
($5.85) will be a slight difference in
modulation .sensitivity but should be
negligible.

A regulated dc power supply and an
ac rectifier circuit is used. The Zener
diode reference provides a low output
impedance. This is necessary to keep
both oscillators at their correct fre-
quencies and prevent power line modu-
lation of oscillator Q12.

Construction and alignment

The circuit layout is not critical ex-
cept for the 100-MHz oscillator, for
which component leads should be kept
to an absolute minimum. A piece of
300-ohm twin lead connects the os-
cillator coil to the feedthru terminals in
the chassis. The circuit board is laid out
so it can be unplugged from the chassis.
It is held in place by one screw and a
threaded standoff to the chassis.

The first step in aligning this gener-
ator is to set the frequency of the 19-
kHz oscillator. The easiest way to do
this is to monitor the signal at J1 with an
electronic counter while adjusting R2.
Another way was devised which doesn’t
require a counter. A 19-kHz signal is
available in all multiplex demodulators
when the FM radio is tuned to a station
broadcasting stereo. This signal can be
used to compare with the generator pilot
frequency using the simple phase detec-
tor shown in Fig. 7. R2 is adjusted until
the phase-detector output contains a
low-frequency beat note. This oscillator
can be adiusted for a beat note of
around 2 Hz which is plenty accurate—
meaning the two frequencies are within
2 Hz of each other. One of the phase
detector inputs should be greater than 4
volts p-p to turn the diodes on. The
chassis cover should be in place for this
test in case stray capacitance changes the
oscillator frequency. This requires an ac-
cess hole in the side or back of the unit
for adjusting R2.

Next, the 38-kHz filter is aligned by
adjusting R51 for maximum output at
QI1’s collector. Oscillation in this type
of active filter is possible. Therefore, the
19-kHz oscillator should be disabled by
shorting R7 and checking to see that no
signal appears at Q11. The ac voltage at
Q11% collector should be near 10 volts

OCTOBER 1970

CORE :INDIANA GENERAL
CFllI-06

60 TRIFILAR TURNS
NOfZ ENAMELED WIRE

=
2 5

6
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Fig. 7—SIMPLE PHASE DETECTOR

eases adjustment of the 19-kHz oscillator.

Fig. 8—PILOT AND SUBCARRIER are
in phase in this double-exposure photo.

p-p and can be adjusted by selecting the
value of R41.

The next step is to adjust the phase
relationship between the pilot signal and
38-kHz subcarrier. To do this, you must
either sync the scope on one of the sig-
nals or use a chopper input on the scope
if available. The chopped input method
allows direct viewing of both waveforms
simultaneously. I used another method.
The scope is externally synchronized by
the 38-kHz signal at test point TP-I.
Then the 38-kHz waveform here is
viewed on the scope and the scope set-
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Fig. 9—MODULATION WAVEFORMS. a—
Left-only or right-only signal with 1-kHz
input at zero pilot level. b— and c—
Waveforms at J2 with right or left in-
puts at 500 and 5000 HZ, respectively.

tings adjusted so the sine-wave zero
crossing occurs at the center of the grid.
Next the scope input is placed at J1 and
R3, R4 are adjusted for a zero crossing
of 19-kHz at the same point as the 38-
kHz waveform. This is shown by the
double exposure photo in Fig. 8 Now
the pilot signal transmitted is in the
proper phase relationship for stereo
demodulation.

The audio mixing circuits must now
be adjusted to give proper stereo separa-
tion. First apply a 1-kHz signal to the
left channel. The pilot level is turned to
minimum. The L4+R and L—R switches
must be closed. With the scope input at
J2, adjust R31 until one of the 1-kHz
envelopes is minimum in amplitude as
shown in Fig. 9-a. Figures 9-b and 9-c
show the same point for audio input fre-
quencies of 500 Hz and 5 kHz respec-
tively. These photos demonstrate a sepa-
ration of about 40 dB. Next, remove the
signal from L and apply to R only. A
waveform similar to Fig. 9 will appear
at J2 when R22 is adjusted for max-
imum separation.

The only calibration remaining is the
19-kHz pilot level required to give the
proper oscillator deviation. I determined
this with the help of an FM stereo re-
ceiver. For this measurement the LR
and L—R switches are in the ouT posi-
tions. Somewhere in the receiver multi-
plex you can check the 19-kHz level
being received from the discriminator
with a scope. Knowing this level, you
can receive the signal from this multi-
plex generator and adjust the pilot level
to equal that from a broadcast station.
The exact level is not extremely impor-
tant but some multiplex demodulators
are sensitive to pilot level as separation
is affected. T found that 0.2 volt p-p 19
kHz at J1 output is correct and should
be accurate enough for alignment. At
this point the knob on the PILOT LEVEL
control was adjusted to read “caLI-
BRATE.” I found it convenient to place

(continued on page 83)
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CAREERS in ELECTRONICS

blueprint to your future

You're a technician today, but you don’t have to still be a
technician tomorrow. Here are some of the other doors open to you

by L. L. FARKAS"®

Last month we introduced the service
technician to several other kinds of jobs
that he is qualified to handle. This month
we present ten more opportunities for the
future. They take training, but they are
available.

Computer field
engineer/programer

The technician who has worked on
computers and has a good knowledge of
their theory and operation can often
find a job as a computer field engineer.
In this position he will service comput-
ers leased or sold by a computer com-
pany within a certain region. Such ser-
vice includes preventive maintenance,
troubleshooting and repair, and helping
the customer determine what additional
equipment he may need to perform spe-
cific tasks.

Normally the computer company
hiring a technician will send him to
school to learn the intricacies and oper-
ation of their product. It will help the
technician also to learn computer pro-
graming. With this additional knowledge
he can help his customer further in es-
tablishing various programs which in
turn may mean the sale of additional
computer components or subsystems.

Computer programing courses are
available at many schools and all the
technician needs is the desire to enroll in
such a course and the tenacity to com-
plete it. If he happens to be working on
computers at the time, he can readily
obtain programing experience that will
help him progress on the job.

Equipment sales

The equipment sales field can be in-
teresting and profitable to the technician
who has sales ability. There is, of
course, the job of salesman in an elec-
tronic supply house, where knowledge of
part characteristics and usage is a must.

Here the technician must know
what new parts are available and can be
used, or what substitutions can be made
to meet a customer’s design or operating
requirements. He may also work as a
salesman of various types of electronic
equipment or electronic systems. In this
last function he will often have to con-
tact top officials of companies and gov-
ernment to whom he will have to dem-
onstrate and sell his product. To do this
effectively he will have to be able to
speak well, but over and above this, he

aMartin Marictta Corp., Vandenberg Operations
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must know how to plan and implement
a good presentation or demonstration.
The training for this type of work,

besides gaining a thorough technical
knowledge of the equipment, includes
courses on salesmanship, audio-visual

aids, creative thinking and psychology.
Again, such courses are generally of-
fered by community cvening programs,

Junior or associate engineer

Couhesy Cleveland Institute of Electronics

To the technician who wants to fur-
ther his career in the technical area of
electronics the next logical step is to be-
come a junior or associate engineer. In
the past there were many opportunities
for promotion to this level simply on
the basis of experience on the particular
equipment or system being produced. In
the last few years, however, companies
have tightened their educational require-
ments so that promotion to a junior or
associate engineer level requires at least
an associate science degree that includes
courses in math, physics and chemistry.

Most companies encourage tech-
nicians to update their education to this
level. Some firms offer refunds or pro-
vide loans for college tuition. The smart
technician will take advantage of such
help. Even at the rate of one course per
semester, credits accumulate fast and
soon the technician will find he has
gained the education that permits him to
progress.

Radio operator

An clectronic technician can also
become a good radio operator. Certainly
it shouldn’t take him long to learn the
operation and maintenance of commu-
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nications transmitters and receivers, mo-
tor generators, radar and other elec-
tronic equipment used for communica-
tions and navigation. Radio operator jobs
can be found at fixed installations, such
as a shore or airport radio station, in
aircraft and on ships. Some operators are
also used in airplane blind-landing sys-
tems.

The radio operator must pass an
examination given by the Federal Com-
munications Commission to obtain a ra-
dio telephone or telegraph operator’s li-
cense. For the telegraph endorsement
the operator must take a code test in
which his code sending and receiving
skill is checked. For all licenses he must
pass a test on the theory and operation
of equipment and his knowledge of
communication laws.

A radio operator on board a ship
or aircraft is an officer with great re-
sponsibility. He must insure that his
equipment is ualways in good operating
condition and be ready to make emer-
gency repairs.

A number of technical schools pro-
vide courses leading to a radio oper-
ator’s license. Subjects covered include
basic electricity, theory and operation of
communications components and sys-
tems, theory and operation of radar sys-
tems and code practice. In most cases
the electronic technician covers these
courses pretty fast, needing only the
code practice and a knowledge of FCC
laws to mecet the requirements of the
FCC examinations.

Of course, if your hobby is amateur
radio, you may be able to short-cut the
education span since you’ll already have
acquired most of the necessary knowl-
edge and practice in communications.

Circuit draftsman
nid——

Courtesy RCA Institutes

An interim step between a tech-
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nician and engineer can be taken via the
drafting route. Here the technician can
work on layouts of electronic circuits
and, in some cases. as he gathers knowl-
edge and experience, he may be given
some original circuit design.

This type of job requires a basic
knowledge of drafting methods which
can be obtained in high schools or in
trade school evening classes. Of course,
if the technician wants to progress from
there to engineering he will also have to
acquire the training and education in-
dicated for junior and associate engi-
neers.

Broadcast or television
engineer

Courtesy Cleveland Institute of Electronics

The electronic technician looking
for different and interesting work should
investigate technical positions with radio
broadcasting or television stations. He
can work in the studios, the master con-
trol room, in the field or at the trans-
mitter.

The studio engineer scts up micro-
phones and cameras, and then controls
gain and mixes audio or video channels.
The master control engineer monitors
and switches programs from different
studios, field pickups or other remote lo-
cations. The field engineeer puts on
broadcast or television programs from
remote or field locations. He uses por-
table or mobile equipment to make
pickups from the ground, air or from
ships.

Transmitter engineers must have an
FCC operator’s license since they handle
the operation, maintenance and repair
of one or more high-powered trans-
mitters. Maintenance engineers handle
the maintenance, troubleshooting and re-
pairs of all radio broadcast or television
electronic equipment. except perhaps in
the area of the field engineer. The ficld
engineer, distant from station facilities,
must not only operate his field equip-
ment, but also do all the maintenance
and emergency repairs to insure “the
show always goes on.”

Training for all these areas is based
upon a series of courses, usually given at
a technical school, which progresses
from electronic and electrical com-
ponent basics to broadcast and television
systems. In this type of work the elec-
tronic technician can usually start as a
maintenance engineer and then, as he
gains experience with equipment, assume
the position at the station that fit his in-
terests and temperament. Often he does
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not have to take the formal training, ob-
taining all the information he needs by
self-study and practice.

Instructor

Courtesy RCA Institutes

A natural evolution from technician
on a specific electronic subsystem or sys-
tem is that of an instructor on that
equipment. Having worked on the hard-
ware, troubleshot its defects and per-
formed its maintenance, the technician
should be able to tell others about it.
However, teaching calls for certain ca-
pabilities:

¢ The teacher should be able to de-

scribe the components of the equip-

ment and discuss their theory of
operation. This is not as easy as it

sounds, for often a man can keep a

piece of equipment operational
without Kknowing cxactly how it
works. Thus before doing any

teaching the technician must review
the equipment in detail to make
sure that he understands exactly
how it operates.
e The teacher must have the skill
of imparting his knowledge to his
students. Most companies using
technical instructors provide a short
course in methods of presentation
which include handouts, visual aids
and practice in the best ways of
making the subject interesting.

Puart of the instructor’s job entails
gathering the technical material he needs
and compiling it in a student guide. This
guide can vary from a series of outlines
and line drawings to a detailed book of
instructions, depending on the time allo-
cated for its completion.

To do this effectivelv, the tech-
nician should be able to write on techni-
cal subjects and to organize his written
material. He should also be able to
create or arrange visual aids to enhance
his presentation. Public speaking ex-
perience or training will also help to
make his lectures informative, while
courses on effective writing or technical
writing will be invaluable in handling his
written work.

Other tasks that the instructor must
perform are: to write examinations, test
his students. then grade the papers. An
analysis of the results will then help him
determine the success of the course. A
number of training and evaluation meth-
ods can be learned by taking a basic
education course.

Training coordinator
Just as important as the instructor
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on an educational program is the train-
ing coordinator. He plans and estab-
lishes the technical training program for
his company. This entails determining
the need for courses, obtaining course
outlines, scheduling the courses, arrang-
ing for classrooms and necessary class-
room equipment and insuring competent
instructors are assigned. Once classes are
organized he must enroll students, re-
view student guides, even monitor
classes to check on the quality of the
instruction. Finally, he must establish
and keep records on the results of exam-
inations taken by the students so techni-
cal personnel can be fully trained to
perform required tasks.

To do this type of work a tech-
nician must be able to plan and take
care of details. Rather than performing
many of the functions, he coordinates
them. He must also be able to set up
and maintain records and communicate
with supervisors to make sure they are
aware of the training program and have
taken the steps necessary to make their
workers attend the courses. For the eval-
uation of courses he should be capable
of putting himself in the place of the
students and, based upon his own
knowledge of the technical subjects, de-
termine whether the instructor is provid-
ing the explanation and details necessary
to understand the subject. Here the tech-
nician’s experience will provide a basis
of reference. Educationally, a course in
business management will be useful in
providing data on planning and imple-
mentation of various types of tasks and
handling personnel.

Technical writer

If a technician has an aptitude for
writing he can become a technical
writer. Having worked with test proce-
dures he should have a good idea of
their form and content. Of course he
does not necessarily have to originate
them. Rough test procedures, or at least
test specifications, are generally written
by engineers. His task is then to place
them in the step-by-step format used by
technicians in testing equipment. With
his experience he should have little diffi-
culty.

Another technical writing area is
handbooks and technical manuals. These
are more complex than test procedures
as they generally cover simplified equip-
ment operation, theory of component
functions, setup and operation of equip-
ment and maintenance routines.

Normally  the technical writer
works with the engineers who designed
the equipmenf and then with the men
who set the first model in operation. He
gathers a great deal of technical infor-
mation from which he writes a rough
draft of the manual. Once this draft has
been reviewed by various project per-
sonnel, the writer corrects and finalizes
the manual. making sure illustrations
and photographs are included to clarify
the text.

A number of courses and books on
technical writing are available in eve-
ning education programs,

Probably one of the toughest jobs a

(continued on page 90)
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Nothing replaces
the reality of personal
"in-class™ instruction.

It builds your confidence
through thorough preparation.

Professional success depends upon
the quality of your training. You
owe yourself the best. Anything

less will be costly, takes much
longer and requires more effort
from you.

Take the shortest distance between
you and vyour career. You'll he
ahead in every way.

FREE LIFETIME PLACEMENT
¢u0 VETERAN APPROVED

o>

e A
23 HEALD

Engineering College

1215 Van Ness Ave,
San Francisco, California 94109
Oldest and Largest Institution of its
kind in the United States. (Since
1863)

Please send information on:
HEALD ENGINEERING COLLEGE
Bachelor of Science Degree Courses (36
months)
[JElectronic Engineering
[JElectrical Engineering
[JMechanical Engineering
[CICivil Engineering [JArchitecture (42
months)
HEALD INSTITUTE OF TECHNOLOGY |
A division of Heald Engineering College
Technology Diploma Courses
[JElectronic Engineering Technician (FCC)
(15 months)
ORadio-Television Technician (FCC) {15
months)
COMechanical Drafting (12 months)
[DeElectrical Drafting (12 months)
[Ostructural Drafting (12 months)
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Circle 20 on reader service card

Phone )

NEW PRODUCTS

More information on new products is available from the manufacturers

of items identified by a Reader Service number. Use the Reader Service

Card on page 92 and circle the numbers of the new products on which

you would like further information. Detach and mail the postage-paid card.

BUDGET AUTOMATIC TURN-
TABLE, Garrard model SL72B, in-
cludes all features of Garrard’s top unit.
Uses a low-mass tubular aluminum
pickup arm that floats almost friction
free on needle pivots. The adjustable
counterweight is isolated from the arm to
damp out resonances. Has three fingertip
tabs for operation. One for automatic

play of up to six records, the second
turns the motor on and off, and the third
activates cueing and pausing, viscously
damped in both manual and automatic
modes, with viscous damped tonearm de-
scent in the automatic mode for the first
time in turntables. Also features an anti-
skating device and a sturdy record
support platform.—$89.50—Garrard British
Industries Co, Westbury, NY 11590
Circle 31 on reader service card

STEREO  AM/FM TUNER KIT,
model KG-/96, Easy-to-follow instruc-
tions require soldering connections be-
tween circuit boards. Includes all silicon

transistors a tuning meter and edge-lit
tuning dial. FM-IHF sensitivity, 3uV;
AM, 350uV. Complete kit plus dipole an-
tenna, $79.95—Allied Radio Corp. 100
N. Western Ave., Chicago, 1I1. 60680.
Circle 32 on reader service card

FIX-IT TOOLS, with special appli-
cations in the servicing of radio, TV and
hi-fi sets include a pair of long (20%")
fixed handle, hollow-shaft nutdrivers
with hex openings of 47 and 34" to sim-
plify work on color TV tuners, bezels,
and other components where the only ac-
cess is through the back of the set. Two
interchangeable 744” and %" external hex
Palnut driver shanks which fit all Xcelite
99 handles including Tee and ratchet
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_
wx

type are also offered.

For fast tip cutting of fine wires, a
pair of miniature close-cutting diagonal
pliers, 4 inches long, for electronic as-
sembly operations as well as service
work.—Xcelite Inc., Orchard Park, New
York, NY, 14127

Circle 33 on reader service card

STEREOPHONES, model SP-8: Earcups
are soft rubber cushions, headband has
easy-to-adjust design, transducers are
2 inches. Frequency response is 25—
18,000 Hz with 0.3 watts output, im-

3

pedance is 8 ohms. 11 ounces complete
with 6-foot coiled cord and standard
%" phone plug. In kit form, $8.95—EICO
Electronic Instrument Co., 283 Malta
St, Brooklyn, N.Y. 11208

Circle 34 on reader service card

COMPONENT CLIPS—Hold Tite,
feature a split bulb at its base that locks
into printed electronic assembly boards
to hold and insulate capacitors, resistors,
lamps, batteries, fuses and other parts.

o
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Special introductory offer to new memhbers of the
'ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

DS et

404/437 A494/754

RTINS sourceook ol ENGINEERING
ORTLLS of piicTronic . coottomalll MANUAL, 2/¢

CIRCUITS
by J. Markus

Pub. price, $19.75
Club price, $14.75

by R. H. Perry

Pub. price, $12.50
Club price, $10.65

A523/401
CHARACTERIS-
JICS AND
OPERATION OF
MOS FIELD- -
EFFECT DEVICES

by P. Richman

Pub. price, $10.00
Club price, $8.50

391/432
| DISPLAY o
SYSTEMS
ENGINEERING

by
H. R. Luxenberg
& R. L. Kuehn

Pub. price, $16.50
Club price, $11.95

A037/604
DIGITAL LOGIC
AND COMPUTER
OPERATIONS

by Baron &
Piccirilli
Pub. price, $14.50
Club price, $11.95

A286/507
SOLID-STATE
ELECTRONICS
by R. G. Hibberd

Pub. price, $9.50
Club price, $7.95

Special $1.00 bonus book
comes to you with your
tirst club selection

S DAL TRANSISTOR PRINTED
DIGITAL

PRINGIPLES OF S CIRCUIT CIRCUITS

by Lucky HANDBOOK by Texas by

Weldon & Salz by M. Klerer & Instruments, C. F. Coombs,
C. A. Korn Inc., Staff Jr.

Pub. price, $14.50
Club price, $11.60

Pub. price, $27.50

Pub. price, $16.50
Club price, $23.35

Club price, $13.95

Pub. price, $17.75
Club price, $14.95

A610/037 il A259/607
A347/506 T MODERN (oA COMMUNICA-
DIGITAL HANDBOOK TION 47+ ENGINEERING
TECHNIQUES by R.F. Sh PRINCIPLES HANDBOOK
by P. M. Kintner b Vi< by Stein & by
Pub. price, $37.50 Jones D. H. Hamsher

Pub, price, $12.50
Club price, $10.65

Club price, $29.50

Pub, price, $15.00
Club price, $12.75

Pub. price, $29.50
Club price, $24.95 1

Save time and money by joining the
Electronics and Control Engineers’ Book Club

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Please enroll me as & member of the Electronics and Control Engie
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus for just $1.00, and my first selection at the
special Club price shown. These books are to be shipped on ap-
proval, and I may return them both without cost or further obliga«
tion. If I decide to keep the books, I agree to purchase as few
as four additional books during the next two years at special Club

HERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

|
|
|
|
|
|
How the Club operates: Basic to the Club’s service is its publi- |
cation, the Electronics and Control Engineers’ Book Club |
Bulletin, which brings you news of books in your field. Sent to | prices (approximately 15% below list).
members without cost, it announces and describes in detail the I Write Code No. of Write Code No. of
Club’s featured book of the month as well as alternate selections I bonus book first selection
which are available at special members’ prices. I nete nere
i
|
|
i
|
|
|
|
|
|

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify

the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books. I_

Name

Address

City.

State s Zip

Circle 61 on reader service card
OCTOBER 1970

WWW.americanradiohistorv.com



www.americanradiohistory.com

COMPUTER BOARD
SPECIAL

Stock No. B9082
Honeywell Computer boards, 4'2"x12". Tran-
sistors, diodes, zeners, capacitors, precision
resistors, heat sink, trimmers etc. 2 Different
boards $1.00. 3 1b.

Stock No. 89093

Honeywell Power Board contains 4 ZN1137B
80 watt PNP power transistors. 8 Top Hat
diodes. 8 precision resistors and 4 IN642
diodes $1.25 ea. 2 Ib.

Stock No. 9094

Honeywell Boards 5%2” x 6”. Loaded with late
no transistors, diodes, resnstors and capacitors.
2 {ifferent boards $1.00. 2 Ib.

COMPUTER GRADE CAPACITORS

B2040 Sangamo or Pyramid 414” x 134”
4000 MFD 50V .................. .50 5/2.00

B2039 Pyrdmld 414" x 3”7 6000 MFD
sV ol

3/2.00

B4016 FET Field Effect Transistor To-18
25 Volt Source to Gate N Channel .. .50 5/2.00

B4017 Tunnel Diode Similar to 1N3717 .50 5/2.00
$1.00 FREE WITH $10.00 ORDER
Lots of other items—send tor free flier; all mer-

chandise fully guaranteed. Please include postage;
excess will be refunded.

Easy to remove. Dimpled sides assure a
tight holding action. Clips snap into
holds .125” to .156” diameter. Available
in sizes %”, ¥”, ¥”, and ¥”. Made of vir-
gin nylon, will accommodate over-size
parts as well.—Lorain Tool & Mfg, Co.,
1817 Iowa Ave., Lorain, Ohio 44052.

Circle 35 on reader service card

COLOR TV SERVICE AC-
CESSORY, model B-150. Single-Brite
gun control, permits the restoration of
color picture balance when a single color
gun weakens prematurely. The poten-
tiometer-type device lets the technician
adjust the bias between the G1 and G2
grid leads of the weakened gun, per-

intensity variation as

color
needed for balanced picture. Easy in-

mitting

stallation requires two simple con-
nections and no soldering.—Perma-
Power Div., Chamberlain Mfg. Corp,
845 Larch Ave., Elmhurst, 11l. 60126

hailer, listener, and with AMDA-19-1
speaker becomes an intercom. Has push-
to-talk mike and weather-proof speaker

’, LM
fragpa et

with mounting base. Operates from 12 V.
Includes mounting bracket and 20 ft. of

cable. Kit $84.95, accessory speaker
$9.50.—Heath Co. Benton Harbor,
Mich.

Circle 37 on reader service card
PROFESSIONAL TAPE DECK,

model CADS, tape cassette recorder in-
corporates the Dolby-B noise reduction

DELTA ELECTRONICS CO. Girele 36 Bl 3arsice v

BOX 1, LYNN, MASSACHUSETTS 01903
Circle 62 on reader service card

* LUBRA CLEAN

L ...ATV.TUNER CLEANER
THAT REALLY WORKS!

MADE ESPEG*{NLLY FOR TELEVISION TUNERS

ETELEVISION TUniERe.
Fmal]y, a tuner cleaner that reallg-works. Apply LUBRA
CLEAN and let it do the work for you. Physical cleqmng and
polishing contacts is no longer necessarys Stmply. dpply-—.mdﬁ
\ LUB;RA#«CLE AN continues to_pqlish and Wibricate tuner! dorkS
" tacts for months after gH"(‘)tth ¢ledners and+ dubricints have
failed. Sold a,t PT@admg dealels anﬁ ,dl'shlblkturs’ for $2.98 per
AV

FOGHORN/HAILER, Model MD-19
has 5 functions. Is a foghom, boathorn,

processor as part of the record and play-

POSITIVE CONTACT
CLEANER AND LUBRICANT

CONTINUOUSLY CLEANS
AND LUBRICATES CONTACT
EACH TIME TUNER IS T
ROTATED

NON-CORROSIVE
¥ON-DRYING + NOM-CONDUCTIR
NON-EVAPORATING

Size 1-1/2 ounces

tubex / | - e

mawe m QR o (U
TH (LUBRA CLEAN COMPANY

P. O. BOX 926 - MARTINSVILLE, VA, 24112 - PHONE (703) 638-1211

Circle 63 on reader service card
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antenna from RGA has:

“Long-lasting” element/
feed line connections.

7
The new Permaeolor

Waterproof,

polypropylene f

insulators that pivot.
Integrated UHF how tie.
Rigid, square hoom.
Tough vinyl finish.

That ought to prove
RCA is serious ahout
the antenna husiness.

OCTOBER 717970

—————
—‘__‘/ A-”’
—
e}

So serious we've set up a new production
facility at our Memphis plant. But before we
manufactured a single antenna, our engineers
literally started designing from scratch. The
result? Permacolor.

Here are just a few reasons why RCA
Permacolor antennas are different, and are an
improvement over what you’re now selling.

1. Durable connections/Perma-tuned circuits.
All active elements (many perform more than
one function) are solidly connected to a
symmetrical aluminum feed line by riveted
straps. This reduces reception failure due to
flimsy or intermittent connections.

2. “Single unit” insulator/element. Insulators
are polypropylene. Elements extend 52 inches
into the insulators. Elements and insulators
pivot as a unit—lock in place—have no loose
connections. No high stress points.

3. Bow tie and 110° corner reflector UHF
Section integrated into a single downlead
for better UHF reception.

4. Easy installation. Simply unfold and install.
Permacolor antennas go up in one piece.

No bag of bolts. Nothing to take apart and
reassemble. Snap-off elements let you quickly
tailor the antenna to reception requirements.

5. Tough, handsome biue and gold vinyl
coating protects against weather and
airborne chemicals.

The new RCA Permacolor Antenna is the
antenna you can put up for good. See it now at
your RCA Parts and Accessories distributor.

Parts and Accessories, Deptford, N.J.

RGA

73
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Introducing
the world’s only $339
triggered scope.

Now the wave shape is
locked in and continuously
displayed. Now you can
look at a wavelorm con-
taining high and low
frequency components,
Now you can determine
voltage directly and
instantly.

Belore you say you don't
need a triggered scope,
look what's happening to
TV servicing: tubes are
out, transistors and IC's
are in.

With tubes you could
play hit-or-miss, knowing
the tube would take the

overload. Try the same @ ale.e Before you say $339 is «
thing now, and good-bye | "6} o Rl SCELCoEE e _6‘ lot of bread, look what it
transistors. “' 4 s ] buys: Leader’'s LBO-501
For new-era circuitry, [ 0 : Q . 5-inch triggered scope,
Leader introduces a new- | ot o TN with a bandwidth of DC to
era troubleshooter. A 9 . ; 10MHz and a solid state
triggered scope, just like C package.
the ones the TV designers Going like hotcakes at
use. your Leader disiributor.

Seeing is believing.
LEADER INSTRUMENTS

3727 27th Street, Long Island City, N.Y. 11101, (212) 729-7411

Circle 64 on reader service card

NO COMPETITORS

Nobody else but EMC designs in so much value

Compact, light
weight portabil.
ity. Use it on the
bench or in the
field.

Full-view meter gives
direct, clear-cut qual-

ity indications, Full compfe-

ment of sturdy
sockets accepts
compactron (12-
pin), nuvistor,
novar, 10-pin,
9.pin, octal,
foctal, and
miniature
Three heavy-duty tubes.
controls for quick
set-up of all tests.

Check a fistful of Precise pro-
tubes in the time gramming.
it often takes to Only one socket

per tube-base
configuration
prevents acci-
dental plug-in.

test one.

12 slide switches for

;nf{,ividqal selectiql:‘ of

ube pins provides

Tube Tester Modet 213 versatility in testing,
prevents obsolescence.

THE MODEL 213 saves you time, energy, money g Checks for shorts, leakage, intermittents, and quality g Tests
all tube types including magic eye, regulator, and hi-fi tubes g§ Checks each section of multi-purpose tubes sep-
arately gy Gives long, trouble-free life through heavy-duty components, including permanently etched panel g§ Your
best dollar value in a tube tester. Available in high-impact bakelite case with strap: $33.40 wired; $21.90 in kit
form. Wood carrying case (illustrated) slightly higher.

o e e e . |

| EMC, 625 Broadway, New York 12, N.Y.

i Rush me FREE catalog describing all EMC

f value-loaded test instruments and name of i

i tocal distributor. i

, : | NAME I

. ' 1

ELECTRONIC MEASUREMENTS CORPORATION I ADDRESS 31
5 Broadway, New Yor! , New Yor ] i

Export:Pan-Mar Corp.,1270 Bway,N. Y. 1, N. Y. ) CITY ZONE_STATE A

g g i R g 1
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back electronics. Extends in frequency
response beyond 12.5 kHz. Acts as a
compressor/expander only without its
inherent weakness. The Dolby processor
boosts low-level, high-frequency signals
before they are recorded and then atten-
unates these signals in a mirror image
during playback. Electronic speed con-
trol assures minimum speed variation
with reduction of wow and flutter. Pro-
fessional sliding  potentiometers  set
recording level and the recording over-
modulation light works in conjunction
with the dual recording meters and
flashes when the sound level is too high.
Automatic digital counter with pushbut-
ton reset, records and- plays back iy
mono and stereo, pushbutton switches _for
all functions.—$229.95—Harman-Kardon,
Inc. 55 Ames Court, Plainview, LI, N.Y.
11803
Circle 38 on reader service card

COMPACT TV CAMERA, model
TVC-500. Develops clear, sharp mono-
chrome pictures in video or rf signal at a
switch-selected output. Video is viewed
on a monitor but when the camera is
switched to rf output, the pictures are
displayed on a standard TV receiver.
Simple screwdriver adjustment selects
output frequency covering channels 2
through 6. Output level on a composite

signal is 1.4 V p—p, video is 1 V p-p. Rf
output is greater than 29.5 JdBmV
(30mV) and impedance is 75 oluns.
Horizontal resolution of center is 550
lines on video and 300 on rf output.
Each 6 pound camera is supplied with a
25 mm F/1.8 lens. Wide angle and
telephoto are available. $325.00—Jer-
rold Electronics Corp., 401 Walnut St.,
Philadelphia, Pa. 19105
Circle 39 on reader service card

PROFESSIONAL MICROPHONES,
models 860 and 860s. Ball-head omnidi-
rectional dynamic mikes incorporate an
integral “pop” and “blast” filter. The

23
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Modular Color Television!

Exclusive Modular Design ... Circuit Boards snap in and out in seconds

for easy assembly, simple servicing

Plug-in

3-stage . .

q 3.58 MHz Plug-in Plug-in

[ElaEsemiy ::;Lz;g/‘sr;mc Oscillator Chroma Luminance

Gun shorting circuit board Circuit board  circuit board  circuit board
switches Gl '@

Tilt-out o

convergence/

secondary

control panel

Exclusive
Check-out
meter

b 4 f“- ‘T‘f
s

Service and
Dots switches

ke

ke, L
T Vi
Hi-fi sound 'ﬂg’;&
output
Plug-in

Master control panej

Plug-in Sound
circuit board

Circuit breaker

! Conservatively-rated
protection

power supply
components

Plug-in
Horizontal
Oscillator
circuit board

Plug-in wiring
harnesses and
connectors for
easier assembly

Vertical
Oscillator
circuit board

New Expedited 48-Hour No-Charge Warranty Service Plan for Solid-

State TV Modules! Special service facilities have been established § \
at the factory and all Heathkit Electronic Centers to expedite \
service and return of Solid-State TV circuit modules within two gu—
working days. During the 90-day warranty period, TV modules will - |
be serviced or replaced with no charge for labor or parts. After m,’_,‘
the initial 90-day warranty period expires, TV modules will be serv- s T

iced or replaced at a fixed charge of $5.00 per module for labor and
parts for a period of two years from date of original kit purchase.

Video Output
circuit board

High Voltage
Power Supply

&

Plug-in
Pincushion
circuit board

Add extra convenience and versatility to your
new GR-270 or GR-370 Solid-State Color TV with
this new ultrasonic remote control kit. Lets
you turn the set on and off, adjust volume,
change VHF channels and adjust color and
tint from the comfort of your chair. Assembles
and installs complete in just a few hours and
the built-in meter on the receiver makes final
adjustment a matter of minutes.

Kit GRA-70-6, 6 Ibs. ................... $64.95*

Choose One Of These Handsome, Factory Assembled Cabinets

3 models in 295 sq. in.

Luxurious Mediterranean

Contemporary Walnut

Cabinet... factory as-
sembled of fine furni-
ture grade hardwoods
and finished in a flaw-
less Mediterranean pe-
can. Statuary bronze
trim handle. 30-1/327 H
X 477 W x 17%"” D. As-
sembled GRA-304-23, 85
Ibs. $129.95*

3 models in 227 sq. in.

Exciting Mediterranean
Cabinet . . . assembled
using fine furniture
technigues and finished
in stylish Mediterranean
pecan. Accented with
statvary bronze handie.
27-31/32" H x 417" W

Deluxe Early American
Cabinet . . . factory as-
sembled of a special
combination of hard-
woods & veneers and
finished in classic Salem
Maple. 29.21/32” H x
37Y4” W x 19%"” D. As-
sembled GRA-303-23, 67
DS, Fam xisae $114.95*

Contemporary Walnut
Cabinet and Base Com-
bination. Handsome wal-
nut finished cabinet sits
on a matching walnut
base. Cabinet dimen-
sions 20-31/32” H x 31-
7/16" W x 185" D. Base
dimensions 73" H x
273%" W x 185" D.
Assembled GRA-203-20

Cabinet . . . factory as-
sembled of fine veneers
& solids with an oil-
rubbed walnut finish.
29-17/32" H x 35-13/16”
W x 19%” D. Assembled
GRA-301-23, 56 Ibs. ...
$74.95*

Handy Roii-Around Cart
and Cabinet Combina-
tion. Features the GRA-
203-20 walnut cabinet
plus a walnut-trimmed
wheeled cart with stor-
age shelf. Assembied
GRA-203-20 Cabinet, 45
[T T —— $49.95*
GRA-204-20 Roli-Around

Cabinet, 45 1bs. $49.95*
GRS-203-6 above cab.w/
matching base, 58 Ibs.
....... eee... $59.95*

x19-9/16” D. Assembled <
GRA-202.20, 70 Ibs. ... =
. $114.95*

Cart, 18 Ibs. ...$19.95*
GRS-203-5,Cart & Cahinet
Combo, 58 Jbs. $59.95*

a Schlumberger company

plus shipping.

O Piease send Credit Application.

NE | Benton Harbor, Michigan 49022
FREE 1971 CATALOG! ) g
Now with more kits, more I O Enclosed is $___
colo. plly descioe fhese | Blease send model ) _
a ;
stereo,hi-fi, color TV, elec- | Please send FREE Heathkit Catalog.
tronic organs, guitar ampli- Name :
fiers, amateur radio, marine, |
educational, CB, home & | Address
hobby. Mail coupon or write .
Heath Company, Benton Har- |  City ___
bor, Michigan 49022.

Circle 68 on reader service card

OCTOBER 1970
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_State Zip

L_*Mail order prices; F.0.B. factory. Prices & ;;ecifications subject to change without notice. CL-392

e e e e e R 2 Sne )

= -~
HEATH COMPANY, Dept. 20.10 .

e B s avar e i i
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It’s yours

FREEK COMING
for the NEXT

o MONTH

GIANT 260 PAGE

1971 NOVEMBER 1970

RADIO-TV
ELECTRONICS
CATALOG
YOUR BUYING GUIDE FOR EVERYTHING IN ELECTRONICS!

............ T L e S—— m Lowdown on Alarm Systems
BURSTEIN-APPLEBEE CO.,

DEPT. RE-10, 3199 MERCIER ST, Quick guides to which system is
e g IDSCB0R, best suited to your application.

Plus how they work details and

installation tips for everyone.

EVERVTHING IN RADIO-TV
AND ELECTRONICS

Name

Address

City.

Zip Code

Circle 69 on reader service card

m Mini-Kits Are Fun
UNEXCELLED! THE OUYM ANTENNA You name the circuit—it's prob-

< ably available as a mini-kit.
e These low-cost circuits are a
S e fun-packed introduction to elec-
TR e i tronics.
UHF-VHF-FM 3 g T e

COLOR S| e

m Careers With Computers

Combination A look at the opportunities in

< UHF-VHF-FM Antennas the computer field today. Based

(Ll i rmance. on an interview with Ken Strand-
601 Aupe‘:w‘l F“ﬁa berg, manager of G-E's Field

Engineering Department.
Tuned and engineered featuring a LOG PERIODIC
VHF section incorporating a PATENTED MAGNETIC
WAVE design for UHF. Discriminate between de-
sired signal and unwanted noise. An absence of

minor lobes and extremely high front to back ratio .

are characteristics of these antennas. Mechanical = PLUS

features include all new fittings and special alloy ' ; .

aluminum tubing for added strength. Six models Jack Darr’s Serv'_ce Clinic

available. How To Putter With The PUT
Write or phone for complete information.. Power Tool Reference Manual

S & A ELECTRONICS, INC.

210 W, Florence St. Phone (419) 693-0528 Toledo, Ohio 43605

Circle 70 on reader service card
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MULTIPLEX GENERATOR
(continued from page 67)

an access hole in the chassis to permit
external adjustment of T4’s slug. This al-
lows changing the oscillator frequency
to a spot where no local station is oper-
ating.

Using the generator

The composite modulation output is
used mainly for applying the stereo sig-
nal to a multiplex demodulator for
checking it separately. For this, the 19-
kHz level is not calibrated and must be
set to a predetermined level which the
discriminator will supply from broadcast
stations. This is also true for the remain-
ing composite signal level. The audio in-
put levels to the generator must be kept
below about 1.5 Vrms or saturation oc-

POWER TRANSFORMER AND JACKS are
on front panel with the pots and switches.

Recciver separation versus fre-
quency can be checked between 300 Hz
and 20 kHz with this generator. This
also provides a convenient way lo deter-
mine if the receiver de-emphasis circuit
is correct. The easiest way to measure
receiver separation is to apply an audio
tone to only R or L of the generator
and measure the ratio of outputs on
L and R at the receiver.

OMPONENTS ON PLUG-IN BOARD are
visible when the rear cover is removed.

The rf VCO in this unit is very con-
venient. It lets you check the effect of
i.f. amplificr sclectivity on overall sepa-
ration. It also lets the technician adjust a
multiplex unit incorporated in the radio
without disconnecting it. A direct con-
nection from the rf output is not re-
quired as the receiver will pick up the
signal from a few feet away.

This stereo generator will result in a
professional alignment job on any FM
stereo receiver. Its relatively low cost
and versatility make it a valuable piece
of test equipment for any technician.

R-E

OCTOBER 1970

Precision

=

Line

Precision has led the
field in quality and de-
pendability for 25 years.

.

. NAME

Greatest
for every PA application

¢ Most trouble-free line in the industry, Precision
offers a complete range of amplifiers in every
power range including mobile, and a complete line of accessories.

From the smallest office to large auditorium or industrial installations,

Precision gives maximum flexibility and performance.

DIVISION OF PRECISION ELECTRONICS,NC.

5101 KING STREET, FRANKLIN PARK, ILLINOIS 60131

vallie in soun

S-30MAC

L
§-25-30
60-100

MAIL THIS
COUPON

ADDRESS.___

¢
¢ CcITY. STATE

ZIP

P

@ us w5 O
@&Wﬁmm%m&mmmmmm!““ww&ﬂ

Circle 71 on reader service card

Unsolder it
with the
Endeco
300

Pencil
Desoldering
Iron

Removes miniature soldered compo-
nents in seconds— without damage

Hollow tip fits over connection; vacuums all solder
for easy removal of component. Leaves terminals
and mounting holes clean, Then, with 360° contact,
it resolders faster, better than regular irons. Hand-
les miniature and standard components in PC
boards and conventional wiring. Self-cleaning. All
parts replaceable. 40 watts, 120-v. Standard tip
supplied, 5 other tip sizes available, Pays for itself,
$11.95 net East of the Rockies. &

Larger mode! available. See your distributor or write:

ENTERPRISE DEVELOPMENT CORPORATION
5127 E. 65th St.  Indianapolis, Ind. 46220

Circle 72 on reader service card
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\

\\
TUN-0-FOAM
KEEPS CLEANING

& LUBRICATING CONTACTS EACH
TIME THE CHANNEL IS CHANGED

=

_—
SAMING ACTION |
1

4 POR ALL TUNERS |
' E T SA ORR AL |
i

IT REALLY
WURKS !

1260 RALPH AVE.
BROOKLYN, N.Y. 11236

For Export: Roburn Agencies Inc., New York, N.Y.

Circle 73 on reader service card
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This Christmas
Give Security
e

A

Gift selection can be a problem.
This year give a gift that will be
truly appreciated Security.
DeltAlert ultrasonic intrusion de-
tection security.

Burglary and vandalism are con-
stant threats to your home, office
or shop. With DeltAlert on the job,
you have dependable and eco-
nomical security. A silent ultra-
sonic blanket guards 150 to 300
square feet of critical space in the
home or business.

When the ultrasonic blanket is
disturbed by motion the system is
activated, lights go on, and the
separate DeltaHorn emits an ear-
splitting noise...frightening off
even the boldest intruder.

These sturdy units, finished in
handsome walnut veneer, are
maintenance free and plug right
into the wall socket. The DeltaHorn
plugs directly into the DeltAlert.
Small, the DeltAlert is only 103%"w
x 3%"d x 3%a"h and the DeltaHorn,
3%" square, the units blend incon-
spicuously into your decor.

This Christmas, give a lasting
gift of security . .. security for your
friends, your family and yourself.

Order your DeltAlert Security

today!
Deltalert  Only *69°%3 ppa.
DeltaHorn  Only $2495 ppd.

“Delta Products, One Of America’'s
Finest Names In Electronics”

TN = ey i

DP 70-21

/-\. DELTA PRODUCTS, INC.

P.0O. Box 1147 RE / Grand Junction, Colo. 81501
(303) 242-9000

Please send me literature immediately: [

Enciosed is $ ] Ship ppd. [ Ship C.0.D.

e e e T (o) |

Please send: _DelAlert(s) @ $69.95 ppd.
Please send: _ DeltaHorn(s) @ $24.95 ppd.
Name_ —
Address_ et oy

l

gt e g om—

I

Circle 74 on reader service card
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POWER
SUPPLIES

SINGLE: PS-61C
DOUBLE: PS-62C
TRIPLE: PS-63C

—~Economical, contin- ‘
uously variable power [
supplies by BLULYNE. | & X
—Modern walnut finished PPE s0r se

cabinets with beige panels. o
—Excellent regulation and ripple characterlstlcs.
—Single, dual, and triple units available. o
—Short circuit protected—electronic current limit-

ing. Short circuit cannot harm unit.

—Grounding cord for added safety. )
—Floating outputs on all units—ground either plus
or minus. . |
—Uses include life testing, production line testing,
schools, labs, experimentors use, instructors, te.ch-
nicians, engineers, troubleshooting, battery elim-

ination, and many more valuable uses.

PS-61C Single Unit

Plus or Minus 1—15 VDC, 0-700 mA. Usable to
1000 mA.

Ripple: less than 0.005Vrms max.

PS-62C Double Unit

Same characteristics as Single unit above for EACH
of two outputs. . X

Two completely independent supplies to be used in
any combination.

Up to 30 VDC—Up to 2 Amps.

PS-63C Triple Unit

Same characteristics as Single unit above for EACH
of three outputs.

Three completely independent supplies to be used in
any combination.

Up to 45 VOC—Up to 3 Amps.

All supplies are fully safety designed.

PS:6LC | o atvmiw-an. .. nsnninbe $49.95
PB62C qiiLnj..e0000-4.] 74.95
S 6 3 C A P 99.95

other BLULYNE products.
Blulyne Electronics Corporation
Dept. R. 3 Sand Springs Road
Williamstown, Mass. 01267
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name Speak-
{ ers, Changers, Tubes, Tools, Stereco Amps,

i Tuners, CB, Hi-Fi’s, and thousands of other

Electronic Values. Credit plan available.

NAME =
ADDRESS.

CITY =
GIVE ZIP CODE

_STATE____

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS

Dept. LJ, 260 S. Forge Street
Akron, Ohio 44308
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Service

By JACK DARR
SERVICE EDITOR
Signal Tracing Transistor TV

I've read a lot of articles, in-
cluding some of yours and I still
haven’t found an easy way to check a
transistor TV, stage by stage, with
only a vtvm. I've been doing this for
years in tube TV’s. Why can’t 1 do it
in solid-state stuff?>—H. ]., Highland
Falls, N.Y.

Several reasons. First and most
important, is the different method of
construction—PC boards vs terminal-
point wiring. Second, the transistors
are soldered in. Can’t pull ’em and re-
place with a known good one without
a lot of trouble.

So! Use the same methods you've
used for so long, but use a different
test-instrument. The scope! It is just as
simple as a vtvm. When you find out
where the signal stops, then use the
vtvm.

Dark Bars On Left Of Raster

I have a Zenith 14N27 portable,
which has a dark bar at the left side
of the raster. 1 can move it back and
forth with the horizontal hold control.
It has what looks like vertical retrace
lines near the top of the screen. My
customer says this has been there ever
since he got the set.

All  tubes have been
parts  checked, shields
etc.—B. T., Bayonne, N.J.

After you recheck the horizontal
afc and run a complete horizontal os-
cillator/afc sctup adjustment, and
check the afc tube grid bypass capaci-
tor, check the yoke. In a very few
cases, we've found that a defective
yoke can cause troubles something
like this. Never pinned down the exact
cause; could be too much air-gap or
something in one of the windings, but
a new yoke often cures it.

replaced,
tightened,

Too Much Capacitance?

Following a suggestion of yours
in the Service Clinic quite a while
ago, 1 added more capacitance to the
filters of a TV set to get out a 120-Hz
humbar in the picture. I had to add
400 upF, but I got rid of it. Isn't this
too much?—A.D., N.].

Not if you got rid of the hum!
There’s no such thing as too much ca-
pacitance in a filter circuit; at least not
if you still have hum-bars which are a
definite indication that there isn’t
enough capacitance in the circuit.

It’s possible that if you took ev-
ery one of the original capacitors out
of the circuit and checked them very
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Clinic
carefully you’d find high power-factor
in several of them. This reduces the
“filtering efficiency” of the unit. How-

ever, if the operation is satisfactory
with the added capacitance, I'd take it.

Open Transistor?

I'm studying TV  repair. The
other day 1 replaced an open transis-
tor in the output of a stereo amplifier.
It wouldn’t work! Collector voltage
read normal. I took the new transistor
out and it tests ok!—R. G., Tulsa,
Okla.

Most likely possibility (because it
happened to me only the other day!)
is a completely bad contact on the lug
which makes the collector connection
on the output transistor collector!
Most of these are bolted in, and any
oxide. coating, etc. on the case of the
transistor (the collector contact) will
keep the solder-lug from making good
contact.

Test from the case of the transis-
tor instead of the lug. If you can’t get
any voltage on it, put a good sharp
lockwasher between the lug and the
case and tighten well, or scrape the
case clean at that point.

Super Hearing Aid

I have a customer who 1wants to
get a mike and amplifier, baitery-oper-
ated, with a “rifle-type” mike that he
can point ai the preacher, so he can
hear church services. Could 1 use one
of the little cassette tape-recorders, or
something like that?—A. A., Vienna,
Va.

Doubt if one of those little recor-
ders would have enough gain. Better
idea would be to use a small IC ampli-
fier. Motorola has one in their HEP
IC booklet, called a “Super High Gain
Amplifier.” It uses a HEP-580 IC.
Should have ample gain to drive a
single earphone from any good mike.

The whole thing could be
mounted in the case from a junked
transistor radio, with the batteries, us-
ing the original earphone jack. R-E

This column is for your service
problems—TYV, 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’t
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
S., New York 10003.

DON'T SETTLE FOR

Install a

JUDSON
ELECTRONIC MAGNETO

It offers the combiried advantages of
both the standard transistorized and
capacitive discharge systems in one
simplified patented circuit. Provides
better performance, a smoother run-
ning engine and keeps your car in
tune. Installed in twenty minutes.

Write Today for Literature

JUIDSON @

RESEARCH & MFG. CO.
CONSHOHOCKEN, PA. 19428
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GET BETTER TV
RECEPTION
ELIMINATE SNOW WITH

TUN-0-BRITE

the

heavy duty

tuner spray
with
built-in
polishing
action!

POR
l TOFESSIONAL
TECHNICIAN
i
l'?.:v DuTY L\‘)L""fn
Wit BUIG
ey v,

}."Us«mq ac

) aes o co-v:f“:a;g

Ates CALL
on ryamunt ¥

1260 Ralph Ave.
BROOKLYN,
N.Y. 11236
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Mark TenB...
the gift for

the man who has
gverything.

Its new!

It's practical!

It's different!

Christmas comes but once a year,
but car problems continue year round.
So why not give the gift that provides
continuing pleasure and satisfaction
...the Mark Ten B CD System.

Keeping your car in tune is impor-
tant to the life of the car. What did your
last tune-up cost? More and more,
tune-ups are becoming a major main-
tenance expense, costing $60 and up.

Now you can eliminate two out of
three tune-ups (that's real savings).
Deita’s all new Mark Ten B CD System
is made especially for foreign cars and
modern American engines suffering
from smog control devices, rough idle
and poor fuel mix. The system is com-
pletely sealed, with handy switch for
instant conversion. Quick installation
—no rewiring. The Mark Ten B actually
pays for itself in dollars saved.

You may even want to give yourself
a Mark Ten B Christmas.

Order today!

"Delta Products, One Of America’s
Finest Names In Electronics™

Only $5995ppd.
(12v neg only)

$4495

Mark Ten B

Standard Mark Ten

r e |

/-\. DELTA PRODUCTS, INC.

P.O. Box 1147 RE / Grand Junction, Colo.
{303) 242-9000

Please send me literature immediately: (3

Enciosed is $___. [J Ship ppd. [0 Ship C.0.0.

Please send:

___Mark Ten B @ $59.95

___Standard Mark Ten (Assembled) @ $44.95

6 Volt: Neg. Ground Only ___Positive Ground
12 Volt: Specify __Negative Ground

_Standard Mark Ten (Deltakit’) @ $29.95
(12 Volt Positive Or Negative Ground Only)
Car Year__ Make
Name___

Address. —

Circle 74 on reader service card

|
l
l
l
l
l
l
l
l


www.americanradiohistory.com

Find the trouble
faster...

— P...,mf.::;_m.@

FAST WAYS TO RESTORE A RASTER

with Triad’s latest
Service Aid No. 5:
“Fast Ways to

Restore a Raster”

Here’'s an easy-to-read 8-page
Service Aid which will get you to the
heart of the trouble faster than any
treatise of its type for professional
TV servicemen. Uses a direct and
comprehensive approach to horizon-
tal and high voltage problems. Helps
you find the trouble and tells you
how to correct it. Has many service
tips that will prevent call-backs.
Includes valuable information on
both color and black-and-white TV.

Write for your copy today — and
also for Service Aid No. 4 on “Under-
standing Related Circuits — Multiple
Trouble.” Previous Service Aids (or
PTM’s) are either being revised or
have been updated into No. 5. See
your Triad Distributor for all your
replacement transformer needs, and
get the Triad Catalog & Replace-
ment Guide while you’'re at it. Triad
Distributor Division, 305 North Briant
Street, Huntington, Ind. 46750.

NEW TRIAD
1971/72
CATALOG AND
REPLACEMENT

Triad Disiributor Division
0f Litlon Indusiries (B
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4 CHANNEL STEREO
(continued from page 35)

cities—Boston, New York and San
Francisco—FM stations have used
three different pairing and placement
techniques, each for its own good rea-
sons. In Boston the four microphones,
which carried live concerts of the Bos-
ton Symphony Orchestra, were ranged
more as a “curtain of sound” than as
a true quad pickup. One station used
the left and right mikes placed at the
left half of the stage, while the other
took left and right channels for the
right half of the stage. This way, both
stations had a two-channel stereo sig-
nal of sorts, even though the total
quad effect lacked true surround
sound placement, directivity and sepa-
ration. The stations involved were
educational station WGBH-FM and
commercial WCRB-FM.

In New York, FM Guide Publi-
sher Harry Maynard introduced quad
on his weekly show for stereo buffs,
“Men of High Fidelity.” New York
City-owned WNYC-FM carried the
front left and right channels and Co-
lumbia University station WKCR car-
ried the rear two channels. Under-
standably, the WKCR signal left
something to be desired for the major-
ity of listeners who couldn’t set up
two complete FM stereco systems in
their living rooms. But WNYC-FM
did provide a full two-channel (and
mono) signal for conventional listen-
ing setups. This program and its suc-
cessors were rebroadcast weekday af-
ternoons so stereo dealers could
demonstrate quad in their showrooms.

In San Francisco, a one-shot
broadcast by Pacifica station KPFA
and Metromedia’s KSAN carried left
front and rear on one station; right
front and rear on the other. The
thinking here was that the sterco
dealer could most easily arrange two
stereo consoles along opposite walls of
his store. Actually, it looks like an
ideal arrangement to kcep either sta-
tion from gaining a competitive edge
during the experimental quadcast.
Later, the Bay Area quadcast gauntlet
was picked up by KLOL and KRON,
both commercial stations, who inter-
estingly use the same split as in the
KPFA/KSAN quadcasts. The Chi-
cago and Cleveland areas are next on
the list, and one program packaging
company is selling a single syndicated
one-hour quad concert by the Boston
Symphony Orchestra.

The quad disc is the biggest ques-
tion mark of all. There are private in-
ventors and engineers with huge labo-
ratorics all bent on a single quest—the
single-groove quad disc. They’re con-
vinced it’s possible, just as they were
convinced in 1956 that a true two-
channel program could be put into a

www.americanradiohistorv.com

R TECHNICIANS’ FIRST CHOICE
?‘; OVER CHEAPER SUBSTITUTES!
%€} °+ VOLUME CONTROL & CONTACT RESTORER
%) °* TUNER-TONIC with PERMA-FILM

M%) o EC-44 FOR ELECTRICAL CONTACTS

#€1 + TAPE-RECO HEAD CLEANER

8¢« FRIGID-AIR CIRCUIT COOLER

, FREE extender assembly for pin-
f&E2. point application supplied with :
44 ALL NO-NOISE PRODUCTS. :

O IR0 201091

4

Trusted
Name
Brand

RORG LR

LO%Y

490,

I

.

G

we

N
k)

All Guaranteed Non-Flammable,
No Carbon Tet, Non-Toxic, Non-
% Drift Tuner Cleaner And Guaran- :
i3 teed Not To Affect Plastics.

The Only Brand Perfect For
Color TV and Black & White

&1 8 £ 8 0 )

- E tectronic Chemical corn- 3

813 Communigaw Ave. / Jersey City, N. ). 07304

DX
A& ¢

¢ v
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Build this magnificent
SchoberTheatre Organ
for only
"1730!

*includes

finished walnut
consoje. Amplifer,
speaker system,
optional accessories
extra. Only

$1256 if you

buitd your own
console.

You couldn’t touch an organ like this in a store for
less than $3500—and there hasn’t been a musical
instrument with this vast variety of genuine Theatre
Organ voices since the days of the silent movies! If
you've dreamed of the grandeur of authentic big-or-
gan sound in your own home, you won't find a more
satisfying instrument an{where—-kit or no kit.

You can learn to play it. And you can build it, from
Schober Kits, world famous for ease of assembly
without the slightest knowledge of electronics or
music, for design and parts quality from the ground
up, and—above all—for the highest praise from
musicians everywhere.

Send right now for your copy of the full-color
Schober catalog, containing specifications of the five
Schober Organ models, beginning at $499.50. No
Charge, no obligation — but lots of food fot a healthy
musical appetite!

1

L]

Theg%MOrgan Corp., Dept. RE-83. ]
43 West 61st Street, New York, N.Y. 10023 H
[3 Please send me Schober Organ Catalog and L]
free 7-inch “sample” record. 1
3 Enclosed please find $1.00 for 12-nch Lp. ¥
record of Schober Organ music. :
NAME. B
ADDRESS ]
CITY. STATE ZIP. i
|

- D P D D D D DD DD ED G OGN GD ORGP OGP G GR OR ae e O o
Circle 80 on reader service card
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single record groove. They may be
right. But there are just as many skep-
tics around now for quad as there
were for stereo in 1956. T/iey may be
right.

So far, whatever results that have
been publicly demonstrated have left
much to be desired. The long-awaited
public unveiling of Peter Scheiber’s
disc came at the March AES meeting
before standing-room-only crowd in
RCA’s spanking-new recording stu-
dios. Those of us who heard it came
away convinced that the Schieber disc
just doesn’t have what it takes for true
quad.

Scheiber’s technique is supposed
to condense quad’s four channels into
two stereo channels that are fully
compatible with all conventional types
of playback equipment. A master disc
would be cut with the same Westrex
stereo cutting head, and the record
would be played back with any con-
ventional stereo cartridge—even the
cheapest crystal types. The output sig-
nal would be processed through a
black box (patent applied for) deco-
der which would have four-channel
output to feed a quad amplifier (or
two stereo amplifiers if you will).

The same technique would com-
press quad into two ordinary stereo
tracks on tape or into an FM station’s
conventional two-channel FM sterco
broadcast. The secret of all playback
would be in the little black box deco-
der. Equipment without the decoder
would simply play back a normal two-
channel program. The whole idea
sounds especially captivating since its
compatibility would eliminate a lot of
headaches and retrofitting now seen as
needed for quad playback.

The system, alas, isn’t all it’s
cracked up to be. In Scheiber’s own
words, it’s a “psycho-acoustic effect.”
Purists take note: it’s a psycho-acous-
tic effect; not the real thing. But you
don’t have to be a purist to be con-
vinced of the system’s shortcomings.

What it does is place the appar-
ent sound source at any two selected
speakers out of the four at a given
instant, with some other assorted
sounds coming from the other two,
with lots of spillover. The Scheiber
system is perhaps best described as
“2%2 channels of stereo.” It’s defi-
nitely not true quad.

So the search goes on. Familiar
names are in the fray again. Jerry
Minter is back with his multiplexing
technique. Columbia Records is work-
ing on something that’s still a closely
guarded secret. And there are others,
names that may someday be house-
hold words, or simply inventors that
won’t quite make the grade.

In the meantime, the smart
money’s on tape and FM. R-E
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MOS IC FOR TV SYNC
The HSUBO0S525 is the first MOS
IC developed for digitally controlling -
the horizontal and vertical deflection
in TV receivers. It takes a 1.08-MHz

- crystal oscillator signal and divides the

frequency down to produce accurate
and stable horizontal, vertical and
composite blanking pulses while elimi-
nating variable resistors and poten-
tiometers in the control circuitry of
the horizontal and vertical generators.

The IC is particularly suited to

NEW SEMICONDUCTORS

cable or closed-circuit TV and TV
test instruments such as bar and raster
generators, as well as for CRT charac-
ter displays. It is compatible with com-
merical TV sync systems when used in
conjunction with proper vertical sync
separators.

This new Hughes IC is housed in a
standard 10-lead TO-5 package and is
priced at $15.00 each in 100-or-more
lots. For further information, contact
Hughes MOS Div,, 500 Superior
Ave., Newport Beach, Calif, R-E

LECTRON!

RADIO E

e Photography Equipment e
tems e Tools and Test Equipment o

ceivers e Books and Parts

No. 710

YETTF

_ 9Mniversary

e Black and White/Color Televisio

{Please inciude your zip code)

Lafayette’s
1971
Golden Jubilee

Catalog

J

o

468 PAGES

Your 1st Guide
To Everything
in Electronics

e Stereo/Hi-Fi Components e Musical Instruments and Amplifiers
Ham and CB Gear o

i Public Address Sys-
Educational and Optical Equipment
ns e Police and Fire Monitor Re-

Plus Thousands of Additional Items

Send For Your Free 1971 Lafayette Catalog Today!

LAFAYETTE Radio ELECTRONICS Dept. 17100
P. 0. Box 10, Syosset, L. I., N. Y. 11791

r-------------------

Mall ThlS ] Send Me the Free Lafayette Golden Jubilee 1971 Catalog 710 ]
coupo’n Today § Name . . . 17100 |
For Your [ S N S = ]
STAE] 1otV S e S e = 4| I

wd

L----------------,---
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ELECTRONI

TUBE sale. To 909 off all brands. Laboratory-
type CCTV oscilloscopes, generators, tubes test-
ers. 85% off. Model PD-160 $700.00; you pay
$105.00. Mail order only. Free list. J. Knight
TV, 612 Gaines Ave., Hot Springs, Ark. 71901

RECEIVING & Industrial Tubes, Transistors. All
Brands—Biggest Discounts. Technicians, Hob-
byists, Experimenters—Request FREE Giant
Catalog and SAVE! ZALYTRON, 469 Jericho
Turnpike, Mineola, N.Y. 11501

INTEGRATED CIRCUIT KITS—Free Catalog.
FRAZIER & ASSOCIATES, 3809 Surfwood Road,
Malibu, Calif. 90265.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans $2.00. RELCO-A25, Box 10563, Houston,
Texas 77018

B & K, Sencor test equipment, discount prices,
Free catalog and price sheet. FORDHAM RA-
D10, 265 East 149th Street, Bronx, NY 10451

COLOR Organ Kits $3.25 to $7.50. Power Sup-
plies $2.75. Catalog. MURPHY, 204 Roslyn
Ave., Carle Place, N.Y. 11514

RADIO and TV Tubes 33¢ each. One year
guaranteed. Plus many unusual electronic bar-
gains. Free Catalog. CORNELL 4217-E Univer-
sity, San Diego, California 92105

DISCHARGE Iignition, Photoflash. Free catalog
parts, kits. TRANSPARK, Carlisle, Mass. 01741

70¢ per word . . . minimum 10 words.

. ho minimum.

CLASSIFIED COMMERCIAL RATE (for firms or individuals offering commercial products or services).
NON-COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per word

FIRST WORD and NAME set in bold caps at no extra charge. Additional bold face at 10¢ per word.
Payment must accompany all ads except those placed by accredited advertising agencies. 10%
discount on 12 consecutive insertions, if poid in advance. Misleading or objectionable ads not
accepted. Copy for December issue must reach us before Oct. 5.

TUBES—Lowest prices. Foreign-American. Ob-

solete, receiving, special purpose, transmitting

tubes. Send for tube, parts catalog. UNITED

(r)i;DOIE'? COMPANY, 56-R Ferry St.,, Newark, N.J.
1

JAPANESE NEW PRODUCTS MONTHLY! $1.00
Refundable. DEERE. 10639 Riverside, North
Hollywood, Calif. 91602

EXPERIMENTERS, Radio control enthusiasts,
Bramco five tone reed relays. Standard frequen-
cies. Brand new, boxed $4.00 each. E.S.P,
8913 Cermak Rd., N. Riverside, 1li. 60546

e ey =

AUDIO

g

— HI-FI

CASSETTES CASH IN ON a tremondous All-year
round market. Send for lowest pricing and de-
tails. Inctude $1.00 for 2 cassettes samples.
DICTATION PRODUCTS, P.O. Box DPK, Hallan-
dale, Fla. 33009

FM BACKGROUND MUSIC ADAPTER. Compact
line-powered MUSICON MX-7 plugs into any
FM Tuner or Receiver. Optimized dlsign guar-
antees 5 years of commercial-free music with-
out adjustments! Works with your equipment
or we refund. Send stamped self-addressed en-
velope for SCA stations in your area. Lowest
price ever . . . $35 postpaid from K-LAB, Box
572R, S. Norwalk, Conn. 06856

TAPE i TRANSPORT—7"

STERE(; reel—2

speeds—pause control—made for famous
manufacturer—50 to 15,000 Hz.with rec/play

and erase heads. Without case. Send M.O. or
check for $19.50 to STEREO CENTER, 218 Co-
lumbia St., Utica, N.Y. 13502. $2.50 for pre-
paid shipping and insurance.

' |
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Type

Description Case

It's The Biggest! IF's The Most Popular PENNY SALE IN THE INDUSTRY!

LENT

Each

Type D iptio
] 900 Buffer ... yp escription Case
[J 900* Dual Buffer ] 960 Dual buffer ... .5 2 fOI“ $I0'
[ 903 Dual 3 input gate .. (1 923/940  J-K flip flop . .5
] 903* Dual 3 input gate [ WC210** 2.3 in line driver . F
7 904* Dual half adder .. 0 WC215** JK flip flop ... .
[] 908 Full adder . [0 WC226** Triple 3 in. gat F
] 909 Buffer .. [J WC227** 10 In. Diode expand ....F
[J 910 Dual two input gate [J WC26i** Dual 4 In. gate ... F 1 )
J 912 Half adder ... [J WC266** Quad 2 input gate .. . F ARE
7913 Shift register (] 5G-43  Dual 3 In. gate ... N -
E]y ;;;/m guall ; inpuf/ga?e . B ge-lm Expandable 8 In. gate .N SG=Svlvania;
ua in. w/expand . G-163 Triple 2 In. bus driver .N NE=Signetic, §
¥ - 2 , Sprague,
0 926 Hi speed 923 . [J NE-124** R-S-T binary ... F WC=Westinghouse;
Code: * 2 identical ICs in 1 pak. ** DTL, otherwise RTL. F=flat pak; N=dual inline; 5=TO0-5 case.
TEXAS-NATIONAL DTL TTL ICs! FALL-CHRISTMAS LIMELITERS
Type Description Sale § [] 2-FT. finished fiber optic lite pipe ... - $1.
[] SN7350F * Quad 2 input gate . ...... ..... .99 § 1 709 OP AMPlifier .. ... .. ' .81,
[] SN7400N Quad 2 input gate ........... .99 § L 2—N CHANNEL plastic Fets 2N3819 Texas . $].
[J SN7404N  Hex inverter ... ............ . 1.19 § L] 2—UNIJUNCTION transistors 2N48971 . .. 1.
[] SN7430F 8 Input Nand gate ... ... .99 | L 1—IG MOS FET P channel 2N1353 , .. ... 1.
[J SN7440F Dual 4 In. Nand buffer . ....... ,99 | LJ 5 CLAIREX photo elec cells pancake . . . .. .$1.
[J SN7441N BCD-to-Decimal decoder-drvr 5.95 | LJ 3—TRIGGER diodes for Scrs, Triacs . . . . . - $1.
[J SN7442N  BCD-to-Decimal decoder . . ... .. 5.95 % ?;‘—IIAMA:PI:OOOP];]VV sil rectifiers . ..., .§].
SN7470F J-K flip flop ... ............. . A 0 rectifiers . ., ., .., .¢7,
E SN7472N  J-K master flip flop . .. ... . ]93 [ 4 NIXIE tube driver transistors 2N4409 . ., .g:
[J SN7473N  Dual J-K master slave flip flop . .1.49 [[J 2—7-AMP 200 PRV scrs . .. ... . . LL$T.
[J SN7474N  Dual 'D’ type edge triggered E f-‘x:;; v?’-EEsrl_’AiIiT nu‘(‘iig amp .....,.., $3.98
] D 10D V1% o Fa 2 A im0 ol o 1,49 - inghouse WC334 audio amp . . §1,
[J SN7475N  Quad bi-stable latch . . . . ...3.95 O 1—15-AMP Triac 200 PRV la e acls gln o o .;I.
[J SN7490N Decade counter , ., .. ... .. . 4.95 JL] NE161J One shot multivibeator Signetic $1.
[J SN7492N Divide by 12 counter . . 4.95 |1 2 MICRO reed switches 1”7 long . ... ... .. 1.
[ SN7493N 4 Bit hinary counter . ...... ... 4.95 fJ 100 Transistors asst npn-pnp-pwr-no test . .$1.98
L] $N7302F * Dual J-K flip flop with preset ...1.29 |[] WESTinghouse positive volt regulatar
[J SN7304* Dual J-K flip flop with preset 0 £0 d0-VIDE sl 492151 i sombuniom $1.19
& clear L i ad . o voe 6 e crons K e 1.49 7 " Z T "
* DTL, others TTL. F=flat pak. Nedual inline [J 10¢ catalog on Fiber Optics, ‘ICs', Semis, Parts
- Terms: add postage. Rated: net 30, cod’'s 25
(] IBM 4000 Bi+ MEMORY Only Phone Orders: Wakefield, Mass. (617) 245.38;75
core plane, from computer #1401, 58.50 Retail: 211 Albjon, St., Wakefield, Mass.

P.O. BOX 942R
LYNNFIELD, MASS

Circle 89 on reader service card

- AMAZING OFFER

nw-f{;;;““ RADIO & TV SERVICE DATA
1

B —=r] Your best, complete source for all
{Television] | | heedea RADIO and TV diagrams and

oreg Inferatt helpful servicing data. Most amazing
values. Only $2.50, $3, 84, per giant
volume. Cover all important makes,
models of all periods. Use this en-
tive ad as your no-risk order form.

) == NO-RISK ORDER COUPON —
! TELEVISION SERVICE MANUALS !

Supreme TV manuals are hest for faster, easier TV
repalrs. Lowest priced. Factory data on practically all
sets. Complete circuits, all needed alignment faets,
wiring-board diagrams, waveforms, voltages, produe-
tion changes, and double-page schematics. Only %3 and
$4 per large annual manual. Check volumes wanted,
send entire advertisement as your order form.

E New 1970 COLOR TELEVISION Manual, only $4.
New 1970 B-w TV, $4. [11969 COLOR TV
[ 1969 B-W TV, $4. ] 1968 TV, $4. [J 1967 TV,

6 TV, $3. 3 Additional 1965 TV, $3.
31964 TV, $3. [ 1963 TV, $3.
A TV, §3. T} Early 1962 TV, §3.
1961 TV Manual, $3. 1960 TV Manual, $3.
Adiitional 1959 TV, §3. ] Farly 1959 TV, $3.
58 TV Manual, $3.  [J Additional 1957 TV, $3.
955 TV. $3. 1954 TV, §3. 1951 TV, $3.
Master Index to all TV & Radio Mannals, 25¢.

RADIO DIAGRAM MANUALS

Get these low-priced radio manuals and simplify all
repairs. Cover everything you may need from recent
radios to prewar old-timers; all type radios, stereo,

combinations, transistor portables,
T

R

|

|

|

|

|

I

|

|

|

I

I

I

|

| FM-AM. and auto sets. Large sehe.
matics, all needed alignment facts,

I Printed boards, voltage data, dial

[T ot i ek o

I » pages, eac]

I

I

|

|

|

!

|

i

]

i

[

L] 1966, (7 1965, (] 1964, [] 1963, 11962, [ 1961,
3 1960, (7 1959. [J 1958. [ 1956, 1 1955, 7 1954,
£ 1953, (1 1952, (3 1951, ] 1950. [J t948. [] 1946,
(3 1942, 7 1941, 37 1940, [ 1926:38. EACH, $2.50

[J 1965 Auto Radios, [] Simplified Servicing, $[.50
Also [] New 1967-1969 Combined Radio Volume, $4.00,

SUPREME PUBLICATIONS

1760 Baisam Road, Highland Park, ILL., 60035
Rush today TV and Radio manuals checked in

no-risk order form of this ad. Send postpaid. I am

enclosing full price. Satisfaction guaranteed.

I
|

State:

SCHOOL
DIRECTORY

EDISON TECHI:nWin

Occupational Tralning Specialisis Since 1945—Engi-
neering and  Voeational Technicians
Intensive industry-oriented programs in Eleetronics
Engineering Technology (Associate Degree in 72 wks) ;
Electronies Technology :
Television Technology.
with confidence. Accredited by the Accrediting Com-
nission. National Association of Trade and Technical
Schools. Approved for Veterans. \Write for Cat. RE10.
EDISON TECHNICAL COLLEGE
4629 Van Nuys BI. Van Nuys (Los Angeles) CA 91403

_ TRIACS

INTEGRATED CIRCUITS f
SEMICONDUCTORS S TRIACS

7A SCR’s) 6 sets/$1.00
14 x28 stud (30 amp. rectifiers,

RECTIFIERS

|| FIBRE OPTICS

distinguished graduates

hold important engineering and management posts through-
vut U.S. Professionally-oriented college with outstanding
placement record. Fuur-quarter year permits degree in
three years. Dedicated faculty. Modern labs. Small clasges.
400-acre campus. Accredited.
vets. Moderate total cosls. En(er Jan.. March,
June. Sept. For Catalog, write Director of
Admissions, indicating career preference.

TRI-STATE COLLEGE

24100 College Avenue, Angola, Indiana 46703

plastic units, low noise, low
leakage, 25 volts source to gate, 50

PRV. | 1A | 10a 20 amps SCR’s) 4 sets/$1.00 1/32° 2.5 mil. fibers in PVC
160 | .50 | 1.00 MRTL IC's packet. $ .33/1t.
200 | .80 | 1.40 COMPLETE LIGHT
- 2 908 FULL ADOER .
300 | 1.10 | 1.80 912 HALF ADDER . GUIDE BUNDLE
NS EREi 400 | 1.40 | 2.20 813 REGISTER ... L ) consisting of an 11" length of
Iy o 500 | 1.75 | 3.00 940 JK FLIP FLOP ......... .50 tl)gl?sd e?\lgs;. fiber op;xzc.soow‘;;tj
Bletromechanical Drafting ! ER900 TRIGGER DIODES. These TTL IC SERIES ! . ok
iraduates in  demand—train iodirectional trigger diodes Controlled A nche
of the' best and'tl:%learpeslt metﬁ:jso?g EEC1A102E D?lla‘ilfl(ﬂ}"llpﬂn """"" $$gg E:gxr: Rec'iﬁ‘;arsal AM:r
trigger SCR’s and triacs . . . 3/$1.00 MC 415 IK Flip Fiop P. 85 | [ pRv PRV
1 MC 400 Dual 4 input
. UNIJUNCTIONS! NAND/NOR gate . .70 160 | .07 600 | .16
o ratio ot Cand 1 3 5hsand 4 Bit Storage Register . 1.25 | 200 | .09 | 800 | .20
heat .80 1 1P ot 12 with data g4y MSI ONE-OF-TEN | 400 | .11 | 1000 | .30
{7 N-CHANNEL  FET'S  T0-18 DE

Silicon Power Rectifiers

Silicon Control Rectifiers

GET INTO

ELECTRONICS

V.T.l. training leads to success as
technicians, field engineers, specialista

communications, guided missiles,
computers, radar and automation. Basic
& advanced courses in theory & labora-

Electronic Technology curricula
tlable. Assoclate degree in
mos. B.S. also obtainable. G.I. ap.
proved. Graduates in all branches of
electronics with major companies. Start
Sept., Feb. Dorms, campus. High
school fraduate or equivalent. Catalog.

VALPARAISO TECHNICAL
INSTITUTE
Dept. C, Valparaiso, Indians 46383

HARDWARE KITS.

These kits are used to mount our
SCR’s Zeners and Rectifiers etc.
6x32 stud (3, 12 amp rectifiers,

Post Office Box 74D

WWW.americanrad

Terms: FOB Cambridge, Mass.
Send check or Money Order. include
Postage. Average Wt. per package
5 1b. No. C.0.D.’s. Minimum Order
$3.00

Somerville, Mass. 02143

Circle 86 on reader service card

iohistorv.com

Approved for z?nhog'ast.e gD $90%% I_FRV I i I 124 I a0 | PRVl Cy I L :20A| 708
2N4303, P channel FET with a | | 90 | .09 | .24 | .50 | 501 .30] .35| .70
Q ms of 2000 xohms ......$.95 |_200 | .16 | .35 | .80 | | 100 | 40 .551.00 | 4.00
MM 2260. An NPN TO-5 silicon unit 400 | .20 l -45 I 1.20 ?00 |_.60 -80 i 1.30 | 8.00
;Jsed. ftor_ viéje?_vyoutpq:h circuits ir; | 600 ] .30 | .70 | 1.50 :gg |i 133 ] :gg ;Zg || 5755
ransistorize S, Wi a gain o i 800 '40 .85 180 o . . g
35 and ¥eb of 75 ¥75 Hooo : 50 : 1.10 : 2.20| | | 500(1.25]1.60 | 2.50 |
MOUNTING = - 600 | 1.50 | 1.90 | 3.00 | 16.00

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridge, Mass.

OLID

BIGGER AND BETTER
BARGAINS.

ALES

Tel. (617) 547-4005
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MARKET
CENTER

UNSATISFACTORY “live’” recordings? Inex-
pensive new products for improved microphone
fidelity and flexibility are available. Write
RUSSOUND, Inc. Dept. 3, Box 1015, Framing-
ham, Mass. 01701

NEW BSR record changers; $13.00. McDonald
300-18.00; 400-$20.00; 500-$25.00; AM/FM
component system-$50.00. DAVIS, Dept. RE,
2737 Third Ave., Bronx, N.Y. 10451

741P TEXAS INSTRUMENT OPERATIONAL

AMPLIFIERS—$2.00 pius postage. BALL ELEC-

ggzoslycs, Box 68, South Willington, Conn.
5

RENT 4-track open reel tapes—all major labels
—3,000 different—free brochure. STERIO-
ggrg‘ll, 55 St. James Drive, Santa Rosa, Calif.

SAVE over 331/3 on a pair of one of the
World’'s Best Speaker Systems. Shipped Direct
to you from factory. Try them in your home
for thirty days. KGLL, INC. water Street, Lew-
iston, Maine 04240

EDUCATION/
INSTRUCTION

TV TUNER REPAIRS—Complete Course De-
tails, 12 Repair Tricks, Many Plans, Two Les-
sons, all for $1. Refundable. FRANK BOCEK,
Box 3236 (Enterprise), Redding, Calif. 96001

“HDW TO INCREASE TRANSISTOR RADIO RE-
PAIR PROFIT.” write X T R, Box 1556, Las
Vegas, Nev. 89101

MEMORIZE, Study: “1970 Test-Answers” for
FCC First and Second Class License.—plus—
“Self-Study Ability Test.” Proven. $5.00. COM-
lglAl;lg, Box 26348-E, San Francisco, Calif.
41

ELECTRONICS Engineering. Day or evening
classes. Bachelor of Science Program eve-
nings. Associate in Science Program day or
night. If you are married or if you must work
for a living while obtaining your education,
this is the college for you. Approved for Veter-
ans. WESTERN STATES COLLEGE OF ENGI-
NEERING, 970 West Manchester Avenue, In-
glewood, Calif. 90301

FCC First Class license in six weeks: Nation’'s
highest success rate-approved for Veterans
Training. Write, ELKINS INSTITUTE, 2603 E In-
wood Road, Dallas, Texas 75235

*  INVENTIONS
& PATENTS

o

- = - e »%g
INVENTDRS: Protect ySur ideas! Free ‘‘Recom-
mended Procedure". WASHINGTON IN-

VENTORS SERVICE. 422X Washington Build-
ing, Washington, D.C. 20005

INVENTIDNS Wanted. Patented; Unpatented.
GLOBAL MARKETING, 2420-AE 77th Ave., Oak-
land, Calif. 94605

FREE ‘“Directory of 500 Corporations Seeking
New Products’’. For information regarding de-
velopment, 'sale, licensing of your pat-

and prices in first letter.

BACK ISSUES WANTED

of the following magazines: Television, Television News, Short Wave Craft,
Short Wave and Television, Radio and Television, Radio News. Also other
magazines on the same subjects. Pre 1950 only. Quote exact dates, titles

Monogram Publications, Inc., 21839 So. Avalon Blvd., Torrance, Ca. 90502

BLUEPRINT TO PROGRESS

(continued from page 69)

technician can tackle is that of a frec-
lance writer of technical material. This
is a highly competitive area, for his ma-
terial must match or even surpass the
standards of writing in the field. Fur-
thermore the subjects he chooses- and the
way he handles them must attract the
attention of editors.

But even with the best of presenta-
tion, the market is limited. Unless the
writer can produce a terrific amount of
good material, he will have a difficult
time making a living. He may be able to
obtain a contract to do one or more spe-

e WORLD'
NEST GOV’

N

Now BIGGER and
BETTER Than Ever!

-— —MAIL THIS COUPON NOW~—=

For your FREE copy, fill out coupon and mail. Dept. RE

FAIR RADIO SALES
1016 E. EUREKA * Box 1105 * LIMA, OHIO * 45802

90

cific jobs that will pay well for a short
time. One such area is writing technical
films; but the competition is fierce and
the chances of landing such a job arc
fairly limited.

Requirements for free-lance writing
include the ability to plan and write
clearly, but even more, an aplitude for
recognizing a saluable subject and the in-
centive and energy to do the research
necessary 1o make an article or book in-
teresting and diflerent. There are any
number of writing courses at colleges
and correspondence schools that  will
give a technician the basic tools he
nceds. But he must be ready to serve a
long apprenticeship before his material
will be regularly requested and paid for.

The different positions discussed do
not exhuast all the possibilitics open to a
technician seeking to progress from an
hourly to a salary position. They should,
however, indicate that the path is defi-
nitely not closed. Assuming he has be-
gun his education program early to an-
ticipate  openings. he then should
indicate his qualifications to his super-
visors and "his readiness to move into a
salaried position. With his technical ex-
perience he should have a decided ad-
vantage. R-E

WwWWW. americanradiohistorv.com

ented/unpatented invention. Write: RAYMOND
LEE ORGANIZATION, 230-U Park Avenue, New
York City 10017

GOVERNMENT
SURPLUS

DIFFERENT? YOU BET. INDUSTRIAL AND GOV-
ERNMENT ELECTRONIC SURPLUS AT LOWEST
PRICES. GET OUR LATEST LIST NOW! STAR-
;l;zolr;lcs, BOX 17127, PORTLAND, OREGON

JEEPS Typically from $53.90 . . . Trucks From

$78.40 . . . Boats, Typewriters, Airplanes, Mul-
timeters, Oscilloscopes, Transceivers, Elec-
tronics Equipment. Wide Variety, Condition.

100,000 Bid Bargains Direct From Government
Nationwide. Complete Sales Directory and Sur-
plus Catalog $1.00 (Deductible First $10.00
Order). SURPLUS SERVICE, Box 820-REL, Hol-
land, Michigan 49423

WANTED

QUICK CASH . . . for Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N.Y. 10012,
212 WALKER 5-7000

el

GENERAL p

i - rye > HER
SPEAKER RECONING, replacement grill cloth,
vinyl covering, hardware. For price list send
self-addressed, stamped envelope: CREATIVE

SOUND PRODUCTS, 262A
Ohio 44310 Cranz Place, Akron,

PEP’$ Dollar Sale
$1 Money Back guarantee 51

1 Amp Silicon Rectifier
choice of package [ sty el $1.00
Bu’l;eetl;Mlmature Glass- H g;ggv uni;s g}gg
5 -200V  units .
5-800V  units $1.00 H
Zj000¢ units $1.00° [ 360V bmi 31,80
- its $1.00 : g
ok units $1.00 20 AMP SCR
3 AMP Epoxy Package [ ] 2-50V  units $1.00
(1] 10-100V wnits $1.00 [] 1-300V unit $1.50

[] 5-400V wunits $1.00

Gen_Purpose PNP
[1 22000V units $1.00| Germ Trans:

Germ Transistor Similar

— ‘ to 2N404
l TRIACS []8 For $1.00
| PVR | 10A ZENER DIODES
3 Watt
;gg |__1.00 10 Volts
{140 03 units  $1.00
300 | 1.90 | 7ENER DIODES 1 Watt
400 | 2.30 1 EA 4V-6V-8V-10V
500 | 2.75 J4 units $1.00

GERM GLASS DIODES

SILICON STUD MOUNT DO7 GEN PURPOSE
20 AMP

20 Units $1.00
[J 3-100v  units $1.00! Replaces 1N-34 1N-60
[11-1000V unit $1.50' IN-64 1N-295

I.C. SUMMER SPECIAL
14 Lead Dual In-line Pkg.
Perform same function as 700 series
Master Slave Flip Flop 75¢ @-—5-$3.00
Quad 2 Input Nand Gate 75¢ @—5-$3.00

16 Bit Memory Cell—$4.25
14 Lead Dual In-Line Pkg.

CIRCUIT BOARD COLOSSAL
3 different groupings to choose from
Typical samples below
A) 200 diodes—7 transistors—over 50 resistors—
complete with board!
B) 32 transistors—over 100 resistors—capacitors—
S.C.R.’s over 15 diodes—complete with board!
Price $1.75
C) 22-11 lead dual in-line [.C.'s—over 50 diodes—

capacitors—4 transistors—over 50 resistors—
complete with board! Price $2.50
3 FULL WAVE BRIDGES
PRV | 2Amp | 3Amp | SAmp | 10Amp
50v | 125 | 135 | 150 | 1.70
100v_| 150 | 160 | 1.75 | 1.95
T200v | 175 | 1.85 | 2.00 | 220
400V | 200 | 210 | 225 | 245
600V | 250 | 260 | 275 | 2.95
| 800Y | 3.00 | 310 | 3.25 | 3.5
PARK ELECTRONIC
PRODUCTS

P. O. Box 78 N. Salem, N. H. 03073
Tel. (603) 893-0276

NO SALES TAX WE PAY POSTAGE

Circle 87 on reader service card
RADIO-ELECTRONICS
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U.S. GOV'T ELECTRONIC SURPLUS

® MNationally Known -World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic units and
Ccomponents at a fraction of their original acquisition cost.

IBM COMPUTER POWER SUPPLY

gt

iy

® (ITEM '011-93! }--
lated

Fapensive,
Ll

alages, (0"
-!8 e Wi range

WeStEsinmers, flters, rraasestat load
IIIITRSYN ulehendral ot line valtaze

% ek

nations, NS 1 sepatate mrnl‘(‘r 43
s¥stens. i I\ || asied withiet sl e g ¢ 1
ummg Card whieh o t van 1%

. Tt 1S lice !
lll.\h(‘l'. 3007 % 123 Ihs
$24.95 ¢

Coat Gyl
Over §3mth
ONCE-IN-A-LIFETIME SPECIAL

BURGLAR-FIRE ALARM SYSTEM
® (ITEM#1435-4) - - Tal alarm

SYSUem @i es wammg of fire ar beeak-in
Opevales on 113-VAC. Contral umi, 20
hlide Mash Vire, 2-meccury columa, -door
Window actuators. alam  hell, 100t
wire, instuctons, 810y 7 A3 Ihs.}

STANDARD DIAL TELEPHONE

® (ITEMATI5) - - Stadard,  commesclal f
telephone same us used lhruuL’llnnl 1S.AL Attrace [
tive golished hlack, lihe new condition. Use a5 Original
Sxiension phone o privite Systems of cnanect Cost
several phones tageth Jical intercam sys- o
tem. Full fustruetions are fumishod. i 8 108, §24.50

$7.49

STEP-BY-STEP TELEPHONE SWITCH

® (ITEM #1-906 ) -~ Amasing telephone seloctar

switch. Great eaperimental item. When used with fwoe

wire telephone dial will seleet any number frum 0 to 100,

Make intercom or privaie S 10 um o0 remote

lIEIItS ‘\.llrl motars, nlete with ttect hank,
016 IS Cast Over $90.00

$6.29
' ® Talephone dial fur use with above switch,
K. Ordder as ( lem 7700 ) e sl 97 w

MAGNETIC DIGITAL COUNTER(12 to 18-vDC)

2 . CITEM #21-959 ) - - yice 1 cpunt electrically,
=S Use o count number of times door % opencd afior
’ S hisiness s closed, to show changing prices, labors.
F tory uses ete. Will count | for each puls(’ and wIII
\%\ fansier Hh caunt to nesr nnft. 4, x 33, Lo
hree 54 99

i
(RN l):e:Slsﬂﬂ rach $1.99

TYPICAL BUYS FROM OUR 1970 CATALOGS

©5 10.00  {{5-Voit DPDT Relays.............. s $7.69
© 310400 Regulated Transformer, Wide Range.......... $14.91
®$ 7500  20-Relay Telephone Panel.......... $4.39
® $250.00 Gyroscope, Twin Rotar, 23V.. v $9.89

AC PROGRAM TIMING CLOCK

® (ITEM HI58) - Zenith 115-VAC wil. Use
Ior periodic signaling, work lreaks. classes. wi
radio, 1 saicch g
y e in 24-hour gellnd 150 has *‘skip-a- o
Can be muliiple yggmnmed. 15y con-

X G% A 4
$15.75

Cost Gov't
Over $30.00

® (ITEM #ZHH) 7 pileasures AC current without
opening the line. s handle and Snar, the probe
around the cunduc(nr m- |. currents Irom .2% (o [23-
amps. Iteads valtages to 500, reas ohms up th 500 Teot
molors, appliances, ete. Three current [nges. two volt-
@ge ranges. With case, (est leads, 3% x 3" o

$36.90 g e

E

(21bs. }

SPECIAL SALE i
Correspondence || \ f

Course In “ S ?—F

e Ja7

$10.7 9 ouside v.s.4.

[] ( ITEM HA 180 ) - - Obiain techiica! truining at lww enst? Lincoln
Engi ey b(hmﬂ has suspended its Cairy respondence Courses because
IE Costs. A limted mumber of Electrical Encivecting Coutses are
avatahle, hut wilhout the examination grading service. The course con.
s18(s 0f 15 lessen books, cach with associated evams and standard ane
swers, Rook describmg priar wlnn(ng Home Fapenmental laboratory
Ttench fumished at no extra c

RUNNING TIME METER

® UITEM #2188 ) - - ntecord number of op-

erating hours of electric lights wnd electrical

devices such ag re Irigerators, fumaces, etc.

Necords tatal hours, teaths and hundredtis Lo

e 2 - 115ewit, fiecye

Size $4 N3 V25, Shipning seight 2 e, d
$4 39 Cost Over $29.00

COMPUTER TRANSISTORS ON HEAT SINKS
1BM Computer Quality Units

® (#22-928 ) -~ Unit cansists of one 150-
Wil pawer transistor on  heavy, ribbed,
alummim  heal sink. Maa¥  evperimental

uses, (11h.) $|.99

Cast Gov't Over $10,00

® (#22-915) - - Ut consiats of two 150~
Wall  power  (ransiStors Bt several
diudes, capacitars, !E\len'\ fle. an heavy,
tibbed alumiaum heat sinks. ldtil for vse as
mutor speed cantral. {4 1ps,

$4. 9N

Cost o't Over §33.00

/
CEPT. RE 100 LINCOLN, NEBR. 58501

OCTOBER 1970

1000‘s OF UNUSUAL SCIENTIFIC BARGAINS

SPECIAL UNIQUE

o2 e Profit: £

Areclocdling. -
 RYHEIEUCLIGHTING

CHROMATIC “MACHINE-GUN” STRORE

Red. Green, liue & White
light harrage the eyeballs
every 6 seconds with this
low-cost mechanical strohe
that ean run  continucusly
without rear of burning up.
Devastating ettects over 500
ft. sq. arca. Created by
rotating color wheel in front
of 100W 120y  reflector
tloodlamb  (inel.)—elements
seent 1o flash on & off as
Turns store windows, posters. parties into
Convection cooled. Walnut

colors thuctuute.
Hashing. pulsating productions.

cahinet, Brass hawile. Ites. house curreni.

Stock No. 71.271EH ... (9 X 10 X 6%%")....$28.50 Pud.
PSYCHEDELIC LIGHTING HANDBOOK

1o infurmation packed

S pages! Irully explaing latest

In psyehiedelie lighting

i ﬁ equipment. technignes. de-

velopments. Covers all facets
of  pxyehedeli light -show
. broduction including strohes,
“ black lights, projeeiors,
crystals. orgunie slides. mir-

S

rors, color organs. polarized

Bt mee color, light hexes.  Musie-

hswn. ete. 8% x 11 looseleaf p'lpcr for 3 ring hinder.

Stock No. S100EH ........ . E .$3.00 Pnd.
LONG WAVE BLACK LIGHT FIXTURE

i Exiremely  versatile, com-

pactly desigued, long wave
(3200- 4000 ungstroms) black
light (ultravielet) fixture—
; eliminates harmful  shorter
wave ultraviolet rays. [Usc 10
identify minerals. fungi,
hacteria— check for surface
flaws, oil and gus leakage—
perfect for display I flu
b # grescent paper, paints, chalk
crayons, trace powder. Inel. adjustable aluminum refleetor,

push-pull switeh, connecting plug. Mount vert.. horiz.
or on corner. 10”7 L., 1%” W. 14" |1

Stock No. 70,364EH ......... ... ... . .. .$12.50 Ppd.
No. 60,124EH REPLACEMENT BULB .. $4.75 Ppd.

MIRRORED BALLS BOUNCE LIGHT
Yesteryear's hallrooms echo
in  mirrored lights  that
richochet to the heat of to-
day’s discotheque. Up to
1,000 lustrous. clear, hund-
made glass mirrors on each
ball create fantastic lighting
effects. Motorized—itliey cast
reflections that hlow the
mindl Ideal for light shows,
dispiays, restaurants, hotels,
and modérn siores.

Stock No. 71,066 'EH™ .... (12" Diam.) .$30.00 Ppd.
Stock No. 85,180 ‘EH"’ (16” Diam.} '$75.00 FO8
Stock No. 71,065EH" ( 8” Diam.) $17.50 Ppd.

NICKEL-CADMIUM BATTERY BARGAIN!
Territic valne—slightly used
gov't surplus. Lightweight
5 cell, 6 volt, 4 Amp-hour
battery with almost unlim
ited life. Kxtremely high
current output. Hecharges in
1 _hour with FEdmund kil
\Won't deteriorate when lef
discharged. Minimum main-
tenance—few drops of water
per year. Hugged, shoek-
: and-vibration resistant nylon
case. Delivered partialls charged, filled with electrolyte.

3% x 27 x 6”.

Stock No. 70, 942EH (BATTERY).... .. $15.00 Ppd.
Stock No 70 B807EH (CHARGER KIT)...$ 8.00 Ppd.
GLASS FIBER OPTICS KIT

Low-cost kit
C\nennmntmg

perfect  for
Variety of

nieces, items. acces~ories.
Contains 9”7 bundle of un
Jacketed, 2.6mil fibers

(ahout 600) ; n\el\c 6”7 plas
tic fibers (20mil); 5 ft. X
0.087” dia. coil of LI'VC
Jucketed (about 200, 2.5mil
fivers): 1 ft. light guide
w/polished ends & hes
shrink tips: lcolu;rcnt, lie; 5
T (1% X ¥* dia.); 1%” rod; heat-shrink niateria
(qt’i’ ); 11/21” dia/./8 X .110” thick. polished face plate; 15”7
dia. glass plate; 513" pen]ighlt. & g;dn(mer (needs 2 A
cells, not incl.) : plano-convex lens; instr.

Stock No. 71.285EH . .................... .$10.00 Ppd.

1st LOW-COST VACUUM PUMP!
. Nothing like it! Top-quality
@ ! hand-held pump produces &
3 maintains 25" of vacuum.
Ilax instant release tab. 164"
dlam. stainless gauge (0-
30”). 100’s of uses—:iphon
noxious tluids, evacuate hell
Jurs and eastings, clean. re-
trieve. lift sterile ohjects.
demonstrate Magdeohurg
hemispheres, hleed fuel
tines. eheck leaks. ete. Lifts

40 1bs. with included ““T*" Lifter (22" diam. eup)—
much more w/larger cup.

Stock No. 71.30/EH $12.00 Ppd.
No. 71, 300EH (without gauﬂe/hﬂer) .. 5.50 Ppd.

EDMUND

SCIENTIFIC CO.

ORDER BY STOCK NUMBER

300 EDSCORP BLDG.
BARRINGTON, NEW JERSEY 08007
SEND CHECK OR MONEY ORDER - MONEY-BACK GUARANTEE

3-CHANNEL COLOR ORGAN BARGAIN!
Create treiendous variely of
unusual & beautitul lighting
eects  with this low-cost
tep-quality 1500-Watt unit
(300 \WV. ner channel). Com
bare with others selling for
twice the price. Ias pilot
light, plus individual sensi-
tivity controls and ehannel
indieator ]igm‘. Can operate
ten 150 \W. “spots’’ or 200
Chrisimas lights. (Tses reg
house curreni—attaches to audio source w/RCA-1ype phone
plug. 5147 x R3;” x 214” 214 lhs. Thermal setting plastic
case. 6-ft. cord.

Imludmﬂ <omnlete uhtructlons
Stock No. 71.223EH $44.50 Pod.

3" ASTRONOMICAL TELESCOPE

See moon shors, orbits-sturs
phases  of  Venus, planets
close up. 60 to 180 power.
Aluminized and overcoated
& linmerer /10 primary
mirror. ventilated cvll
Eauatorial mount with locks
on _heth axes. Kauipped with
GOX  evepivee amd mounted
sarlow lens. 3N finder tele-

seupe, hyrdwood tripod

FREE: ‘“STAR CHART": 272-page “HANDBOOK 0

HEAVENS": “HOW TO USE YOUR TELESCOPE’’
Stock No. 85.050EH ....... . .. $29.95 Ppu.
Stock No. 85.105EH $94.50 FOB
Stock No. 85,086EH ........ 6" ....... $239.50 FOB

ROTATING MULTI-COLORED LIGHT
Dazzling colors stream end-
lessly from constantly rota-
ing light. Facetted. trans-
parent  globe has  louvered
Irum inside with red, green,
lue & yellow stars. Rulb
heat ratates drum which pro-
jecls fliekering star points
on walls. ceilings. ete. while
individual globe facets pre-
sent constantly changing ar- =
ray of hrilliant colors. 9%~
star—approx. 127 high 0n4 boll shaped hase. ﬂurpnsmgly
light. Kasily placed on t'\h!o TV, tireplace, or Xmas tree top.
Stock No. 71.000EH 7.00 Pug,
PLUG-IN ULTRASONIC ALARM/LIGHTER

cconomical, easy to
ull. No special attach-
ments or electrician needed.
Just plug  in sockel—then

Nitent,
instull

plug lights and/or alarm
inte it. Activates when it
“‘hears™  someobe. Resets

automatically. Ultra-sensi-
tive up ft. Neositivity
control can arjust out pet
ngise. Convenient for night
light—ecliminates  fumbling
roinjury in darkness. Ideal for apartinent, home, office,
olant. Walnut finish with built-in timer, on-off switch.
SOWZN neulum\ 110-130v. 60 HZ.\(‘
Stock No. 7t. 283EH (103" X 347 X 3%2")  $69.95 Ppd.
1st QUALITY OPAQUE UNDER $200

Territie Buy! Top Quality!
T'rojects brilliant, sharp 4%

fi. s image from 8 using
up 1o 37 color, baw il-
lustrations. Retains all ori-
ginat  celors, BropoTtions.

Knlarges  odrawings,  cotns, L
maps,  ete Revolutionary
peanut-size quartzs 1lalogen
lamip (30 hr. life), 200min
anastigmatio lens (3.5, 87
¥.L.) unigue internal re-
leeting  system give maximum
focus. Can be used_upside down.
Stock Neo. 71,272EH (Wt (1Y Ibs.)

entire field
Turbo-cooled. 5% ft. cord.
...... $89.75 Pud.

QUICK OCR “GO ... NO-GO” TEST!

brightness,

New, low-cost way to save
timme & meney in OCR oper-
ations by deteeting  im-
nroper characters, lines,
spaving  bhefore  problems
occur. Two  27mm reticles
with  hand nocket-sized
6X Com :mr for checking Tt
ANNI size T &IV character §-

s
Vj 33423
Szt K

3

set IStehed with transp. red

ink., Quickly. easily cheek

character size, shape. skew

& spacitg: line spaeing & skew; siroke width:

voids,

smudxze~ peaks, valleys, marks, Eng]mh & metric scales,
No. 50EH (With Comparator) . .$34.50 Ppd.
SIZE I RETICLE ONLY- #30,642EH ......$11.00 Ppd.
SIZE IV RECTICLE ONLY.#30,643EMH $10.75 Ppd.

148 PAGES—1000's OF BARGAINS
1971 edition. New items.
categories, illustrations. Dozens of eleetri-
eal and eleciromagnetie parts, atccessories.
Knorous selection of Astronomical 'l'ele
seopes. Uniaue lighting items. Mieroscopes,

MAIL COUPON FOR GIANT FREE CATALOG

Comnletely new

Rinoculars, Magnitiers, Magnets, Lenses,
I'risias.  Many war surplus items. Mail
coupon for catulog "K'
EDMUND SCIENTIFIC CO.
300 EDSCORP BUILDING
BARRINGTON, N.J. 08007
ME
ADDRESS
CITY STATE ZIp

Circle 88 on reader service card

WWW . americanradiohistorv.com
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Rebuild Your Own Picture Tubes?
With' Lakeside Industries pre-
cision eéquipment.
any pleture tube!
For comnlete details, mail coupon.

you can rebuild

Lakeside Industries

5234 N. Clark St. I
(,hicagu, I1I. 60640 I
Phone: 312-271-3399 }
AME

AMAZING NEW ELECTRONIC

COMPUTER NOW AVAILABLE FOR
PERSONAL USE . .. AT AN
UNPRECEDENTED LOW PRICE!

For family fun or individual instruction, there's nothing quite like
the ali-new, all solid-state COMPULOGICAL TUTOR! Anyone from
8 to 80 can enjoy it while quickly learning digital logic and all
other aspects of computer operation. No prior math required. In
20 minutes time, you'll be solving intricate problems just like
computer professionals. You'll be entertained and enlightened as
you proteed to fearn binary numbers. fundamentals of Boolean
algebra, logic-building blocks and symbols, truth tables, com-
puter circuits, error-detecting logic, storage, programming and
many other fascinating computer operations. it adds, subtracts,
multiplies and divides . . _ in millionths of a second. Shows how

to apply computer to practical problems of accounting, economics
and finance. Perfect for home. school and office. Master assem-
bly board equipped with appropriate inputs and outputs, ptus all
circuits, controls and transistorized logic blocks (modules) re-
quired to work hundreds of problems. Big instruction manual
simply presents basic computer concepts, with all problems and
experiments ciearly diagrammed and explained. Desk-size, porta.
ble. uses standard flashlight cells (not provided). Order lor your-
self, your family, and for gifts to
executives, others. It's new

, students,
different . . . umque' Only

$69.95 postpaid and fully gu'ar'arileed Free full-color brochure.

COMPUSAD, INC.

16 Wetmore St. = P.O. Box 10
New York Mills, N.Y. 13417

Use coupon below )

Please send at once . ... Compulogical Tutor(s)\
at $69.95, postpaid, with the understanding that if
I am not more than satisfied in every way, | may
return the Tutor(s) for a full refund.

NOTEWORTHY
CIRCUIT

SAFETY SWITCH FOR MINI-BIKES

One index of the ever-increasing
popularity of the minibike with the
younger set—particularly those too
young to own or operate cars—is the
number of injuries noted by hospitals
and pediatricians. Many of these in-
juries occur when the rider’s clothes

MOUNTING BOARD

TO COiL

switch made by sealing two contacts
in each end of a 5-inch length of glass
or plastic tubing bent in the form of
“V”. One contact on each end is
grounded to the frame and the other
goes to the high side of the coil or
to the “hot” lead to the spark plug.
The switch is clamped to a piece

of ¥4 plywood and mounted vertically

_. PIPE STRAP OR SIMILAR TO
FIT TUBE

GROUNDED GOES TO
SECOND COIL LEAD)

GLASS OR

— GROUND LUG (IN SONTE(
CASES WHERE COIL IS NOT

| HEAVILY INSULATED
"1 COPPER WIRE
(1 STRAND)

)

I PLASTI-BOND. ETC.

-GAP BETWEEN
CONTACTS LARGE
ENOUGH TO
PREVENT ARCING

\“ WRAP STRAPS WITH

CELLULOSE SPONGE
OR TAPE

PLASTIC
TUBE MERCURY
N ANGLE TO SUIT
/ APPLICATION SEE TEXT
4
N,

or some part of his person gets caught
in the rear-wheel spokes or between the
chain and sprocket after a spill. Being
aware that the rider does not have
time to cut the ignition when he
realizes he is about to spill; Mr.
Lindsey Ford, Balwyn, Australia de-
veloped a simple switch that kills the
engine when the bike tips.
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