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The better the turntable
the fewer the moving parts.
Ours have onlyone.

The oneis the Technics direct drive DC mator.
A DC motor tp escape wow, flutter and hum.
A DC motor that is brushless and spins at
33%3 or 45 rprso it doesn’t have the vibration
and noise problems of its faster competitors.

] WOW AND FLUTTER
« 4020 =
=
£ 4o0.10
>
fre 0
o
= -0.10|
(o]
—0.20 |
= 1 2 3 4
W BELT DRIVE B DIRECT DRIVE TIME Min.

And it has an analog feedback speed control
sc it never suffers from frequer.cy or voltage
fluctuations.

Thedrive system is just as important as
the motor. And direct drive doesn’t depend
on an idler wheel or belt. They had to go
because they st-ow their age and lose their
shape. Instead we put the platter right on the
motor shaft.

"“"-‘M-., T

200 PARK AVE oy, N Y. 00T

FOR YOUR NEAREST AUTHORIZES "0 S St

TECHNICS DEALEE, CALL TOLL'FREE
800 447-4700. {M ILLINOITS; 8€C 3222300

WWW americanradiohistory com

The improvement is obvious
FQEQU;;NCY SPECT RuUt4 OF RUMBLE
v

[ 25 50 60 €0 100 200
IFBELT DRIVE lDIRECT DRI/E FREQUENCY Hz

LEVEL dB
I g
1?

We makae three direct drive turntables.
The sL-11004, shown below, comes with a
professional-type tone arm, viscous-damped
cueing, illuminated stroboscope, variable
pitch controls and a dust cover.

The SL-1200 includes most of the same
features at amore modest price. And the
SP-10is for those who insist on choosing their
own tone arm.

Either way. The concept is simple.

The executicn is precise. The performance is
outstanding. The name is Technics.

Technics

> byPanasonic
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How to start making it

Since he got out of the Navy, John
Muirhead of Gales Ferry, Conn., has pro-
vided well for his family.

Twocars. A new house going up along-
side a wooded lake. Even a handsome Great
Dane named Sherman.

But John has bigger ambitions.

“f want my own air-conditioning busi-
ness. Doing installations and repairs for
homes, offices, restaurants, motels. And with

& 4

their growing family ( Photo: Frank Cowun)

Séon, a new home buili on a we;)dvd lake site will gixlﬂe John and Cheryl Muirhead lots of room for

early in life.

(A TRUE STORY)

the training I'm getung from 1CS, I know |
caadoit.

“In fact, my ICS training helped me
get the first job I ever applied for. I won
out over two guys with college degrees.
Even though [ had no experience.

“Naturally, I was nervous at first. So |
tock my lesson diagrams wich me on the
job. And I could lick any problem.

“Pretry soon, they asked me to head up

v ’§
-

the air-conditioning department. I also
picked up business of my own on the side.
That’s helping to pay for my new house”

The right combination for success

John has the right combination for
success. He’s in a growing field. And he
has good training for it.

You could, too. Especially if you're
interested in one of the fast-growing careers
ICS specializes in: Accounting. Engineer-
ing, etc. (Check your choice in coupon.)

Ideal way to learn

As an ICS student, you study at home,
on your own schedule. You waste no time
traveling to and from class. You never have
to miss a paycheck. Skilled instructors are
always ready to help you. And if you ever
have any problems you can even call ICS,
at any hour. Toll-free.

ICS has trained 8,500,000 people. And
some of the top American corporations (in-
cluding Ford, U.S. Steel, Mobil, Alcoa,
Pan Am, GE, Motorola and RCA) use ICS
courses in their own training programs.

Free demonstration lesson

If you want more from your job (more
money, more satisfaction, and more future)
just mail coupon for our free career guides
and free demonstrationlesson. 1973 ICS

B8 International Correspondence Schools
| Scranton, Pennsylvania 18515

Please send me the Free Career Guidance
Booklets and Free Demonstration Lesson for
the field I have checked below. T understand

I'am under no obligation.

i

O Electrician O Air Conditioning/ :

O Airline-Travel Refrigeration & |

Training Heating 1
O Computer 0 Engineering

! Programming O TV Servicing I

O Electronics

O Automotive
O Drafting

O FCCLicensing
O High School

I
|
O Check for special booklet, if 16 or under. l'
[

O Accounting

" O Motel/Hotel

: Management
;O Business

Management

|

: XA680R

I Name Age

: Address L B :
I Ciry. I
: State Z ip l
[ Telephone =

i

APPROVED FOR VETERANS TRAINING. APPROVED FOR +EDERALLY
INSURE D LOANS ACCREDITED BY NATIONAL HOME STUDY COUNCIL
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SONY PS 2251.
adeclaration of independence.

Independence of belts, pulleys,

idler wheels and all the other para-
phernalia that can cause wow, flutter
and rumble. Independence from fluc-
tuations in power line voltage that
can effect the precise speed of the
turntable. And independence of acous-
tical feedback. The new, direct-drive
Sony PS-2251 has declared itself
independent of ali these potential
intruders upon the enjoyment of
your records.

Most turntables use belts,
pulleys, idler wheels to make their
turntables spin at the record’s speed,
instead of the motor's. Look under-
neath Sony’'s new PS-2251 and all
you'll see is the motor. We don't need
all those extras, because our motor’'s
speed is precisely the same as the
record's.

Eliminating all those parts also
eliminates the wow and flutter and
rumble they can cause. So, our rumble
figure is a remarkable —58dB (NAB)

RADIO-ELECTRONICS ® DECEMBER 1973

And because our motor turns so much
slower than conventional ones, the
rumble frequency is lowered too,
making the rumble even less audible
than that —58 dB figure indicates.

To maintain precise speed
accuracy at slow speeds, we use an
AC servo system (superior to a DC
servo system because of its uniform
magnetic field strength). its precise
speed is not affected by variations in
line voltage or in line frequency. But
its speed can be varied +49% by the
built-in pitch control and returned to a
precise 33-1/3 or 45 rpm, with the
built-in self-illuminated strobe.

Then we matched it with a stat-
ically-balanced tonearm that tracks
records as precisely and faithfully as
our turntable turns them. We added
viscous-damped cueing and effective
anti-skating. And we mounted the
PS-2251 on a handsome wood base
using an independent spring sus-
pension system to completely isolate

Circle | on reader service card

www.americanradiohistorv.com

it fromy externally caused vibrations.
At $349.5C (suggested retail) includ-
ing arm, wood base and hinged dust
cover, the PS-2251 is today’s most
advanced turntable

We also offer a moderately
priced, single-play component turn-
table with the convenience of auto-
matic operation, the PS-5520. The
complete system: turntable, arm,
welnut base and hinged dust cover,
$159.50 (suggested retail) Sony
Corporaticn of America, 9 West 57th
Street, New York, New York 10019.
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Radio-Electronics

FOR MEN WITH IDEAS IN ELECTRONICS
More than 65 years of electronics publishing

DECEMBER 1973

COLOR 37
TELEVISION

New Circuits For '74
Exciting new circuits highlight the '74 sets. Here's a
preview for you. by Steve Leckerts

40 Remote Control For Color
You'll be surprised at the new color remote features. by
Karl Savon

51 10 Ways To Use Your Vectorscope
How to master low-ievel circuits and speed
troubleshooting with your vectorscope.
by Robert G. Middleton

61 Service Clinic
Off-color problems. by Jack Darr

70 Reader Questions
R-E’s Service Editor solves reader problems

BUILD 43
THIS ONE

TIGERSAURUS—250-Watt Hi-Fi Amplifier
Less than 0.2% distortion at full rated output—a dream of
a quality high-power amplifier. by Dan Meyer

SOLID-STATE 33
ELECTRONICS

CMOS—Why Is It So Good?
New, micropower IC's you're going to see a lot of. Learn
how they work. by Don Lancaster

54 Design Your Own Regulated Power Supplies
Working with the latest IC technology to come up with
custom-tailored power supply circuits can be easy—once
you know what to do. by Don Lancaster

58 R-E’s Transistor Replacement Guide
165 more replacement transistors by 8 different
manufacturers are presented in this issue. by Robert &
Elizabeth Scott

Hi-FI a8
STEREO
AUDIO

Two New Hi-Fi Speaker Systems
British Industries and Electro-Voice make news

by Leonard Feldman

with their latest developments in quality speaker systems.

GENERAL 14
ELECTRONICS

Looking Ahead
Tomorrow's news today. by David Lachenbruch

26 Appliance Clinic
Speed controls and black boxes. by Jack Darr

57 Annual Index
Complete directory of all articles that appeared in Radio-
Electronics during 1973

DEPARTMENTS 95 Books 16 Letters
6 New & Timely 83 New Literature
80 New Products 93 Next Month

| S S TR SR T
SEASON’S |
GREETINGS

e The editors and staff of ¥}

: &zdio—é’/edro;zic; extend .
' best wishes for the holi- S&
day season. g

s e

CMOS, A NEW BREED of micropower IC's.
Learn how they work and see what you can
do with them. . . see page 33
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looking ahead

Sophisticated Europe
e T TR

West Berlin—To an Ameri-
can observer, Berlin's recent
International TV-Radio Expo-
sition was a real eye-opener.
It drew more than 600,000 at-
tendees, some 30% of them
traveling from West Germany
across East German territory
via plane, train and car, to
see new models of home
electronic equipment and
watch continuous TV and ra-
dio originations in about a
dozen studios on the huge
exhibition grounds.

Color TV was probably the
biggest attraction—simply be-
cause there's a huge color
boom in Europe now. In
terms of sales, West Europe
is at the same point where
U.S. color was in 1966. In
terms of product sophis-
tication, it could be far
ahead—because the public
appears to be willing to
spend from $850 to more
than $1,250 for a large-
screen color set.

EEasTsaaTe TmTmaes e gy
TV developments
AR Ny SRS DT,

In Germany, at least, color
and monochrome TV have
now reached the point where
virtually everything is solid-
state, most sets having modu-
lar construction. Manufac-
turers are quickly moving
away from the 90° deflection
picture tube to the slimmer
110" models. And, of course,
almost all sets use electronic
varactor tuning—a simpler
proposition in Europe than in
the U.S., because there are
fewer stations and, therefore
less possibility of adjacent-
channel interference

The tuning knob went out
years ago, and now pushbut-
tons seem to be on the way
out, too, yielding to the but-
ton which merely has to be
touched. Touchbuttons are
showing up on audio equip-
ment, too. Nixie tubes are

‘ seen on many sets as chan-
nel indicators. One 26-inch
color set by Loewe Opta has

| a built-in digital ciock with
Nixie readout, which also
functions as an on-off timer,
while the Nixies double as
channel indicators.

Remote control, a much
simpler proposition with elec-
tronic tuning—since no mo-

| tors are required—is available

in all makes, sometimes as an
add-on option, using a spe-
cial module. Some remotes
have as many as 20 buttons—
12 separate channel buttons
plus two buttons each for
brightness, contrast, volume
and on-off. NordMende is of-
fering a remote control unit
with eight channel buttons
and including a two-hour on-
off timer in the wireless hand-
held unit.

Two manufacturers experi-
mented with wireless remote
listening. NordMende showed
a developmental headset sys-
tem operated from the set by
infrared transmission, while
Philips demonstrated a similar
unit using an ultrasonic car-
rier. Blaupunkt is offering a
color set which provides on-
screen channel indication—-a

yellow number on a black
background shows at the up-
per right-hand corner of the
picture for one to two sec-
onds after the channel is
tuned by remote-control se-
lector (a somewhat similar
device is offered by Hitachi
and Sharpe in the U.S and
Japan).

‘Head stereo’

If there was any single
major sensation at the show it
was a new adaptation of an
old principle in audio which
provided astounding direc-
tionality and realism from

| two-channel tape. Using stan-

dard stereo headphones, lis-
teners could hear sounds
which actually appeared to be
coming not only from left or

right, but front or rear, up or
down, and even to gauge the
distance of the speaker from
the microphone. One segment
of the tape represented a
cocktail party with several
conversations occurring si-
multaneously in difterent parts
of a room—and the sensation
was so realistic that the lis-
tener could actually choose
which conversation to eaves-
drop, switching his attention
from one to another at will.

The system was used
Sept. 3 in an FM-stereo
broadcast by RIAS Radio,
Berlin, and a tape of portions
of the science-fiction drama
was played for visitors to the
exposition.

The developers—Drs. Ralf
Kuerer, Georg Plenge and
Henning Wilkens of Berlin's
Heinrich Hertz Institute—call
their system ‘‘Kunstkopf,” or
“Dummy Head.”" Originally
developed for the measure-
ment of concert-hall acous-
tics, the dummy head is an
exact-scale model of a hu-
man head, made of a hard-
rubber material with an
acoustical impedance similar
to that of a human head. In-
side a faithful replica of each
ear canal is a solid-state min-
iature condenser 'microphone,
with all conditions arranged
to exactly simulate the sound
pressure of human hearing.

For acoustical measure-
ment purposes, the dummy
head is already in production
by the professional audio
equipment manufacturer
Georg Neumann in Germany
and sells at about $1,500—but
it has never previously been
exploited for recordings
aimed at the consumer. As
the system currently stands,
recordings from the head mi-
crophone can be made on
any two-channel medium—
tape or disc—and reproduced
on standard equipment with
conventional stereo head-
phones.

Because the technique re-
produces room acoustics as

well as directionality and dis-
tance so accurately, its devel-
opers are now attempting to
free it from the restrictions of
headphones, and at press
time, were planning to dem-
onstrate a loudspeaker setup.
The system will use four
speakers, placed in a conven-
tional four-channel arrange-
ment, but with a special rear-
channel amplifier and modi-
fied frequency response in
the speakers. They claim that
at some points in the listening
area, the results will be as
good as with headphones—
but that in the entire room
the sound will be better than
four-channel '‘because the
timbre is correct.’

oe_sttiir EEomens e T = T
Videodiscs’ debut
PN T TR PR

Telefunken used the Ber-
lin show as the launching
platform for commercial sales
of its home videodisc system,
which it identifies by the
tradename "“TED." Described
previously in Radio-Electron-

ics, the TED system uses a |

thin, flexible 7-inch disc
which spins at 1,500 rpm on
a cushion of air, with a sled-
like “pressure stylus' serving
as the transducer. The discs
piay 10 minutes in color, and
a catalog of about 500 hours
of selections—varying from
animated cartoons to lecture
courses for physicians—was
placed on the market. In Ger-

many, the TED player will re- |

tail for about $450 and discs
for $4 to $10 each, depend-
ing on their particular pro-
gram content.

A version of the TED
player designed for the Amer-
ican NTSC color system (the
disc revolves at 1,800 rpm
but still plays for 10 minutes)
was also demonstrated at the
show, as was a devel-
opmental disc changer with a
5-second changing cycle.

“ by DAVID LACHENBRUCH

CONTRIBUTING EDITOR
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Stocking these 9 ECG 'semiconductors
is like having hundreds of high-voltage
rectifiers on hand.

Just nine Svlvania ECC high-voltage
rectifizrs and trirlers can replace
hundreds o: other types zhat are lurking
under manufacturers’ part numbers in
manydifferent TV sets. ~

We'vealsoputtogetherabrand- g -
new cross-r=ference guide &F T
(ECG-212E thatmakesiteasy <%
fo- vou to find cut which y
ECG semiconductor replaces
wkich marufacturer’s
numkber.

And the guide isn't just
limited to rectifizrs and triplers.
It-covzrs over 75,000 part numbers
in all. including industrial
Teplacements.

Because so few Sylvania ECG
componenss repiace so miny others, it's
ezsy for you to have the part your
customer wants

“Wher: he wants it.

SYLW/ANIA

~

GTE, 5y vemnis Electrenic O_o:r:po:\enu,wddm} Mags. 12154
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new & timely

' Charge-coupled devices min-

~iaturize new TV camera

A TV camara that measures only 3% x
1% x 2% inches and weighs only 6 ounces
(without lens) has been demonsiratad dy
the Space & Defense Systems division of
Fairchild Camera & instrument Corp.

FAIACHILD MY-1€0 TV CAMERA measures
3% « 1% x 2% Inches (without lens) apd
weighs 6 ounces. It operates over a wice
range of light levels and its power con-
sumption is low.

Using charga—coupled devices (Ra-
dio-Electroniics, Juns 1971 page 6) the
new MV-100 camera has an array of 10,000
photose 1sors assembled on a standard 24-
pn dual in-line pac<age. Each line of sen-
sors is aifected by lignt like a similar line of
e ements in avidicon tube, but urlike those
i the tube, they do not require scanning by
an electron b2am. Th2 chargz on each ele-
ment, nduced by the light falling on that
element, is convey2d along the line from
one element fo the next by a step-by-step
process con¥olled by a clocking system,
and delivered at the end of the line as a
standa-d television signal.

The resoluticn of the MV-100 is 16
lines per mi' meter, the horizontal scan-
ning frequency is 15.750 lines and the
vertical, 12C frames per secord. Video
output i€ 1 voit peakto-peak. and band-
width 1 MHz. The camera can be used
on ordinary ac or with a battery pack for
portabie use.

Burglar alarm systems not all
jey to police

The rapidly growing home and in-
dustrial intrusion a.arm system business
has be2n picked up happily Dy numbers
of elactronic service organizations, who
fird it profitable to sell and install them.
The police departments who monitor
those alarms are not always so happy.
The trouble is—false alarms! Every time
a signal appears on the station board, a

NEW GLASS-FIBER MAKING SYSTEM, cevised by Ray Jaa2cer amd Waller Logan &t Bell Labs,

uses a carbon cioxide laser to meilt a glass 1oc so that It cas be Jrawn intc a fiber a mile long.
The las2r is a highlty conwrollable and—meost importani—a chkean source of heat, wheseas conven-

tional heaters put minute impurities into the glass.

6

car must be rushed to the scene. But in
many cases, there is no burgar, no good
reason for the signal.

Most of the alarms are caused by
careless users, the police say. *“Theyv
forget the system is ‘on’ and open a
door or wincow,” says one officer. Poor
instatlations are anotrer cause of
trouble, and the owner of a new alarm
system occasionally sels it off in-
tentionally, just to see how long it will
take the police to arrive.

A recent report of the New York City
police department points up the serious-
ness of the situation. In one two-week
period, 8,602 alarms were received, only
141 of which were found to be valid. The
department estimated that 3,461 man-
hours were wasted on tnese false
alarms, at the expense of the New York
taxpayer and the safety of the populatior
deprived of that much police service.

New York City is by nc means an
exception. The town of Tenafly, New
Jersey, has oOnly about 200 alarm sys-
tems on Its control board. Yet it found |
the false alarm situation so unbearable
that it instituied a penalty svstem. Sub-
scribers are now allowed three false
alarms a year. A fine of $15 is imposed
for the fourth, $25 for the fifth, and the |
sixth means that the system will probably
be discannec ed from the police board.

The method has worked well—the
number of false alarms has dropped
from 50 to 60 a month to four or five.
Other towns have followed sult, and
some slap on a $50 fine immediately af-
ter the first three "free calls.”

Molten lithium may sclve con-
troiled fusion problem

A study cf the use of hign-power la- |
sers to produce con‘rolled thermonu-
clear fusion, now under way at the Uni-
versity of Rochester, may solve the
problem of containing the plasma. At its
temperature of 100 million degrees. it-
cannot be held in a vessel of any kncwn
material. The approach being taken by
the University, with support from General
Electric Co., Esso Research and Engi-
neering, and Northern Ulilities, Is to ab-
sorb the energy generated by fusion re-
action in small quantities ot material in a
liquid mediumr, which will be circulated
to release the power in the form of heat.

In one proposed approach, a spheri-
cal vessal is filled with molen lithium.
Pellets of frozen deuterium (heavy hydro-

(continued en page 12) |
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THE NEW SELF-SERVIGE
REPLACEMENT RESISTOR 0-MART
FOR SERVIGE TECHNICIANS

A NEW family of
*5% GCarbon-Film Resistors

pefonkie at carbon-composition prices
—— TR . plus well-known Blue Jacket®
RESISTms TEY e e } . B
IR, — vitreous enamel wirewound types!

Your replacement resistor headaches are over.
Now you can find practically all the resistors you
need for the home/mobile entertainment and
communications equipment you service, hang-
ing on the all-new self-service Resistor Q-MART
at your Sprague distributor’s store.

It's designed with you in mind . . . to put the
more popular resistance values, in the more pop-
ular wattage ratings, at your fingertips. Choose
= = -#‘QE = a:h:s from Va, V2,1, 2, 3, 5, and 10 watt carbon-film and
B wirewound resistors. Resistance tolerance is
+5%, not the wider +=10% that you get with

most carbon-composition lines. And, unlike

@mﬁ -u = Y -*mb =T = S -st lower-quality carbon-composition types, Sprague

& : ' '!ﬂ? - carbon-film resistors provide 80% greater sta-

| bility with temperature change, and four times

' the shelf life. The Sprague Resistor Q-MART is

rounded out with Blue Jacket vitreous enamel
wirewound types in the higher wattage ratings.

=

You'll appreciate serving yourself from your
i 1 _ Sprague distributor’s Q-MART. Resistors are
‘ﬂfﬁﬁﬁﬁii-ﬁaﬁﬁi ; packaged in handy, rigid, reusable Kleer-Pak
; 4 g AL p——— . plastic boxes mounted on cards showing ratings

: and other useful service information.

b

One more thing. You'll never waste time hunt-
ing for the right resistor. The Q-MART contains
only popular resistors . . . the hottest replace-
ment resistors based on frequency-of-use.

65-3116

Stop at your Sprague distributor’s Q-MART today for
the cream-of-the-crop in resistor replacements. s p R n G u E

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

Circle 2 on reader service card
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Kit for kit,

text for text,
dollar for dollar, your

best home training <

buy is NRI

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

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

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

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

8 RADIO-ELECTRONICS ® DECEMBER 1973

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

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

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

GET FACTS ABOUT Gl BILL

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

www.americanradiohistorv.com
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Earn $5 to $7 an hour spare or tull
time in COLOR TV SERVICING

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

Fill technical jobs without a degree
in INDUSTRIAL ELECTRONICS

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

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

There’s glamour, success awaiting
Technicians in COMMUNICATIONS

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

Prepare quickly for a high pay career
in COMPUTER ELECTRONICS

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

OVER 50 YEARS OF LEADERSHIP IN ELECTRONICS TRAINING

DECEMBER 1973 ® RADIO-ELECTRONICS 11
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gen) and other components are
dropped—one by one—into the swirling
lithium, where they are hit by tremen-
dously intense pulses of laser light
Heated to 100 million degrees by the
beam. the pellets undergo fusion reac-
tions.

The fantastic quantities of heat pro-
duced by the fusion are absorbed by the
moiten lithium, which is continually cir-
culated between the chamber and a heat
exchanger, where it can be used to pro-
duce steam to run a turbine-generator to
produce electricity, or for other pur-
poses.

FCC asserts control over use of
utility poles for CATV

The FCC decision that it has juris-
diction over the fees charged and the
terms imposed on CATV systems by tele-
phone and electric companies for the
use of their poles for distribution cables
is “‘a major victory for the fast-growing
CATV industry,” according to a spokes-
man for the National Cable Television
Association.

Since the companies have a monop-
oly on the poles, cable companies have
been restrained by the threat of uncon-
trolled increases in renting rates at the
whim of the companies who own the
poles. While the present FCC ruling does
not attempt to set rates—instead
requests that the utilities and the indus-
try work out ‘‘mutually satisfactory

agreements,” presumably for FCC ratifi-

cation, the decision does protect the
CATV systems from arbitrary and unrea-
sonable rates by asserting the right of
the FCC to act as a judge.

New Navy defense radar looks
all ways at once

Heart of the Navy's new AEGIS
weapons system is an electronically
steered antenna that can scan in all di-
rections almost simultaneously, making it
possible to search space for new threats
while tracking oncoming missiles. The
antenna, AN/SPY-1, has been demon-
strated on a land-based testing site by
RCA and will be shipped late this year to
the Navy's test ship, USS Norton Sound,
for at-sea trials.

AEGIS can cover an expanse of
ocean sufficient to protect an entire car-
rier task force, and can handle threats at
long and short distances with a capacity
greater than that of any present systems.
It can successfully engage massed raids
that include combinations of high and
low-flying aircraft and fast low or high-
flying missiles. AEGIS can also attack
surface or airborne platforms from which
the missiles are launched. It includes as
its most important feature the AN/SPY-1
antenna, commanding control comput-
ers, weapons launchers and other sup-
porting components.

The AN/SPY-1 radar system an-
tenna is composed of four 12 x 12-foot
units, each made up of some 4,100 radi-
ating elements and each covering a

Dr. LEONARD M. GOLDMAN, physicist on loan from GE’s Research and Development Center,
Schenectady, NY, observes action in target chamber In which pellets of deuterium or lithium
deuteride are vaporized by bursts of laser light.

quarter of the hemisphere of surface and
space surrounding it. Each of the radi-
ating elements contains a phase shifter.
By energizing these phase shifters, the
radiated energy can be progressively de-
layed across the array face under com-
puter control, directing the beam in any
desired direction instantly.

ONE OF THE FOUR FLAT RADIATING SUR-
FACES OF THE AN/SPY-1 ANTENNA, set up
at RCA’s test site in Moorestown, NJ. The
small parabolic antenna above Is part of the
AEGIS weapon system, also developed by
RCA’s Missile and Surface Radar Div. at
Moorestown.

The AN/SPY-1 is also used to direct
return missiles from the AEGIS launcher.

and because of its instant-steering capa- |

bilities, can do so while performing its
other functions of searching space and
tracking oncoming missiles or aircraft.

A particularly interesting feature of
AEGIS is the Operational Readiness Test

System (ORTS), which carries on a con- |

tinuous test of all parts of the equipment.
It is said to be the first automated test
system designed and built with, and as
an integral part of, an electronic tactical
weapons system.

Electronic payment system may
end “check pollution”

The US government is engaged in a
test that may initially result in about
20,000 Air Force personnel being paid
without the use of checks. The Federal
Reserve Board reports that the tests are
being made to investigate the possibility
of cutting down the cost of making pay-
ments and ‘'to prevent check volume

{continued on page 14)
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SCHOLARSHIPS or any of 8 other
Scholarship prizes totaling $9000

(All fully transferable)

MOTOROLA Original

Electronic
Project
Open to Men—Women—Boys —Girls—Any Age
sl Two contest categories: Non-Professional and

et idiolil Professional — with equal prizes for each

CONTEST ENTRY BLANKS AVAILABLE ONLY
AT MOTOROLA HEP SUPPLIERS Pick up your

“Design-In"" Contest Entry Blank Today!

Contest closes December 31, 1973
DECEMBER 1973 ® RADIO-ELECTRONICS 13
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AUTOMATIC

STAPLE GUNS

CUT WIRE & CABLE
INSTALLATION COSTS

. without cutting into insulation!

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

- p) )

Al

No. T-18—Fits wires up to
3/16” in diameter.

' BELL,
TELEPHONE,
THERMOSTAT,
INTERCOM,
BURGLAR
ALARM
and other low
voltage wiring.

Uses T-18
staples with 3/16" round crown

2

in 3/8” leg Iength only.
5 J)

No. T-25—Fits wires up to
1/4” in diameter.

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

Also used for
RADIANT
HEAT WIRE

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

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

RADIANT HEAT
CABLE,
UF CABLE,
WIRE CONDUIT
COPPER TUBING

AL

sheathed cable.

Also used as
DRIVE RINGS
in stringing wires.

1=

Uses T-75 staples with 1/2”

flat crown in 9/16”, 5/8” and
I 7/8" leg lengthy
— ] —I1
Arrow Automatic Staple Guns save 709% in time
and effort on every type of wire or cable fasten-
ing job. Arrow staples are specially designed with
divergent-pointed legs for easier driving and
rosin-coated for greater holding power! All-steel
construction and high-carbon hardened steel
working parts are your assurance of maximum
long-life service and trouble-free performance.

Ask your Electrical Supply Dealer
or write for further details.

; ]/R
L

"Pioneers and Pacesetters
For Almost A Half Century”
Circle 3 on reader service card
RADIO-ELECTRONICS ® DECEMBER 1973
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from becoming so large as to clog and
disrupt the nation’s payment system.

In the test, the Air Force is putting
on a single magnetic tape the amount of
pay and other payment and withholding
information that would normally be used
in making out computerized pay checks.
The taped information is then sent to a
District Federal Reserve bank, sorted
and sent to the commercial banks in

which the employees have their ac-
counts.
Knowledge of the '‘bugs’ that infest

all newly set up systems prevents the
next logical step—depositing the
amounts to the credit of the individual
employees. Instead, the Air Force per-
sonnel are being paid in the regular
manner, with the polluting paper checks,
and simulated electronic deposits made.
The whole system is then being turned
over to the developers for study, de-
bugging and possible modification. If the
test proves the system efficient, reliable
and economical, the government may
eventually pay all its personne! electroni-
cally.

Some action is urgent, the Federal

now being written annually and at the
present rate of increase, the number will
be 54 billion in 1985. The Board hopes |
that the new system under test may
spread from the Air Force to all govern-
ment agencies, and may eventually cover
all banking, with even individual families
making electronic deposits and pay- '
ments instead of handling checks or cur-
rency.

Audio engineers meet

Growing professionalization—as
might be expected in an engineering
group—marked the forty-sixth convention
of the Audio Engineering Society, held in
New York in September. While a few of
the noted names in consumer products |
demonstrated loudspeakers, even they
placed main emphasis on their studio
monitor speakers, sound reinforcement
systems and other equipment intended
for studio recording and broadcast use.

Four-channel was omnipresent, with
some indication that the advocates of
discrete 4-channe! sound are gaining on
the matrixing approaches. The term
"“CD-4" (compatible discrete 4-channel)

Reserve estimates: 26 billion checks are was seen and heard frequently R-E |
_
Radlo-Electronics is published by Gerns- | . - |
back Publications, inc. 200 Park Ave. S. | 9 |
New York, N.Y. 10003 (212) 7776400 MOVING? { I
President: M. Harvey Gernsback I ‘
Secretary: Bertina Baer Don’t miss : { '
SING SALES single copy of I |
EAST ADVERTISIN AL Radio-Elec- | i
Stanley Levitan, Eastern Sales Mgr tronics. Give | |
Radio-Electronics us: | SUY |
200 Park Ave. South | LABEL |
New York, N.Y. 10003 | i
(212) 777-6400 Six weeks’ no- | HERE i
tice ] |
MIDWEST /Texas/Arkansas/Okla. | |
Ralph J. Bergen |
The Ralph J. Bergen Co. Your old ad- : I
6319 N. Central Ave. dress and zip |
Chicago, Ill. 60646 Seda I |
(312) 792-3646 | ]
[ I
PACIFIC COAST/Mountain States Your new ad- | |
Jay Eisenberg dress and zip | |
J.E. Publishers Representative Co. code | I |
8732 Sunset Blvd., 4th Floor
Los Angeles, Calif. 90069
(213) 659-3810 =
420 Market St., name (please print)
San Francisco, Calif. 94111 |
(415) 981-4527 address T r
SOUTHEAST - T | " Zip cod
E. Lucian Neff Associates city state geicecs
25 Castle Harbor Isle, Mall to: Radio-Electronics
Fort Lauderdale, Florida 33308 SUBSCRIPTION DEPT., BOULDER, COLO.
] (305) 566-5656 80302
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A SPECIAL OFFER FROM MITS

Purchase a MITS 941M or a MITS 908M — and for an additional S20, receive a 605M.

Soon the world will be calculated by the metric system

The MITS 941M handheld

calculator converts to metric
instantly — accurately
electronically

41 FUNCTIONS:

B ARITHMETIC + - x + %

mMETRIC

W8 LENGTH

m 8 VOLUME

H 8 AREA

B2 TEMPERATURE

H§LIQUID

H 4 MASS

FULL OPERATION
MEMORY.

* Chain calculation

» Full floating decimal

* Leading and trailing
Zero suppression

» True credit balance

* Algebraic entry system

* 8 digit read out

INDICATORS Sign

* Low battery *» Overtiow

- Math error

941M PRICES* Assembled ..$149.95
Kit , : $129.95

SIZE 146 05mm x 82.55mm x 38 10mm

(5-3/4" x 3-1/4" x 1-1/2")

MITS

941M

c0so3rye

The MITS 605M handheld calculator / 6-digit
readout / 5 functions (addition, subtraction, multi-
plication, division, and percentages).

MEMORY: - Stores intermediate results
» Stores a constant
* Accumulates results
Fixed or Floating Decimal...and much more

The MITS 905M handheld calculator
(same features as 605M, plus an 8-digit readout)
Size of Both: 5-3/4" x 3Va" x 1V2

Kit  Assembled

Prices: 605M $49.95 $59.95
905M §$59.95 $69.95

*Prices subject to change without notice

The MITS 908M handheld

calculator offers 8 functions (addition, subtraction
multiplication. division, square root, square, per
centage, and reciprocal) and a handful of features

MEMORY can be

used as: MITS 908M
* a constant

* a temporary storage SYpfalte

* register

* an accumulator
Fixed and floating
decimal (operators
choice)
» Chain and mixed
operations
* 8 digit readout
bright LED display
* 100% American
made
* Algebraic entry
system
Special Readouts
» Negative result * Entry overflow * result overflow
* low battery * Math error

SIZE 5-3/4 x3-1/4"x 1-1/2

908M PRICES* Assembled $129.95
Kit $99.95

*Prices subject to change without notice

ACCESSORIES

AC adapter for 117 VAC operation $6.95

Carrying case (leatherette) $595

WARRANTY

Full two-year warranty on assembled models.
including parts and labor: on kit models: ninety
day warranty on parts

¢ Available from your local
Olson Electronics Dealer.

|
[ ] Enclosedis a Check for $ —__ R ey ¥ o [
3 I or O BankAmericard # Accessories EI
m I's : I or [J Master Charge % o [J AC Adapter =1
' i Credit Card ExpirationDate U Carrying Case g
. 1 Include $5 00 for Postage and Handling O Kit JAssembled B
Micro Instrumentation® | voor— wvoser
9 1 ] Please Send Information on Entire MITS Line. 1
Telemetry Systems, Int. ; ... - Lk
6328 Linn, N.E., Albuguerque, New Mexico 87108 : e - :
505/265-7553 Telex Number 660401 g Y ~ "

STATE & ZIP e _
i MITS/ 6328 Linn, N.E., Albuguerque, New Mexico 87108 505/265-7553 Telex » 6604901 i
L-----------------------------l

Circle 4 on reader service card
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TV TYPEWRITER CORRECTIONS

Here are a few corrections to the TV
Typewriter supplement:

1. Diode D6 is backwards on the
power supply overlay, and the negative
supply diodes are shown backwards on
the schematic.

2. In Figure 3 schematic, NCLR pin
25 should also go to keyboard input B
and the diodes D10-14. The connection
between diodes D10-14 and “C' should
be deleted. The PC board is correct.

3. Callouts are missing on the key-
board edge connector. “A" is nearest
the RF twinlead; "“L" is nearest J1.

4. Delete R11 and R12 from the
mainframe Figure 3 schematic. Add R5,
R6 to the mainframe parts list, 1K. %
watt carbon.

5. There are several printing prob-
lems on the supplement overlays. The
overlays on the kit PC boards are cor-
rect and complete.

6. On the improved ASCIl encoder
schematic, 1IC2 should be 7402. TP tie

points go to pins 4 and 5 of IC4.

7. Table V. For normal use, the
switch should be left in the FULL posi-
tion.

8. Timing E, cursor TPH should be
10 milliseconds, not microseconds.

9. An additional 0.05 uF disc ca-
pacitor with minimum lead lengths might
be needed across the TOP of cursor IC1
(7408) from pin 7 to 14. Counter IC sub-
stitutions in the cursor might require
slight shifts in pulse widths and posi-
tions. You can tell by a careful study of
test point F on the cursor board. In the
SUBTRACT position, one extra dot
should appear before the 512 timing
pulses every keypressed. In the ADD po-
sition, one short line should eliminate
two of the normal 512 timing pulses.

10. An inverter formed from pins 11
and 12 of IC8, cursor board must be
placed between IC6 pin 1 and “A" on
the cursor board. This is shown correctly
on the foil pattern (Figure 16) but should
be added to the schematic of Figure 8.

11. The dot to the left of C14 on Fig-
ure 8 cursor should be a no connection.
Once again, the foil is correct.

12. Connector stack pins 15 and 16
are correct as shown on the foil pat-
terns. 01 and 02 notation only are appar-
ently backwards in Figure 7 and Table Ilii.

13. On the main timing chain sche-
matic, Figure 6, the LEFT end of C5
should go to R3. The RIGHT end of C6
should go to R2. The foil pattern is cor-
rect.

14. In Figure 3, mainframe sche-
matic, CURSOR OFF-ON should be S7,
not S5.

In general, so far, we have found no
errors on the foil patterns. Unless things
change with more corrections, always
assume the foil pattern and the printed
overlay (with the exception of power
supply diode D6 overlay) are correct.

As we point out in the supplement,
errors are almost inevitable on a project
this complicated. My thanks to the read-

(continued on page 22)

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

40 MHz,

Frequency Stability: +
to +104°F.

MHz crystals available).

F

The FM-2400CH with its extended range

covers 25 to 1000 MHz. The frequencies
can be those of the radio frequency channels
of operation and/or the intermediate fre-
quencies of the receiver between 5 MHz and

.0005% from + 50°

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

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

WRITE FOR CATALOG!

INTERNATIONAL

Merer n o

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

| MOBILE |

S

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

24.00 ea.

INTERNATIONAL

CRYSTAL MFG. CO., INC.
10 NO. LEE @ OKLA. CITY. OKLA 73102

Circle 5 on reader service card
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/” Our tests show that .

JERROLD Super Vu-Finders And
Paralogs Qutperform All Others

& MORE GAIN & FLATTER RESPONSE
® RUGGED AND EASY TO INSTALL
® ELECTRICALLY GROUNDED

\\ ) ~
N \\‘\t N

G

. N
T e

N Y. L I W W N N W W W NN ]

l n
JERROLDELECTRONICS T

P. 0. Box 350,Dept. DSD, 200 Witmer Road, Horsham, Pa. 19044

RE
Please send me a free Tool Pouch. Enclosed is an instruction
sheet from the following Super VU-Finder antenna.

, . (TOOLS
B / NOT
3 .\ .

INCLUDED) (model)

Before trying the Super VU-Finder, | was using the tollowing antenna

FREE! HEAVY DUTY
LEATHER TOOL POUCH

[make) {model}

2 'n My opinion the Super VU-Finder 1s [:] BETTER C] WORSE

[ P S I I ]

Gh SN D SR SR A0 BN BN BN BN BN BN BN BN BN BN OGP BN I 5D e @D OD =

Last year we offered NFL Coffee Mugs tor trying because ————
Jerrold antennas. This year it's Tool Pouches. Why do we
make these offers? Because we know that once you stack 3 Comments - - —
Jerrold antennas up agairst the antennas you are using now, e —— e ——. — S I ——
you'll switch to Jerrold. Hundreds of dealers switched last e
year.

If you're a professional antenna installer, you owe 1t to NAME
yourself to make this evaluation.

COMPANY NAME
FOREVALUATINGANY SUPERVU- ADDRESS
@DER OR PARALOQOG 300 PLUS. ¥ ciTY STATE ZIP

COUPON MUST BE POSTMARKED BEFORE DEC. 31, 1973 ,’

— = B oom em en on on aD SN D D SN GE S5 Gn D GD G GO SN SN Gn GD on en en o
Circle 80 on reader service card
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IF YOU CAN USE
ESE

you can bunld your own Bell & Howell solid-state 25-inch
diagonal color TV...it’s just part of a new, first-of-a-kind
program in digital electronics, the revolutionary new industry
offering well-paying career opportunities ... now!
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The common household tools pictured at
left are all you need to start building your
own solid-state 25-inch diagonal color TV.
But that's just part of the enjoyment and
discovery you can look forward to in this
complete learn-at-home program. ..
because this is the world's first television
course employing digital electronics tech-
nology —the remarkable new electronics
development that's certain to change all
our lives in the next few years!

Building your own color TV gives you
valuable ‘hands on' experience with
solid-state circuitry — the kind of practical
experience you'll need to step right into a
successful part-time or full-time career in
home entertainment electronics.

What's more, by gaining knowledge of
the new, more accurate digital system of
electronics, you'll have the most up-to-
date electronics skills under your belt .
ready to qualify you for choice career
opportunities in the digital industry or
enable you to earn extra income part-time
working on digital equipment.

Fix stereo systems ... FM-AM radios . ..
phonographs ... tape recorders

With your new skills, you can build and
service stereo-hi-fi systems—including
FM-AM radios . . . phonographs . . . open
reel tape recorders and cassette or car-
tridge player/recorders. You could even
build yourself a complete “home enter-
tainment communications center’” — com-
plete with the new gadgetry of cartridge
television when it comes out. The skills
you build by following this unique pro-
gram are more than enough to service
almost any type of home entertainment
electronics device.

A complete at-home learning program
in home entertainment electronics
Your color TV project is probably the best
way for you to learn the most advanced
“state of the art” concepts of sophisti-
cated electronics circuitry. it's part of a
complete at-home tearning program pre-
pared by skilled instructors at Bell &
Howell Schoois. Mait the postage-free
card today so that our representative can
bring you alt the facts at no obligation.
It doesn’'t matter if you've never had
any training in electronics before. No-
body's going to start throwing “diodes”
and '‘capacitors’ at you right off. You
start with the basics. You take it one step
at a time. You walk before you run. And
you'll be amazed at how quickly you
start to feel comfortable with things that
seemed complicated at the beginning.

Attend special “help sessions’ ... talk
to your instructors in person

A unique advantage of our learn-at-home
program is the “help session.” Scheduled
regularly at Bell & Howell Schools and in
cities around the country, these informal
seminars give you face-to-face, personal
assistance from our instructors. You'll
also meet other students and enjoy talk-
ing shop.

Master the most up-to-date

solid-state and digital technology

As color TV moves closer toward total
solid-state, and as the more accurate and
reliable digital systems appear in home
entertainment electronics gear, you'li be

thoroughly familiar with the most ad-
vanced troubleshooting techniques for

the servicing and repair of this new

equipment.

Digital electronics is changing our lives
Computers. That's where this new digital
language of electronics first began. If it
weren't for digital electronics, the new
pocket calculators and digital clocks
would not have been born and on the mar-
ket today. Soon, everything from speed-
ometers to stereos to kitchen stoves will
likely have digital measurement—direct
numerical readouts in place of conven-
tional dials and needles. Plainly, the
demand for digital systems—and tech-
nicians who can design, build, service
and repair them —is growing rapidly.

Why you should get your training from
Bell & Howell Schools

Skilled instructors at Bell & Howell
Schools —carefully selected for
their knowledge, experience
and teaching ability —plan g
each program with the utmost @
care and attention. Each year,
they spend over $200,000 im-
proving programs to keep them
up-to-date with the latest technol-
ogy. Many Bell & Howell Schools
graduates have used their home
study training to get started in excit-
ing new careers or businesses of their
own in electronics. You could too!

With your first lesson you get...
...the Laboratory Starter Kit! Avolt-
ohm-meter (VOM) with design panels, /#
modular connectors, experimental %
parts and battery power source.
Gives you immediate "“hands on"’
experience with your very first lesson.

You also build and keep the exclusive
Bell & Howell Schools Electro-Lab®
electronics training system

To make sure you get practical ex-
perience with instruments used daily

by professionals, you build yourself a
Design Console, an Oscilloscope and a
Transistorized Meter (see details at right).
These are the three instruments you'it
work with constantly —both during your
program and thereafter.

CONSIDER THESE ADVANTAGES:

Help Sessions We've scheduled special

help sessions’” regularly at the Bell &
Howell Schools and in many other cities
throughout the U.S. and Canada. Top
instructors give you expert advice and
you meet other students, too

National Career Placement Center
When you complete your course, we will
help you in your search for ajob in a field
of efectronics that fits your background
and interests. Although we cannot
guarantee jobs to our graduates, this
placement service is available at any time
after you graduate.

Veterans’ Benefits We are approved by
the state approval agency for Veterans’
Benefits. Check the box for details.
Student Financial Aid We are an eligible
institution under the Guaranteed Student
Loan Program. Check the box for details.

Detach postage-paid
reply card and

mail today for Free
Information!

picture
(measured
diagonally)

®m Bell & Howell Solid-State 25-inch
color TV. Ultra-rectangular tube . . . 25-
inch picture measured diagonaily
full 315 square inch viewing area. Solid-
state modular circuitry . . . 4 advanced IC’s
100 transistors . . . 72 diodes . . . indi-
vidual plug-in circuit boards. Special
UHF/VHF tuning features...built-in self-
service components.

m Design Console Use this to rapidly
‘breadboard’”’ circuits without soldering.
Equipped with built-in power supply . . .
test light . . . speaker . . . patented plug-in
modular connectors.

m Oscilloscope Portable 5-inch wide-
band oscilloscope offers bright, sharp
screen images . . . calibrated for peak-to-
peak voltage and time measurements . . .
3-way jacks for leads, plugs, wires.

m Transistorized Meter Combines most
desired features of vacuum-tube volt-
meter and quality multimeter. Registers
current, voltage and resistance measure-
ments on a large, easily-read dial. Fea-
tures sensitive, 4-inch, jewel-bearing
d'Arsonval meter movement.

For Free Information, Mail Card Today!

It card has been removed, write:
An Electronics Home Study School

DeVRY INSTITUTE OF TECHNOLOGY
ONE OF THE

BELL & HOWELL SCHOOLS

4141 Beimont, Chicago. Illinois 60641
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LETTERS
(continued from page 16)

ers who have sent in corrections. Please
keep sending them in so we can keep
others up to date.—Don Lancaster

WE GOOFED

If we set out to measure readers’
reaction to an electronic quiz or test
their knowledge of semiconductor ba-
sics, we could hardly have expected a
greater response than the deluge of
letters we received on the quiz in the
September issue. Somehow—we can’t
begin to explain how—there were er-
rors in the answers to questions 2 and
5 printed on page 90. In the first 16
letters received, 13 called attention to
both errors. In addition three readers
considered question number 2 as
being too vague. One wanted to know
whether the transistor was cutoff, satu-
rated or working in the linear region.
Another pointed out that the emitter
is negative only if the transistor is
being operated in a reverse-bias mode,
a connection that is rarely made. The
third felt the question incomplete be-
cause there was no point of reference.
He added that if the emitter was re-
turned to ground through a resistor, it
would then be negative with respect to
ground.

Z/.0-0-0-0-m-m-m

First in the race. Raytheon put together
the car. Youdrove ittotop money inthe
big *72 season. It's a money-making team thaf
started with your switch to Raytheon, the larges
independent tube supplier. We know the competition
isrough. As an independent serviceman, you can’t waste
time and money on call backs or pit stops. So, Raytheon
builds to beat the competition. You drive hard for first place.
And we’re going for the trophy again this year. Together.

I think that by now, we all agree
that the answer to question 2 should
be PLUS and that it is the silicon, not
germanium transistor that starts con-
ducting with a forward bias of 0.6
volit.

WANT AN OLD RADIO?

I have a Radiola 33, complete
with outboard speaker, and a number
of old-time radio tubes, condition un-
known, of the UX—, 14, 17, etc., era.

I shall be glad to give these to
anyone who will come and take them
away, no charge, take one, take all.

I know that there are a number
of collectors of old radios, and 1
would rather give mine and the tubes
to one of them rather than throw
them away. I don’t want the trouble
of packing and shipping, therefore the
“come and take them away”.

J.K. VoLanD
Washington, D.C.
(202)-966-5895

LETTER TO JACK DARR

[ was reading your item in R-E
August *73 and on page 69 you were
wondering aloud why the Philco 39-45
had that weird Ist i.f. transformer
with the third winding connected to
the suppressor of the 78. I think this
circuit was one of the wondrous vari-
able selectivity ideas that were used in

those days. The stronger the signal,
the wider the pass band and hence the
greater fidelity (like the capture ratio
effect only different) When the signal
strength drops, the avc drops and the
variable-mu 78 changes its character-
istics so the broad (untuned) secon-
dary (third winding) does not pre-
dominate the output of the stage.

Which brings up an interesting
point, why don’t you include questions
from readers restoring old radios every
month. There are more interesting old
circuits found in old radios than in
most new sets.

If not many people ask for this
data, fake it.

STEVE P. Dow
G@ons BC

e
I’'m only the diagnostician—acolleague of
mine will perform the actual operation.

Circle 6 on reader service card
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£ECG 212E-1 L
Sugyested Price 30¢
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INDEX

tntegrated Circuit Reptecement Guide by Part Number
d Circuit
Manuuc!uuv

Automatic Radio .

Bendix (Auto Radto)

Chrysier (Auto Radio) ... AN -
Curtis-Mathes ......................o.0n et hare Bk
Deico (Generai Motor-)

Electrohome e SO = g
FIOIOT 3 . corynd dufmaend 57T & 75T 39T - 5 pmamamaar gy inos i .
Generat Electric

Philco
Home Entertsinment Products BAES S e
Automobite Redio . ....................... e

S semiconductors

Auto Radio Kit

Here's one book: you can really tell by its cover.

We don’t have to waste time telling you about our new integrated circuit replacement guide.
Just read the index on the cover.
If that doesn’t convince you, nothing will.
Available from your local Sylvania distributor.
Sylvania Electronic Components, 100 First Ave., Waltham, Mass. 02159

(13 SYWANIA
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A) New Heathkit
4-Channel Receiver. ..249.95*

B) New Heathkit
4-Channel Amplifier. . .179.95*

D) New Heathkit
Ultrasonic Cleaner. . .54.95*

C) New Heathkit
B&W Portable TV. . .129.95*

E) New Heathkit/
Thomas Electronic Organ. ..1045.00*

tess rhythm section

H) New Heathkit
Pocket Calculator. . .69.95*

F) New Heathkit
- Digital Thermometer. . .59.95*

' G) New Heathkit
Home Weather Station. ..89.95*,
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Eight exciting new HEATHKIT products to help
you build new meaning into Christmas

A) Heathkit AR-2020 4-Channel Receiver. . . 249.95*

A highly sophisticated 4-channel receiver at an incredibly low
kit-form price. The new AR-2020 offers 25 watts music power
per channel, a built-in decoder for reproducing matrixed 4-
channel material, and an AM/FM tuner that boasts 2,V sensi-
tivity, 2dB capture ratio. For custom-tailored sound there are
individual front panel controls for all four speakers plus a
“master’” control, pushbuttons for all modes of operation and
inputs to accommodate phono, tape and auxiliary source in
stereo or 4-channel combinations. The solid-state circuitry
mounts on modular plug-in boards for easy assembly and self-
service. And the low kit price includes the cabinet, too! Mail-
ing weight, 31 Ibs.

B) Heathkit AA-2005 4-Channel Amplifier. . . 179.95*

For the 4-channel purist, the 100-watt amplifier section from
the AR-2020 with integrated pre-amp and complete control
package. The AA-2005 also gives you built-in encoder circuitry
to handle all the matrixed 4-channel material currently avail-
able. The sophisticated front-panel control section provides
access to 25 watts of music power per channel in just about
any combination you can imagine, including stereo and mono
modes. Individual level controls, plus a master volume, further
enhance the flexibility of the AA-2005. Modular solid-state de-
sign with plug-in circuit boards simplifies assembly and makes
trouble-shooting a breeze. And the slim-line cabinet is part of
the bargain. Mailing weight, 28 Ibs.

C) Heathkit GR-104C 12V black & white TV. .. 129.95*

One of the most popular kit-form TVs ever — now with total
detent tuning on all UHF and VHF channels so you lock-in on
each station the first time, every time. Plus the 104C retains all
the great features that make it the number-one kit-builder’s
portable. All solid-state circuitry with “‘up-front” speaker and
secondary controls. Go-anywhere capability lets you use it in
the home, on the road with the 12-volt adapter supplied, or
outdoors with optional rechargeable battery pack. The high-im-
pact beige and black cabinet has buiit-in carrying handie, UHF
and VHF antennas. But best of all it's a TV you can build —in
six enjoyable evenings — so you know how it works and how to
keep it working for years. Mailing weight, 35 Ibs. Optional bat-
tery pack and sun shield, Kit GRA-104-3, 9 Ibs., 42.95."

D) Heathkit GD-1150 Ultrasonic Cleaner. . . 54.95*

This newest idea in labor-saving electronics makes quick work
of items you hate to clean. Art and decorator paint brushes,
intricate jewelry, watches, glasses and contact lenses, den-
tures — just about anything except pearis and plastic. Just fill
the tank with a safe detergent or solvent, set the 0-5-min. tim-
er and switch the unit on. Ultrasonic waves generate millions
of tiny cleansing bubbles in the solution and force them into
every little corner ... Uniquely gentle, you can use it for ali
those delicate valuables. And in Heathkit-form, Ultrasonic
cleaning is a great buy, too. Build your GD-1150 in one or two
easy evenings. All components mount on just one board. Mail-
ing weight, 5 Ibs.

E) Heathkit/Thomas Organs. . 995 and 1045*

The most beautiful organ kits we have ever offered. And they
sound as magnificent as they look. The TO-1260 series takes the
successful Heathkit/Thomas collaboration to a new musical
high. Features include two 44-note over hanging keyboards,
and a 13-note Radial Arc pedal board. Behind the soaring
stereo sound are two powerful 35-watt rms solid-state ampli-
fiers and two specially designed wide-range 12-inch heavy
duty speakers. Also, there is a convenient accessory panel for
quick installation of cassette recorder, earphones and external
tone cabinet. Cabinets come preassembled and finished. Con-
temporary model, TO-1260W, (not shown) $995. Mediterranean,
TO-1260M, (shown) $1045. Express freight, 203 Ibs. Optional
Rhythm Section, TOA-60-1, 5 Ibs., 249.95".

F) Heathkit ID-1390 Digital Thermometer. . .59.95*

Now digital electronics can tell you the temperature indoors
and out—accurately, unmistakably. The new ID-1390 con-
tinuously monitors two different temperatures at sensors
placed inside and outside your home. A rear-panel switch lets
you set the bright digital readout to alternately display indoor
and outdoor temperatures at four second intervals, or to con-
tinuously show just one temperature. A second switch sets
your electronic thermometer for Fahrenheit or Centigrade read-
ings. Display includes plus and minus and indoor/outdoor in-
dicators. Includes 85 feet of cable and two sensors. (Styled to
match Heathkit Digital Clock $54.95). Mailing weight, 5 Ibs.

G) Heathkit ID-1290 Home Weather Station. . . 89.95*

Now you can build your own professional-type home weather
station — at kit-form savings! The new 1D-1290 features 5 func-
tioms, solid-state circuitry, plus weatherized wind-cup & wind
vane that mount in minutes to your TV mast or anywhere handy.
Barometer has special movement with 2%2 times greater point-
er deflection — shows as little as .02 in. of change without
squinting. 8 compass points light up on the wind direction
indicator to give you 16-point resolution. Wind speed indicator
has switch-selected 0-30 and 0-90 mph ranges for more ac-
curate readings. And the thermometer gives you the tempera-
ture indoors or outdoors at the flip of a switch. Handsome
simulated wainut housing with black & gold instrument cluster
mounts either vertically or horizontally on wall, or sits on desk
with end panels provided. Kit includes informative weather
book — goes together in just a few evenings. Mailing wt., 9 Ibs.
50 ft. cable, 5.95%, 2 Ibs.; 100/, 9.95*, 4 Ibs.; 150', 14.95", 6 Ibs.

H) Heathkit 1C-2006 Pocket Calculator. . .69.95*

This battery-powered beauty is less than one inch thick yet
performs all mathematical functions with results up to eight
digits. A constant (K) switch permits fast repetitive work when
multiplying or dividing. %" LED display reads-through bright
and clear with no distorting magnifier. Uses readily available
9-volt battery or optional AC converter for desk-top operation.
It's a rewarding stocking stuffer for businessman, housewife or
student. Mailing weight, 2 Ibs. GRA-43-1, AC converter, 1 Ib.,
3.95".

Visit your nearest Heathkit Electronic Center ... or send for FREE catalog

HEATHKIT ELECTRONIC CENTERS — ARIZ.: Phoenix;
CALIF.: Anaheim, ElI Cerrito, Los Angeles, Pomona.
Redwood City, San Diego (La Mesa), Woodland Hills;
COLO.: Denver; CONN.: Hartford (Avon); FLA.: Miami
(Hialeah), Tampa; GA.: Atlanta; ILL.: Chicago, Downers

selection | Benton Harbor, Michigan 498022

\ of
| electronic

World's m—— — e —
largest |

HEATH COMPANY, Dept. 20-12 _‘A.m—_l

[J Piease send FREE Heathkit Catalog. Schlumberger

|
|
Grove; IND.: Indianapolis; KANSAS: Kansas City (Mis- kits Enclosed is $ , Plus shipping. I
sion); KY.: Louisville; LA.. New Orleans (Kenner); MD.: |
Baltimore, Rockville; MASS.: Boston (Wellesley); MICH.: | OJ Please send model(s) I
Detroit; MINN.: Minneapolis (Hopkins); MO.: St. Louis; | N
NEB.: Omaha; N.J.: Fair Lawn; N.Y.: Buffalo (Amherst), ame| I
New York City, Jericho, L.I., Rochester, White Plains; | Address. |
O.: Cincinnati (Woodlawn), Cleveland, Columbus; PA.:
Philadelphia, Pittsburgh; R.l.: Providence (Warwick); City —State Zip. |
TEXAS: Dallas, Houston; WASH.: Seattle; WIS.: Mil- | “Mail order prices; F.0O.B. factory. CL-487 |
waukee. e e e e e e e e L T g I —
Circle 100 on reader service card
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International €

SERVICEMASTER

The
Money
Making
line.

¢ The most com-
plete range of
consumer and
industrial receiv-
ing tubes in the
world — over
2000 domestic
and foreigntypes

* Complete range
of replacement
Semiconductors.

* Discounted to
give you higher
profit margins
* Quality your
customers can
depend on

For complete de-
tails, call
(516) 293-1500.

Or write,
international
Components
Corporation
10 Daniel Street.

Farmingdale,
New York 11735.

SERVICEMASTER

Intérriational C

Circle 7 on reuder service card

appliance clinic

SPEED CONTROLS
AND BLACK BOXES

by JACK DARR
SERVICE EDITOR

QUITE A FEW OF THE NEWER APPLI-
ances use solid-state speed controls, in
one form or another. There is the
variable-speed electric drill, probably
the first unit to use one. and such ap-
plications as light dimmers. All of
these use SCR’s in one form or an-
other. In such units as blenders and
mixers, you may find a row of push-
button switches to control the speed of
the rotor. SCR controls are used in
some of these, too. Some use a group
of diodes. These are set up in con-
junction with tapped motor windings.

The diode controls work with the
same motor taps, as before. For ex-
ample, a motor might have four taps
on the winding, which would give four
different speeds. To get a greater
range of speed-control, they could
switch in a diode to each of the
tapped windings. Now they have eight
different speeds, for the price of only
the diodes and four more switch con-
tacts. The principle of this is simple.
On the first four taps, the motor has
full-wave ac applied to the windings.
On the last four, “half-wave ac” (sic)
is fed to the same windings. and the
motor runs slower. (Note: in an actual
circuit, the diodes would probably be
“interleaved” between the direct taps.
but for greater clarity. we’ve drawn it
like Fig. 1.

You can identfy this type of cir-
cuit by checking the number of wires
going to the motor. In this one, you'd
see five wires; four taps and a com-
mon. The selector switch would be
connected as shown. This is drawn
something like a rotary switch, but
any type of switch can be used. and
will. The multiple-pushbutton type is
very common, especially in blenders.

Black boxes

Practically all of these controls
are built as what we call Black Boxes.
Translated, this means that all parts
are encapsulated in plastic, usually
one of the epoxies, with some wires
coming out of it. In these things, it is
literally true; they are usually black.
Black-boxed things are not repairable.
You can't take them apart. If anything
inside fails, you replace the whole
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thing. Disconnect the wires and put in
an exact duplicate, period.

(They're a lot like a raw egg. Not
too hard to get into. but pretty diffi-
cult to put back together.)

The essential thing here, of course
is to be sure that the black-box is at
fault, and not something else. In prac-
tically all of the simpler speed con-
trolled appliances, this isn’t too diffi-
cult. For example, if a drill won’t run
at all, just jumper-out the speed-con-
trol device with a clip-lead. If the mo-
tor will now run at full speed, there
you are. The black box is open. How-
ever, if the motor runs full speed at
all times, the black box is shorted.
Same result in either case.

Put in a new black box

On the multiple-speed things. like
blenders, it isn’t hard to check for
troubles, by simply pushing buttons
and noting what happens, or doesn’t
happen. For example, in the circuit of
Fig. 1. with eight pushbuttons; if the

TAPPED
MOTOR
WINDINGS

FiG. 1

THE BLACK BOX

il oat

motor runs on the first four. but stops
when No. 6 is pushed; the diode in
this position is open. The motor itselt
has been checked out by the fact that
it will run normally on the first four
positions.

If the first five positions are work-
ing normally, but No. 6 makes the
motor run faster instead of slower,
then this diode is shorted. As you can
see from the diagram of Fig. 2, it is
connected to No. 2. Check; if both
No. 2 and No. 6 give the same speed,
this is it.

Here are some handy hints. if you
do have to change a black-box. Before

(continued on page 84)
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Build yourself a better car!
Build an Archerkit™ [©

from Radio Shack

“After an hour or so of driving .
we noted that the engine was acting the
way it did two years and 20,000 miles ago . . . a
definite improvement in performance. Acceleration,
specifically, was much improved.” Popular Electronics, May, ‘73

Radio Shack’'s Deluxe Capacitive Discharge lgnition puts more
“Go" in every gallon! It delivers 50%, more spark power for
faster acceleration and more complete combustion. That

means you get better gas mileage, and your points and plugs

will last 3 to 10 times longer. An in/out button lets you make
instant performance comparisons with your old ignition.

And it makes tuneups easier. The thorough step-by-step manual
makes it easy for even a first-time kit builder to assemble

and install—no wires to cut. Improves any 12-volt negative
ground vehicle. #28-3203.

Hotter spark
for faster starts!

Points & plugs
last longer!

Better mileage!

Deluxe, High-Intensity
Timing Light Kit
, Tune-up aid for

any engine. For
full power &

k economy.

Bright flash is

Q & visible even
(N in daylight!

#28-4016.
1'995 With Al Cables

Retail prices may vary at individual stores

™~ (oERERRRES, — — T T e T e T T T e e mmem————— 1

FREE '74 CATALOG ™

W AT YOUR NEARBY STORE OR
MAIL THIS COUPON

| |
| |
| |
| !
| |
b eiease 180 Pages . . . Full Color! Hi-Fi, CB, Kits, |
: Oty Recorders, Antennas, Parts, More! :
: Name Apt #__ :
i Street |
' Ciy _State zip| L] 1
e e e S R 3 A et s A e R e Y o et )

Circle 8 on reader service card

ArcherKit
Radie fhaek

and ALLIED RADIO STORES
B A TANDY CORPORATION COMPANY

P. 0. Box 1052, Fort Worth, Texas 76107
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Join the high-paid electronics technicians
who got their start through NTS Home Training.

Your home can become your own
private classroom-workshop. NTS
sends you everything you need to
learn valuable technical skills in
electronics. You get easy-to-grasp
lessons, comprehensive kit manuals,
large fold-out charts, and more. Plus
the finest professional equipment
available today. It's all included in
your tuition, yours to keep.

You'll work with commercially-
designed equipment, and school
training material. Cash in on the tre-
mendous opportunities inthe expand-
ing, exciting world of electronics.

If your field is television, you
might decide to join a first-class TV
repair center. Or start a shop of your
own. Or specialize in industrial ap-
plications of television. Once you
master an area of electronics, the
direction you take is really up to you.
And you'll be able to use the test
instruments you built yourself.

It all begins at home, with NTS
Project Method Training. Check card
or coupon today for free full-color
NTS Catalog and complete details.
No obligation. No salesman will call.

NTS COLOR AND B&W TV
SERVICING

Build the largest most advanced color
TV made! It's a Heath! Over-all solid-
state design, 315 sq. in. ultra-rectangular
screen, 24 channel detent UHF/VHF
power tuning, matrix picture tube, built-
in self-servicing features, ‘“‘Instant On,”
A.F.T., solid-state VHF tuner, and much
more! This is a commercial set, the kind
you’ll encounter in the field — and not
for training purposes only. Aiso build and
keep AM-SW Radio, Solid-State Radio,
FET Volt-Ohmmeter, and Electronic Tube
Tester. Learn trouble-shooting, stereo
multiplex systems, radio, color and B&W
TV servicing. i

Solid-state
B&W TV
74 sq. in.
picture
(cabinet
inciuded)

Learn advanced solid-state circuitry as
you build this B&W TV receiver. Course
covers the full range of home entertain-
ment electronics.
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NTS AUDIO
ELECTRONICS SERVICING

Solid-state Heath Stereo
Receiver and Speakers

Learn sound theory — how it works in
home radio, 4-channel, and more! Set
up a spectacular music system. Learn
about sound distortion, amplification and
control, loud-speaker baffles, problems
of system installation, etc. Included is
Volt-Ohmmeter. In-Circuit Transistor
Tester and solid-state Radio. Prepare
yourself for great opportunities in the
Home Entertainment Industry!
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New solid-state
315 sg.in.color TV

NTS COMPUTER
ELECTRONICS

Build and operate the exclusive NTS
Compu-Trainer! Loaded with integrated
circuits, it teaches you the how, what,
and why of computers — faster, more
thoroughly. You perform all wiring and
patch-cording. No shortcuts! No pre-
wired circuit boards. Also receive an
FET Volt-Ohmmeter and a 5" wide-band
Solid State Oscilloscope.

NTS ELECTRONIC
COMMUNICATIONS

Gain the prestige and earning power of
owning an FCC First Class Radio Tele-
phone License! Two exciting courses in
the fields of transmitting and receiving.
Experiment with an amateur phone 6-
meter VHF transceiver, NTS exclusive
6-transistor solid-state radio and a fully
transistorized volt-ohmmeter.

5-watt AM 3 oy A
transmitter/
receiver.

nathom

$ag ) A

i & v’

<

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Systems automation is the future of the
industry — and you can play an important
role! Enter the age of electronic controls
by training on the NTS Electro-Lab — a
complete workshop. Also

receive a Solid State
5'" wide-band profes-
sionally rated Oscillo-
scope. Build five
industrial controls to
regulate motor speed,
temperatures, pres-
sure, tiquid leve! and
much more.

5" Solid State
Oscilloscope

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 devcted ex-
clusively to technical training. Chack box
in coupon.

APPROVED FOR VETERANS

Accredited Member: National Associa-
tion of Trade and Technical Schools:
National Home Study Council.

The exclusveR ot
NTS Compu-Trainer

e.

+

A ..‘.(!, v’

NATIONAL @< SCHOOLS

Resident & Home Study Schools
World-Wide Training Since 1905
40C0 S. Figueroa St., Los Angel CA 90

Please rush Free Cclor
Catalog and Sample |

NTS GUIDE.
ELECTRONICS

Lesson, plus infor-
mation on course
checked below. No

ﬁm .
obligation. No sales- LE L

man will call. :

Mational Technical Schools
Resldent & Home Stucy Schools
World-Wide Training Since 1905

4009 S. Figueroa St., Los Angeles, CA 90037

[J Master Course in Color TV Servicing

|

[J Color TV Servicing (For Advancad
Technicians)
[C] Master Course in B&W TV & Radio
Servicing
I Master Course in Electronic
Communications
[C] Practical Radio Sa2rvicing
[l FCC License Course
[ Master Course in Elecironics
Technology
[C Automation & Industrisl Electronics
[/ Computer Electronics
(1 Baslc Electronics Dept. 206-123
[C Audio Electronics Senvicing
Name Age
Addrass
City State. Zip

[0 Check If interested in Veteran Training
under new G.l. blll.
[J Check.if interested ONLY in Classroom
Training at Los Angeles.
L E R X R L B N B Xy ry Xy 1 X7}

[0S I ST N AN R R NN S N G W 5N D D 55U 5 55U I U 55 5N 55U BN I I O e s
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Here's everything
you'd expect from a high-priced
sighal generator.

Except a high price.

Our new B&K Model 2050 Solid-state RF Signal
Generator has features other companies charge
much more for. Look at our specs: 100% Solid-
state silicon circuitry with FET's in RF and audio
oscillator stages. 6 bands with 1.5% accuracy
from 100 kHz to 30 MHz. 3 outputs: RF, modu-
lated RF (400 Hz), and externally modulated RF.
Positive anti-backlash dial drive. Zener-regulated
power supply. You needn't pay high prices for
versatility, accuracy and reliability —now there's
the Model 2050. And that’s just what you'd ex-
pect from B&K.

Contact your distributor, or write Dynascan
Corporation.

59995

200000

By Very good equipment at a very good price.

Dynascan Corporation.
1801 West Belle Plaine Avenue, Chicago, |llinois 60613

Circle 9 on reader service card

Introducing the
expensive digital
multimeter that
doesn’t costa lot.

The B&K Precision Model 281.

This 2%2 -digit unit is so versatiie, its range
covers 99% of your measurements. And its DC
accuracy is 1%. The stable 281 also gives you
positive over-range and wrong-polarity indications.

It’s easy to use and easy to read across all 32
ranges, 100mV to 1000V.

Naturally, we're enthused about our Model 281.
You will be, too, when you see our complete specs.

Call your B&K distributor. Or write

Dynascan Corporation. s
Very good equipmen 95
at a very good price. B’(

i ——

Product of Dynascan Corporation
1801 West Belle Plaine Avenue, Chicago, lllinois 60613

Circle 11 on reader service card

32 RADIO-ELECTRONICS ® DECEMBER 1973

Here's everything
you'd expect from a high-priced
Hi-Low FET multimeter.

Except a high price.

Introducing the B &K Model 290 solid-state FET
Multimeter. Just by glancing at its specs, you can
tell that the 290 is capable of more applications
than any other multimeter in its class. 75 ranges.
Hi-Lo power ohms ranges (low power only 33 mV).
15 megohms input impedance. A large 7"meter.
50 mV to 1500V full-scale sensitivity on both AC
and DC. 50 micro-amp current range. Rx0.1 ohm
range with 1 ohm center scale lets you measure
low resistance down to .01 ohm. Circuit provides
automatic overload protection with fuses and spark
gaps. More multimeter for your money —that’s

just what you expect

! from B&K.

Contact your
distributor, or write
Dynascan Corporation.

Model 290 Hi-Low
FET Multimeter in-
cluding Model PR-21

Probe: $13995

/BE{ Very good equipment at a very good price.

Dynascan Corporation.
1801 West Belle Plaine Avenue. Chicago, [llinois 60613

Circle 10 on reader service card

You'd probably expecta
portable oscillosope as rugged and
reliable as this one to cost a lot.

You'd be wrong.

Introducing the B&K Model 1403 3" Solid-state
oscilloscope. It's so compact, reliable, and inex-
pensive that it's the perfect scope for most on-
the-line monitoring applications. Look at its specs:
DC to 2MHz bandwidth at 20mV/cm. Recurrent
sweep speeds from 10Hz to 100KHz. New wide-
angle CRT to reduce case depth to a minimum.
Direct-deflection terminals for waveforms up to
150 MHz. Weighs only 8% pounds. And has a
smoked acrylic graticule for trace sharpness and
easy reading. All the reliability and accuracy you
need in a monitor scope —at a surprisingly

low price.
Contact your distributor, or write
Dynascan Corporation. —-—

$179% g

BT Very good equipment at a very good price

Dynascan Corporation. X .
1801 West Belle Plaine Avenue, Chicago, lllinois 60613

Circle 12 on reader service card
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by DON LANCASTER

€MOS OR COMPLIMENTARY METAL  OXIDF
Silicon integrated circuits have been around
for a number of years. Pioneered by RCA,
their high price has kept them from popu-
lar use. During that time, their micro power
consumption, easy circuit design, and out
standing noise performance has been ver-
fied time and time again in many military.
industrial, and critical aerospace appli-
cations.

Some things about ¢Mos seem almost
magic. All the inputs are open circuits. As
long as the IC doesn’t change state, it
draws essentially zero supply power. It's
only when you are changing information

inside the package that any power is drawn
at all, and then the power is drawn only
while the change is taking place. cMoOs is
fantastically forgiving of sloppy power sup-
plv design—it works over 4 3 to 15-volt
range. It slices s logic right down the
middle, so it is also forgiving of noise prob-
lems. Better yet, it doesn’t gencrate any
noise of its own. Its output states look like
resistors, either a 400-ohm resistor to + or
a 400-ohm resistor to ground. Finally, as an
experimenter bonus, cmO0s is very easy to
convert to linear circuitry, particularly crys-
tal oscillators and electrically variable
switches and attenuators.

Today, the price of cM0s has dropped
to around a dollar per gate package, and
around $4 for the fancier versions. Surplus
is available for even less, as a quick check
of the ads in the back pages of Radio-Elec-
tronics will venify. Yes. TTL is cheaper, but
cmos is economical enough right now for
practically everything you might like to do
with it. Better yet. further price reductions
are almost a certainty, so now is the time to
tearn about cMos and start using it.

Once you get into the designs, you'll

find that so much is easier with cmos—
things like circuit and power supply design,
noise performance, and your design time,
that many times, roday, cmos is the
cheapest logic you can use on a system
basis.

Many cMmos manufacturers are listed in
Table 1. Right now, RCA with their 4000
series cosmos and Motorola with their
14000 and 14500 series McMos are leading
the pack in having lots of devices widely
available. The smaller companies also have
many unique IC's offered. Solid State Sci-
entific has many fancy large scale circuits,
including a complete micropower clock in
one package. Inselek offers ultra fast cMmos,
and Harris offers a number of unique de-

on-Sapphire and offered by Inselek runs as

‘fast as ordinary TTL, and in fact is the fast-

est togic available anywhere on a speed-
power basis. Since the majority of circuitry
in use runs slower than a few megahertz.
particularly experimenter circuits, the trick
1s to use cMos where you can and save the
high-speed stuff for other families if you
have to use them.

Myth 2 says that cMos is static sensitive
and very hard to handle. Again, not true.
Virtually all newer cMos circuits are inter-
nally protected six ways from Sunday with
resistors and Zener diodes to eliminate any
possibility of static damage. A little bit of
common sense handling advice still re-
mains—we’'ll see about it in a minute—, but

CMOS digital IC’s now offer low cost,
easy designs, simple operation

and very low power consumption.
Here’s where and how to use them

vices. National has both ihe traditional
4000 series devices as well as a line of cmos
with pins identical to the popular TTL 7400
series devices.

There'’s every indication that the 4000
series of devices will be the industry stan-
dard. (Motorola’s 14000 series is identical
just subtract 10,000 from the part number)
These are propably the best devices to start
working with, particularly since they are
likely to be available from a wide range of
suppliers.

Two myths

Before we go into complete details of
what cm0s is and how to use it. let’s throw
out two myths about cMos.

Myth 1 says that cmos is inherently
slow. Not true. There is no fundamental
reason why Mos circuits should be any
slower than bipolar ones. What happens is
that many products now offered happen to
have higher impedances, trading off supply
power for speed of operation. Even so. you
can easily run to 5 MHz with the majority
of cmOs circuits (except for some specials).
One type of cmos, called SOS for Silicon-

CVIODS-

whyis it so good?

this is a strictly “just-in-case” type of pre-
caution, and its highly unlikely that you
will ever damage a cMos integrated circuit,
uniess you are extremely careless.

As with any logic family, there are cer-
tain rules of the road that you have to fol-
low in order to get reliable operation. Fa-
miliar examples are the tight power
supplies and the many 0.01 uF high fre-
quency bypassing capacitors needed to get
TTL to work, and the waveform cleanliness
and fast falling edges needed with RTL.
With cmos, there are only two precautions
you have to worry about. All inputs must
always go somewhere and cannot be left
floating. Secondly, if you connect a low-im-
pedance piece of test gear to a non-working
(power off) cmos circuit, you could con-
ceivably hurt one of the input diodes.
Common sense takes both problems in
stride.

Some basics

Before we find out all about cMos.
maybe we'd better review some basics of
what digital logic is in the first place. A
digital integrated circuit performs simple
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yes-no or “one-zero” decisions. It provides
a “yes” or “no” output or outputs in re-
sponse to a group of “yes” or “no” com-
mands on its various inputs. Groups of
these ‘“yes-no” commands can represent
calculator numbers, computer words, or al-
phanumeric messages. Depending on the
internal complexity of a digital IC, we can
get anything from a simple combinational
decision to a complete calculator in a single
package.

The exact value of the input voltage
doesn’t matter, so long as a “1” is within a
guaranteed range of allowable “1” values
and a “0” is within a specified range of
permissible “0” values.

P TYPE GLASS
MATERIAL DIELECTRIC
FORMS ADDED FOR
SUBSTRATE

GATE CAPACITOR

ance of the supplies, particularly at high
frequencies. This is particularly true in TTL
where the normal circuit operation inher-
ently returns a lot of noise to the supply.
This noise must be eliminated before it can
hurt the logic performance of another IC
down the line.

We’ll find out in a bit that cMOs wins
on most of these system problems. You can
run over a 3 to 15-volt range with a poorly
bypassed supply and get away with it. You
could, theoretically even use a 15-volt sup-
ply with 12 volts of ripple! The ranges of a
guaranteed “1” and a guaranteed “0” are
even nicer—about half the supply voltage
for each. Thus, on a 5-volt supply, a “0”

7] B f

4 P R m i /SUBSTRATE
N DIFFUSION GATE
OR IMPLANTATION CAPACITOR
FORMS SOURCE COMPLETED N DRAIN
& DRAIN g SYMBOL
L E
FIG. 1—A MOS TRANSISTOR begins with the SUB
substrate slab. Draln and source are added. SOURCE
+3-15V +
Voo Voo
eout
Ry Ry STARTS
eout = Voo DROPPING
_— 0 ——0
— =
V=0 o] P Nl
9 = - Vg =27V Vi
(a} NO GATE VOLTAGE; (b) +GATE VOLTAGE AT (c) LARGE +GATE

DEVICE IS OFF:
OUTPUT IS POSITIVE.

THRESHOLD,CAPACITOR
CHARGE FORMS THIN
ALL N REGION,OUTPUT
STARTS DROPPING.

VOLTAGE.CAPACITOR
CHARGE FORMS
WIDER ALL N REGION,
OUTPUT GOES TO
GROUND.

FIG. 2—THREE STAGES OF OPERATION of an n-channel device. Note that the output polarity is
opposite that of the input and the device operates as an inverter.

We can usually connect one digital 1C
to another by direct connection. A given
package has a certain drive capability called
the fanout Similarly, a given input has a
certain load it presents called the fanin.
These are usually normalized to one unit
load to simplify things. With cMos, one
package’s output can usually drive at least
fifty other inputs; thus the fanout of cMos
is usually 50.

Our digital IC’s also need supply
power, often a single positive supply and a
ground retarn. cmos will work with any
supply voltage from 3 to 15 volts. With
some logic families, there are limits to the
range and the value of the internal imped-

can be anything from around 2.3 volts
down to ground, and a *1” can be anything
from 2.7 volts up to the positive supply.
The logic slices right down the middle. As
you add loads to an output, the logic levels
don’t change like they do with other fam-
ilies—they simply slow down a bit, so the
noisc performance turns out to be pretty
much independent of the loading.

Inside the package

From what we’ve promised you above,
cMos obviously has to be quite different in-
side the package than are the common
logic families. Let’s find out why.

We can start by building an ordinary
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MOSFET, as shown in Fig. 1. We'll find out
shortly that the one we’ll start with is an
enhancement mode, N channel one.

To start, we take a handy bar of p-
type silicon, and place two N junction re-
gions in it through diffusion or ion implan-
tation. We call the original bar of p-type
material the Substrate. The upper N region
is the Drain, and the lower region is the
Source.

Next, we put a thin layer (an extremely
thin layer) of glass or another nonconductor
dielectric over the substrate between the
source and the drain. Then, we add a metal
or silicon contact on top of the glass, form-
ing a capacitor. We call this new contact
the Gare. The Gate has the ability to tumn
the conducting path between source and
drain off and on. Note that there is no DC
path from the gate to anything else in the
circuit. All the leads are attached by me-
chanical or non-rectifying, or ohmic con-
tacts. And this just about completes the de-
vice.

Turning to Fig. 2, we can hook this
MOSFET Up In a circuif with a load resistor
going 1o a positive source, perhaps some-
thing between 3 and 15 volts. If we ground
the gate input, there will be no charge on
the gate capacitor, and the drain to sub-
strate circuit will look like a reverse biased
pn junction, and no drain to source current
will flow. So with a grounded gate, the de-
vice is off.

Suppose we start to make the gate
slightly positive. The capacitor will charge
up, piling up holes (a lack of electrons) on
the input end and piling up electrons on
the substrate end. The greater the voltage,
the more charge we build up.

The black magic comes in next. Since

the substrate was initially p-type material, it

is normally lacking some electrons. or nor-
mally has an excess of holes. As the gate
capacitor starts to charge, the extra charg-
ing electrons start to accumulate immedi-
ately under the gate capacitor. Each elec-
tron wipes out a hole on the average, so
the material immediately under the gate ap-
pears to have less holes than it did before
we biased it. The area under the gate,
which we'll eventually call a channel be-
comes Jess of a P type material than it was,
and stays that way so long as the charge re-
mains on the gate capacitor.

If we add yet more positive voltage to
the gate, we pick up even more electrons
under the gate capacitor, and eventually all
the holes are offset by the available elec-
trons. The material immediately under the
gate capacitor now looks intrinsic or free of
either electrons or holes in any excess. The
voltage on the gate needed to exactly do
this is called the threshold voltage and is
around 2.7 volts for the 4000 series CMOS.

What 1f we add more positive gate
voltage? Now the excess electrons start pil-
ing up since there are no more local holes
to combine with. Immediately under the
gate capaciior, the substrate temporarily
turns to n-type material, as it has an excess
of electrons. Now, we have all N material
going from source to drain. It looks like a
plain old junction-free resistor, and con-
ducts current. The more positive the gate
voltage, the thicker the N channel becomes,
and the more current we can draw, limited
only by the load resistor bottoming
when its voltage drop equals the supply
voltage.
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Our Mmos transistor is normally off, and
stays off for negative or zero gate voltage.
When the gate voltage reaches a threshold
of 3 volts, the source to drain starts con-
ducting and the current increases with in-
creasing positive gate voltage. Since the de-
vise is normally OFF, its called an
enhancement mode unit as increasing the
gate voitage enhances or increases the drain
to source current. Its also called a N chan-
nel device, because the conducting channel
is apparently N material when it exists.

Some features of our transistor should
now be obvious. First, the input is always
an open circuit, so it never draws any cur-
rent except when you are charging or dis-
charging the very small gate to substrate ca-
pacitor. The input impedance is essentially
infinite. Also, when we are conducting,
there are no saturated junctions or anything
of this sort—all the source to drain looks
like is a resistor of around 400 ohms when
it is ON, and an almost open circuit when
it is off.

Note further that our simple switch
works backwards. Make the input positive,
and the output goes to ground, and vice
versa. This is called a logic inverter. We'll
shortly see how fancier logic blocks may be
built up by suitable series and parallel com-
binations of inverters. Obviously, if two de-
vices are in series, both must be turned on
to allow current to flow; if two devices are
in parallel, either can be turned on to do
the same thing

The gate capacitor turns out to be ex-
tremely thin, and its open circuit welcomes
the buildup of static electricity. The field
strength from static can easily puncture the
capacitor and permanently damage it. This
is why there was so much static problem
with early Mos devices. Practically all de-
vices today have external Zener diodes and
resistors to keep static from ever getting
close to the gate capacitor.

Complimenting the MOSFET

So far, we’ve built nothing but a plain
old N-channel enhancement mode Mos
transistor driving a resistive load. When the
transistor is off, the load current is zero,
and the output voltage is positive. When
the transistor is on, the load current is de
termined by the supply voltage and the re-
sistor value, and the output drops to
ground. Our circuit draws supply power
only in one state.

We could use another transistor or a
current source for the load resistor, and this
is done in ordinary non-complimentary mMos
integrated circuits such as are used in char-
acter generators, shift registers, and read
only memories. cM0Os does things differ-
ently

Instead of using a load resistor, we
ouild an exactly opposite or complimentary
p-channel enhancement mode transistor
and use it as a load. As Fig 3 shows us, a
P-channel enhancement mode device can
be connected to the positive supply with a
load resistor going to ground. Ground the
gate, and the transistor turns on, and the
output swings positive. Make the gate posi-
tive, and the transistor turns off, and the
output drops to ground. So a positive gate
voltage will turn on an N-channel device,
but turns off a P-channel device. A
grounded gate input turns ON a p-channel
device and turns OFF an n-channel device.

To build a true cmOs inverter, we sim-

ply combine a N-channel and a P-channel
device in series as shown in Fig. 4. The two
gates are then driven in parallel. To ac-
tually do this, takes a bit more construction
inside the IC than older logic types needed.
The two devices are isolated from each
other by several possible means, such as
diffusing a “P tub” onto a N substrate and
then building the other transistor inside it,
or by building everything on non-con-
ducting sapphire or spinel.

When we tie the two together this way,
we always have only ONE transistor turned
on. The steady state output is always either
a resistor to ground or a resistor to plus. In
neither state is there any internal plus to
ground path, and the IC magically seems to

+Vgg

=

ten, we can literally run our CMOS off a
damp blotter battery. As we increase the
operating frequency however, we charge
and discharge the capacitor more often and
the average supply power goes up. When
we get to 5 megahertz or so, the total sup-
ply power gets up to roughly what the
other logic families need. At low fre-
quencies, cMos takes very little supply
power and offers fantastic power supply
savings. As you increase frequency, the
power needs proportionately increase to the
point where there is little power savings
above 5 MHz. This shows why the cmos
watch circuits draw so little battery current
as the majority of the circuitry changes at a
very slow rate. In fact, practially all of the

Vg = +Vgg DEVICE OFF
Yeour = GROUND

Vg = GROUND, DEVICE ON
eout = *Vss

AN EXACTLY OPPOSITE IT HAS THIS AND ALSO
OR P CHANNEL SYMBOL INVERTS
ENHANCEMENT DEVICE
CAN ALSO BE BUILT
FIG. 3—THE P-CHANNEL ENHANCEMENT MODE DEVICE compl ts the n-ch I FET In
Fig. 2. Its construction begins with an n-type slab or substrate.
+Vss +Vsg E
{ 40052 SYMBOL
IN =] ouT IN IN
o] o]
N N.C. ouT N.C. ouT
~ 40002

— (EQUIVALENT CIRCUIT)

CMOS CIRCUIT

HIGH

GROUND INPUT
OUTPUT GOES

(EQUIVALENT CIRCUIT}

MAKE INPUT «
OUTPUT GOES
LOW

FIG. 4—THE CMOS DEVICE Is made by combining two n-channel and p-channel FET’s. The cir-

cuit conflguration shown is that of an Inverter.

never need any supply power!

Generally, the output of one cMos
stage drives the input of the next, which is
an open circuit, so the load also draws no
current. Apparently, we have a logic family
that never needs any power at all. Can this
be?

Obviously not, for we would have
some sort of perpetual motion circuit that
violates a bunch of laws of information
theory and thermodynamics. It has to take
some power to transfer information. In
CMOs, this power gets used in charging and
discharging the input capacitance of the
next stage. During the charging time, cur-
rent flows from the positive supply into the
gate capacitor of the following stage. Dur-
ing the discharge time, the current from the
gate capacitor of the stage following is dis-
charged to ground.

The gate capacitor is a very small one
If we don’t charge or discharge it very of

cMos power 1s used 1n the first four divider
stages following the crystal on a typical
watch; the rest is utterly negligible.

Our basic cMos inverter (Fig. 4) then
consists of a N-channel transistor on the
bottom and a P-channel one on top. Both
gates are connected together. Ground the
input, and the N-channel job turns off and
the P-channel one turns on, and the in-
verter's output goes positive. Make the in-
put gates positive, and this time, the N-
channel device turns on and the P-channel
device turns off, and the output goes to
ground. The output of our inverter always
looks like a 400-ohm resistor, either to +
or to ground; the input is always an open
circuit.

With a fairly high supply voltage and
our simple inverter, the decision between a
“1” and a “0” is usually made halfway up,
a point at which both transistors are mod-
erately conducting. As the supply voltage is
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lowered, the “1”-“0” decision gets a bit
sloppier and wider, but still a bunch of
noise immunity is offered.

Since both transistors are never simul-
taneously conducting very heavily, there is
no current surge that gets thrown back onto
the supply power line as there is with TTL
and some DTL circuits. This greatly eases
the power supply and decoupling design
problems.

Interface and fanout

As we add more cMos inputs to an
output, only the load capacitance changes,
since the gates are all open circuits. The

ing that takes place under heavy load or
short circuit conditions, and the available
source or sink current is typically a bit less
than one milliampere. This is more than
enough to interface regular MOS, RTL, most
discrete circuitry, and low power TTL, but it
is not quite enough to reliably interface reg-
ular T1L. To drive TTL, you have to use a
cMos  buffer such as the MC14049 or
MC14050, or another circuit that provides
at least 1.6-mA output current. With a nor-
mal device, you can treat the output as a 1-
mA current source or sink and proceed ac-
cordingly. Some sort of current amplifica-
tion is recommended for driving LED’s or

j+ SUBSTRATE +
CONNECTIONS
__‘ OMITTED FOR
5 CLARITY _| '
— Pl P]
3 X X
B ‘ X=AORB )
o B | X =A AND B
& 1[:
A J N
84 4 A
N N O——d»——'

LOGICAL NOR
(POSITIVE LOGIC)

af

LOGICAL NAND So
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FIG. 5—~MORE COMPLEX CMOS LOGIC [s easily bullt up by combining p- and n- channel de-
vices. Shows are connections used to form logic NOR and NAND circuits.
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— AMA— :
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FIG. 6—LINEAR APPLICATIONS OF CMOS need only the addition of a feedback resistor. Here
are two examples—a simple ac amplifier and a crystal oscillator.

2

i SE « ‘ 2 R
VARIETY OF MCMOS IC’'s made by Motorola.
Many varieties are currently available.

voltage levels do not change. You can drive
at least 50 gates or more with one output
lead, and the noise immunity and signal
levels stay the same pretty much indepen-
dent of the number of new devices you
hang onto an output.

The story changes a bit when you ac-
tually try to draw some load current to in-
terface the outside world or some other
logic family. While the ON resistance is
around 400 ohms, there is a current limit-

lamps, while liquid crystal and some flou-
rescent displays are directly compatible.

You can apparently short circuit CMOS
continuously without harm, at least at room
temperature. This is handy for electronic
music keying and building bounceless push-
buttons. Other interface techniques are easy
to work up.

Coming from the outside world to
cMmos is a slightly different story. The open
circuit inputs make things relatively easy.
All you have to do is never go below
ground or above the positive supply with
an input. A voltage near ground will be
read as a “0” and near the positive supply
will be read as a “1”. With a +3.6 or +5
volt supply, you can directly interface DTL
or RTL. With T1L, the output guaranteed
“1” is usually only half the supply voltage,
so a simple pullup resistor of 2.2 to 10K
should be added. NEVER ler the input go
above positive or below ground particularly
from a low impedance, as we’ll shortly see
that this can hurt cMos—in fact its about
the only way you can really damage it.

Building some logic
There’s really not too much you can
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do with just inverters, although they do
have a few handy applications. Fig. 5
shows how we can combine series and par-
allel arrays of Mos transistors to perform
logic. In the Nor circuit of 2A, making the
inputs both positive pull the output to
ground. So does making either input posi-
tiive. Only when both inputs are grounded,
does the output swing positive. This is
known as a positive logic NOR circuit. To
build the familiar or circuit, you simply
add an inverter to the output—making ei-
ther input positive gets us a positive output.

The series combinations present as real
problem, for since they all have to be on
anyway to conduct current to an output
load, the sequence in which they turn on
doesn’t matter, and an on device has no
voltage drop across it, or at least very little.
One minor effect is that the threshold volt-
ages will shift slightly for the differing tran-
sistor positions. This is a minor effect and
is detailed on most data sheets.

The NAND circuit is an upside down
NOR one. Both inputs must be positive to
force the output to ground. Add an inverter
and we have an aND circuit in which both
inputs have to be positive to get a positive
output.

More complex logic is easily built up
with proper series and parallel combina-
tions. Two NAND gates back-to-back form a
set-rest flip-flop. These may be cascaded
with a cMos circuit called a transmission
gate to form a master-siave flip flop which
in turn can be used for binary division,
decimal counting, and all the more familiar
MSI logic applications.

Table Il is a more or less random se-
lection of the hundred or so cmos in-
tegrated circuits available today. These will
give you an idea of what is on the market
and may represent a good choice for initial
experiments. Two devices that are partic-
ularly interesting that have no equivalents
in the older logic families are the MC14016
and MC14046. The former is a quad
switch. It can be used for digital or analog
signal transmission, and it doesn’t matter
what you call the input or the output, since
the ON equivalent circuit is a resistor and
the OFF equivalent circuit is nothing. Tie
four of these together, and you can just as
casily select one of four input signals and
route it to a single output, or use one input
signal to go to zero, one, two, three or four
places at once. Thus, with this cMos pack-
age, there is no difference between a data
selector and a data distributor.

The MC14046 is a phase lock loop cir-
cuit; unlike the older pLL’s this one will
work and track and lock over a 1000:1 fre-
quency range, making it a top contender
for electronic music, digital tachometers,
frequency multipliers, and things like that.
Like many of the older pLL’s, it has a maxi-
mum frequency of 500 kHz.

Some precautions

As with any logic family, there are sev-
eral things to watch out for to keep out of
trouble. These are surprisingly easy and
simple with cMos.

Rule 1 is that all inputs must go some-
where. This can be either to a logically sim-
ilar input or connected to positive or
ground as needed to get the right function.
The reason is simple—a floating input is an
open circuit that can pick up hum and

(continued on page 88)
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NEW °74 Golor TV Gircuits

Color TV sets for the coming year are chock full of new and
interesting innovations that are designed to bring you
more stable pictures, truer and brighter colors and

easier and more trouble-free operation. Solid-

state designs predominate as you'll see here

DESPITE [HE ALREADY HIGH DEGREE OF
refinement in TV circuits the 74 sets
continue the tradition by making in-
novative contributions to receiver art
For the first time in our hemisphere a
practical countdown vertical system
has been introduced that truly elimi-
nates the vertical hold control and
doesn’t just tuck it away in a corner.
This newest IC accomplishment is an
indicator that other surprises are prob-
ably in the works.

Magnetic voltage regulation ap-
pears in a major manufacturer’s color
line as their solution to supply regu-
lation and energy gap brownouts. Just
about everyone has recognized the
cost cffectiveness of the horizontal
transformer power supply and ambient
light sensing continues to push toward
the completely automatic set. These
are the highlights.

Zenith
Magnetic voltage regulation is
now being used in all Zenith solid-

& ;%

by STEVE LECKERTS

ZENITH'S TITAN 300H solid-state chassis—
the basis for the 1974 large-screen color sets.

state color sets. ‘Power Sentry’ reduces
power requirements since power con-
sumption can be set close to optimum
without the usual overcurrent drain

needed to insure proper operation un-
der reduced line voltage.

Fig. | shows the transformer
hookup. In particular notice the un-
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FIG. 1-VOLTAGE-REGULATING POWER TRANSFORMER is a unique feature found In 1974 Ze-
nith color sets. Operating voltages are not affected by line or circult load changes.
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conventionally located C213 across the
secondary winding. This capacitor
resonates with the inductance of the
winding to produce relatively high cir-
culating currents. The peaks of the
sine wave ac line voltage saturate the
core tending to keep the fundamental
60-Hz component constant. The VRT
or voltage regulating transformer ex-
tends picture tube and other com-
ponent life. Cathode life of the picture
tube decreases dramatically at in-
creased temperature. The automatic
heater voltage regulation protects the
heater and cathode from the inevi-
table voltage surges. The transformer
also minimizes the need for electronic
supply regulation within the chassis. It
will be interesting to see if this unique
idea in the industry propagates to
other manufacturers.

Zenith has also increased high
voltage to 30kV on their 300H hori-
zontally mounted and 300V vertically
mounted chassis.

That’s the end of the circuits for
the new model year. Let’s hope next
year’s offering is as interesting.

RCA

In addition to flesh-tone correc-
tion and limited range color saturation
and tint controls this year’s Accumatic
includes reduced range brightness and
contrast controls with midrange pre-
sets. Fig. 2 shows the moditied control
system. The Accumatic switch is
shown in the on position. At the top
of the diagram the contrast control
circuitry is connected to the emitter of
the Ist video transistor to regulate the
amplifier gain. The video input to the
kine drivers is limited to about 1.4 to
1.8 volts compared to 1.2 to 2.4 volts
in the ofl position. When Accumatic is
on, the 2500-ohm resistance of the
control is replaced by a 2400-ohm re-
sistor. The ac impedance bypassing
the 1800-, 2400-ohm parallel combina-
tion is the contrast level control in se-
ries with the paralleled contrast pot
and 1200-ohm resistor.

Brightness is modified to a preset
range with Accumatic on by wiring in
the wiper of the brightness level con-
trol and inserting 5.6K R4012 in series
with the brightness control wiper.

RCA has introduced a vertical
striped Acculine picture tube in a sim-
ilar vein to others. This item can be
described by an eliminated circuit
rather than an added or revised one.
The conventional dynamic con-
vergence correction circuitry has been
eliminated without any sacrifice in
convergence performance. Phosphor
line segments make up the screen in-
stead of dots to improve sharpness
and brightness over conventional triad
tubes. The simple yoke assembly is
preadjusted and cemented to the tube.

This leads to the CTC 62 chassis

38

Q4 &7
BRIGHTNESS 2ND VIDEO 15uF
LIMITER CONTRAST a3
CR4 TEVEL 1ST VIDEO
c10 ON Vo mAL
pwioo  t18V  +30V 0033 SRi127 N
- 50062
2;:(8 = 6 jTE CONTRAST ‘L,ms‘z
- R4005 | T ¥ RA207 S 1.2K
15K o | (o 25K
R126 5 | R149
16K 24k SRI0B < _Lcroe
BRIGHTNESS o ha02 | 1.8K AN 300F
LEVEL L s
Z2R113 1.6K [ ® It
< BRIGHT. AN
S 4700 signl: | r4012 | c107
< NESS 5.6K I——O O
PAAN KA | 220pF
A A4 vy
R116 RA013 i =
4700 1.8K | R107
v STk { cotors S
| COLOR LEVEL
X O L102
I 12uH
|

e}

FIG. 2—~RCA’S ACCUMATIC CIRCUIT provides flesh-tone correction as before, and in addition,

reduces the effective range of the set’s brightness

and contrast controis.
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CTC-62 chassls. The tripier rectifies the flyback pulse to develop 25

which uses the Acculine tube. The
SCR deflection system uses ITR’s or
intrinsic rectifiers combining the SCR’s
with their respective trace and com-
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B+ voltages needed for all cir-

cuits but the horizontal deflection it-

self are derived from the horizontal
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FIG. 5—HIGH-VOLTAGE HOLD-DOWN oper-
ates by pulling the horizontal frequency down
when Q402's base bias voltage rises.

high voltage transformer and input re-
actor. As shown in Fig. 3, even when
switched off. the horizontal oscillator
in this recciver is always running so
that the input reactor T402 can supply
heater voltage for Instant On. The in-
put reactor also generates a 40-volt dc
supply using CR105 to feed a voltage
divider and Zener supply. Fig. 4 is the
schematic of the high voltage and kine
drive 200-volt supply portion of the
deflection system. When the set is off
ITR101 1s disabled by a direct anode
conncction to ground shutting down
the HV supply and deflection.

Turning the set on removes the
short allowing normal trace operation.
The HV tripler supplies the 25-kV
kine anode voltage and the tap-13
pulse is rectified by CR401 1o bias the
picture tube screens. Diode CR403 is
connected to an auxiliary winding to
supply 220 volts to the kine-driver
modules and pilot lamps.

The CTC 68 chassis has more
high voltage for better picture tube
performance; in this case a whopping
31 kV increased from the previous
26.5 kV. To conform to HEW require-
ments the hold-down circuit of Fig. 5
is used to pull the horizontal fre-
quency low when a tight high voltage
limit is exceeded. A 30-volt flyback
pulse is rectified by CR410 and fil-
tered by C420 to bias hold down tran-
sistor Q402. Excessive high voltage
such as might be caused by a defec-
tive high-voltage regulator will cause
the base voltage of Q402 to exceed
the 10-volt Zener connected to the
emitter. The exact trigger point is de-
termined by the precision voltage divi-
der R425, R426, R427. The collector
current in the transistor pulls down
the oscillator frequency by virtue of its
connection to R115 the horizontal
hold control. Shorting TPl to TP2
tests the system by biasing the transis-
tor into conduction. Readjustment of
the hold control and oscillator coil are
futile and will not restore a watchable
picture.
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FIG. 6-SYLVANIA'S COUNT-DOWN VERTICAL SWEEP Is generated by dividing the 31.5-kHz
horizontat frequency by 525. Phase-locked loop provides sync to incoming signal. .
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FIG. 7—A RISE IN HIGH VOLTAGE trips the
SCR gate to effectively short-circuit the Input
to the horizontat driver.

Sylvania

The GT Matic receiver should
win the outstanding feature of the
year award for countdown vertical. If
you get a chance, try changing chan-
nels on this model at a dealer. You
will see the vertical hesitate an instant
and then snap in without the familiar
picture roll. While this may take some
getting used to, the important point is
that two TI integrated circuits have re-
placed the vertical oscillator along
with its frequency or otherwise called
hold control, with a conglomeration of
digital frequency dividers and synchro-
nizing circuits.

This known technique is based on
principles used in camera sync gener-
ators. Because of standard interlaced
TV displays the horizontal oscillator
must be twice the scan rate or 31.5
kHz. Dividing by 525 gives the famil-
1ar approximate 60 cycle vertical scan.

Since a schematic of the system is
unavailable and could alone be the
subject of an article the description
centers around the block diagram of
Fig. 6. The system assumes that a
31.5-kHz horizontal oscillator signal
has been synchronized to the incoming
horizontal sync. This function is pro-
vided by the phase-locked loop on a
sister chip I1C400. In fact under hori-
zontal phase lock even without a verti-
cal synchronizing impulse, the system

will maintain exactly the correct verti-
cal frequency. However the phase will
be incorrect with the vertical blanking
bar visible. An additional requirement
perceived by Sylvania is that the sys-
tem must handle non-interlaced sig-
nals from non-standard generators.

The sync entering pin 4 of IC300
is processed by looking for equalizing
pulses to determine whether or not it
1s interlaced. If it is the countdown
mode is selected and the 31.5-kHz in-
put at pin | is divided by 525 by a 10-
stage feedback binary divider. The sig-
nal is routed to the vertical waveform
generator to feed the vertical output
circuits connected to terminal 7.

Non-interfaced signals are han-
dled by direct impulsing of the verti-
cal drive waveform generator from the
sync generator.

Not forgetting that 15,734 Hz is
still needed for horizontal, a divide-
by-two flip-flop halves the pin 1 fre-
quency and feeds it to pin 2.

High-voltage adjustment on this
EO3 chassis is by regulation of the
120-volt source that powers the hori-
zontal deflection system. Certain de-
fects in the regulator will cause the
high voltage to rise above allowable
HEW set safety standards. To protect
against such a mishap, exceeding the
135-volt breakdown of Zener SC435
plus the turn-on voltage of SCR Q402
(Fig. 7) disables the horizontal input
to Q404 the horizontal driver. This
completely shuts down the high volt-
age. SCR Q402 remains latched until
the protection system is reset by turn-
ing off the receiver reducing the SCR
current below its holding value. If the
fault still exists after turn on the HV
will shut down again after a brief in-
stant for charging the capacitors.

General Electric
GE calls their horizontal powered
voltage supply system “Scan Rectifica-
(continued on page 92)
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REMOTE CONTROL

by KARL SAVON

ALl WIRELESS TV REMOTE CONTROL SYSTEMS USE AN ULTRASONIC
transducer to send inaudible air compression waves across the
room to a microphone pickup mounted in the TV’s front panel es-
cutcheon. These tones in the 40-kHz frequency range are amplified
and limited in a fairly similar manner by the receivers and eventu-
ally feed a series of frequency selective networks, usually tuned LC
tanks, to differentiate and separate the commands.

At this juncture things change suddenly and everyone does his
own thing, involving a medium to high degrec of complexity in de-
coding the input signals to get as much mileage as possible out of
them.

Some systems are purely mechanical with a motor directly
turning the tuner shaft. Some are semi-electronic using a motor
driven switch to select the proper tuning potentiometer which then
clectrically tunes in the desired station by controlling the capaci:
tance of varactor diodes. There are remote control systems that are
combinations of the above two.

One experimental system has been demonstrated that is com-
pletely electronic using digital techniques to replace the motor and
all other mechanical switching.

Described below are a selection of typical systems that will
give you good exposure to what is being done in the *74 sets and
what the future holds.

The RCA system for remote control

A two-frequency three-function remote control system is being
used in the CTC 53 and CTC 71 chassis. There is a one way chan-
nel selection motor control frequency and a second on-oft-volume
control frequency.

Fig. 1 is the schematic of the ultrasonic transmitter. The on-
off-volume control frequency is triggered by connecting up the bat-
tery power supply, producing a 44.75 kHz output. The channel
function uses a shunt 41.5 pF capacitor to lower the transmitted
frequency to 41.75 kHz.

The schematic of the remote control system is in Fig. 2 A me-
chanically tuned vhf tuner and varactor tuned uhf tuner are used.
Channel selection is initiated by a preamplified 41.75-kHz signal
ringing up the Q1103 input tank. Q1103 closes relay K10I's con-
tacts, running the motor. When the motor has rotated so that the
station stopper contacts have closed, the motor continues to turn,
even if the relay has opened, until the station stopper contacts
open at the next channel position. Whenever the motor is turning,
the bypass switch contacts are closed. To skip vhf stations, the
channels to be skipped are fine tuned counterclockwise, until the
sound 1s muted. When operating remotely the program switches
closed in this manner continue running the motor by a ground

FIG. 1—SCHEMATIC OF RCA's ultrasonic trans-
mitter. Volume is controlled with a 44.75 kHz sig-
nal, whlle channel selection uses a 41.75 kHz
signal. Remember, these are ultrasonic signais—

Remote controls do wonderful
But the way they act
Here's a new look

transferred through the bypass switch. When tuning marnually, the
bypass switch is open since the motor does not rotate. and any sta-
tion whether adjusted for bypass or not can be selected.

Since the station stopper switch is connected through a 20 to 1
gear reduction, the tuner shaft can assume any of twenty positions;
12 vhf and 8 uhf. The 12 teeth on G1 and the 13 teeth on G2 are
arranged so that any one of the 12 vhf stations are selected by the
vhf tuner shaft on G2 by a specific gear tooth on GI. The non-
toothed perimeter section of Gl is used to select the particular uhf
varactor pot by $2404 while G2 remains fixed in the uhf position.

When in the uhf position B+ is routed to the uhf tuner by
54204. The appropriate varactor potentiometer is selected and series
connected through aft amplifier Q1201 (not shown) to the uhf tuner.
Bypassing any of the eight uhf positions is done through the bypass
switch as for vhf. However, the bypass function is executed elcc-
tronically by Q1202 the uhf skip detector. To bypass a channel po-
sition the pot wiper is adjusted to its maximum clockwise position
past the Channel 83 designation. With this wiper adjustment, maxi-
mum voltage is applied to Q1202 and in turn QI203. As before,
manual selection of any station is still possible, because of the
manual non-operation of the bypass switch.

The on-off-volume system uses two flip-flops as a state
memory system. Two flip-flops have a total of 22 or 4 combinations
of on and off states. There is an off position and three on positions
with high, medium and low volume.

Initially Q1107 and Q1109 are off with Q1111 the on/off tran-
sistor non-conductive. Reception of a signal by QI104 operates
Schmitt trigger Q1105-1106 to feed an input pulse into the Q1107-
1108 flip-flop. The flip-flop enters its TV on/high volume state with
Q1107 now on and Q1109 still off. The high supply voltage at the
collector of Q1108 now turns on QIl1!1 through diode CRIII2.
K101 is pulled in and Q104 the power on-off triac conducts to
supply ac to the receiver. As the flip-flops cycle through the two re-
maining medium and low volume states either one or both of
CR1112 or CR1113 remain on to maintain ac power. When the
fifth or original initial position is again rcached both diodes are
back biased and ac power is interrupted.

Volume changes are controlled by the state decoding of diodes
CRII1l and CR1110 to shunt series combination of R4020 the vol-
ume control R4201 with the necessary resistance value. The lower
the shunted resistance, the higher the volume. In the high volume
state 8.2K R1130 is shunted across the control, in the medium vol-
ume state 13K R1131 is switched in by CR1111 and in to the low
volume state there is no paralleled resistance. CR1117 is a refine-
ment which allows even higher volume at the top end of the vol-
ume control in the high volume state. Under these settings 3.9K
R4020 is shorted by CRII17 and the saturation resistance of
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for color TV

deeds for the set owner.
is often unstated.
at modern remotes

———— ——— —_—_———— amss
———————————————————— SWITCH
UL U O LA TR i
3 £1105 ’ =
i g PROGRAM
i€ 80 | o SWITCHES
e 4175 KHz ON VHF TUNER
R905 = R RI03 = R9I0 =3 =
410K uuo: 41K R1102° R1103 | 100K

470K

R307 5

RgnA

100K 180K 2
—) €a09
AL
1 20v
o

= R901

CRI01 10 MEG

27K 22K

R1101
" 10K

= c110?
> 001 [ I
[4307]

GE R
n(uucsn
STATION E

stoeeER
4005

15V LS -— & —

iﬁl owmrv '
e e e s e = cng
it
— T '7‘;‘(, 9 RE ucnou
/1119 (3R mm $mm _] 33K AND cuncu
3.3k 081V !:’
- — 7 ——— —>—o——8 1 | __
TR ;:mm / crz;ﬂj’: 0V Lona cnn_: O
004 001 To 00177
] | P TUNER SHAFT
anor RI122 R1120 Eot RIIZ6 R1IZ8
11143 | 33K BK -4 15K 15K B
33K . o 13 TEETH
cnnmlt R1123 R1129 CR1109
£.2 2K 27K
r _[———‘ ¢+ £ ans y & D)
CR1106 chs 2 o
B 047 — )} . TUNER
CRIT2 «NOB
— cRIN3 cR1N
16V REG. onm 4 0 FUNCTIONAL DIAGRAM
- A3 OF MOTORIZED
:‘070"( 0 CHANNEL SELECTOR
- 03V S>— .
| R1130 S R1142 ]
: | cring 282K S22k 3 jmmc
) I—K H § POTS
m A
: SRS » l VOLUME ‘\\ ri)fp—‘
: - CR1I7 = .
RANSF ORMER
" il p— | cnv‘m R4020 \_&“‘"“5‘/
_l L 39K TUNER 8+
—— s —— — — — e ety A VARAGTOR
= 4208 VOLTAGE

FIG. 2—REMOTE CONTROL SYSTEM ACTIVATED BY THE TRANSMITTER of Fig. 1. Both a me-
chanically tuned vhf and varactor tuned uhf tuner are operated.
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FIG. 3—THIS ADDITIONAL CIRCUITRY is used by RCA for their re-
mote for the CTC 68 chassis.

Q1110 to reduce the volume control resistance. This 4 state
memory system is summarized in Table 1.

Local operation of the system is identical except the negative
state switching pulse to drive the two flip-flops is generated by the
on/off switch §4201.

The CTC 68 chassis uses a similar remote control system with
the additional circuitry of Fig. 3 so that the receiver can be locally
turned off’ without stepping through all the volume steps as in re-
mote. When the set is turned on by the first flip-flop pulse on/off
transistor Q1111 conducts turning off Q1114. The high voltage on
the collector of either Q108 or Q1110 through diode CRI1112 or
CR1113 and R1133 turns on QI115. Operation of the on-ofl’ switch
will now route a positive pulse through Q1113 to pull down the
collectors of Q1108 and Q1110 and turn off the set. When the re-
ceiver is turned on locally, the pulse is routed through QI112 to
step directly into the medium volume state. The original S4201 is
redesignated S4007 for local volume stepping,
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FIG. 4—FOUR-FUNCTION ZENITH SYSTEM Is shown here. No battery power is used by the trans-

mitter vibrator rod system.

Zenith has two systems

Three and four function remote systems are used by Zemith.
They are quite similar with the four function system separating the
on-off and volume functions. Fig. 4 is the four function remote
schematic. Now used is an improved transmitter vibrator rod sys-
tem not requiring battery power. The system can work in con-
junction with a varactor tuning control center permitting any mix
of uhf and vhf stations. Thyristor devices are used throughout for
reliability; the only mechanical contact used is the carryover switch
used to simultaneously control motor carryover, raster blanking and
sound muting when between channels.

Channel up and down switching is done by the two pairs of

SCR’s CR206, CR207 and CR208, CR209. SCRs are used rather
than triacs for motor control because of their higher turn-on sensi-
uvity.

The four volume levels are selected by the dual thp-tlop 1C201
and 1its series of decoding diodes and resistors. In this respect the
action is very similar to RCA’s.

An on-off flip-flop is activated by a pulse from the collector of

Q203 connected to the junction of €213 and C214. When the flip-
flop is triggered on, Q207 conducts and the lamp of the
photo/optical isolator A20! is lit, lowering the resistance of the
light sensitive resistor, triggering on the triac and the AC power to
the receiver. For manual on-off, the momentary contact switch
feeds Schmitt trigger Q203, Q205 to switch the flip-flop.

To insure that when the receiver is tirst plugged in or after a

momentary power failure, the receiver remains off, the beta of

Q206 is two to five times higher than the beta of Q207. Along with
Q206’s higher collector resistor, its resultant higher gain guarantees
this transistor always turns on first.

Q201 is biased to allow response only to the on command
when the set is ofl. With the sct off, L201, L202 and L203 are
shorted by the saturation resistance of Q201.

All but one of the systems described use memory flip-flops to store
the system’s past history. While the other systems use digital storage for
simple functions, Panasonic’s experimental system remembers its chan-
nel position as well by digital means. No doubt other manufacturers
are working on similar systems using the multitude of inexpensive
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digital ICs on the market or with custom designs.

That’s about all we have room for here, but we do have data
on other remote control systems. These include Sylvania, Sharp
and Panasonic. We hope 10 be able to present them soon. Sure to
whet the appetite is the soon to emerge completely digital remote
control systems that the indusiry has been talking about for the
past several years.

Look forward to seeing remote control announcements. along
the completely digital line in the neat few years. R-E

"Hold it. children! That's not Jolly Old Saint Nick, it's Daddy
falling down the chimney with the TV antenna.”
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IF YOU OWN ONE OF THE NEW VERY

low efficiency speaker systems, that re-
quires enough power to run a small
car; or if you must provide sound in a
really large area then Tigersaurus
“250” should interest you. True to it’s
name this amplifier produces beastly
amounts of power. Power output is
rated at a conservative 200 watts into
an 8.0 ohm load and 250 watts into a
4.0 ohm load. Typical output at clip-
ping is over 300 watts. A check of the
specifications will confirm that Tiger-
saurus is also equal to, or better in
performance than other amplifiers in
this power class. The circuit features
the same push-pull cross-coupled com-
plementary system used in the Tiger
01 (Radio-Electronics, March-April,
1973). Volt-amp limiting type protec-
tion in the very robust output stage,
with generous heat sinking per chan-
nel insures safe operation at any level.
Chassis layout is clean and open, so
construction is not tricky in any way.
If you have always wanted to build a
really BIG amplifier, Tigersaurus is
for you.

The input circuit in this amplifier
is nearly the same as that used in “Ti
ger 01”. Figure 1 shows the basic in-
put system used in these amplifiers. A
complementary differential amplifier
makes the amplifier push-pull from
the input all the way through to the
output. The emitters of the differential
amplifier pairs are supplied current
from a high-impedance current source.
This, plus the Zener stabilized supply
voltage used for the first two stages in-

BAURUS

.
:
)

sures a very high degree of isolation
from any hum, or noise on the supply
lines.

Since the critical stages are regu-
lated and isolated so well any type
fancy regulation in the power supply
is a waste. The supply can consist of a
simple rectifier and capacitance filter.
A 25-amp bridge is used for the recti-
fier to insure minimum loss at this
point, while large 10,000-uF filters
hold ripple down as much as possible
at full power operation.

The second stage amplifiers Q4
and Q8 (Fig. 2) provide a current
drive voltage to the output stages.
Since the output stage operates at a
gain of approximately four, emitter re-
sistors for Q4 and Q8 can be made
large enough to insure excellent stabil-
ity in this stage. If the output configu-
ration required a driving voltage equal
to the sum of the supply voltages, as
is often the case in quasi-com-
plementary output circuits. the driving
system would have to be operated at a
higher voltage than the output stage,
or a less desirable driver system of
some type would have to be used.
Only when the output stage is de-
signed with some gain can you use a
lower voltage on the drivers.

The lower driving voltage also is
helpful in reducing problems with col-
lector capacity that occur when very
large voltage swings are required from
the driver. Bias for the output stage is
provided by the emitter-to-collector
voltage drop of Q9. This voltage is set
by trimmer R22. Diode D4 is physi-

by DANIEL MEYER

this 250-wat
-F1 amplifier

If you really need lots of power to get
ear-splitting volume from an inefficient
speaker system or sound for the local
stadium, Tigersaurus may be for you.

cally mounted on the heat sink and
changes in its voltage drop with heat
sink temperature correct the bias volt-
age as the output stages change oper-
ating temperature. Q10 and QIl are
drivers for the output power transis-
tors. In an output stage of this type
having more than unity gain, you
must use complementary output and
driver stages.

There is no way to build this type
output section with one polarity of
power transistor. This somewhat limits
your choice of output transistors to ei-
ther single diffused, or epitaxial base
power transistors. High-voltage triple-
diffused power transistors are simply
not made with pnp polarity. If you in-
sist on using this type transistor then
you are also committed automatically
to a quasi-complementary system, high
drive voltage, etc. even though you
might not choose to do things this
way.

Since single-diffused transistors
are too slow to be considered for a
wide-band amplifier, the only real
choice is between the various epitaxial
types. You can either use a high-volt-
age type. or stack lower voltage types
to get the necessary voltage rating to
handle the desired power. A quick
look at the available transistors shows
that you will have the same number
of devices using either type, provided
you want at least a 140-volt 30-amp
output rating. Since the lower voltage,
higher current types cost much less
and since they also have a superior F,,
it should not take anyone more than a
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+ DRIVER

FEEDBACK

INPUT

l

l[ - DRIVER

FIG. 1—BASIC INPUT CIRCUIT in a com-
plementary differentlal amplifier with the emit-
ters fed from constant-current sources.

few microseconds to make a choice.
The output stage then consists of
a driven transistor and a slave stage
whose only function is to sop up half
of the voltage drop across the output
stage and prevent exceeding the V.
rating of any of the transistors. The
two slave stages are Q16 and QI8 on
the positive side and Q21 and Q23 on
the negative side of the supply. They
are driven by QI2 and QI3 respec-
tively. Q12 and Q13 are biased at ap-

resistors in their base circuit that con-
nect from the output point to the two
supply voltages.

Thus when the output has a sig-
nal voltage present the slave stages
have one half of the supply voltage
plus the signal swing present dropped
across them. When the amplifier is
driven to full output the slave stage
and the driven stage divide up the to-
tal peak voltage of approximately 130
volts so that only 65 volts appears
across either transistor. This gives a
generous safety margin with the 90-
volt output transistors that are used in
this circuit.

The output transistors are paral-
leled with a total of eight being used
in the output stage. This provides the
amplifier with an output system hav-
ing a 180-volt, 60-amp rating. Al-
though this is far more than needed to
give us 200 watts into an 8.0-ohm re-
sistor, it is necessary if the transistors
are to be reasonably safe from failure
when driving a reactive load. It also
makes it possible for the amplifier to
provide clean power into a quite reac-
tive load that would otherwise trip the
protection circuits and cause dis-

SAFE OPERATING AREA IS
UNDER THE SHADED PORTION
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FIG. 3—RESISTIVE LOAD LINE is stralght and
becomes oval as reactance is added. Curve
should not enter into shaded area.

Many present day speakers be-
come quite reactive at the resonant
point on the low end and at fre-
quencies over 10,000 Hz, so this is not
a minor consideration. It is quile pos-
sible to make a high power amplifier
FIG. 2—COMPLETE SCHEMATIC of the am-

plifier. Single-ended input to Q1 and Q5 de-
veiops a push-pull signal all the way to the
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PARTS LIST

All resistors Y%-watt 10% unless noted

R1—1000 ohms

R2, R8, R9—4700 ohms

R3, R43, R44—22,000 ohms

R4, R5, R6, R7, R15 R23, R41,
ohms

R10, R11, R14—10,000 ohms

R12, R13—2200 ohms

R16, R17—390 ohms, %W

R18, R19—1000 ohms, 5W

R20—470 ohms

R21—220 ohms

R22—1000 ohms, trimmer

R24, R25, R48, R49—100 ohms, %W

R26, R27—1000 ohms, 1W

R28, R29—47 ohms, 2W

R30, R31—200 ohms, 5W

R32—2200 ohms, %W

R33, R34, R35, R36—200 ohms, 10W

R37, R38—0.1 ohm, 5W

R39, R40, R52, R53—0.1 ohm, 2W

R45, R46—1 ohm, 1W

R47—10,000 ohms, linear taper potentiometer

R50, R51—10 ohms, %W

C1, C2, C8—220-pF polystyrene

C3—470-pF polystyrene

C4, C11, C15—0.1pF

C5—220-;F electrolytic

C6, C7—820-pF polystyrene

C9, C10—470-pF disc

C12—4.7-pF tantalum

C13, C14—0.005-¢F disc

D1, D5—1NA753; 36-volt, 1W Zener

D2, D3—1N5729B,; 5.1-voit, 400-mW Zener

D4—1N3754; temperature compensating

D6 thru D11—1N5060; silicon

Q1, Q2, Q3—2N5087 silicon

Q4, Q11, Q12, Q14—40410 silicon

Q5, @6, Q7, Q9—2N5210 silicon

R42—-100

Q8, Q10, Q13, Q15—40409 silicon

Q16. Q18, Q20, Q22—MJ4502 silicon

Q17 Q19 Q21, Q23—MJB02 silicon

F1—10A

L1—6 turns of No. 16 insulated wire wrapped
on the body of a power supply filter capacitor.

FIG. 4 (bottom)—FULL-SIZE PATTERN for the
amplifier circult board. FIG 5 (below)—LOCA-
TION OF PARTS ON THE CIRCUIT BOARD.
The MJ4502 and MJ8C2 pcwer transistors are
on heatsinks mounted on each side of the
rear of the chassis as described In text.
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which tests beautifully on a resistive
load, but which cannot provide
enough power into a slightly reactive
load to match much lower rated am-
plifiers. Figure 3 shows the resistive
load line of the Tigersaurus *“250” and
the dc safe operating areas of the out-
put stage. If the load becomes reactive
then the load line becomes eliptical as
indicated by the dashed line. As you
can see, in this case there is consid-
erable margin for operation into a re-
active load before the boundaries of
the safe operating area are exceeded.

In a properly designed amplifier
the protection circuits will prevent op-
eration outside the safe areas. but al-
though this will prevent destruction of
the output transistors, it does cause
distortion when the protection circuits
are put into operation. A rough check
of the amount of useful power that
can be expected from a transistor
power amplifier can be made by de-
termining how much current can be
safely drawn by the transistors when
subjected to peak output voltage. For
equal power output ratings. the one
with the largest current rating at peak
voltage swing will be the amplifier
with the best margins for reactive
loads. It will be less likely to in-
troduce curious little distortions when
driven hard. You will not be faced
with the decision of either having dis-
tortion, or getting the power.

The protection circuit in Tiger-
saurus consists of transistors Q14 and
QI5. These transistors monitor the
current through the emitter resistors
R39 and R40 and also the voltage
level at the output of the amplifier. If
the current, or the voltage, or a com-
bination of voltage and current exists
that would cause the output stage to
operate outside the safe operating area
for this device the protection transistor
goes into conduction and bypasses
enough of the drive current going into
the base of the driven output transis-
tor to keep operation within the de-
sired safe area.

The protection transistors can op-
erate almost instantly since there are
no capacitors to charge, or other reac-
tances in the protection system. They
clamp the output cleanly and with no
bursts of oscillation when they go into
operation. This is possible because the
design of the output stage provides
limiting resistance automatically for
both the driver and the protection
transistor. Resistors R28 and R26 on
the positive side of the circuit and
R27 and R29 on the negative side
limit the maximum driver current to
slightly more than 1 amp under any
conditions. The less gain enclosed by
the protection circuit loop, the less
chance for oscillation and the more
gradual will be the transition into the
clamped. protection mode of opera-

tion. This more gradual clamping ac-
tion produces fewer distortion prod-
ucts and is a bit less obnoxious in its
effect than sudden sharp clamping ac-
tion.

Phase compensation of the ampli-
fiers response is provided by Cl1, C2,
C3, C8 and Cl11 in combination with
R1. R15 and R46. This controls the
high frequency gain of the amplifier
and insures stable operation with the
negative feedback loop connected. The
metering circuit (Fig. 6) is well iso-
lated from the amplifier output by the
resistor in series with the meter recti-
fier, and has no effect on performance.
The meter 1s calibrated to read in per-
cent of full output.

Construction is quite straight-
forward. The full size circuit board
pattern (Fig. 4) and parts location
(Fig. 5) help keep it simple. The heat

TN
e °va

o9 5
0,0t 3
o M1

M1
ouT
1.5K
TO SPKR =
OUTPUT
IN9I4
I B
GND

FIG. 6—THE METERING CIRCUIT PC board
pattern with the schematic diagram below.
Meter reads percent of full output.

sinks (8 of them) are “Wakefield” type
641K drilled so that they may be
mounted back-to-back on each side of
the rear of the chassis. Two transistors
are mounted on each heat sink and
are insulated from the heat sink with
mica washers. Base and emitter pin
connections may be soldered. or pin
connectors may be used if desired.
The connection from point O to the
output jacks must be made with at
least a 20-gage wire, since up to 12
amps can flow through this circuit. L1
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is formed by winding the wire around
the bottom of the filter capacitor can
nearest the rear of the chassis five
times.

The only connection to the chassis
should be at the input ground. All
other grounds should be made to a
heavy bus wire connecting the com-
mon sides of the two filter capacitors.
These include the output ground jack,
point G, etc. This will insure that you
will have no hum producing ground
loops, or oscillation producing com-
mon impedances.

After construction is completed,
the circuit should be tested in stages
to insure that any problems, or errors
are found and corrected before they
can do serious damage. Test the
power supply first (Fig. 7). Disconnect
the +70 and -70-volt circuits from the
amplifier and measure from each filter
capacitor terminal to common. The
meter should show an initial low read-
ing which should increase as the filters
charge.

If this looks okay, plug the line
cord in and measure the voltage at the
filters. You should have approximately
+75 and -75 volts dc. If this is right
pull the plug and allow the filters to
discharge. or discharge them by put-
ting a lk resistor across each one for a
few seconds. Now connect the supply
to the amplifiers circuit board. Leave
the power transistors disconnected.
DO NOT connect points K, L, T or S;
or either supply voltage to the output
stage as yet.

Turn trimmer R22 to maximum
resistance and apply power to the
board. First measure the voltage at
point O. It should be no more than
+ 1V, or -1V. Now measure the volt-
age across (not to ground) R24 and
R25. You should have less than 0.6
volt across either resistor. If you have
a large reading on either one, or both

SPECIFICATIONS—TIGERSAURUS
66250!!

Power Output—200 watts 8.0-ohm
load
250 watts 4.0-chm load
300 watts typical at
clipping

Distortion—Less than 0.2% up to full
rated output

Frequency Response—3 dB down at 5
Hz and 400,000 Hz

Hum and Noise—more than 90 dB below
full output.

Sensitivity—2.0 volts rms in for full 250-
watt output

Damping Factor—Greater than 100 with
8.0-ohm load, 20-20,000 Hz.

Size—17% x 10% x 5 inches

Weight—28 Ibs

Power Required—120 Vac @ 5 amps or
240 Vac @ 2.5 amps
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check for problems in the bias system.
Typical would be a reversed D4. If
bias voltage from base to emitter of
Q9 is normal—not over 1.5 volts dc—
check for missing ground connections
at the input point B, or at point G, or
possibly between the supply common
and the input jack.

Once you have normal operation
to this point, check points S and T for
+37 and -37 volts respectively. If all
of this looks normal take a deep
breath and connect your output stage.
Double check to be sure you don’t
have shorts from any case to the chas-
sis. Be absolutely sure thar all wiring is
as shown in the schematic. A mistake

here can cost you eight rather expensive
output transistors. $40 to $50 worth of
parts is nothing to be careless with.

If you are not the “hero” type
you might want to put a Ik limiting
resistor in series with R39, R40, R52
and R53 the first time you apply
power to the complete circuit. These
will possibly prevent disaster if all is
not well after all. Once you have the
limiting resistors in place, apply power
to the amplifier and quickly measure
the voltage drop across the added 1k
resistors. It should be less than 5.0
volts and in most cases will be near
zera if operation is normal. You
should be able to increase the voltage

F4
TS 1
5 AMP - F2
SLO-BLO +70V 5 AMP
—o—é l-4 \_o— () SN\_o———o0
“ 25 AMP
BRIDGE
F3
0V 5 AMP
i O
+
=< 10000uF
/ + 75V
o
S1 T

FIG. 7—POWER SUPPLY CIRCUIT. The power transformer shown has dual primary windings for
use on both 120- and 240-volt ac ilnes. Positive and negative voltages are supplied.
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across the resistors by advancing the
bias trimmer.

Now remove the resistors and
connect the emitters directly to points
E, F, U and V. Put the bias trimmer
back at maximum resistance. Turn the
amplifier “on” and check for a near
zero dc reading across the output
jacks. If you get any reading on the
output meter, you have oscillation
problems and should turn the ampli-
fier off as quickly as possible.

If everything looks “go” connect
an oscillator and a load resistor. Turn
the level control up until you get a
40-volt rms output at 1,000 cycles
across that 8.0-ohm load resistor. Turn
the calibration trimmer on the meter
to get a reading of 100%. Now reduce
the output to something in the order
of 2 or 3 volts rms and switch the os-
cillator to 10,000 cycles. Adjust the
bias control for a smooth crossover.
Don’t overdo it, or your idle current
will be excessive. This adjustment may
also be made more exactly with an
IM analyzer if you have one, or can
get the use of one. Just set the control
for minimum IM at an output level of
I to 3 watts. Stop when the reading
will not drop any further with con-
tinued rotation of the bias trimmer.

The following parts are available from
Southwest Technical Products, 219 West
Rhapsody, San Antonio, Texas 78216.

Circuit board; etched and drilled. $5.50
postpaid.

Power Transformer. $30 pius postage
and insurance (22 pounds).

Complete kit of all parts. $150 plus
postage and insurance (28 pounds)

THE TWO PHOTOS on the left show the rear
and interior of Tigersaurus. Note that each of
the power transistor heat sinks consists of
two assemblies bolted back to back. If you
skimp on these heat sinks the power transis-
tors will overheat and burn out,

NOISE IN GE “PORTA-FI”

They brought in a GE receiver unit,
and called it a ‘“Porta-Fi”. Works with
a big console stereo, and picks up the
music, etc. Never ran into one before.

Anyhow, it works, but it’s very
noisy. Has a loud harsh buzz. Turn vol-
ume down, no buz:. I'm puzzled.—J.M.,
Donora, Pa.

Un-puzzle. This is a “carrier-cur-
rent” device, like a wireless intercom.
The transmitter, in the console, gener-
ates a low-frequency rf signal, which
1s carried to the receiver over the ac
power lines. Works on one of two
channels, 250 or 300 kHz.

Your buzz could easily be unfil-
tered fluorescent lights, or SCR light
dimmers. etc. Turn them off and see if
this stops the noise. If so, filter them,
not the receiver unit.

Alternative: the receiver unit may
not be correctly tuned to the trans-
mitter. Normally, the receiver should
“quiet™ with a strong carrier.
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THE OLD SAW ABOUT *‘NECESSITY"
being “the mother of invention™ is
particularly applicable in the realm of
high-fidelity music reproduction. In
the one-speaker-system era of mono,
serious listeners who had no objection
to using massive loudspeaker enclo-
sures which were highly efficient, ca-
pable of good bass reproduction, and
easily driven to loud sound pressure
levels with 10- or 12-watt vacuum
tube amplifiers.

Increased acceptance of stereo in
the early 1960's (and its attendant re-
quirement for two speaker systems)
clearly spelled the doom of the 10-cu-
bic foot floor-standing speaker enclo-
sure as a viable stereo sound repro-
ducer in the “average” living room.
Smaller, vented enclosures, followed
by still smaller sealed enclosures uti-
lizing the so-called “acoustic suspen-
sion” or “air suspension” principle for
bass reproduction gained popularity
along with two-channel listening.

The inefficiency of these book-
shelf systems was immediately recog-
nized as a problem that amplifier de-
signers would have to solve. Small
sealed enclosures required consid-
erably more power input to achieve
acoustic sound levels equal to those
delivered by their large predecessors.
Happily, designers of power output
transistors were then producing de-
vices of ever increasing reliability and
power dissipation capability. Before
long, power amplifiers and receivers of
50, 75 and even higher output watts
per channel became the rule rather
than the exception in high-quality
component systems.

Today there are solid-state ampli-
fiers which can safely deliver 300 or
more watts of continuous audio power
per channel—and there are speaker
systems which not only can withstand
such levels of power input but actually
require that kind of power to produce
the ear-shattering discotheque levels
demanded by a great many listeners.
Such amplifiers are, however, quite

2 New HI-FI
Speaker Systems

New innovations, embodying standard physics principles, are
used in the development of two new speaker systems that feature
exceptional low-frequency response for their small size

expensive. Amplifier prices generally
increase linearly along with power
output capability.

Now we are faced with four-
channel sound and a whole new set of
aesthetic and economic considerations.
With four loudspeaker systems now
needed in the listening room no one is
inclined to revert to large speaker sys-
tems for the sake of efficiency. On the
other hand, quadriphonic amplifier
and receiver manufacturers are faced
with a very real pricing problem. To
include four channels of amplification,
plus matrix decoding circuitry (usually
more than one kind), plus CD-4 dis-
crete disc demodulating circuitry, plus
front panel controls needed for conve-
nient selection and adjustment of the
new surround sound—all at a selling
price that would not discourage pro-
spective buyers—meant that something
would have to give. Looking at the
first quadriphonic amplifiers and re-
ceivers to be marketed it is clear that
that “something” is power output per
channel.

Speaker designers and manufac-
turers were quick to recognize the
emerging dilemma. Many have al-
ready come up with solutions in the
form of small, but efficient enclosure
designs and more are sure to follow.
Two new approaches to the problem
of bass audio reproduction will be ex-
amined here.

The BIC Venturi
speaker systems

BIC, for the benefit of the unin-
formed, stands for British Industries
Company, the people who are perhaps
best known for their U.S. distribution
of British-made Garrard automatic
turntables. Venturi, on the other hand,
was an 18th century Italian scientist
who discovered a principle of gas and
fluid flow in the late 1700’s. The prin-
ciple itself is quite simple and has
been used for many years to control
and measure liquid and gas flow. The
carburetor in your car probably uses a
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Venturi tube. )

When a fluid or gas, moving at
low velocity in a relatively large cubic
enclosure is channeled into a con-
stricted cubic volume, its velocity in-
creases. Specific formulations of this
principle have been applied to the
problem of bass reproduction in the
three introductory models of the BIC
Venturi Speaker Systems. Figure 1 il-

FIG. 1—VENTURI PRINCIPLE applied to
sound reproduction. The action ditters from
that In conventional ported or vented encio-
sures.

lustrates the principle diagramatically.
The relatively large volume of air in
the chamber directly behind the
speaker element is activated by the
motion of the speaker cone. At very
low frequencies the abulity of the speaker
element to move this large volume of air
is restricted and the air velocity in that
chamber is relatively low. As the air
moves around the curved structure and
into the constricted Venturi path, its
velocity increases markedly. The curv-
ature leading to the path, the size and
suspension of the speaker, the cubic
volumes of the large chamber and the
constricted path are all mathematically
interrelated.

At first glance this approach
would seem to resemble other types of
“ported” or “vented” enclosures (bass-
reflex, ducted bass-reflex, etc.), but
there are two important and funda-
mental differences. A classical bass re-
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by LEN FELDMAN
CONTRIBUTING HIGH-FIDELITY EDITOR

flex enclosure uses a “tuned port”—an
opening  which, in conjunction with
the total resonance, tends to use the
“back wave” produced by the motion
of the speaker cone to reinforce the
front-radiating sound waves over a
relatively narrow band of fre-
quencies—usually at or slightly below
the self-resonant frequency of the
loudspeaker itself. The effect is one of
resonant reinforcement, and its useful
range is determined by the “Q" of the
system, the self-resonance of the entire
enclosure and other parameters.

In the case of the BIC Venturi
systems, the enclosure itself is de-
signed to be resonant well below the
lower frequency limits of audibility.
Bass reinforcement emanating from
the Venturi opening, seen in Fig. 2,

FIG. 2—=PARTIAL FRONT VIEW of BIC Venturl
Formuia Six, with foam grilie removed. Ven-
turl opening can be seen at bottom of the en-
closure.

extends over a fairly broad range of
frequencies and sound pressure levels
at the opening are much greater than
those observed from the direct radi-
ating cone of the speaker element.
Scope photos of the output of a mi-
crophone held in front of the speaker
and at the Venturi opening are repro-
duced in Fig. 3. Note, that in addition
to having low amplitude, the wave-
form seen at the front of the cone is
somewhat distorted. The frequency
used was 23 Hz—well below the ordi-
nary capability of the 12-inch driver to
produce fundamental tones free of
“doubling™.

FIG. 3—MICROPHONE HELD IN FRONT of di-
rect-radiating speaker (a) picks up low-
amplitude, distorted waveform when 23 Hz is
applied to the BIC Venturi Formula 6 system.
Microphone heid at Venturi opening (b) under
same conditlons picks up high-amplitude
waveform that is sinusoidal and distortion
free.

The waveform observed coming
from the Venturi opening itself, be-
sides being much greater in amplitude
(actually about 20 dB greater), is free
of this distortion. Thus, in addition to
the “step-up” action of the Venturi
structure, the Venturi acts as a me-
chanical low-pass filter. To illustrate
this point, suppose for example that
the Venturi structure becomes eflec-
tive at a frequency of approximately
65 Hz, and that it's response curve is
that shown in Fig. 4. Suppose, further,
that the waveform in Fig. 3-a contains
10% distortion—primarily third har-
monic (69 Hz). At 23 Hz, the sonic
contribution of distortion-free energy
coming from the Venturi opening is
20 dB greater than thai coming from
the speaker cone itself.

Thus, in terms of total sound
pressure heard by the listener. the dis-

tortion contribution of the direct-radi-
ating sound is only 1% (1/10th of the
total). Lower roll-off of the Venturn
response depends, of course, upon size
of cabinet, diameter of the woofer,
and the calculated Venturi path but it
can be expected to extend at Jeast one
full octave below what might have
been expected from a conventional,
sealed enclosure. The increased efh-
ciency over the Venturi range of fre-
quencies can be matched by using
more eflicient, stiffer-suspension woof-
ers in the systems, since this principle
does not require the soft-suspension

VENTURI PATH RESPONSE
————— WOOFER RESPONSE
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FIG. 4—LOW-PASS FILTER ACTION of Ven-
turi system.

types of drivers normally associated
with smaller enclosures.

Dimensions of the largest of the
three models (the one used for the
scope photos) are 25%” x 15%" x
15%" deep and it is called Formula 6.
Smaller models, Formula 4 and For-
mula 2, measure 25 x 13%" x 13"
deep and 20” x 12” x 11'4” deep, re-
spectively. All systems contain a newly
developed mid-range horn, constructed
of sonically inert matenal, that han-
dles frequencies from about 1000 Hz
to 15,000 Hz and a super-tweeter
which takes care of that last important
octave from about 15,000 Hz to 23,000
Hz. Efliciency of the systems is any-
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where from 3 to 10 dB greater than
most popular bookshelf enclosures and
about 2 dB greater than relatively effi-
cient bass reflex designs. If these num-
bers are not, of themselves, impres-
sive, remember that a 3-dB increase in
sound pressure level in a given
speaker system requires a doubling of
amplifier input power, 6 dB is a four-
to-one change in power, etc. All three
models are shown with foam grilles in
place in Fig. 5.

Electro-Voice Interface: A
Electro-Voice Company, one of

FIG. 5—ALL THREE BIC VENTURI speakers
use the Venturl principle to increase the effi-
ciency of bass reproduction.

the “old timers” in the loudspcaker
business, has come up with a small
enclosure design which is down only 3
dB at 32 Hz. Dimensions of the enclo-
sure are 22” x 14” x 7%” deep—which
adds up to about 1% cubic feet of vol-
ume on the inside of the box. As
Electro-Voice is quick to point out in
their very complete piece of literature
describing the new system, “vented”
systems are nothing new and have
been and are used in a variety of
ways, most popular and familiar of
which is the “hole-in-the-box™ classi-
cal bass reflex enclosure. Studies made
by E-V engineers led them to con-
clude that, if all other things are
equal, a vented box design (compared
to a sealed box) can provide any one
of the following:

(1) One half octave more bass,
(2) 4 dB greater efficiency, or (3) an
enclosure size one-third as large.
Rather than choosing one of these ad-
vantages, E-V chose to design a little
of each into the Interface: A. Thus,
the final design offers '3 extra octave
of bass, 2 dB greater efficiency and
half the enclosure size that would be
required in a sealed box design.

Where’s the vent?

If you remove the grill from in
front of an Interfuce: A (Fig. 6) you
won't sece any “opening” or hole at
all. As E-V points out, the smallest us-
able hole required to tune this small
box to 32 Hz would require a duct
several feet long. What looks like a
12-inch woofer in the photo of Fig. 6
is really not a woofer at all. It has no

INTERFACE:A

FIG. 6—LARGE “WOOFER LIKE” RADIATOR
serves as an equlvalent '‘vent” In the new
Electro-Voice Interface: A speaker system.

voice coil and no magnet and is, in
fact, a 10-inch diameter piston with a
centrally mounted steel tube, the com-
bination of which serves as the mass
equivalent to the amount of air that
would have been required to reach 32-
Hz tuning. E-V calculated that a real
vent of this diameter would have had
to be 20 feet long!

This piston is, in every sense of
the word, a low-frequency radiator
but, because it has no voice coil or
magnet, only the suspension non-line-
arities of the device contribute to dis-
tortion at low frequencies, and these
are relatively low and easy to avoid
compared to distortion contribution of
voice coil motion and magnetic flux
variation with increased woofer ex-
crusion in conventional radiators. E-V
claims a distortion figure of only 1%
at 32 Hz with full power input—a fig-
ure that is considerably lower than
one might expect from sealed enclo-
sures.

The rest of the spectrum

The primary tweeter used in the
Interface: A incorporates a 2-inch di-
ameter piston with a 5-inch diameter
aluminum dome. You cannot see it in
the photo of Fig. 6 because it is
mounted behind a square of felt with
a hole in it. Tweeter output radiates
through foam and felt squares to max-
imize dispersion as frequency in-
creases. In effect, the tweeter size is
reduced above about 5000 Hz so as to
maintain high dispersion, whole the
entire piston area radiates at lower
frequencies enabling the tweeter to be
used down to 1500 Hz.

A second tweeter, located on the
rear of the enclosure, operales above
7000 Hz and is said to maintain con-
stant acoustic power in the upper oc-
tave of the system. E-V maintains
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that, unlike other rear-radiating de-
signs, placement of the system is not
critical.

Accessory equalizer

A separate equalizer is supplied
with the Interface: A. As you will re-
call, frequency response of the un-
equalized system is down about 3 dB
at 32 Hz. Since this is a relatively
small amount of roll-off, E-V felt that
a moderate amount of external bass-
boost equalization could, at once, re-
store flat response to the system with-
out making undue demands upon the
driving amplifier and, at the same
time, provide desirable roll-off of the
amplifying system below the useful
range of the system and help to climi-
nate unwanted rumble from turn-
tables, etc. The low-frequency charac-
teristic of this separate equalizer
(which is installed at the tape monitor
jacks or between amplifier and pre-
amplifier on “separates”) is plotted in
Fig. 7, and, as you can see, its addi-
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FIG. 7—RESPONSE OF AUXILIARY equallzer
of E-V Interface: A at low ftrequencies re-
stores uniform power output down to 32 Hz.

tion to the system results in uniform
response down to 32 Hz.

Having decided to “trim” the sys-
tem with an external equalizer, E-V
has also provided three switch-selected
positions of equalization for the high-
frequency end of the system, thereby
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FIG. 8—~SEPARATE EQUALIZER supplied with
EV Interface: A offers three high-frequency re-
sponse settings.

climinating the sometimes trouble-
some “tweeter control” often incorpo-
rated ir the cross-over networks of
many speaker systems. Frequency re-

{continued on page 90)
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THERE IS NO SHARP DIVIDING LINE BE-
tween low-level and high-level chroma
circuits. We generally regard driver
stages as low-level signal points, and
output stages as high-level signal
points. For example, we think of the
demodulators as operating at low
level, whereas the R-Y, B-Y, and
G-Y amplifiers operate at high level.
We define the input circuits of these
chroma amplifiers as low-level points,
and their output circuits as high-level
points. (The input circuits of the color
difference amplifiers are the same as
the output circuits of the demodula-
tors.) In a given example, the input
circuit of the R-Y amplifier may oper-
ate at approximately 6 volts peak-to-
peak, and its output circuit at 100
volts peak-to-peak.

A signal level of 100 volts peak-
to-peak is ample to drive a conven-
tional vectorscope,’ in which the test
signal is coupled directly to the deflec-
tion plates of the CRT. But a signal
level of 6 volts peak-to-peak requires
amplification for satisfactory deflection
on the CRT screen. There i1s a defimte
trend toward vectorscopes with built-
in vertical and horizontal amplifiers,
so that vectorgrams can be displayed
in low-level chroma circuits. Modern
vectorscopes have identical vertical
and horizontal amplifiers, so that no
phase error is produced in the display.
Vertical and horizontal low-capaci-
tance probes are also provided, to
minimize chroma-circuit loading.

Test Procedures

1. X and Z demodulator outputs

Equipment: Vectorscope, keyed
bow generator.

Connections: Connect
shown in Fig. |

Procedure: Adjust vectorscope controls
to obtain a vectorgram display like
that in Fig. 2.

Evaluation: Observe the vectorgram
for X and Z peak-to-peak voltages
(veruical and horizontal amplitudes)

rain-

equipment  as

?

~ 10 Ways ToUse Your

as specified in the receiver service
data. Inspect the pattern for sym-
metry (freedom from overloading or
nonlinear circuit action). Note the
demodulation phase angle, as shown
in the ellipticity of the pattern.
Note 1. Observe in Fig. 2 that the horizon-
tal-blanking interval appears at the upper
right-hand part of the vectorgram. This is
due to the 180" phase change in the
chroma signal from grid to plate of a tube.
or from base to collector of a transistor.
Compare the display in Fig. 2 with the
phase relations shown in Fig. 3. In the ex-

KEYED —
RAINBOW . S —
CENERSOR coLorn _utator | §
T TV l—|
RECEIVER [
DEMOD. }y=
ULATOR
VECTORSCOPE

FIG. 1—EQUIPMENT AND CONNECTIONS
used In the ten vectorscope demodulator
checks.

- VECTORSCOPE

The ten tests spelled out in this article, for
low-level circuits, are illustrated with six
vectorscope displays showing correct demodulation

by ROBERT G. MIDDLETON

ample of Fig. 2. the demodulation angle is

120°. (Fig. 4 depicts a 120° ellipse in com-

parison to a circle.) The XZ demodulation
arrangement is not a quadrature (90°) sys-
tem. Various XZ designs employ demodula-

tion angles from 105 to 130"

2. X and Z demodulator outputs prior

to filtering

Connections: As in Test Procedure 1,
except that the vectorscope probes
are applied at the input ends of the
demodulator filters (Fig. 3).

Procedure: Adjust veclorscope controls
to obtain a vectorgram display like
that in Fig. 6.

Evaluation: We observe that the pat-
tern has the same general character-
istics as displayed in Fig. 2. How-
ever, the vectorgram in Fig. 6

includes various small loops, due to

FIG. 3—VECTORGRAM WITH SIGNALS
shifted 180" in phase from pattern of Fig. 2.

FIG. 2—XZ DEMODULATOR VECTORGRAM

FIG. 4—COMPARISON of elllpse and circle.
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chroma-demodulation byproducts
that have not been filtered out.

3. R and B color demodulator outputs

Connections: Connect equipment as
shown in Fig. I, except that you are
connecting to red and blue color de-
modulators.

Procedure: Adjust vectorscope controls
to obtain a vectorgram display such
as illustrated in Fig. 7.

Evaluation: Observe the vectorgram
for R and B peak-to-peak voltages

INPUT O0— l

T ™
620uH
33oF

0 QUTPUT

|IH

FIG. 5—TEST PROBES are applied at the in-
put end of the filter in Test Procedure No. 2.

FIG. 6—XZ VECTORGRAM of slgnal taken off
before the chroma demodulator output filter.

(vertical and horizontal amplitudes)
as specified in the receiver service
data. Inspect the pattern for sym-
metry (freedom from overloading or
nonlinear circuit action). The de-
modulation phase angle is normally
120°, as seen from Fig. 8 That is,
demodulation 1s along the red and
blue axes. In turn, the vectorgram
normally has the eccentricity shown
in Fig. 4.

Note 2: If the chroma-demodulator output

voltages are not specified in the receiver

service data, it may be possible to make a

comparison check against a similar receiver

which is known to be in good operating

condition.

4. B and G color demodulator outputs

Connections: Connect equipment as
shown in Fig. 1, except that you are
connecting to blue and green color
demodulators.

Procedure: Adjust vectorscope controls

FIG. 7—RB DEMODULATOR VECTORGRAM,

to obtain a vectorgram display like
that illustrated in Fig. 9.

Evaluation: Observe the vectorgram
for correct peak-to-peak voltages.
Note from Fig. 8 that the norma!l
demodulation phase angle for a B
and G vectorgram is 105°. In turn,
the eccentricity of the vectorgram is
half-way between the circle and the
120" ellipse depicted in Fig. 4. Note
in the cxample of Fig. 9 that the
pattern is not symmetrical. When

6o\t ,','0120
. 140

30 150
20~ 160
10— ~170
DEGREES 0— “180
350; ~190

3407 ~200

330" - 210

A
300 /'y i ay V) 240
290380 50 260 250

() INDICATES RELATIVE AMPLITUDE

FiG. 8—RB DEMODULATORS OPERATE along
the red and blue axes, about 120° apart.

FIG. 9-—BG VECTORGRAM DISPLAY.

there is dissymmetry at the demodu-
lator outputs, check the front-to-
back ratios of the demodulator
diodes. Unless the demodulator
diodes are reasonably well matched,
the positive-peak and negative-peak
output voltages will be unequal.

5. R and G color demodulator outputs

Connections: Connect equipment as in
Fig. 1, except that R and G color
demodulators are the ones con-
nected to.

Procedure: Adjust vectorscope controls
to obtain a vectorgram display like
that illustrated in Fig. 10.

Evaluation: Observe the vectorgram
for correct peak-to-peak voltages.
Note from Fig. 8 that the normal
demodulation phase angle for an R
and G vectorgram is 135°. We per-
ceive that the demodulation phase
angle is incorrect in the example of
Fig. 10. In this situation, we start
troubleshooting by checking the ca-
pacitors in the associated 3.58-MHz
subcarrier injection circuit.

6. Quadrature chroma demodulator
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outputs

Connections: Connect equipment as in
Fig. 1, except that the demodulators
are quadrature types such as R-Y
and B-Y, or I and Q.

Procedure: Adjust vectorscope controls
to obtain a vectorgram display such
as shown in Fig. 11

Evaluation: A normal quadrature vec-
torgram is circular. We observe in
the example of Fig. 11 that the pet-
als do not extend all the way to the
center of the pattern. This indicates
that the chroma-channel bandwidth
is somewhat subnormal. However,
in practice, we must take standard
tolerances into account. If the band-
width is definitely subnormal, we
start troubleshooting by checking
the alignment of the chroma band-

FIG. 10—THE RG VECTORGRAM.

pass amplifier.

7. R-Y demodulator and G-Y matrix

outputs

Connections: Connect equipment as
shown in Fig. I, except that the V
connection is to the R-Y and the H
connection to the G-Y (matrix) out-
put.

Procedure: Adjust vectorscope controls
to obtain a vectorgram display as
explained previously.

Evaluation: The R-Y and G-Y
chroma axes are separated by ap-
proximately 147" In turn, a 147" el-
lipse is normally produced by the

FIG. 11—QUADRATURE VECTORGRAM.
(Courtesy Sencore)
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veclorgram pattern.

Note 3: Some receivers employ a G-Y ma-

trix, whereas other receivers have a G-Y

demodulator. The G-Y signal output is

normally the same, whether a matrix or a

demodulator is used. Therefore, Test Proce-

dure 7 applies in principle to either receiver
arrangement.

8. B-Y demodulator and G-Y matrix

outputs

Connections: Connect equipment as in
Test Procedure 7, except that the
vectorscope probes arc applied to
the B-Y and G-Y output terminals.

Procedure: Adjust vectorscope controls
to obtain a vectorgram display as
explained previously.

Evaluation: The B-Y and G-Y
chroma axes are separated by ap-
proximately 123°. In turn, a 1237 el-
lipse is normally produced by the
vectorgram pattern.

Note 4: We occasionally encounter an older

recciver that employs G-Y demodulation

and B-Y matrixing. However, the B-Y and

G-Y signal outputs are normally the same,

regardless of the demodulator-matrix rela-

tions. Many modern receivers have a G-Y

demodulator and a B-Y demodulator. Test

Procedure 8 applies in principle to this ar-

rangement also.

9. “Extra petals” in a vectorgram pat-

tern

FIG. 12—THE “EXTRA PETALS"” HERE may
be part of the horizontal blanking pulse.

described in any of the foregoing
test procedures.

Procedure: Adjust vectorscope controls
as previously described.

Evaluation: 1f we observe “extra” pet-
als in the vectorgram pattern, as in
Fig. 12, we should not jump to the
conclusion that there is trouble in
the demodulator or matrix circuits.
In this example, the “extra” petals
are actually part of the horizontal-
blanking pulse, and are a normal
part of the vectorgram display. To
analyze the “extra” pulses, turn

the receiver, and advance the gain
of the vectorscope. If the “extra”
petals now move out of the vector-
gram toward the edge of the screen,
or off-screen, we conclude that they
are merely a part of the blanking
pulse.

10. “Missing petals” in a vectorgram

pattern

Connections: Connect equipment as in
any of the foregoing test procedures.

Procedure: Adjust vectorscope controls
as previously described.

Evaluation: 1If we observe that there
are 9 petals in the pattern, instead
of 10, we should not conclude im-
mediately that there is trouble in
the demodulator or matrix circuits.
For example, one of the petals may
have been deleted by the horizon-
tal-blanking pulse. To check for
this, turn the tint control on the re-
ceiver and watch the vectorgram
pattern. The vectorgram will rotate
on the CRT screen as the tint control
is turned. In most cases. the *“miss-
ing” petal will move out from the
blarnked region. Of course, if a re-
ceiver defect results in a “stretched”
blanking pulse, the “missing” petal
cannot be brought in by adjusting

Connections: Connect equipment  as

down the color-intensity control of

the tint control. R-E

electronic crossword puzzle

ACROSS

1. A type of signal.

5. To proceed.

10. Light emitted without tangible heat.
11. A network of four resistors connected in series to form a

closed circuit.

12. A substance used to dissolve another substance.

13. High-vacuum or other tube in which a leak has developed.
14. Chemical with atomic number 27. Abbrev.

15. To place a binary cell in the initial or “"zero’ state.
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19. A type of gas that will not combine with another element.

21. A type of force. Abbrev.

22. Highly skilled.

26. Electromagnetic unit of magnetic potential

28. Heating metals and shaping them again.

29. A device whose functions involve both electric current and
sound-frequency pressures.

30. To wish or long for.

31. A vacuum-tube device that is not connected to any circuit.

DOWN

1. An antenna whose length is one half of the elec-
tromagnetic wave length to which it is resonant.

2. Frequency that is higher than 1600 kHz.

4. An instrument used to test wave forms of a current or volt-
age.

6. Used in regenerative circuits.

7. Extent of coverage or effectiveness.

8. A mineral used to form insulators and high dielectric
strength sheets.

9. Potential difference or voltage.

16. A clipping circuit in television receivers that divides the
control impulses frem the video signal.

17. A magnetic device where the material forms an enclosure
with one or more air gaps and is in contact to the pole
piece on one side.

18. A particle having about the same mass as a proton.

20. A type of speaker.

23. Process by which reflected energy is distributed over a
wide range of angles.

24. A colored thread in wire insulation that aids in identi-
fication.

25. To avoid giving a direct reply.

27. A sly look.

Answer on page 96 by MICHAEL KRESILA
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Design Your Own
Regulated

INTEGRATED-CIRCUIT VOLTAGE REGULATORS
have been around for quite a while, but
they have been expensive and have needed
lots of “outboard” parts to get them to
work. Today, there’s a new breed of volt-
age regulators here. These are low in cost
($2-5 in singles), very easy to use, and take
very few outside additional parts. Some
directly handle up to % of an amp; others
easily handle an amp or more with external
pass transistors. Some are fixed-value out-
puts; others are vaniable. Some are dual
pairs that give you two output voltages (one
positive, one negative) out of the same
package.

Why bother to regulate a power sup-
ply? For openers. the hum essentially dis-
appears. Besides a rock-stable output volt-
age that is independent of temperature,
line, or load variations, most designs are
also short-circuit proof, shutting down or
current limiting automatically. This protects
the regulator and the supply against dam-
age from shorts, and the current limiting
will usually (but not always!) also protect
the load from damage caused by wrong
biasing or polarity mixups. Finally, a regu-
lated power supply may actually be cheaper
than an unregulated one, particularly if you
need very low hum on the supply lines.
This happens because you can usually use a
much smaller filter capacitor. For instance,
if you wanted a 5-volt, 200-mA supply with
less than 20 millivolts of ripple, single ca-
pacitor “brute-force™ filtering might take
around a 80,000 pF capacitor. With a regu-
lator, you might design a power supply
with a 16-volt output and four volts of
peak to peak ripple, and do the job with a
400-pF capacitor, with the regulator absorb-
ing the “lumps” and giving a smooth out-
put. Often times, the difference in capacitor
cost is greater than the price of the regu-
lator, particularly if the capacitor makes the
case bigger, and regulated supplies can be
cheaper than unregulated ones.

Of course, the problem with any power
supply design is figuring out what size and
voltage transformer you need, where to get
it. what size capacitor to use, and how
much fusing to provide. After that, we can

POWER SUPPLY

New IC regulators are so inexpensive and easy to use
that you can build a regulated, short-circuit proof
power supply for less than the old unregulated kind

tack a regulator onto the output.

Start with an unregulated power
supply

Let’s assume you're interested in out-
put voltages that are low compared to the
117-volt power line, and are interested in
currents between 50 mA and an ampere or
two. Let's also assume you are working
with a 60-hertz, single-phase power line. as
usual. For this particular type of power re-
quirement, the transformer-coupled, full-
wave capacitor-input circuit of Fig. 1 is rec-
ommended.

The transformer drops the voltage to a
chosen value and provides safety isolation.
When its anode is positive diode DI con-
ducts and charges capacitor C. On the next
half-cycle. diode D2 conducts and charges
capacitor C. If there isn’t too much load on
the capacitor, it doesn't discharge very
much between cycles and so the conduction
time of each diode turns out to be very
short. Very high currents flow very briefly
during the diode conduction time and the
current to the capacitor is delivered in nar-
row spikes. The amount of the current and
the time width of the spikes depend on the
load, the capacitor, and the internal resis-
tance of the transformer, but the time spac-
ing between the spikes is precisely half of a
60 hertz power line cycle, or a time period
of 8.33 milliseconds.

Figure 1 also shows the waveform at
the capacitor and the load. It is essentially
a fixed dc value from which a sawroorh
waveform is subtracted. The frequency of
the sawtooth is 120 hertz (for a full-wave
rectifier), and its depth depends on how
fast the capacitor discharges. The greater
the load for a given size capacitor, the
more the capacitor can discharge between
the charging current spikes and the higher
the sawtooth ripple.

There are two other possible circuits,
the half-wave single diode one, and the
full-wave one using a single (untapped)
transformer winding and a bridge rectifier.
The half-wave circuit takes twice the ca-
pacitor size and has twice the peak diode
current. It also takes a bigger transformer
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as unbalanced currents and a resultant dc
flow through the transformer windings. The
full-wave circuit takes four diodes instead
of just two and presents an additional
diode drop between load and transformer.
Besides this, you can only get one voltage
from any given winding, while the Fig. |
circuit can easily get you several voltages
since the transformer center tap is
grounded. Thus, unless you have a good
reason not to, stick with the center-tapped.

ouTPUT i
VOLTAGE NN
8.33ms I*—
Lk F T1 D1
-—0\ p-
117 VAC
WHITE
GREEN

—

FIG. 1—FULL-WAVE POWER SUPPLY with ca-
pacitor-tnput fliter Is a good choice for a low-
voltage regulated supply. Regulator is added
between capacitor and output.
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FIG. 2—VOLTAGE DROP ACROSS SILICON
DIODE can be approximated from this chart If
you do not have data on your diode.
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FiG. 4—PICKING THE FILTER FOR LOAD AND RIPPLE. Chart Is valid
for full-wave, 60-Hz supply only. Note that ripple varles Inversely as

capacitor value.

two-diodes, full-wave, capacitor-input cir-
cuit of Fig. 1.

Some numbers

There is no obvious “one-to-one” rela-
tionship between the transformer voltage
and the output voltage. You do not get 6.3
volts of dc output from a 6.3-volt center-
tapped-transformer, or 12.6 volts from a
12.6 one and so on. While the game isn’t
quite this simple, it is easy to calculate the
voltages you need for a given output.

Let's try the calculation “frontwards”
first. Suppose you had a 6.3-volt rms cen-
ter-tapped transformer, and to keep things
simple, suppose further that the regulation
of the transformer itself is very good, which
is another way of saying the transformer
can handle the load we want it to.

Each half of the 6.3 volt winding will
be providing half of 6.3 volts or 3.15 volts.
This is the rms ac value. We need to find
the peak value, for this is what charges the
capacitor through the diode. The peak
value is 1.41 times the rms value or 3.15 X
1.4]1 = 445 volts. (Note you can “speed
math” this calculation by taking one-tenth
the rms voltage, doubling it, doubling it
again, and then adding the original voltage
to it.)

If the diodes were perfect, we'd get a
capacitor voltage of 4.45 volts. The diodes
have a conduction drop, and quite a bit
more than you might expect, since, when
they are conducting, they carry ren to
twenty times the average load current. Re-
member that the diodes only conduct
briefly. If they are only on for 1/10 the
time, they have to conduct ten times the
current the load needs.

The accurate way to find the voltage
drop is to use a data sheet for the particu-
lar diode you are using and calculating the
actual conduction angle, which is a pain.
Figure 2 gives you a curve that is exactly
valid for a 1N4000 series diode and a con-
duction time of 1/10 a complete cycle. This
is close enough so long as you are using
any reasonable silicon power diode. From
Fig. 2, we see that the drop will be around
a volt for lower currents; let’s use this fig-

ure. The diode drop subtracts from the
available voltage, so the voltage across the
capacitor is 3.45 volts. This is a peak value,
from which we subtract the ripple voltage.
Figure 3 is a chart that relates the
transformer voltage to the filter capacitor
voltage for several values of diode drop.
Use the chart directly or else use the fol-
lowing rules:
To find the peak output voltage:
1. Start with the transformer secon-
dary rms voltage
2. Divide by two to get the center-
tapped voltage
3. Multiply this by 1.4 to get the
peak value
4. Subtract the diode drop, estimated
from Fig. 2, or subtract [ volt for
lower current operation.
To find the transformer voltage:
1. Start with the peak capacitor volt-
age.
2. Add the diode drop
3. Multiply by 0.707 to get the rms
value
4. Double this for the center-tapped
rms value
It turns out that you always design for
much more output voltage than you really
need if you are using a regulator. The regu-
lator has a minimum dropout voltage above
its output it needs for proper operation.
The maximum voltage is limited by regu-
lator breakdown or power dissipation. We'll
see more on this in just a bit, but first.

What size capacitor?

The size of the filter capacitor and the
maximum load current determine the
amount of sawtooth ripple you get. The ac-
curate analysis of this is also a pain. We
can make a very good approximation if we
assume our ripple sawtooth voltage re-
charges very fast and decreases linearly.
This both simplifies the math and puts us
on a conservative side of things.

With this simplification, the relation-
ship between the load current and the ca-
pacitor size is given by:

, _ vload __CX_\V B
Load current “Riona ~8.33x10°3

T I

sl
g

7
L~
| e
—

. 10
LOAD CURRENT, AMPERES

where:
Viead = Load voltage, volts
Rioaa = Load Resistance, ohms
AV =Ripple in volts
C =Capacitance in farads

Even this is a messy and confusing for-
mula. Figure 4 gives it in graphical form. A
simple way to forever remember how to
calculate capacitor size is:

Use an 8000-uF capacitor and
the ripple in VOLTS will Equal
the current in AMPS.

Use an 8-pF capacitor and the
ripple in VOLTS will Equal the
current in MILLIAMPS.

Double the capacitor to halve the
ripple and so on. For instance, with our
rule, a 4000-uF capacitor gives us 1 volt of
ripple at 500 mA, and so on. Rules-of-
thumb like we are giving you may not be
exactly accurate, but they are quick, easy,
and they work. And that’s all we need to
worry about.

Picking the parts

The choice of a capacitor isn’t too
hard to make—use the best quality elec-
trolytic you can afford, of a voltage rating
at least equal to, and preferably double
your output voltage. Ordinary computer-
grade aluminum electrolytics are a good
choice. Tantalum capacitors are an ex-
pensive luxury unless you happen on to
some surplus units or are going to put your
circuit into orbit. Silicon power diodes are
tough and readily available. Use the
IN4001 or IN5060 or their surplus equiva-
lents for the l-amp or less applications. For
higher currents, use the 3-ampere diodes
such as a IN5624 or a IN472]1 or some-
thing larger.

These diodes run very hot. Their leads
should be short and routed to some sort of
heat radiator such as lots of foil on a PC
board, or a large terminal strip. The heat
removal process is mostly by conduction—
out the leads. For long diode life, provide
some place for this heat to go. Phenolic PC
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boards may char under direct heat ex-
posure, so the epoxy-glass versions are pre-
ferred for power supply work. Also be sure
that a power diode doesn’t end up in direct
contact with an electrolytic or the heating
can shorten the capacitor’s useful life.

The maximum voltage across the diode
is twice the output voltage. Use a PIV rating
at least double this. If in doubt, go to a
200- or a 400-PIV unit; they don’t cost that
much more and may be easier to get.

This brings us back to the transformer.
If you possibly can, use a stock filament
transformer, as these are inexpensive and
easy to get. Unfortunately, these often turn
out to be rather large, particularly if you
are working with compact gear, and offer
only a limited choice of voltages.

One source of transformers I've found
extremely handy—at twice the usual fila-
ment transformer cost—is Signal Trans-
formers, 1 Junius Street, Brooklyn, New
York, 11212. They have an incredible van-
ety of stock very small to enormous trans-
formers, some of which mount directly on
a PC board without any hardware. For in-
stance, a PC-mount 10-Vct transformer that
can handle 120 mA, measures 1%” square
by 1%” long and sells for around $4.37,
plus postage.

The input fuse and third wire ground
on the supply is simply good practice. Use
a slow-blow fuse whose amperage is above
1/50th the load power. For instance, a 5-

former losses by the line voltage and then
making some power factor adjustments and
then adding a safety factor. The 1/50th
load power current (measured at the ca-
pacitor—not the regulator) formula is a lot
quicker and gives the same result.

Figure 5 shows a dual unregulated
power supply, where we have added two
more diodes and a new capacitor to pick
up a negative voltage. You mught like to
use only the bottom half of this circuit if
you need a negative-only supply

Adding regulation

By now, we should know how to de-
sign a power supply that has a given output
voltage and a given output ripple. All we
have to do now is add a regulator.

Figure 6 shows how a typical positive-
only regulator may be added. The regulator
senses the output voltage and then absorbs
the difference between the instantaneous
supply voltage and the desired output. The
minimum extra voltage you can live with is
called the dropout voltage, and is typically 2
to 3 volts above the regulated output voit-
age. Thus most S-volt regulators need at
least 8 volts to work with.

The maximum permissible input volt-
age is usually set by a breakdown limit and
the allowable internal power dissipation.
The load current times the extra voltage
drop must be internally dissipated by the
regulator. This is determined by the size of
the regulator, the load, the available heat-
sinking. and whether external pass transis-
tors are used with the regulator.

Several add-ons normally go with the
regulator circuit. An output capacitor, usu-
ally in the 0.1 to 1 pF range is almost al-
ways needed for regulator stability, and it
has to be a good Mylar or tantalum capaci-
tor. The current-limiting circuitry may be
internal, or you may have to add a chosen
resistor to get a desired current limit. You
may be able to add a voltage or a resis-
tance to change the output voltage, and fi-
nally. you may be able to add external
transistors to extend the current capability.

Regardless of what regulator you use,
be sure and have a data sheet on hand and
study it carefully. Most regulators need at
least one stabilizing capacitor on the out-
put. Almost all of the newer ones are very
easy to use. but you must sit down with the
individual data sheets to make sure you

TABLE |
SOME LOW COST AND EASY TO USE VOLTAGE REGULATORS
(Typical unit pricing on these run from $2 to $4.)

volt, l-amp unregulated supply provides 5 7800 Series Fixed voltage, positive only. To 750 mA without extra parts.
watts at full load. Use a 5/50=0.1 ampere 7805 is 5 V. Also available as 6 V (7806), 8 V (7808), 12 V
unit. The actual current may be found by (7812), 15 V (7815), 18 V (7818) and 24 V (7824).
dividing the load power and the trans- .
Data Sheets from FAIRCHILD SEMICONDUCTOR
= o1 RLoapt 313 Fairchild Drive
- \ Mountain View, California, 94040
or MOTOROLA SEMICONDUCTOR
o, Box 20912
. Phoenix, Arizona, 85036
. =
WHITIE 7900 Series Fixed Voltage, negative only. Similar to above.
GREEN
D3 D4 SG4501T Dual 15 V regulator, adjustable from 8 to 24 V. To 60 mA
37 T without external transistors. 2 A or more with external tran-
sistors.
C- ‘L Data Sheet from SILICON GENERAL INC.
I 7382 Bolsa Avenue
= = Westminster, California, 92683
ALoap™ 4195DN Dual 15 V regulator, fixed voitage. 100 mA without external
FIG. 5—NEGATIVE SUPPLY may be added to transistors. Only two external parts needed.
basic supply. The transformer current rating
must be high enough to handie both ioads. Data Sheet from RAYTHEON SEMICONDUCTOR
FROM 350 Ellis Street
TRANSFORMER Mountain View, California, 94040
—— i
l: CURRENT | IN aren’t exceeding a limit.
LIMITING Several popular low-cost regulators are
RESISTOR ouT shown in Table I along with their manufac-
= = (MAY BE REGULATOR ouT turers. Prices range from 32 to $5 if you
INTERNAL) pick the room-temperature versions and the
VOLTAGE T GnD ‘I’;ﬂ economy pack_agg. Most data sheets have
ADJUST = extensive applications and design informa-
(OPTIONAL — tion attached to them. Once again, don’t try
SOME UNITS SUABILZIE to do any regulator design without a spe-
ONLY) CARACIIOR :_T_: cific data sheet on hand, for there are lots

—————— DISSIPATION LIMIT
NN suPPLY VOLTAGE
—————— DROPOUT VOLTAGE

OUTPUT VOLTAGE
—————— GND

of differences between apparently similar
devices.

The best way to show you how to de-
sign your own regulator circuits is with
three quick examples—a fixed +5-volt 750

(Continued on page 85)

FIG. 6—TYPICAL POSITIVE REGULATOR CIR-
CUIT. The regulator senses and then dis-
sipates as heat, the Instantaneous ditterence
between the supply voltage and the output
voltage. Very little current flows in the regu-
lator circuit's ground lead.
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Add voice actuation to your phone sentry (Smim‘):)
ct

Amplitier(s)
4-channel power {(Meyer)* Mar 39, Apr
IC. three Apr
Switching from 4-channel to. 2-channel (Feldman)

Jul

Test, 8 ways to (Palmer) Jul 37; (Corres) Sep
Dec

Tigersaurus—250-watt hi-fi (Meyer)*
Antenna(s)
Fringe reception. new for (Green) Oct
MATV, wire a house for (Walters) Sep
Miniature (ER) Jun
Outside antennas, inside story of (Belt) Sep
Small (ER) Oct
Apptiance(s)
Ctinic (Darr)
Carving knives, electric Oct
Floor polishers and carpet scrubbers Aug
Heaters, electric Jun
Interlocks Jan
Matches, electronic Nov
Motors, reversing ac Jul
Safety precautions for service men Sep
Speed controls and black boxes Dec
Timers Mar
Vacuum cleaners Apr
Radar oven repairs (Mackenroth) Aug
Arithmetic, understanding computer {(Roberts) Nov
ASCIi keyboard encoder (Lancaster) Apr

Audio—high fidelity—stereo
Ampifiers

58

62
51

32
43

Switching from 4-channel to 2-channel (Feldman)

Jul
Test, 8 ways to (Palmer) Jul 37; (Corres) Sep
Tigersaurus—250-watt hi-fi (Meyer)* Dec
Filters, active—how they work (Lancaster) Nov
Hearing and hard rock (Coronado)
Mar 68; (Corres) Jun
Music synthesizer, modular electronic {Simonton)
May 38, Jun 56, Jul 46, Sep 53, Oct
Records, 4-channel—see Audio: stereo, 4-channel
Servicing—see Service clinic; Servicing, subjects
Speakers

4-channel, oft-beat (Petras) Mar

43

Public address system, how to set up (Bogen Div.}

ay
Protection Sep
Specs, facts and fallacies (Feldman) Sep
Two new hi-fi systems {Feldman) Dec

Stereo (see also Audio: Stereo, 4-channel)
Cartridge (ER) Sep

Preamp, "'zero distortion’ (Kay) Jan
Receiver, solid-state (ER) Feb
Width control (Ckt) Mar
Stereo, 4-channel (see also Audio: stereo)

Amplifier switching to 2 channel (Feldman)

Jud
FM—9 ways to go (Feldman) Oct
IC's for FM circuits, new (Leckerts) Oct
Matrix: how good is it? (Walters) Mar
Power amplifier (Meyer)* Mar 39, Apr

QS Matrix—another road to records (Feldman)

Nov
Receiver (ER) Nov
Record review (RE statt) Oct
Records, setting up for CD-4 (Friedman}. Oct

Speaker systems, off-beat (Petras)y Mar

SQ logic (Feldman) Jun
Takes oft—equipment roundup Oct
Tape players, car (Peters) Mar
Unscrambling (Friedman)
May 54; (Corres) Jul 16, Jul
Tape
Bias level, key to quality recording (Friedman)
Mar
Car players, stereo (Peters) Mar.

Cassette phone sentry to take calls (Smith)*
Jun

Cassette recorder, mobile power supply (Ckt)
Feb

Deck drive-belt slippage Feb
Automatic color controls (Stevens) Jan
Automobiie

Burglar alarm kit (ER) Mar

Electronics for (Shane)
Lights-on reminder (TT)
Multivibrator for tachometers and speedometers

Apr 35, (Corres) Sep
Feb

(Garner)t Sep
Tachometer, digital (Bunge) Apr
Tape players, stereo (Peters) Mar
Timing (Corres) Mar

51
61
62
48

51
54

35

98
42

45

Code
—Construction article
t—Part of article
Ckt—Circuits
Cl—Service clinic
Corr—Correction
Corres—Correspondence
ER—Equipment report

Battery(ies)

Connecting in parallel (Tooker) Jul 82
Eliminator, variabie (Ckt) Aug B84
-Powered IC Digital Clock (Leckerts) Apr 38
Saver (Kranengel)} Feb 50
Benchnotes (Gilpin) Mar 53
Boolean aigebra and computer switching
(Kennedy) Jul 23; (Corr) Aug 16
Breadboards
IC (Garner)t Apr 52
IC digital (Cazes)* Feb 58; (Corres) Aug 16
Semi-permanent semiconductor (Garner)t Jan 54
Burglar alarm
Auto kit (ER) Mar 26
Security system, how to pick right (Duryea)
May 35; (Corres) Jul 83
Calculators—see Computers and calculators
Capacitance meter, direct-reading (Ckt) Feb 99
Careers in electronics (Gupton) Nov 45
Cassettes
Tape—see Audio: Tape
Video, everything you wanted to know about
(Zuckermany) Jun 53
Charge-coupled device (CCD) (Garner)t Aug 56
Circuit breaker substitution box (Padmore) Apr 59
CMOS—why is it so good? (Lancaster) Dec 33
Coin toss, electronic (Ckt)
Jul 90; (Corres) Oct 16; (Corr) Oct 22
Clock, digital—see Digital clock
Color television—see also Television
Accessories (Gerson)t Jan 35
Antennas, inside story of outside (Belt) Sep 40
Circuits for '73, new (Leckerts) Jan 40
Color controls, automatic (Stevens) Jan 45
Display devices (Gerson)t Jan 34
Fiddle free (Gerson)t Jan 35
Next ten years of (Gerson) Jan 33
New circuits for '74 (Leckerts) Dec 37
Projection, wall-size (Gerson)t Jan 33
Random-access (Gerson)t Jan 34
Remote control for (Savon) Dec 40
Servicing—see Service clinic; Servicing; subjects
Shortwave (Gerson)t Jan-34; (Corres) Jun 16
Telephone message center (Gerson)t Jan 3§
Test jigs (Cunningham) Jan 56
Utility, diversified (Gerson)f Jan 35
Computers and calculators
Arithmetic, understanding (Roberts) Nov S8
Boolean algebra and switching (Kennedy)
Jul 23: (Corr) Aug 16
Calculators
1440 (Kellahin) Jul 55
How to keep them running (Godding) Aug 33
Kit, pocket (ER) Feb 26
Crystal calibrator (Ckt) Sep 100
Precision (Franson)* Apr 60
Curve tracer, transistor (ER) Jan 22; (ER) Nov 61
de Forest, Lee, 100th Anniversary (Shunaman)
Aug 52

Departments not

indexed: Looking ahead, New and

timely, New books, New literature, New products

Design your own regulated power supply (Lancaster)*

Dec 54
Digital
Breadboard, IC (Cazes)* Feb 58; (Corres) Aug 16
Clock
Alarm, on chip (Garner)t Oct 51
Battery-powered IC (Leckerts) Apr 38
On chip (Suitivan)
Feb 35; (Corr) Mar 22; (Corres) Apr 22
WWVB, experiment with (Lancaster)
Aug 48, Sep 98; (Corres) Sep 22
CMOS—why is it so good? (Lancaster) Dec 33
FM tuner, Heath's (Thomas) May 42
Frequency counter kit (ER) Apr 32
Multimeter (ER) May 26; (ER) Nov 28
Readout
Digi-Tach on your dashboard (Bunge) Apr 42
Module, Grinchwat (Lancaster)” Feb 51
SSB receivers (Houghton) Jan 37
Stopwatch (Green)* Nov 31
Dual-trace triggered-sweep scopes (Goodman)
Feb 43
Eight ways to test hi-ti amplifiers (Palmer) Jul 37
Electronic(s)
Boolean aigebra and computer switching
(Kennedy) Jul 23; (Corr) Aug 16
Breadboards—see Breadboards
For your car (Shane) Apr 35; (Corres) Sep 24
Careers in (Gupton) Nov 45
Coin toss (Ckt) Jul 90; (Corres) Oct
16; (Corr) Oct 20

Crystal calibrator (Ckt)

Crystal caiibrator, precision (Franson)*

Electrical experimenter’s kit (ER)

Filters, active—how they work (Lancaster)

Infrared and its many applications (Mims)

lon piasma tubes, secrets of (Gupton)

Keyboards—see Keyboard

Laser communication

Music synthesizer, modular (Simonton)*
May 38, Jun 56, Jul 46, Sep 53,

Negative-resistance devices, starting (Ckt)

Optical fiber, high efficiency

Superconductivity breakthrough

Time delay, long (Ckt)

Eleven ways to test IC's with your FET VOM (Middleton)
Jun

Experiment with WWVB (Lancaster)*
Aug 48, Sep 98;

F

(Corres)

FET circuits (Garner)t

Filter(s)
Active—how they work (Lancaster)
Phone and CW {Scott)

FM—see Audio: Stereo, 4-channel; Radio: FM

Sep
Apr
Jun
Nov
Feb
Sep

Nov
Oct
Feb
Oct

Oct
Jul

Sep

Jan

Nov
Nov

Four-channel stereo—see Audio: stereo, 4-Channe!

1440 calculator (Kellahin)*
Frequency counter kit, digital (ER)

Function generator
$40 (Lancaster)” (Corr)
Modulated IC (Cazes)

Jul 41; (Corres)

Grinchwai readout module (Lancaster)

H
Hearing
Hard rock high dB's and (Coronado)
Mar 68; (Corres)
Through teeth Jun 94; (Corres)

Heath's digital FM tuner (Thomas)
Hi-Fi—see Audio—high fidelity—stereo
How active filters work (Lancaster)

How to
Pick the "right’’ security system (Duryea)

Jut
Apr

Jan
Aug

Feb

Jun
Sep

May

Nov

May

100

90

42

22

53

42
50

55
32

26
16

51

16
24

42
42

35

Set up a public address speaker system (Bogen Div.)

Wire a house for MATV (Walters)

IC(s)
Amplitiers, three
Breadboard (Garner)t
Breadboard, digital (Cazes)*
Calculator kit, pocket (ER)
Clock, digital—see Digital clock
CMOS—why is it so good? (Lancaster)
Dual zero-crossing detector (Garner)t
FM Circuits, new for (Leckerts)
FM detector {Garner)t
Function generator, modulated (Cazes)*

Jul 41; (Corres)

Logic type (Garnent
Microtransmitter (Garner)t
New (Garner)t

May
Sep

Apr
Apr
Feb
Feb

Dec
Jun
Oct
Jun

Aug
Apr
Feb
Sep

51
33

Power supply. design your own regulated (Lancaster)’

Pressure transducer (Garner)f
Recewver on chip (Garner)t
with FET VOM, "ways to"" (Middleton)

Intrared and its many applications (Mims)
inside story on outside antennas (Belt)
Inside telephone answering robots (Waiters)

lon plasma tubes, secrets of (Gupton)

Keyboard
Encoder, ASCII (Lancaster)
Low-cost (Lancaster)®

L

Laser communications

LED
Panel lights (Kraengel)
Readout module, Grinchwal (Lancaster)*

Lie detector, quick (Cl)
Light meter, 2-in-1 (Paliatz)*
Low-cost keyboards (Lancaster)*

MATV, wire a house for (Waiters)
Meter capacitance, direct-reading (Ckt)

Dec
Feb
Oct
Jun

Feb
Sep

Aug
Sep

Apr
Feb

Jul
Feb

Aug
Feb
Feb

Sep
Feb

Modular electronic music synthesizer (Simonton)*

May 38, Jun 56, Jul 46, Sep 53,
Modulated IC function generator (Cazes)*
Jul 41; (Corres)

Multimeter, digital (ER) May 26; (ER)
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Oct,

Aug
Nov

54
60
51
42

39
40

44
60

55
54

50

76
51

70

33
99

60

16
28

57
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Multitracer (ER) Jul 36 Horizontal jitter Apr 78 Color television (see also television)
Multivibrator for tachometers and speedometers Hot chassis with power transformer May 73 AFPC detector (Margolis) Jan 60
(Garnent Sep 65 Hum bars Aug 68; Dec 77 Cathode current high Jan 100
I oo U e ian 36
. . ) F ync separator (Margolis) Mar 58
Ham(crgfgnggg) a0 "ﬁiﬂ'"gs (Corres) Jun 16 gf,'il,"ﬁol:fe R G 1P ',:,."; 2 Tigst Jigsi(E-unqingharm) Man] 56
Synthesizer. modular electronic (Simonton) Ras(gr dim Ma; 78 inffcestollinetteciye XD &
May 38, Jun 56, Jul 46, Sep 53. Oct 60 Red intermittent May 73 Components, filing (SN) Jul 97
Red setup Nov 80 Extension light, miniature (Stillwell) Apr 110
N Regulated supply low Oct 72 Speed troubleshooting, with a logical approach
New gymmoms galore B o j\ulg g; (Turino) Apr 98, May 60, Jun 48, Jul 48
ync poor pr ul !
Antenna for fringe-area reception (Green) Oct 48 Sync lost ! Sep 80 Television (see also color television)
Color TV circuits for ‘74 (Leckerts) Dec 37 3A3C internal hookup Jan 70 Agc amplifier, solid-state sets (Margolis) Feb 62
1Fév1 sftereFo decoder EFLeIdman) Aug 59 Triple trouble Dec 70 Sgctsystems, foreign (Prentiss) Nov 62
‘s for FM circuits (Leckerts) Oct 44 Video weak Jul 67 eat pattern May 96
TV circuits for '73 (Leckerts) Jan 40 Warmup slow May 73 Channel motor runs Jan 36
t 10 f ; i | Co-op (Kemp) Apr 101
Nex years of color TV {Gerson) Jbn 33 Depth finder indicator lamp failure Sep 82 Deflection yokes and flybacks (Prentiss) Sep 69
Diagnosis May 71 High-voltage rectifier lead dress May 96
Horizontal output, solid-state (Margolis) Apr 45
1C(s) ! ! .
1 Horizontal sync intermittent Jan 100
8ﬂ-beat 4-channel speaker systems (Petras)  Mar 43 ;'g’?\;va‘ i‘:j' gf’, Modules (Margolis) Jun 58
p-amps: active filters, how they work (Lancaslerrq) = Sockets Aug 67 Raster and high voltage out Jan 39
oy Safety checks Feb 38
Intermittents, locating Feb 71 Squeal and insufficient width Feb 42
Optoelectronics (Garner)f May 62 lonizer and air cleaner parts Nov 80 Sync separator (Margolis) Mar 58
Lie detector, quick Aug 70 Troubleshooter’'s guide, step-by-step (Margolis)
P i Jan 60, Feb 62, Mar 58, Apr 45, Jun 58; (Prentiss)
. adio Jul 50, Sep 68, Nov 62
Panel lights, LED (Kraengely Jul 76 AM good, FM dead Mar 80 Tuner subb: J p
, er (ER) Sep 28
Phone-—see Teiephone athod istor b d Jul 67 sy .
Photography: Light meter. 2-in-1 (Pallatz) Feb 69 e (G SIS 61 vectarscopealvayShojuselyour(Miadiaton) NI
Power supply, design your own regulated (Lanca;teecr) =3 I.t. transtormer, replacement Aug 69 Vertical buzz : ~ Nov 60
Precision crystal calibrator (Franson)* Apr 60 Output tube burns out Aug 69 Vertical sweep circuits, solid-state (Premlss)Ju i
,Publuc(aB%%::sD?‘?()eaker system, how to set up —— Thermal runaway Mar 80 Transsxstor replagemenl substitution guide, RE's
e . Replacement parts Jun 67 (Scott and Scott)
Put a Digi-Tach on your dashboard (Bunge) Apr 42 =" Mar 71, Apr 69, May 68, Jun 60, Jul 52, Aug 62,
Television (see also color television) Sep 70, Oct 69, Nov 68, Dec 59
Agc problem Mar 78 Wire strippers, using dull (SN) Jul 97
Agc and afc pulse troubles Aug 68
Radar oven repairs (Mackenroth) Aug 37 Bars. four black Dec 76 Setting up for CD-4 records (Friedman) oct 33
. Bias diode reversed Aug 71
Radio i
) Blackout Feb 78 Soldering
Crystal calibrator, precision (Franson) Apr‘ 60 Breaker pops with good diode Aug 67 Gun
Filter, phone and CW (Scott)t Nov 50 Bri ¢ : i
-0 rightness intermittent Jan 72 Demagnetizer (TT) Jun 98
FM stereo (see also Audio: Stereo, 4-channel) Brightness low A 70 Holder (TT) Jan 102
Antennas, inside story of outside (Belt) Sep 40 Contrast out. sync bad J:IJI? 70 Stand (Legon) Jul 88
Decoder, new (Feldman) Aug 59 Cont LY Third-hand aid (TT, May 101
VI8 C rols, pushbutton Mar 69 hi id (TT) ay
Tuner, Heath's digital (Thomas) May 42 Vise and heat sink Sep 96
Receiver on chip (Garner)f Oct 51 ‘Creeper"’ Aug 65
Servicing—see Service clinic; Servicing: subject . Solid state (see also specific components)
SSB receivers, digital readout for (Houghton) gxtensuonspzaker 3{" gg Glossary (Garner)t Mar 61
Jan 37 ropping diode C , . )
Transmitter, time delay for (Scot)f Nov 49 Fiyback field-feedback Jul 60 (continued on page 87
Vht scanning monitor receiver (ER) Aug 26 Ftyback hot Aug 68
9 Flyback replacement Jan 78
y . .
Record changers, 21 basic steps in servicing (Kanter) Focus out Mar 81 R_E b
Nov Focus problem Jul 66; Sep 80 S SU Stltutlon
Records, 4-channel—see Audio: sterec. 4-channel Heater very slow Dec 71 :
Regulated power supply, design your own (Lancaster)* High voltage out Jan 72 gul e Or
Dec 54 High-voltage rectifier hot Aug 69 :
Remote control for color (Savon) Dec 40 Horizontal line Feb 80 l
PS5 80 Torront oscilator = % replacement transistors
Horizontal sync Jun 70
IC's Jul 58
S Lf. snowy Nov 83 PART X
Scope Keystone faise ‘Dec 77
CRT (Ch) Jul 61 Modular Jan 68 compiled
Dual-trace triggered-sweep (Goodman) Feb 43 Picture doubled Jun 68 P by R.OBERT & ELIZABETH SCOTT
Transformer shorted (Cl) Jul 61 Picture piecrust Aug 69 ARCH—Indicates the Archer brand of
SCR(s) g!czure fptl;l e SUQ 2? semiconductors sold only by Ra-
New (Garnen)t Sep 65 hiate toad” burned - s§§ 82 iilcl’_ zh;‘”‘d?“dsrf‘“iid 2;‘3;0 \7\/‘0’;356
Trigger circuits (Garner)} Mar 62 Raster breathing May 78 e adio ack, A
Raster small Jun 68
Secrets of ion plasma tubes (Gupton) Sep 60 Raster stretched in middie Aug 66 DM—D Sh;., ’;‘ o el
Security system, how 1o pick “right” Duryea Raster trapezoidal Jun 76 —D. M. Semiconductor Co., P.O. Box
) ~May 35; (Corres) Jul 83 Resistor burnout Jun 70 131, Melrose, Mass. 02176
Semiconductors—see specific subjects Roll intermittent Aug 71 GE—General Electric Co., Tube Product
Service clinic (Darr) ?’g;i‘;’::k?"’if\knsrd m:; ;g Div., Owensboro, Ky. 42301
A”d'?, g g ; - Sync clipping Dec 71 ICC—International Components, 10 Daniel
Echo device bias transformer ul Sync loss Nov 80 Street, Farmingdaie, N.Y. 11735
Output transistor hot Jan 78 Sync out Mar 81 3 = )
PC shorts May 72 Tnner problem Jun 70, Aug 67 IR—International Rectifier, Semiconductor
Recelver noise Aug 67 i Div., 233 Kansas St., El Segundo,
Sound bad Mar 79 \T/\élrtical foldover ZZ‘; gg Calif. 90245 2
Stereo volume low Mar 70 Vertical retrace Nov 81 ; A
Tape cartridge recorder channel deaa Apr 72 Vertical sweep out May 78 MAL—Mallory Distributor Products Co.
Tape player track changing Novj 80 Vertical symptoms, horizontal trouble Sep 80 101 S. Parker, Indianapolis, Ind.
Tape recorder sound out Sep 78 Video detector blows Jan 78, Apr 80 46201
Tape recording channel trouble Jul 61 Voltages high Apr 84 .
Tape recording garbled Apr 80 N ke [ Lo MOT—Motoroia Semiconductors, Box
Transistor replacement Apr 78 Width insufficient Aug 66 2963, Phoenix, Ariz. 85036 .
Burglar alarm, false triggering Aug 71 e sl RCA—RCA E|ejtf0m029C0mponemS, Harri-
son, N.J. 070
Color television (see also television Scope CRT Jul 61
Age toov:wi.gr?( i o) May 73 Scope transformer shorted Jul 61 SPR—Sprague Products Co., 65 Marshall
Biue horizontal bowing Mar 80 Signal generator filter capacitor Oct gg St., North Adams, Mass. 01247
glue out coosted ﬁpr ;735 \S/;”\’/‘:f%r?;a'yze' tube #:)'v 5 S$YL—Sylvania Electric Corp., 100 1st
oost '
Brighlr?:s}s g::n% backwards M‘;y 72 Vtvm full-scale reading reduction Oct 73 Ave., Waltham, Mass. 02154
Color blanked Dec 76 ZEN—Zenith Sales Co., 5600 W. Jarvis
Color biobs Aug 70 Troubleshooting. logical Apr 7T Ave., Chicago, HII. 60648
71 q 2 f
gg:g: g};ﬁ'mmem ?:f 61 Servicing—see also Service clinic, Technotes: Try this; Radio-Electronics has done its utmost to
Color, picture out Jul 60 specific subjects insure that the listings in this directory are as
golov problems Nov 72, ~l‘Delc g: Audio accurate and reliable as possible; however, no
Cg:)v'er,g‘;ré’:',me,mmem 0'::‘ 72 Amplifiers. 8 ways to test hi-fi (Palmer) Jul 37 responsibility is assumed by Radio-Electronics
Convergence loss Sep 78 gecord changers—21 bé‘SiC steps (Kanter) ZOV 1?5 for its use. We have used the latest manufac-
Elyb b d Oct 78 peaker replacement (Carlson) pr i :
H;b:é:: rel:;rlgteance el 1 Speakers, fusible resistors Nov 60 turers material available to usAand ha\{e'asked
Focus voltage out, low Hv Aug 68 Tape cassette hint May 96 each manufacturer covered in the listing to
Fuse blows intermittently Nov 82 Tape play level (Hicke) Jan 36 check its accuracy. Where we have been sup-
Green screen May 79 plied with corrections, we have updated the
A Battery saver (Kranengel Feb 50 A R i A :
High voltage low. boost gooa dul 59 B é gel Mar 53 listing to include them. The first part of this
High voitage supply May 78 nchnotes (Gilpin) 2 g
Horlzontal hold affects colo Aug 67 Circuit breaker substitution box (Padmore)  Apr 59 Guide appeared in March 1973.
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2N2209
2N2210
2N2211
2N2212
2N2214

2N2216
2N2217
2N2218
2N2219
2N2220

2N2221
2N2222
2N2223
2N2224
2N2225

2N2226
2N2227
2N2234
2N2235
2N2236

2N2237
2N2238
2N2239
2N2240
2N2241

2N2242
2N2243
2N2244
2N2245
2N2246

2N2247
2N2248
2N2249
2N2250
2N2251

2N2252
2N2253
2N2254
2N2255
2N2256

2N2257
2N2258
2N2259
2N2266
2N2267

2N2268
2N2269
2N2270
2N2271
2N2272

2N2273
2N2274
2N2275
2N2276
2N2277

2N2278
2N2279
2N2280
2N2281
2N2282

2N2285
2N2286
2N2287
2N2288

2N2289
2N2290
2N2291
2N2292
2N2293

2N2294
2N2295
2N2296
2N2297
2N2303

2N2304
2N2305
2N2309
2N2310
2N2311

ARCH

RS276-2004
NA

NA
RS276-2006
NA

NA
NA
NA

NA
RS$276-2009

RS276-2009
RS276-2009
NA
NA
NA

NA
NA
NA

NA
RS276-2009
RS276-2009

NA

NA
RS276-2009
RS276-2009

RS276-2009
NA

RS276-2009
RS276-2009
RS276-2009

RS276-2009
RS276-2009
RS276-2009
RS276-2009
RS276-2009

RS276-2009
RS276-2009
RS276-2009
RS276-2009
RS276-2009

RS276-2009
RS276-2003
RS276-2003
NA
NA

RS276-2005
RS276-2009

RS276-2003
RS276-2023
RS276-2023
RS276-2023
RS276-2023

RS276-2023

RS276-2023

RS276-2023

RS276-2023
NA

RS276-2006
RS276-2006
RS276-2006
RS276-2006

RS276-2006
RS276-2006
RS276-2006
RS276-2006
RS276-2006

RS276-2006
RS276-2006
RS276-2006
NA
RS276-2021
RS276-2018
NA
RS276-2009

RS276-2009
NA

NA =NOT AVAILABLE

DM

T-253
T-233

T-232
NA

T-708
TS-3001
TS-3001
TS-3001

T-55

T-55
T-736
T-714

TS-3020
T-2

NA
NA
T-53
T-53
T-53

T-53
T-2
TS-3020
T-53
T-53

T-50
T-714
T-50
T-50
T-50

T-50
T-50
T-50
T-50
T-50

T-50
T-50
T-50
T-50
T-50

T-50
T-3
NA

T-231
T-231

T-231
T-231
TS-3001
T-254
T-53

T-3
T-52
T-52
T-52
T-52

T-52
T-52
T-52
T-52
T-230

T-232
T-232
T-232
T-230/
232

T-232
T-232
T-230
T-232
T-232

T-230
T-232
T-232
T-714
T-51

T-243
T-247
T-53
T-53
T-706

G-E

GE-2
GE-4
NA
GE-25
NA

GE-27
GE 33
Gi:-18
GE-18
GE-20

GE-20
GE-20
GE-18
GE-63
GE-2

ICC

ICC-253
1ICC-233
NA
ICC-232
NA

NA

ICC-S3001
ICC-S3001
ICC-S3001

1CC-55

ICC-55
ICC-738
NA

ICC-2

1CC-50

ICC-3

ICC-3
NA
NA

NA
NA
NA
ICC-254
ICC-53

ICC-3
1ICC-52
ICC-52
ICC-52
ICC-52

ICC-52
ICC-52
1CC-52
ICC-52
NA

ICC-232
1ICC-232
ICC-232
ICC-230/
232

ICC-232
ICC-232
1CC-230
1CC-232
ICC-232

1ICC-230
1ICC-232
ICC-232
ICC-714
ICC-51

ICC-243
ICC-247
ICC-53
ICC-53
NA

IR

TR-05
TR-03
NA
TR-27
NA

IRTR-78
NA
NA
NA

IRTR-51

IRTR-51

IRTR-51
TR-87
TR-21
TR-17

TR-59
TR-36
NA
NA
TR-65

86
TR-17
NA
TR-65
TR-65

TR-21
TR-85
IRTR-51
IRTR-51
IRTR-51

IRTR-51
IRTR-51
IRTR-51
IRTR-51
IRTR-51

IRTR-51
IRTR-51
IRTR-51
IRTR-51
TR-21

TR-21

TR-17

TR-17
NA
NA

NA
NA
TR-87
TR-82
IRTR-76

TR-54
TR-54
TR-54
TR-54
TR-54

TR-54

TR-54

TR-54
NA
NA

TR-35
NA

TR-01

TR-01

TR-01
TR-01
TR-01
TR-01
TR-01

TR-01
TR-01
TR-01
TR-87
TR-19

TR-76

TR-26

TR-21
IRTR-51
IRTR-78

MAL

PTC 102
PTC 106
NA
PTC 138
NA

NA
PTC 136
PTC 136
PTC 138
PTC 136

PTC 136
PTC 136
PTC 123
PTC 144
PTC 102

NA
NA
PTC 136
PTC 136
PTC 125

PTC 125
PTC 109
PTC 144
PTC 125
PTC 125

PTC 121
PTC 144
PTC 121
PTC 121
PTC 123

PTC 121
PTC 121
NA
PTC 121
PTC 121

PTC 123
PTC 121
PTC 121
PTC 123
PTC 121

PTC 121
PTC 107
PTC 107
PTC 106
PTC 106

PTC 106
NA
PTC 144
PTC 135
NA

PTC 107
PTC 131
PTC 131
PTC 131
PTC 131

PTC 131
PTC 131
PTC 131
PTC 131
NA

NA

NA

NA
PTC 105

NA
NA
PTC 105
NA
NA

PTC 105
NA
NA

PTC 144

PTC 127

NA
PTC 119
PTC 125
PTC 121
PTC 125

MOT

HEP-253
HEP-233
HEP-625
HEP-232
HEP-722

NA
HEP-S3001
HEP-S3001
HEP-S3001

HEP-55

HEP-55
HEP-736
NA
HEP-S3011
HEP-2

NA
NA
HEP-53023
HEP-S3020
HEP-53

HEP-53
HEP-2
HEP-S53020
HEP-53
HEP-53

HEP-50
HEP-714
HEP-50
HEP-50
HEP-50

HEP-50
HEP-50
HEP-50
HEP-50
HEP-50

HEP-50
HEP-50
HEP-50
HEP-50
HEP-50

HEP-50
HEP-3
HEP-3

NA
NA

NA
NA
HEP-S3001
HEP-254
HEP-53

HEP-3
HEP-52
HEP-52
HEP-52
HEP-52

HEP-52
HEP-52
HEP-52
HEP-52
NA

HEP-232
HEP-232
HEP-232
HEP-230/
232

HEP-232
HEP-232
HEP-230
HEP-232
HEP-232

HEP-230
HEP-232
HEP-232
HEP-714
HEP-51

HEP-243
HEP-247
HEP-53
HEP-53
HEP-713

RCA

SK 3005
SK 3012
NA
SK 3009
NA

NA
NA
SK 3124
SK 3024
SK 3122

SK 3122
SK 3122
NA
NA
NA

NA
NA
SK 3124
SK 3124
SK 3122

SK 3122
NA
NA

SK 3122

SK 3122

SK 3122
NA
SK 3122
SK 3122
SK 3122

SK 3122
SK 3122
SK 3122
SK 3122
SK 3122

SK 3122
SK 3122
SK 3122
SK 3122
SK 3122

SK 3122
NA
NA

SK 3012
SK 3012

SK 3012
SK 3012
SK 3024
SK 3004
SK 3122

NA
SK 3114
SK 3114
SK 3114
SK 3114

SK 3114
SK 3114
SK 3114
SK 3114
SK 3009

SK 3014
SK 3014
SK 3014
SK 3009

SK 3009
SK 3009
SK 3009
SK 3009
SK 3009

SK 3009
SK 3009
SK 3009
SK 3104
SK 3114

SK 3024
SK 3027
SK 3122
SK 3122
NA

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

RT-102
RT-102
RT-102
RT-102
RT-102

RT-102
RT7-102
RT-102
RT-102
RT-102

RT-102
NA
NA
NA
NA

NA
NA
RT-114
RT-120
RT-102

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

RT-115
NA
RT-115
RT-115
RT-124

RT-147
RT-147
RT-127
RT-127

RT-127
NA
RT-127
RT-127
RT-127

RT-127
RT-127
RT-127
NA
RT-115

NA
RT-131
RT-102
RT-102

NA

SYL

ECG 100
ECG 105
NA
ECG 121
NA

ECG 123A

ECG 123A
ECG 123A
NA
NA
ECG 160

NA
NA
ECG 123
ECG 123
ECG 123A

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

ECG 123A
NA
ECG 123A
ECG 123A
ECG 123A

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

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

ECG 123A
ECG 160
ECG 160
ECG 105
ECG 105

ECG 105
ECG 105
ECG 128
ECG 102
ECG 123A

ECG 160
ECG 159
ECG 159
ECG 159
ECG 159

ECG 159
ECG 159
ECG 159
ECG 159
ECG 104

ECG 179
ECG 179
ECG 121
ECG 121

ECG 121
ECG 127
ECG 121
ECG 121
ECG 121

ECG 121
ECG 121
ECG 121
NA
ECG 159

NA
ECG 130
ECG 123A
ECG 123A

NA

ZEN

ZEN 304
ZEN 327
NA
ZEN 326
NA

NA
NA
NA
NA
ZEN 103

ZEN 103
ZEN 120

NA
ZEN 102

ZEN 102
ZEN 300
NA
ZEN 102
ZEN 102

ZEN 100
NA
ZEN 100
ZEN 100
ZEN 100

ZEN 100
ZEN 100
ZEN 100
ZEN 100
ZEN 100

ZEN 100
ZEN100
ZEN 100
ZEN 100
ZEN 100

ZEN 100

ZEN 301

ZEN 301
NA
NA

NA
NA
ZEN 305
ZEN 102
ZEN 301

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

ZEN 326
ZEN 326
ZEN 326
ZEN 325/
326

ZEN 326
ZEN 326
ZEN 325
ZEN 326
ZEN 326

ZEN 325
ZEN 326
ZEN 326
NA
ZEN 101

NA
NA
ZEN 102
ZEN 102
NA
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ARCH DM G-E ICC IR MAL MOT RCA SPR SYL ZEN

2N2312 RS276-2009 T-53 GE-18 ICC-53 IRTR-51 PTC 121 HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2313 NA T-706 GE-27 NA IRTR-78 PTC 125 HEP-713 NA NA NA NA
2N2314 RS276-2009 T-53 GE-62 ICC-53 IRTR-51 PTC 121 HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2315 RS276-2009 T-53 GE-62 ICC-53 IRTR-51 PTC 121 HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2316 NA T-714 GE-18 NA NA PTC 125 HEP-713 NA NA NA NA
2N2317 NA T-714 GE-18 NA NA PTC 121 HEP-S3020 NA NA NA NA
2N2318 RS276-2010 T-50 GE-17 ICC-50 TR-21 PTC 121 HEP-50 SK 3122 RT-102 ECG 123A ZEN 100
2N2319 RS276-2009 T-53 GE-61 ICC-53 TR-21 PTC 121 HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2320 RS276-2009 T-53 GE-20 1CC-53 IRTR-51 NA HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2322 NA SR-1221 GEMR-5 NA NA NA NA NA NA NA NA
2N2323 NA SR-1221 GEMR-5 NA NA NA HEP-R1101 NA NA NA NA
2N2324 NA SR-1221 GEMR-5 NA NA NA HEP-R1102 NA NA NA NA
2N2325 NA SR-1221 GEMR-5 NA NA NA HEP-R1103 NA NA NA NA
2N2326 NA SR-1221 GEMR-5 NA NA NA HEP-R1103 NA NA NA NA
2N2330 NA NA GE-63 NA NA PTC 144 NA SK 3124 RT-100 ECG 123 NA
2N2331 RS276-2010 T-50 GE-17 ICC-50 TR-21 PTC 121 HEP-50 SK 3122 RT-102 ECG 123A ZEN 100
2N2332 RS276-2023 T-52 GE-22 1CC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 123A NA
2N2333 RS276-2023 T-52 GE-22 1ICC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2334 RS276-2023 T-52 GE-21 ICC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2335 RS8276-2023 T-52 GE-21 1CC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2336 RS276-2023 T-52 GE-21 1CC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2337 RS276-2023 T-52 GE-21 1ICC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2338 NA NA NA NA NA NA HEP-S5001 NA NA NA NA
2N2339 NA TS-3020 GE-66 NA NA NA HEP-243 NA NA NA NA
2N2340 NA NA NA NA NA NA HEP-S3020 NA NA NA NA
2N2341 NA NA NA NA NA NA HEP-S3020 NA NA NA NA
2N2342 NA NA NA NA NA NA HEP-714 NA NA NA NA
2N2343 NA NA NA NA NA NA HEP-714 NA NA NA NA
2N2344 NA NA NA NA NA NA NA NA NA NA NA
2N2345 NA T-641 GE-8 NA TR-08 PTC 108 NA NA NA NA NA
2N2349 RS276-2009 T-53 GE-20 ICC-53 TR-70 NA HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2350 NA TS-3020 GE-63 NA TR-21 NA HEP-S3020 NA NA NA NA
2N2351 NA T-714 GE-18 NA NA PTC 144 HEP-S3011 NA NA NA NA
2N2352 NA TS-3020 GE-63 NA NA PTC 144 HEP-S3020 NA NA NA NA
2N2353 RS276-2009 T-53 GE-63 1CC-53 TR-65 PTC 144 HEP-53 SK 3122 RT-102 ECG 123A ZEN 102
2N2354 RS276-2001 T-641 GE-59 ICC-641 NA PTC 134 HEP-641 SK 3124 RT-122 ECG 103 ZEN 315
2N2355 NA NA NA NA NA NA NA NA NA NA NA
2N2356 NA NA NA NA NA NA NA NA NA NA NA
2N2357 RS276-2006 T-232 GE-3 ICC-232 NA NA HEP-232 SK 3009 RT-127 ECG 121 ZEN 326
2N2358 RS276-2006 T-232 GE-3 ICC-232 NA NA HEP-232 SK 3009 RT-127 ECG 121 ZEN 326
2N2360 NA T-2 GE-9 ICC-2 NA PTC 102 HEP-2 NA NA ECG 160 ZEN 300
2N2361 NA T-2 GE-9 ICC-2 NA PTC 107 HEP-2 NA NA ECG 160 ZEN 300
2N2362 NA T-2 GE-9 ICC-2 NA PTC 107 HEP-2 NA NA ECG 160 ZEN 300
2N2363 RS276-2003 T-3 GE-9 ICC-3 TR-12 NA HEP-3 SK 3006 NA ECG 126 ZEN 301
2N2364 NA T-714 GE-18 NA NA PTC 125 HEP-714 NA NA NA NA
2N2368 RS276-2009 T-50 GE-20 ICC-50 TR-21 PTC136 HEP-50 SK 3122 RT-102 ECG 123A ZEN 100
2N2369 RS276-2009 T-50 GE-63 1ICC-50 TR-21 NA HEP-50 SK 3122 RT-102 ECG 123A ZEN 100
2N2370 RS276-2021 T-51 GE-22 ICC-51 TR-19 PTC 131 HEP-51 SK 3114 RT-115 ECG 159 ZEN101
2N2371 RS276-2021 T-51 GE-22 ICC-51 TR-19 PTC 131 HEP-51 SK 3114 RT-115 ECG 159 ZEN 101
2N2372 RS276-2023 T-52 GE-22 ICC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2373 RS276-2023 T-52 GE-22 1CC-52 TR-20 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2374 RS276-2005 T-254 GE-2 ICC-254 NA PTC 102 HEP-254 SK 3004 RT-120 ECG 102 ZEN 305
2N2375 RS276-2005 T-254 GE-1 ICC-254 NA PTC 102 HEP-254 SK 3004 RT-120 ECG 102 ZEN 305
2N2376 RS276-2005 T-254 GE-53 ICC-254 NA PTC 102 HEP-254 SK 3004 RT-120 ECG 102 ZEN 305
2N2377 RS276-2023 T-52 GE-22 ICC-52 TR-21 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2378 RS276-2023 T-52 GE-22 ICC-52 TR-21 PTC 131 HEP-52 SK 3114 RT-115 ECG 159 NA
2N2379 NA T-231 GE-4 NA NA NA NA NA NA NA NA
2N2380 RS276-2009 NA GE-18 ICC-756 IRTR-87 PTC 144 HEP-736 NA NA NA ZEN 120
2N2381 NA T-2 GE-51 ICC-2 NA PTC 107 HEP-2 NA NA ECG 160 ZEN 300
2N2382 NA T-2 GE-51 ICC-2 NA PTC 107 HEP-2 NA NA ECG 160 ZEN 300
2N2383 NA T-704 GE-14 NA NA NA HEP-S5000 NA NA NA NA
2N2384 NA T-704 GE-14 NA NA NA HEP-S5004 NA NA NA NA
2N2386 NA T-803 NA ICC-803 NA NA HEP-803 NA NA NA NA
2N2387 NA T-736 GE-61 NA IRTR-51 PTC 133 HEP-729 SK 3122 RT-102 ECG 123A NA
2N2388 NA T-736 GE-62 NA TR-87 PTC 153 HEP-728 SK 3122 RT-102 ECG 123A NA
2N2389 NA T-53 GE-18 NA TR-87 PTC 123 HEP-S3020 SK 3124 RT-100 ECG 123 NA
2N2390 NA T-53 GE-18 NA NA PTC 123 HEP-S3020 SK 3124 RT-100 ECG 123 NA
2N2393 NA NA GE-21 NA TR-87 PTC 103 HEP-716 SK 3114 RT-115 ECG 159 NA
2N2394 NA NA GE-21 NA TR-87 PTC 103 HEP-716 SK 3114 RT-115 ECG 159 NA
2N2395 NA NA GE-20 NA TR-30 PTC 123 HEP-S0004 NA RT-126 ECG 106 NA
2N2396 NA NA GE-20 NA TR-87 PTC 123 HEP-S0004 SK 3124 RT-100 ECG 123 NA
2N2397 NA NA GE-20 NA TR-87 PTC 123 NA SK 3124 RT-100 ECG 123 NA
2N2398 NA T-2 GE-9 ICC-2 TR-17 PTC 102 HEP-2 NA NA ECG 160 ZEN 300
2N2399 NA T-2 GE-9 ICC-2 TR-17 PTC 107 HEP-2 NA NA ECG 160 ZEN 300
2N2400 RS276-2003 T-3 GE-1 ICC-3 NA PTC 107 HEP-3 NA NA ECG 160 ZEN 301
2N2401 RS276-2003 T-3 GE-* ICC-3 NA PTC 107 HEP-3 NA NA ECG 160 ZEN 301
NA = NOT AVAILABLE (continued next monih)
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Off Color
Stories

Three basic symptoms;
causes are myriad

JACK DARR
SERVICE EDITOR

This column is for your service
problems—TV, radio, audio or gen-
eral and industrial electronics. We
answer all questions individually by
mail, free of charge, and the more in-
teresting 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.
South, New York 10003.

R-E’s Service Clinic

THESE AREN'T THE KIND OF OFF-COLOR
stories we tell each other after service
meetings. It’s the kind of annoying
things we run into when the colors are
“ulmost right, but not quite” in color
TV work. Most of the time we get
nice definite symptoms, like colored
bars up and down the picture, green
faces and blobs of color floating
around.

These troubles can be divided
into two major groups. One, where
there is no normal color in the pic-
ture, but there are colors on the
screen, in blobs or bars. Two, where
there is color in the right places, but
it's the wrong color. Then there’s a
sub-group where the whole screen is
tinted.

To get rid of this second one fast,
it's usually the picture tube, or an in-
correct setting of a screen control,
that’s causing the trouble. The set that
came on a bright green, then delivered
a good picture after about five min-
utes had a slow-heating pair of guns,
red and blue. The green gun wasn’t
gassy, as we suspected. A heater-cath-
ode short in one gun will cause a sim-
ilar symptom, though this is usually
permanent. This type of trouble can
often be cured with an isolation-type
“brightener” set to isolate only.

Screen-circuit voltage problems
produce the same symptom. In an-
other set, the green screen control
wouldn’t put the raster out at all.
However, since we were able to get
the other two set to match it, and
make a perfect black-and-white and
color picture, we left it for the next
time when it had to go to the shop.

Most of the true off-color prob-
lems are due to defects in 3.58-MHz
oscillator phasing, distortion in the
color demodulators, and odd defects
in parts in and around the demodula-
tors. All of them will respond to a
little serious reasoning, and the right
interpretation of the clues on the pic-
ture-tube screen.

Intermittent colors
In the intermittent-color or

wrong-color department, look out for
funny things happening in the hori-
zontal oscillator/afc output section.
This can affect the shape and size of
the keying pulses used in the color
section, since these come from the fly-
back. The important thing here, is the
phasing of the keying pulse.

Even though the picture seems to
be fairly stable horizontally, it's pos-
sible for the pulse to be far enough
off for the keying pulse to be out of
range, which in turn upsets the burst-
amplifier stage. This results in an in-
termittent, or weak burst. Then, you
get a “colors jump in and out” com-
plaint. Before making any other tests,
be sure that the horizontal-hold con-
trol is set as near to the center of its
range as possible.

The fine-tuning can also cause
rouble here, for the same reason, and
aft can, too. These circuits are simply
discriminators; and incorrect align-
ment or a leaky transistor can make
the fine-tuning drift, just the opposite
of the intended effect.

In cases where colors are correct,
but have a tendency to jump in and
out very suddenly, look to the color
bandpass amplifiers. These stages
handle all color signals, and they are
the most likely source for this com-
plaint.

No color—odd color cases.

One of the “no color in picture
but color present” cases was a Zenith
20X1C38 chassis. The symptoms were
a bluish screen, with two vertical color
bars, red and green, about 1.5 inches
wide, at the far left edge of the
screen. No normal colors in the pic-
ture at all. To make things simpler,
this was an intermittent condition. The
black-and-white picture was slightly
brownish, but with good detail, in-
dicating that the Y channel was prob-
ably OK.

Turning the color control full-on
made the picture bright blue, with the
vertical color bars much stronger. This
also caused a very bad defocusing.

(continued on page 66)
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srogram which gives you
electronic circuit design

Zlectronic circuit design—source of all new development
n the application of electronics to new products and
services. Without this skill, we would be unable to monitor
.he heartbeat of men in space. Without it, the computer
revolution would never have occurred. And we would have
yet to see our first TV show. Yet, only CREI teaches
electronic circuit design at home.

ELECTRONIC CIRCUIT DESIGN

A key skill which paces our nation’s progress in count-
less fields—from poliution control to satellite tracking
to modern medicine to exploring the ocean’s depths.
And beyond. A skill which you must have to move to
the top in advanced electronics.

CREI programs open up
new worlds of opportunity for you.

In addition to electronic circuit design, CREI provides
you with a full advanced electronics education in any of
thirteen fields of specialization you choose. Communica-
tions, computers, space operations, television, nuclear
power, industrial electronics—to mention just a few of
the career fields for which CRE! training is qualifying.
With such preparation, you will have the background for a
career which can take you to the frontiers of the nation’s
most exciting new developments. And around the world.

CREIl Dept. E-1412D
3939 Wisconsin Avenue
Washington, D.C. 20016

This free book can change your life.
Send for it.

If you are a high-school graduate (or
equivalent) and have previous training or
experience in electronics, then you are
qualified to enroll in a CREI program to
move you ahead in advanced electronics.

==

llﬂEIl
anigs

e
kR

Send now for our full-color, eighty page book on
careers in advanced electronics. In it, you will find full
facts on the exciting kinds of work which CREI pro-
grams open up to you. And full facts on the compre-
hensive courses of instruction, the strong perscnal
help, and the professional laboratory equipment which
CREI makes available to you. All at a surprisingly

low tuition cost.

And when you have it, talk with your emplcyer akout it.

Tell him you’re considering enrolling with CREI. He’il
undoubtedly be happy to know you are planning to
increase your value to him. And he may offer to pay all or
part of your tuition cost. Hundreds of employers and
government agencies do. Large and small. Including some
of the giants in electronics. }f they are willing to pay for
CRE! training for their employvees, you know it must

be good.

Send for Advanced Electronics today. You'll be glad
you did.

Rush me your FREE book describing my opportu- “nﬂl
nities in advanced electronics. | am a high school

|
graduate. '
Name Age | gﬁs‘BOL
Address | ENGINEERING
City State zIp INSTITUTE
If you have previous training in electronics, check here [} I
Employed by WASH'NGT ON, DC 20016
Type of Present Work _ I
Veterans and servicemen, check here for G. |. BIll information [J |
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SERVICE CLINIC
(continued from puge 61)

Brightness and contrast controls
worked. Tubes i1n the color circuits
were changed, without results.

The dc voltages were "“odd”.
None were missing completely, as I'd
hoped, but all were off. Some were
high, some low. Voltages on the
phase-detector and killer diodes were
well out of balance, which gave me a
starting point. The 3.58-MHz oscillator
was running. Color signal patterns on
the R-Y demodulator were low, but
the B-Y signal looked almost normal.

Fine-tuning reaction was normal,
with color fringes (worms) showing.
So the bandpass amplifiers (color am-
plifiers, in this set) were working. This
confirmed the suspicion that the
trouble was somewhere in or around
the 3.58-MHz oscillator. The drastic
unbalance in the control voltages
could mean that the oscillator was
running but was being thrown so far
off normal frequency that it couldn™
make normal colors. or indeed any at
all.

Killing the burst and checking the
reactions of the color oscillator
showed that it was working. OK, it
has to be something in the burst am-

\INSTRUMENTS CORP.

WRARRANI'Y
SERVICE

2% at1KHz audio signat accuracy; +2% at
19KHz pilot sig freq. accuracy 0.3Vrms output. $229.95

ER

TEST INSTRUMENTS
“Put Us to the Test”’

EADER151 Dupont Street Plainview, L.I., N.Y. 11803 (516) 822-939

LBO-502 — 5"
Solid State
Triggered Scope
3 graded scale readings — 1,2,5
Push-buttons, lab-grade quality.
15MH2z b'width;auto and trig sweep-
1us/cm (5X mag. 0.2us/cm) to
0.5s/cm. 17 steps. 10mV/p-p/cm
sensitivity. Rect. bezel; adj.lighting.
scale-tilt adj. & trig. light. $529.95

LSG-231 — FM Multiplex
Stereo Generator

Solid state stability & accuracy.
Check balance, separation and
alignment on ali state-of-the-art
audio equip. 50dB separation,

LFM-36A — Solid State
Wow & Flutter Meter

Ofters accurate, simul-
taneous. direct readouts

\On tape recorders and
other units. Has sep-

arate meters for meas-

uring each function.
Accuracy 1s +5% of full scale
value Signal frequency is 3KHz.
Compact. rugged, tor bench or
assembly work. $699.95

Circle 13 on reader service card
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plifier. A little judicious punching and
hammering around finally disclosed an
intermittently-open screen-bypass ca-
pacitor, on the burst amplifier tube.
(see Fig. 1).

FROM 8URST
COLOR TRANSFORMER
AMPLIFIER

PLATE

AFC

PHASE
DETECTOR
N
HUE
l BURST
150K AMEE ¢
I THE L) 1
>
0 5.6K —
27K

J

+390v

FiG. 1—INTERMITTENT screen-grid bypass
capacitor in burst amplifier of Zenith 20X1C38
caused all kinds of symptoms.

This was apparently allowing the
stage to develop some kind of para-
sitic oscillation, that threw the burst
far off-frequency, and caused some
kind of ringing reaction, with transient
bursts of oscillation which made the
colored bars on the left side of the
screen, and the blue-screen symptom.

On a Zenith 20Y1C37 chassis,
colors were present, but odd. Flesh
tones ‘just didn’t look right”, and
there was a certain amount of drift in
the color. To make a long story short,
this was finally traced back to an un-
balance in one of the 6ME8 high-level
demodulator tubes. The dc voltages on
the deflection-plates of this tube were
unequal (see Fig. 2). These should al-
ways be equal, or within about 5 volts
of each other. Plate voltages weren’t
too close, either. For a quick-check on
this, just swap the tubes. If the unbal-
ance moves with the tube, throw the
tube out! Check against the other
tube. Incidentally, if both tubes are
fairly old, it’'s a good idea to replace
both of them. I changed only the un-
balanced one, and had to go back a
week later to replace the other one.
(Same symptoms, different colors.)

Grid leakage in a diode?

Some very odd color problems
can be caused by a bad tube or crystal
diode, if it’s in the color afc/acc stage.
The diodes must be perfectly balanced
if they’re going to work. A lot of sets
use the 6JU8 quadruple diode tube. If
this tube develops leakage between
sections, look out! This is undoubtedly
something like mount-contamination
inside the tube, but it reads as grid
emission on that type of tube-tester. If

(continued on page 70)
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SouTHWEST TEcHNIcaAL ProbpucTts CORPORATION
SAN ANTONIO, TEXAS 78216

PHONE: 512 D! 4-3140

December, 1973

Dear Radio-Electronics Readers,

One of the most popular kits we have
ever offered is our bench power supply
shown at the right. Our philosophy on
this project was to make as rugged and
high capacity a power supply as possible
with both voltage and current meters on
the panel. Regulation was to be a secon-
dary consideration. Our thoughts here
were that in most cases where a supply is
used, what is really wanted is all the
voltage and current capacity possible for

the money. In most applications it really

makes little difference if the thing regulates .00% or 1%. Think about that for a minute. When was the last
time you really needed a power supply with .01% regulation? Maybe never, eh? It is very nice to be able to
observe the output voltage and the amount of current drain at the same time while using a bench supply.

It is all too easy to have something not work right and draw excessive current. If you have a supply with only
one meter that does double duty and reads both current and amps with the flip of a switch, the thing will
always be set on volts when you get an overload, or a short and draw excessive current. This basic law of
nature, (the Edsel-Murphey Law) almost never fails. Besides the dual meters, you get from 0 to 35 Volts
output and 0 to 2 Amps current. Voltage and maximum current are continuously variable with the front
panel controls. You are not faced with the choice of two current limiting points—switch selected—as featured
on some supplies. If you will check other power supply kits on the market, you will find that you can pay up

to twice our price for a supply with only half the current output. Besides that, it most likely will only have one
meter. Yes indeed, it may have better than 1% regulation, but you will have to decide how important that
feature is to you. For only $39.50 and 8.0 1bs. postage we can fix you up with one of these. Just ask for our
#143.

If you are doing alot of experiments with 1C’s and particularly operational amplifiers, you probably have
tun into the need for a split voltage power supply. Our new #243 is just the thing for these applications. It
has a 0 to 20 Volt output at up to 1.0 Amp, This covers all the popular supply voltages and will provide
enough current to run small power amplifiers. Price and weight is the same as our # 143.

Both supplies come in all metal cases with an attractive black vinyl covered top and a brushed gold finished
front panel. The parts, circuit board, etc. are our usual first quality parts.

I would like to wish all of you a Merry Christmas and a Happy New Year.

Sincerely,

-

Daniel Meyer

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
DEPT. RE-L
219 W. RHAPSODY, SAN ANTONIO, TEXAS 78216

Circle 14 on reader service card
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COLORAMA

|NTRODUC| NG
| RCA COLORAMA A
It rounds out RCA’s comﬂ%‘l%faﬁge of

Now—a middle Iine tube quz:al:»ty: p:ncefand arrantles
- of RCA replacement S .
color picture tubes...
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Colorama... Good

Thisis RCA's commercial standard
color picture tube line. Each tube
has a new electron gun. The other
components and materials are
re-used, after careful inspection to
meet RCA's high quality standards
12 month warranty. . .additional

12 months available

Colorama A ... Better

Thisis RCA'sgrade ‘A line Every
tube Is totally remanufactured using
the latest all-new rare earth phosphors.
new electron gun, and used X-radia-
tion attenuation glass. 18 month
warranty . additional 12 months
available

Hi-Lite...Best

Thisis RCA's prestige line of all-new
color picture tubes. Each incorporates
a new electron gun. new X-radiation
attenuation glass, latest new rare
earth phosphors and Perma-Chrome,
for locked-in color purity and uncom-
promised contrast and brightness.

24 month warranty. . additional

12 months available

And all three lines include
RCA BLACK MATRIX Types,
the advanced RCA tubes that are
as much as 100% brighter than
any equivalent non-Matrix picture
tube in RCA's history. So getthe
full choice of color picture tube

guality, price and warranties. Make

your choice RCA, leader in
electronics for the home.

RCA/Electronic Components/Harrison N o 07029
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SERVICE CLINIC
fcontinued from page 66)

everything else seems to be in fairly
good shape, try a new 6JU8 before
you start digging into other circuits,
and most especially before you try any
realignment!

Sparkle plenty

In a GE KC chassis, colored spar-
kling and flashes were seen on the
screen, mostly at the right and left

BLUE GRID

PIX TUBE PIX TUBE

6MES

+76V| B-Y DEMOD ~ |+75V +75v

56 pF E]i-ZK

GREEN GRID

H I—o I 00 pF “___)

more peculiar-looking than a good
color picture with the video signal up-
side-down. Make it a habit to check
for this; it’s easy. Just turn the color
control all the way off, and look to
see if the black-and-white picture is
negative.

Beside the shorted transistor, it is
possible to develop shorts on the
printed-circuit board which will have
the same effect. Also, if the video
transistor is a plug-in type, you can
pull the transistor and accidentally re-
insert it reversed. (I thought this

RED GRID
PIX TUBE

6ME8 ~
R-Y DEMOD

+75V

)

|-——<
56 pF }J
00000

g0 &

- — =
___________ A Fenced =

27K yo70v

FERRITE
T0
258 EoRE  100pF PHASE
0sC. +250V ( DET

FiG. 2—DC VOLTAGES ON DEFLECTION PLATES of 6ME8 color demodulators should be equal.

sides. This eventually turned out to be
a bad horizontal output tube, even
though the raster was full width, and
there was plenty of high voltage.
Seemed to be something similar to a
Barkhausen oscillation, though there
were no vertical bars on the screen.
Try a new tube first.

Hybrid video amplifier stages

Y-channel or video problems can
cause ‘“color troubles” (In quotes be-
cause these aren’t really color trouble,
but they sure look like it.) This is es-
pecially true in sets with tube/
transistor video amplifiers. We can
have troubles that we don’t expect if
we forget that transistors can do things
that tubes can’t, such as shorting be-
tween input and output.

One of these is a shorted transis-
tor, that lets the video signal go
through. However, it is slightly weak,
and most important, it loses one phase
inversion of the signal-polarity. So we
arrive at the picture tube with the
brightness or Y-signal exactly opposite
to what we’d like. In other words, a
nice but negative picture.

You have never seen anything

RADIO-ELECTRONICS ® DECEMBER 1973
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would blow the transistor, but it
didn't) It will make a negative pic-
ture, though. R-E

reader
questions

TRIPLE TROUBLE

This one came into my place, and
turned out to be a good illustration of
the principle “Fix all the simple things
first, then take the hard ones one at a
time”. It was a Zenith 12A10C52 with
a bright green screen, a light horizon-
tal bar halfway down, and a bad
flicker. The picture looked very pale
and the focus was poor.

So one at a time; the green
screen was cleared up by running a
grey-scale adjustment HEIGHT and
VERTICAL LINEARITY controls were
checked. They reacted properly, but
the picture was still bad. It finally
dawned on me; this was a very famil-
iar symptom; I had two pictures, with
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a very bad flicker. This is a character-
istic symptom of shorted capacitors in
the feedback loop. Turned out to be
the first one I checked, the .0047 pF.

Now the vertical problem was
fixed. 1 had a very pale picture, poor
focus and the agc control wouldn’t re-
act normally. The focus problem was
cleared up by adjusting the focus con-
trol. (Evidently this set had suffered
some REA **Random Experimental
Adjustments™.)

Checking the agc, I found that
the voltage was normal going into the
solid-state i.f. strip. Control varied it.
but no reaction in picture. Signal at
iL.f. output much too low. Taking the
if. stage off the chassis, and checking
it carefutly under a big magnifying
glass, two leads of the first i.f. transis-
tor were found touching each other.
Base and emitter. of course.

Clearing this short fixed the if.
problem, and the agc now worked as
it should. Only one problem now: the
set had been on its side; when |
turned it right side up, it quit. This
was tough; | had to plug one of the
leads to the i.f. stage in more firmly,
and that cleared that up. Now it
worked.

PICTURE TUBE HEATER DEAD

This Emerson 129021 “Montclair”
has a series heater string. All other
tubes are lit, but the picture tube heater
is dead. The tube tests OK.—R.R., De
Queen, Ark.

The picture-tube heater in this set
1s fed from a small transformer: this is

SW ON
vOL CONTROL
= A

\

¢_T4‘»’QH/

o—
TO HTRS

" 1 DC SUPPLY
"QUICK
. ON" sw
= LN—
20 uF
—— NON-
8202 POLARIZED
270V
B+
113 PIX. TUBE
VAC HEATER

for “Quick-on” circuit. The primary of
this transformer has a diode. and a
non-polarized electrolytic capacitor in
series as shown in the diagram. Check
for ac voltage across the transformer
primary. If you don’t get the normal
113 volts ac, either the diode or the
capacitor is open

COLOR POPS IN AND OUT
The color is intermittent on this
Zenith 12B8C15. Acts like color-killer

trouble, but this one doesn't have a
killer. 1 can rap on the chassis near the
IC demodulator, and make it act up.—
A.M., Philadelphia, Pa.

Check the IC socket; if it is tight
and clean, 1 believe I’'d try a new
demodulator chip. This has been the
cause of this kind of trouble, in some
of these chassis.

VERY SLOW HEATER
Tony Brzewiski, of Starco Commu-
nications, Campbell, N.Y. writes, “I’ve
run into the same problem that L.F., of
Poughkeepsie, N.Y. had; the set which
was a very slow heater (Radio-Elec-

tronics December 1972, page 70) In
mine, the resistance of the flyback, from
high-voltage rectifier plate cap to hori-
zontal output plate cap read 50,000
ohms. It would get up to about 5kV in
20 minutes, and up to almost full volt-
age in an hour. Resistance went down to
about 5,000 ohms. Changing the flyback
cleared up the problem.”

Thanks, Tony. Evidently, you and
L.P. had the same problem.

SYNC CLIPPING
The complaint on this Philco
I2N504 was loss of horizontal sync. [
(continued on puge 76,

items . .

The World’s Largest
Consumer Electronics Catalog

The world’'s Foremost consumer electronics
catalog is yours for the asking! Over 25,000
. jampacked with illustrations and
descriptions of the very latest in Hi-Fi, CB,
Tape recorders, Radios, Television, Elec-
tronic Parts, Technical Publications.

Everything in Electronics For Home, Business,

Industry PLUS The Latest in 4-Channel Stereo!

LAFAYETTE 1974 CATALOG 740

Our 53rd Year

MAIL
THE
COUPON
TODAY

Stores From Coast-to-Coast

LAFAYETTE RADIO ELECTRONICS

P.0. Box 10, Dept. 17103
Syosset, L.I, N.Y. 11791

Send For Your Free Lafayette Catalog Today!

Circle 15 on reader service card
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This important job (and its big income)
is reserved for a qualified
electronics technician. It can be you!

It's a fact. There are thousands of jobs like this one
available right now for skilled electronics technicians.
What's more, these men are going to be in even greater
demand in the years ahead. But how about you ? Where
do you fit into the picture ? Your cpportunity will never
be greater...so act now to take advantage of it. The
first step ? Learn electronics fundamentals . . . develop a
practical understanding of transistors, trouble-shooting
techniques, pulse circuitry, micro-electronics, computers
and many other exciting new developments in this
growth field. Prepare yourself now for a job with a

72 RADIO-ELECTRONICS ® DECEMBER 1973

bright future . .. unlimited opportunity with lasting
security . . . prestige and a steadily growing paycheck.
Cleveland Institute of Electronics courses have been
stepping stones to good jobs in electronics for thousands
of ambitious men. Why not join them ? You can learn at
home, in your spare time, and tuition is remarkably low.
Read the important information on the facing page.
Then fill out and mail the reply card or coupon today.
We'll send you all the details and for your convenience,
we will try to have a representative call. Act now . . .
and get your high-paying job just that much sooner.

www.americanradiohistorv.com
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How You Can Succeed In Electronics
...Select Your Future From Seven Career Programs

The “right” course for your career

Cleveland Institute offers not one, but seven different and
up-to-date Electronics Home-Study Programs. Look them
over. Pick the one that is “right” for you. Then mark your
selection on the reply card or coupon and mail today In a
few days, you will have the complete details.

1A. Electronics Technology

A comprehensive program covering
Automation, Communications,
Computers, Industrial Controls,
Solid-State Devices, and prepara-
tion for a 1st Class FCC License.

1B. Electronics Technology

with Laboratory

Includes all areas of Course 1A
including 1st Class FCC License
preparation. In addition, student
receives 161-piece Electronics
Laboratory and 17 “lab’ lessons for
“hands-on’"’ experience.

2. Broadcast Engineering

Here's an excellent studio engineer-
ing program which will get you a 1st
Class FCC License. Now includes
Video Systems, Monitors, FM Stereo
Multiplex, Color Transmitter Opera-
tion and Remote Control.

3. First Class FCC License

If a 1st Class FCC ticket is your goal,
this streamlined program will do the
trick and enable you to maintain
and service all types of transmitting

equipment.

4. Electronic Communications

Mobile Radio, Microwave and 2nd
Class FCC preparation are just a few
of the topics covered in this “com-
pact” program. Highly recommended
for jobs with telephone companies.

5. Industrial Electronics

& Automation

This exciting program includes many
important subjects such as Instru-
mentation, Solid-State Devices used
in Pulse, Digital and power controls.

6. Electronics Engineering

A college-level course for men
already working in Electronics. ..
covers Steady-State and Transient
Network Theory, Solid- State Physics
and Circuitry, Pulse Techniques,
Computer Logic and Mathematics
through Calculus,

An FCC License...or your money hack!

The CIE courses described here will prepare you for the FCC
License specified. In fact, we are so certain of their effec-
tiveness we offer this Money-Back Warranty: when you
complete any CIE licensing course, you'll be able to pass
your FCC exam or be entitled to a full refund of all tuition
paid. This warranty is valid during the completion time
allowed for your course. You get your FCC License — or
your money back.

CIE's AUTO-PROGRAMMED® Lessons help

you learn faster and easier

Cleveland Institute uses the new programmed learning ap-
proach. Our Auto-Programmed Lessons present facts and
concepts in small, easy-to-understand bits . . . reinforce them
with clear explanations and examples. Students learn more
thoroughly and faster through this modern, simplified
method. You, too, will absorb . .. retain ... advance at
your own pace.

Employment Assistance available for
all CIE students . . . at no extra cost

Once enrolied with CIE, you will get a bimonthly listing of
high-paying, interesting jobs available with top companies
throughout the country. Many CIE graduates hold such jobs
with leading companies like American Airlines, AT&T,
General Electric, General Telephone and Electronics, IBM,
Motoroia, Penn Central Railroad, Raytheon, RCA, Westing-
house and Xerox . . . to name a few.

CIE Lessons are continually up-dated

All lesson books and materials from CIE are continually
revised or replaced according to the current needs of indus-
try and the rapidly advancing and changing state of the art.

Approved Under G.1. Bill

All CIE career courses are approved for educational
benefits under the G.1. Bill. If you are a Veteran or in
service now, check box for G.l. Bill information.
CI Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 4414
Accredited Member National Home Study Council

Mail coupon for 2 FREE BOOKS

Cleveland institute of Electronics, Inc.
1776 East 17th Btreet, Cleveland, Ohio 44114
Please send me your two FREE books:

1. Your school catalog, “Succeed in Electronics.”

2. Your book on “How To Geta Commercial FCC License.”

| am especially interested in:

1

|

|

|

|

|

|

[ Electronics [0 Broadcast [ Electronic |
Technology Engineering Communications |
[0 Electronics [ First Class [ Industrial Electronics |
Technology FCC License & Automation |
with Laboratory (] Eectronics Engineering |
Name Age I

(please print)

Address :
City i State Zip |
Veterans and Servicemen: I
[C] Check here for G.1. Bill information. RE-25 l
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READER QUESTIONS
(continued from page 71}

Sfound that if I kept the contrast control
below half-on, it worked fine. When I
turn it up, it works just like an agc con-
trol turned too far. The agc works, by
the way.—A.W., Mascoutah, 1ll.

The contrast control in this set
varies the gain of the video output
tube by changing the screen grid volt-
age. I'd suggest checking the values of
all resistors in that circuit. More
likely, perhaps, that 5-uF electrolytic
screen by-pass. If it is open, you'd get
a severe degeneration, and this could
be causing what looks like a very se-
vere sync clipping. The video signal
for the sync separator and agc comes
from taps in the video plate circuit. So
if you’re clipping, it would upset all of
them.

PICTURE DISAPPEARS

The picture will disappear on this
RCA CTC-17X. It goes so quickly that
I can't tell whether it's blooming or just
Sfading out. After the raster goes dark, I
can see a couple of faint lines at the left
side. These weave and bend. The high-
voliage stays up, pretty well.—W.R.,
Spokane, Wash.

If you’re losing the raster, but the

high-voltage stays up to say not less
than 20kV, then the root cause of this
would be something in the picture
tube biases. In other words, the tube is
simply being cut off, either by too
much positive voltage on the cathode
or too much negative voltage on the
grids. Monitor both of these, and see
which one changes when the picture
gocs out. You'll probably see a change
of about 50 volts, to cut the tube off
completely. Check the blanking cir-
cuitry, too, and the kine-bias control.

FOUR BLACK BARS

The screen of this Zenith 20Y1C48
shows four black bars, covering the right
% of the screen, about 3 inches apart—
D.W., Rochester, N.Y.

The most common cause of this
kind of trouble in these sets is the
horizontal blanking diode. If it gets
slightly leaky, or shorts, it will let the
blanking pulse and the ringing along
the baseline get through. It’s not sup-
posed to let that bascline get by.

This is a tiny diode, located under
the chassis, in the center of a triangle
formed by the 6EJ7 burst amplifier,
6JU8 and 6KT8 second bandpass amp-
lifier tubes. Take it loose, and check
it; better still, try a new one.

There’s one other possible cause

for this, but let’s hope it’s just the
diode; the other one requires a new
flyback. (Usually makes whire lines, if
this is it.)

LOSS OF VOLUME CONTROL

This Westinghouse BPI94770 TV
has an odd volume control problem.
Most of the time, the volume control
won't reduce the volume at all Full on.
You can turn it off and on, and then it
works for a while.—A.S., Northfield,
N.J.

This problem is almost certainly
caused by a poor ground connection
on the control itself. All volume con-
trols like this are “audio voltage divi-
ders.” 1f the ground opens, all you
have is series resistance, and this isn’t
enough to hold down the volume.

The control itself is on the front
panel, connected to the chassis
through a shielded cable. The shield
of this is used as the ground return
for the audio signal. This does not go
to chassis ground in this model, but to
the top of a 330-ohm resistor in the
6AQS5 tube’s cathode. Trace this, and
fix the bad joint.

BLANKED COLOR
This GE H-3 portable color TV has
a peculiar problem. According to the
owner, several months ago the color

THE COMBO RIG
MODEL CJ-175

ele

" TEST RIG FOR TUBE & S0LID STATE

83995

less picture tube

Write us for free subscription of current cross-reference charts.

2245 Pitkin Avenue, Brooklyn, N.Y. 11207

Circle 17 on reader service card
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'« SPEEDS TROUBLE SHOOTING |
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TELEMATIC TEST RIG CJ-175
CONSISTS OF:
« Compact metal case
X Universal Yoke
= Convergence Yoke
« Blue Lateral Magnet
* Solid State Transverter
* 4’ Anode Extension
* 4’ 90 degree CRT
Extension
* 4’ Yoke Extension
« Convergence Load
* 4 Yoke adaptors for
Solid State
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started disappearing on the right side of
the raster. Now, it gets color only on
the left % of the screen! The mono-
chrome picture is good over the whole
screen. Color and tint controls have
what seems to be a normal effect on
what color there is. I'm puzzled!—M.M.,
Los Angeles, Calif.

So am I. Let’s rub on the crystal
ball and see what we can see. Obvi-
ously, your blanking circuitry is over-
doing things just a little. In this chas-
sis, blanking is fed into the cathodes
of the 6ACI0 color difference ampli-
fiers. So, you're actually blanking only
the color.

It sounds as if the blanking pulse
is far too wide, or badly distorted.
Check the coupling capacitor between
the blanker and the 6ACIO cathodes,
as well as the blanker tube and
6ACI10 itself, and all resistors.

60-HZ HUM BAR

This RCA CTC-36 came in with a
bad circuit-breaker. Now, it has a 60-
Hz hum-bar and it can be moved and
controlled by the vertical hold control
It’s not a very dark bar, but I can see it
even with the switch in the Raster posi-
tion. I've scoped all of the filters, with
no luck.—A.D., Salidas, Colo.

If this is a single hum-bar, then
it’s definitely 60-Hz, and not too apt
to be due to power-supply ripple,
which is 120 Hz. Source must be the
vertical output stage, which draws a
high pulse of current once each field.
So! This pulse can get into the video
in two ways; one through the dc
power supply, and also by coupling. If
you can’t see the pulse on the dc
power supply lines, check around the
video input to see if there is any place
where it could be coupled into this.
Move some of the wires, etc., and see
if this won’t help. Also, check for
heater-cathode shorts, in the video
output tube.

COLOR BLOOMING

This Zenith 20X1C38 has an odd
symptom. There is little or no blooming
on a monochrome picture. However, on
color programs, it blooms. The higher
the color control is set, the worse the
bloom. Everything seems to be normal,
except that the picture tube screens have
to be set about 300 volts higher to get
normal brightness, when the service
switch is returned to normal. What
causes this?>—R.H., Aurora, Il

I think you just told me. I started
to say “Check to see if the picture-
tube screen controls aren’t set too
high.” This will often cause color
blooming or plain blooming. This
would be necessary, if you have some
other fault which makes it necessary
to run the screens up to get a picture.

The most likely place for this
would be in the picture tube grid cir-

cuits. If these voltages are too low
(too far toward negative) this would
reduce the beam current; this could be
“corrected” by advancing the screen
controls. However, the real fault will
be in something that affects the grid
voltages on the picture tube.

Since all colors are affected, check
the supply voltage for the grid circuits,
including the tubes. You'll probably
find a dropping resistor that has in-
creased in value, or something like
that.

FALSE KEYSTONE
This Zenith 1449C*51 chassis has a

bad blooming; picture goes out of focus,
pulls in from the sides and then dis-
appears. Just as it goes out, the raster
keystones, pulling in at the bottom half,
before it dims out entirely. The high-
voltage goes way dowr. 6LB6 control
grid reads - 60 volts, but the screen
read + 190 volts. —G. W., Pittsburgh, Pa.

OK, let's see. You’'ve tried all the
tubes, so that takes care of the high-
voltage rectifier (most common cause).
Your 6LB6 grid voltage shows that
you have enough drive, so that looks
good. However, the Ligh screen grid
voltage seems to be telling us that this
tube isn’t drawing enough current. In

This Christmas give yourcar
a Mark Ten B Capacitive

Discharge Ignition. Youand

your pﬁwil
% 2 = TR

Here's my Christmas order. Please rush!
[0 Please send me free literature.
Enclosed is $. O Ship ppd.
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ppd. 12 volt negative ground only
6 Voit: Neg. Ground Only.
Ground
Ground Only)
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P.O. Box 1147, Dept. RE
Grand Junction, Colo. 81501
! . (303) 242-9000

O Ship C.0.D.
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_12 Volt: Specify
Standard Mark Ten Deltakit” @ $29.95 ppd. (12 Volt Positive or Negative
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The Mark Ten B keeps your
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mileage, less maintenance
and a better running car.

A well-tuned car also decreases
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the perfect gift—for cars—
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The Pencil Soldering Iron
with Operating Light,

2 Heats and '

On/0ff Switch

| s1095 Model 5405
NET Soldering Iron

> Length 8'2”

g Weight 2 oz.

e Light shows when it's on

® 2 heats—20w and 40w—
for any job

e lronclad tips for longer life

e Cool, unbreakable polycarbonate
handle

e Burn-resistant neoprene cord

e Converts to a desoldering iron
with low cost attachment
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Y
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Desoldering lron

Length 8/2”

e Light shows when it's on

e Operates at 40w; idles at 20w
for longer tip life

e 6 tip sizes available
to handle any job

® Cool, unbreakable polycarbonate
handle

® Burn-resistant neoprene cord

e Exclusive new bracket insures
alignment, prevents damage

New kits also availablel

e Soldering Kits e Desoldering Kits
e Soldering/Desoldering Kits
See your distributor or write . ..

5127 EAST 45TH ST.
INDIANAPOLIS,
INDIANA 46220
PHONE 317/251-1231

enterprise
development
corporation

Circle 19 on reader service card

Weight 3%z oz. |

other words, not putting out enough
power, which is a basic cause of
blooming.

Try this; read the boost voltage.
If 1t is low, read the 6LB6 cathode
current. If this current goes higher
when the high-voltage goes out, some-
thing is loading it down; shorted turns
in the yoke, possibly indicated by the
keystoning. A short here would also
cut the boost. (Look for open boost
capacitor, while you’re there.)

There’s a Zenith factory note on
“false keystone,” caused by an open
18- or 30-pF electrolytic capacitor (de-
pending on which chassis), in the
waveshaping circuit of the pincushion
corrector. It is connected from the
screen grid of the vertical output tube
to ground. Check it, just for luck.

HORIZONTAL DISPLACEMENT
I've got a peculiar trouble in a GE
CW chassis. Vertical lines in the pic-
ture, or on a crosshatch pattern, are dis-
placed to the right when they cross a

4 L )
[ [

Y

Y

Y i

Fig. 1

horizontal line. (Fig. 1) In a picture,
I’ve also got a group of scanning lines
that are too widely spaced; this covers
about a couple of inches, and sometimes
floats up and down a little. What causes
all of these weird symptoms?—R.G.,
Reno, Nev.

electrolytic in the dc supply (see Fig.
2). If its capacitance has decreased or
if it has a high power factor. you'll
have a very odd ripple in the dc. This
will get into the horizontal oscillator.

VTVM DRIFT

My Heathkit IM-13 vtvm has a
drift. When it’s on dc volts, the meter
needle slowly swings to the right, all the
way off scale. Acts up on ac volts, also.
The ohms scale seems to be OK.—E.N.,
Hensall, Ont.

The most likely cause for this
would be an unbalanced “‘meter
tube”. This Heathkit uses the “meter
between cathodes” circuit, standard in
many VIVM’'s. If the two triodes of
the tube have unequal emission, or
grid emission, you’ll get this kind of
trouble.

Age a new 12AU7 twbe, by letting
it sit in the tube-tester all day with
only the filament voltage on it. Then
try it. Recalibrate the meter on dc
volts as per the instructions. You
might have (o try one or (wo new
tubes, but I doubt it. One good tube
will usually do it.

CIRCUIT BREAKER POPS

The circuit breaker opens up this
I12-inch RCA HSK-TI1, which I built
from a kit. I've checked everything they
told me to, no results. The only way I
can get it to hold is pull the high recti-
fier. If I hold a neon lamp near the
plate lead, it glows brightly. I've tried a
new high-voltage rectifier; no help.—
M.R., Gregory, Mich.

Most likely cause is some kind of
short or leakage in the high-voltage
lead from the rectifier socket to the
picture tube. Since you eliminated the
chance of a shorted high-voltage recti-
fier by replacement. this is about all
that’s left.

POWER
TRANS

150 VAC

3

R
+
160uF
_'O/T}—T—l 22K
! p o +370V
E TmouF =y +
=

O +405V

) 4 O +385V
80uF

—AMN O +300V

017 ]
TO PIX 7 9109 I'O“F
AND 18W
6.3VAC ) 5
HV REG O +275V
| ~ ) HEATERS ==
- W
K92 o " O +180V

Whenever you find a large group
of weird symptoms, apparently due to
trouble in several stages at once, look
for something common to all of them.
In other words, the power-supply.

Most likely culprit in this case,
and one that I've seen cause just the
same thing, is one of the doubler ca-
pacitors. Probably the lower 160-uF
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CONVERGENCE BOARD PARTS
HEATING

After I replaced the picture-tube in
an Admiral HI1 chassis, I noticed that
the blue controls on the convergence
board were overheating. R201 burned
up. I replaced it, and the diode, and the
new control smoked too.—A.K., Stru-
thers, Ohio.
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Most likely cause, a mis-
adjustment of the BLUE SHAPER coil.
Try this: Connect an ac vtvm to “P”
on the convergence board, common
lead to convergence panel frame. Ad-
just L604, the BLUE SHAPER for maxi-
mum reading, then turn the slug two
turns counterclockwise.

A factory note recommends re-
placing R201, a 2-watt control, with a
3-watt type (Admiral part No. 75C64-
39), and adding a 30-ohm 5-watt resis-
tor in series with it. You can cut the
foil and mount the fixed resistor on
the foil side of the board.

CALIBRATION DRIFT

My RCA WO-334 scope has a
problem! After adjusting the calibration,
and using it for about 10 to 15 minutes,
the vertical deflection drops to about
half of normal Vertical gain control
won’t bring it back. If I turn it off and
wait a while, it comes back.—J.C. Palm
Beach, Fla.

You seem to have a really good
thermal. Since changing tubes didn’t
help, this is apt to be a resistor that is
drifting in value as it gets hot. Take a
full set of dc voltage readings on the
6BR8 and 6BK7 tubes. in the vertical
amplifier, with the scope cool and
working normally.

Wait until the problem shows up,
then repeat the voltage readings. This
should show up something. You can
also use the old faithful *“Heat and/or
Cool” tests for thermal resistors. Heat
them up with a soldering iron, or
spray coolant on them after the
trouble shows up. Replace any that
show a change in voltage.

QUESTION ON RESISTOR
BURNOUT

In “Reader Questions”, June 1973,
p. 70, you said that “The only thing that
causes current to flow through this resis-
tor is the tube” (“Resistor Burnout” Ze-
nith [5133.) Something is wrong here!
You would have current flowing through
the 1500-ohm resistor from the + 270
volts and those two 56,000-ohm resis-
tors, too, wouldn’t you?—Alex Billos,
Bayonne N.J.

You’re correct, as far as this goes.
Some current would flow through the
clamp circuit resistors. However, add-
ing this up (112,000 ohms total), and
using Mr. Ohm’s Law, you'll see that
this will be only 2.38 mA. This minute
current will not develop enough power
(I2 X R) to damage the 1500-ohm re-
sistor. A direct short in the tube will
(ana did'). The resistor can handle
around 18 mA with good ventilation
and air tlow.

The statement that “only the tube
will cause current to flow through the
1500-ohm resistor”, in this circuit, isn’t
precisely correct. I should have clari-
fied that, and thanks, R-E

The three dollar bill.

The stylus shown above is phony. It’s represented as a replace-
ment stylus for a Shure cartridge, and although it looks scmewhat
authentic, it is. in fact, a shoddy imitation. It can fool the eye, but
the critical ear? Never! The fact is that the Shure Quality Control
Specialists have examined many of these imposters and found
them, at best, to be wecefully lacking in uniform performance —and
at worst, fo be outright failures that
simply do not perform ever to mini-
mal trackability specifications. Re-
member that the performance of
your Shure cartridge depends upon
its patentad stylus, so insist on the
real thing. Look for the name SHURE
on the stylus grip (as shown in the
photo, left) and the words, “This
Stereo Dynetic® Stylus is precision
manufactured by Shure Brothers
Inc.” on the box.

s—o==§

Shure Brothers Inc.
222 Hartrey Ave., Evanston, lllinois 60204

In Carada: A.C. Simmonds & Sons Ltd.
Circle 20 on r2ader service card
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new products

More information on new products is available from the
manufacturers of items identified by a Reader Service num-
ber. Use the Reader Service Card inside the back cover.

4-CHANNEL RECE!VER, Eight Deluxe
accepts three sets of speakers and
drives any two of them simultaneously.
Rated at 60 watts (rms) per channel into
8-ohm speakers. Bass and treble con-
trols are stepped in five 3-dB gradations at
50 Hz and 15,000 Hz. Bass and treble con-
trols are variable at =15 dB and mid-range
at 1 kHz varies =5 dB in 5 steps.

Signal strength and center tuning
meters, pushbuttons for high and low fil-
ters, loudness control, mono switch;
noise reduction adaptor switch, two tape
monitors, 4-channel adaptor and FM
muting switch.

Frequency response for power am-
plifier is 5 to 50,000 Hz 0.5 dB, - 1 dB
with less than 0.2% distortion at rated

output. FM tuner provides IHF sensitivity of
1.7-mV with total harmonic distortion in
stereo of 0.5%. Capture ratio is 1.5 dB, se-
lectivity better than 80 dB, signal-to-noise
ratio of better than 65 dB. Separation at 400
Hz is better than 35 dB. 17%''W x 5-9/16''H
x 12-15/16""D; 35.7 Ibs. $599.95.—Sansul
Electronics Corp., 55-11 Queens Blvd,,
Woodside, N.Y. 11377

Circle 31 on reader service card

MULTIMETER COUNTER, 3420 com-
bines a 4-digit multimeter that measures
ac and dc voltage and resistance, with a
5-digit 20-MHz counter. For frequency

B oW MO eWen ek ——y

[T ey —

measurements, this unit offers 100-mV
sensitivity to 20 MHz. With full 5-digit
display, 99999 maximum reading fre-
quency can be made. Maximum resolu-
tion to 0.01 Hz on any measurement.

As a muitimeter, it has five dc voit-
age ranges from 10-mV to 1,200 V; five

ac voltage ranges from 10-mV to 1,000
V; and six resistance ranges from 10 mil-
liohms to 10 megohms. Accuracy of ba-
sic dc function is +0.01% of reading +1
digit. AC bandwidth is from 30 Hz to 50
KHz. 3%" x 8%’ x 13''; 10 Ibs,;
$750.00.—Hickok Electrical Instrument
Co., 10514 Dupont Avenue, Cleveland,
Ohio 44108.

Circle 32 on reader service card

SOLID-STATE SEMICONDUCTORS,
WEP series are uniform, pre-priced and
color-coded packs contain full specifica-
tions, basing diagram with symbol and
ratings on reverse side. Consists of
about 200 numbers that provide one-for-

WEP $3027

l-"ll..- 5§
(umg rFal

WEP 53027

7 xs

AUDIO POWER AMPLIFIER

Characteristics

Symbeols | Rating | Unis
Eoll-c'o_nBol' Voltage |[BYCpO 35 Vde
Collector-Emitter Voltoge BVceo 35 Vdc
Emitter-Bose Voltaga BVEpgo 4 Vde

Collzctor Current ic 1.8 Amps
[Toral Dissipation Pp 8 Wars
Small-gignal Cut-off Freq| Te | 50 | Mhs
Current Goin {beta) hie 110 Typicel

Complete cross reference af all
WEP devices with JEDC ond

monuiocturers aumbers, ovailabie

one replacement against competitive
numbers and complete cross-referencing
enables them to replace up to 1,000
numbers in other lines.—Workman Elec-
tronic Products, Inc., Box 3828, Sara-
sota, Fla. 33578.

Circle 33 on reader service card

MINIATURE TORCH, Little Torch oper-
ates on oxygen and fuel gas; produces
up to 6000°F. flames that are so small
they can go through the eye of a needle.
Five different size tips can be swivelled
360° to provide extra handling ease.
Welds metal smaller than .002" wire
up to 16 gauge steel. Used for heat
bonding, welding and soldering; used on
glass, ceramics and most experimentat
metals with high meiting points. Oper-
ates with gas pressures from 2 to 4 lbs
per square inch and consumes gas at
the rate of .023 to 2.54 standard cubic

80 RADIO-ELECTRONICS ® DECEMBER 1973

www americanradiohistorv com

feet per hour.—Tescom Corp., 2600 Ni-
agara Lane North, Minneapolis, Minn.
55441.

Circle 34 on reader service card

COIL-SPRING FUSE HOLDER replaces
permanently installed pig-tail fuses by
soldering leads of new spring holder to

stubs of removed pig-tail fuse. Accom-
modates TV, radio, hi-fi and other elec-
tronic device fuses. Spring steel with
dip-soldered leads.—Oneida Electronics,
Meadville, Pa. 16335.

Circle 35 on reader service card

AUTOMATIC TURNTABLE, Dual 701 fea-
tures all-electronic, low-speed, direct-
driven, dc motor and two mechanical fil-
ters that cancel resonant energies that
originate in the tonearm/cartridge sys-
tem and in the chassis. Motor rotates at
the record speed (33% or 45 rpm) and
platter is driven directly by the motor.
Speed is controlled by a regulated power
supply and monitored by two Hall-effect
generators.

Two anti-resonance filters designed
into the tonearm counterbalance provide
smoother frequency response and isolate
the stylus from such external sources of
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mechanical disturbance as record warp,
acoustical feedback and room vibration.
$350.00 includes base and dustcover.—
United Audio, 120 South Columbus Ave-
nue, Mt. Vernon, N.Y. 10553.

Circle 36 on reader service card

SOUND LEVEL METER, mode/ 370 de-
termines sound pressure levels and
helps pinpoint noise pollution sources.
Operational range of from 40 dB to 140
dB in nine steps features omni-direc-
tional lead-zirconate-titanate ceramic mi-
crophone and selectable A, B and C
weighted response; provides switch se-
lectable fast and slow meter response.
Powered by two 9-volt transistor ra-
dio batteries; operating temperature

range of from 20°F. to 125°F.; tempera-
ture coefficient is + .02 dB/°F. in oper-
ating humidity range of 5 to 85% relative
humidity 7% x 3” x 2; 1 Ib. with bat-
teries; $250.00.—Tripiett Corp., Biuffton,
Ohio 45817.

Circle 37 on reader service card

OPTICAL LETTERING GUIDE produces
guide lines optically for vertical and slop-~
ing letters ranging in size from 4/32" to
10/32"” and for special arrangements
and sizes of letters up to 2" high. Elimi-
nates the need to draw pencil guide

lines on drawings to obtain uniform let-
tering. Solid acrylic plastic base. In-
troductory offer: 20% off list price of
$4.95.—Phantom-Line Graphics Co., 955
Foothill Drive, Providence, Utah 84332.
Circle 38 on reader service card

STEREO HEADPHONES, HD-424 fea-
tures ‘“‘open-aire” design that eliminates
need for bulky airtight seals. Oversize,
soft-foam cushions reduce pressure on
the ear. Removable head cushion is also

provided. 2,000-ohm impedance and
high sensitivity; smooth, wide-range re-
sponse.—Sennheiser Electronic Corp.,
10 West 37th Street, New York, N.Y.
10018.

Circle 39 on reader service curd

BREADBOARDING SYSTEM, Mini-
Mounts requires no holes to be drilled in
the ground plane or mounting pads to
produce a working circuit ready for envi-
ronmental testing. Triple layer of adhe-
sive and polyester film on mounting side
of G-10 glass epoxy pad produces rigid,
low-leakage structure ready for tempera-
ture, humidity and saltspray testing. Be-
cause of low profile and short leads, re-
sulting circuits will work at frequencies
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ALL PTS BRANCHES are whoily owned subsidiaries of PTS ELECTRONICS, \NC. (NO FRANCHISES!)
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PTS ELECTRONICS, INC.

158 MARKET ST

£ PATERSON, N.). 07407

TEL, 201, /9 6380

P 11, ELECTRONICS, INC.
993 SYCAMORE ST

PTS ELECTRONICS. INC.
5682 STATE RD.
CLEVELAND, OHIO 44134
TEL. 216, 845-4480

1OMA;
PIS ELECTRONICK, INC
P.0. BOX 60566
OKLAOMA CITY, OKLA 73106
All Makes TEL 405, 9472013

OREGON
P1S ELECTRONICS, INC.

PORTLAND, OREGON 97211
TEL. 503, 2829636
PENNSYLVANIA—EAST:

PTS ELECTRONICS, INC

....... 168!
PHILADELPHIA PR 19142
TEL. 218, 724 0999
PENNSYLVANIA-WEST:
PTS ELECTRONICS, INC.
PO BOX 4130
PITISBURGH, PA 15202
TEL. 412, 761 7648

TEXAS - EAST:
PTS ELECTRON(CS. INC.
PO.

HOUSTON, TEX 77032

TEL 743, 6446793 |

send faulty unit with tubes, shieids and all broken parts to:

Circle 21 on reader service card
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that are limited only by the components
themselves.—Christiansen Radio Inc.,
3034 Nestall, Laguna Beach, Calif.
92651.

Circle 40 on reader service card

UNIVERSAL IMPEDANCE BRIDGE,
model 303A. Generator and detector are
built in and provide power and sensitivity
for wide range of ac inductance and ca-
pacitance measurements and for dc re-
sistance measurements. Four built-in ac
bridge circuits measure series and paral-
lel capacitance, series and parallel in-
ductance and Q (storage factor) and D
(dissipation factor) of the circuit or de-
vice under test. Fifth bridge circuit is a
dc Wheatstone design for measuring re-
sistance. Sensitivity permits clear 5-digit
readout and maximum basic accuracy in
all ranges.

Five-place, direct-digital readout has
automatically positioned, lighted decimalt
display; R, C, L units (ohms, farads, hen-

ries) and their magnitude are automati-
cally displayed. No multiplier charts cr
dials for decimal locating and no slide
wires, dials or scales to interpret.
$335.00 with batteries.—Brown Electro-
Measurement Corp., 11060 118th Place

N.E., Kirkland, Wash. 98033.
Circle 4] on reader service card

MAIN FRAME BAG, Part No. D-G14 17
inches wide and 18 inches high, gives
the technician a catch-all for his tools. It
prevents clippings and solder splatter

= e N e NV,
—'\\ W’/ /%_fjl%l

T

ey

70% OFF LISTIH

DD =N OO~ -

R T
= P
CO= = Ot N = =

-
LX)

from causing shorts. Three straps make
attaching to equipment easy. End pock-
ets for tool storage; heavy canvas duck,
neoprene lining and web straps.—O.K.
Machine And Tool Corp., 3455 Conner
Street, Bronx, N.Y. 10475.

Circle 42 on reader service card

6LY8 1.28 12FQ7
6MD8  1.73 12GE5
1BC2 113 6AX4 1.22 6MES 4.30 12GN7
1X2 6BE6 1.13
JA3 6BL8 .89 6V6 | 17AY3
_IST THAN WE EVER OFFERED 6X9 . 17CU5
3CA3 . 6BQ7
%7 83 6BZ6  1.02 BRAND NEW 7 80 18GV8

BARGAIN 70% OFF LIST!
1AD2  1.28 G6AV6 .89
183 1.30 6AWS  1.47
1K3 30 6AY3 122 607 176 12HL7
}%A .90 6BA6  1.08 OF 65K7 . 1zsk7
13 6BA11 161 6SN7  1.32 12507
V2 78 6BCB 169 HIGHEST QUALITY 6507 162 13GF7
: 678 55 14BR11
2852 6BHE 132 , 6T10 1.7 15BD11
24V2 6BH11  1.80 » 6U8 .28 15CW5
021 135 6Bs6 1.3 6010  2.40 15Kys
2GKS  1.26 6BK4  2.45 6V4 68 1648
3A72 6BM8 105 BUY BRAND NEW MANUFACTUI'ER‘S 6x4 . 17BE3
JAW2 6BNS 1.41 r:cx:.?ll:.l:,':s:.(»'lr“7o{ g;s List GG 17BF11
gggé . gggg :;3 HERE IS A BIGGER & BETTER 6x8 47 17BS3
) SWYRll BEFORE...AND REMEMBER.... 6210 17006
3CU3 161 6BUB  1.67 70% OFF LIST! 705 4 17086
30B3  1.44 6BVI1 192 7008 195 17,28
aDC3  1.80 6BX6 .92 ALL TUBES 7F8 17KV6
36K5 126 6C4 122 MANU. BOXED 8A8 02 1978
3HA5 126 6CA4 123 70% OFF BAWS  1.76  20AQ3
WRITE FOR 8CG7 . 21GY5
FREE VALUE PACKED | 8GJ7 120 21426

RECEPTACLE POLARITY CIRCUIT
TESTER CiroTest determines whether
the wiring in wall receptacles is OK or

3HQS 6CA7 210

3JC6 6CB6 1.08

IKT6 6CE3 1.29 8Jus ] 21LR8 . whether various fault conditions exist.
98 CATALOG a8 21LU8

4BZ6 . 6CG7

4DT6 6CG8  1.41

467 i 123 | ey 1w o
4EJ7 6CL6 1.56 6GW8  1.35 6JU8
4HS8 . 6CL8 1.47 6GX6 110 6JW8
4JC6 165 6CWA 186 | a5 126 6KAB
4KE8 6CW5 .90 | 6up7 141  6KDS
SAQ5 60J8  1.50 | 64es 180 6KEB
5ARd 6005 281 ¥ ourg  1.95 6KGE
5BC3 . 60Q6 1.76 §HQ5 1.67 6KN6
5GH8 . 6076 1.07 6HS5 3.00 6KI8
5607 120 6DW4 122 | g4sp 156 6KZB
3GS7  1.04 60X8  1.20 § ghys 308  6L6GC
SLU8 144 GEA7 185 } gHz5  1.04 6LB6
Su4 01 GEAB 129 F 610 200 6LES
V4 6EBE 186 § g)c6 147 6LF6
5Y3 GEN7 126 | 6ps 152 6LF8

6AB4 6EJ7 117 | gEs  2.85 6LJ8
6AC10 . 6EU7 1.30 6JH6 117 6LM8

6AKB . 6EW6  1.17 6JH8 1.77 6LN8 12427 . 117P7
6ALS 6FG7 1.52 6JM6 255 6LR6 12BA6 ! 5879
gﬁMBB 52!![7 1.67 6JN6 1.76 6LUS 1. 58 12BE6 , 6267
N 6GES 1.88 12BH7 . 7025
6AQS 66F7 173 § MINIMUM ORDER $7.50 | 128y 7189
6AQ8 . 6GH8 1.04 MONEY BACK GUARANTEE 12DK6 7199
6AU4 o 6GJ7 1.20 Terms: Minimum order $3.00. 12006 7408
6AUG 3 6GKS 1.52 Include postage. Either full pay- 12078 . 7591

6AUS . 6GK6 ment with order or 20% deposit, 12D0W4 ) 7868
balance C.0.D.

When unit is plugged into a single-
phase, 15- or 20-amp, 117-volt, 2-pole,
3-wire, U-ground receptacle, its color-
coded set of neon indicating lights signal
if circuit is wired properly.

Can also tell if circuit is in reversed

8KR8 . 23456
8LT8 . 2379
9GH8 . 24JE6
9Jwe N 25063
100W5 . 27GB5
10GK6 1. 30AE3
10GN8 1. 30KD6
10GV8 . 33GY7
10JY8 . 35C5
10KR8 1. 35L6
11BM8 1. I5W4
11BQ11 1. 3525
12AE10 1. 36KDB
12A77 . IBHE7
12AU07 | 40KD6
12AV6 . 50C5
12AV7 . 50EHS
12AX7 . 50L6

— e ok PN b A b b b PO R AN A = ok b N
NEND LD NOWNLWMOWND b b

o
O =S b ODWWWNWNDODQW 2NN

N
on
o

polarity; has either an open ground,
open neutral or open hot wire; is wired
with hot and ground wires reversed; has
a hot wire on a neutral terminal or a hot
terminal unwired. A glance at the Mylar
side band tells the user what the color
coding means.—Circle F Industries, Box
591, Trenton, N.J. 08604. R-E
Circle 43 on reader service card

Circle 22 on reader service card
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All booklets, catalogs, charts,
data sheets and other litera-
ture listed here with a Reader
Service number are free. Use
the Reader Service Card in-

side the back cover.

HARD-TO-FIND TOOLS CATALOG contains
portable pump, versatile airbrush, glass cutter
(straight or circular), eraser for rust, screw-
drivers, drill with clamp, heat shrink plastic
tubing, jeweler's saw blades, diamond glass
cutter, swivel knife, blind rivets and garden
tools. Many pictures; order form inside cata-
log.—Brookstone Company, Brookstone Bldg.,
Peterborough, N.H. 03458.
Circle 44 on reader service card

NC FLASHER, 70-page booklet features new
precision instruments for photo equipment
testing. Describes Shutter Timer and Com-
parasystem as well as repair shop equipment,
precision tools kits, drawing and drafting
equipment, precision layout tools, hi-intensity
lamps, soldering irons, books, files and acces-
sories.—National Camera, iInc., Englewood,
Colo. 80110. '
Circle 45 on reader service card

new it

TEST INSTRUMENTS CATALOG includes
autoranging counters, programmable fre-
quency counter, timer and scater, digital mul-
timeters, VTVM's, solid-state scopes, function
generator, oscilloscopes, generators for audio
and TV service work, color and audio gener-
ators, decade and substitution boxes. low- and
high-voltage power supplies, strip chart
recorder, recorder systems, mini-computer in-
terface, modules and instrumentation aids,
plug-in circuit catds and accessories and Ph
meters. Contains compiete specifications, pho-
tographs and prices.—Heath/Schlumberger In-
struments, Benton Harbor, Mich. 49022.

Circle 46 on reader service card

TITAN IV CATALOG describes the receiver
and receiver features, general features, trans-
mitter and transmitter features and engineer-
ing, assembly and quality control of this CB
communication system. Specification are on
back page.—Tram Corp., Lower Bay Road,
P.O. Box 187, Winnisquam, N.H. 03289
Circle 47 on reader service card

SINGLE SIDEBAND TRANSCEIVER CATA-
LOG. Four-page brochure describes opera-
tional features of the 18-channel, 20-watt,
para-military single sideband transceiver with
unique side-step technique for 2-18 MHz us-
age. Focuses on operator performance fea-
tures.—Hallicratters Company, 600 Hicks
Road, Rolling Meadows, . 60008.
Circle 48 on reader service card

erature

ELECTRONIC COMPONENTS CATALOG. 24
pages of electric counters, relays, capacitors,
potentiometers miniature lamps, semiconduc-
tors, diodes, IC's, transistors, resistors, termi-
nal kit, connectors, precision test equipment,
vacuum components, high-voltage power sup-
plies, transformers, indicator lights, pilot lights,
electron microscope, power generators and vi-
bration fatigue test machines. Includes many
pictures and prices.—Brigar Electronics, 10
Alice Street, Binghamton, N.Y. 13904.
Circle 49 on reader service card

AUDIO COMPONENTS CATALOG, Maxi-Fi
gives complete descriptions for eight receiv-
ers, ten speaker systems, nine tape decks for
cassette and B-track, couple of integrated am-
plifiers, FM tuner, turntables, headphones and
accessories.—Hitachi Sales Corp. of America,
48-50 34th Street, LIC, N.Y. 11101
Circle 50 on reader service card

DIGITAL PRODUCTS CATALOG is a 6-page
brochure that describes programming in-
struments and controls, timers, clocks, count-
ing and measuring devices. Included is a com-
plete listing of modular display units for
custom digital instrumentation and a section
that outlines their digital clock, muitimeter and
frequency counter kits.—E S Enterprises,
10418 La Cienega Bivd., Inglewood. Calif.
90301. R-E
Circle 51 on reader service card

Rugged-inside and ou

Added features:

signal test

identification

only $129.95*

The new RCAWR-538A Super Chro-Bar is rugged inside
because it has a high-quality glass epoxy PCB and the latest
digital-1C circuits. Qutside, its abuse-resistant die-cast
aluminum case provides the kind of rugged protection you
need for hard day-to-day field use.

® 75 ohm/300 ohm output for MATV/CATV/CCTV

® An RCA exclusive, "“Superputse’’ signal for trouble-
shooting, tracking tests

® An RCA exclusive, "“Superpulse Sync” control for weak

® An RCA exclusive, color bar markers for positive bar

® Wide operating temperature range — 5° F to 145° F
® All this — plus one-year parts and labor warranty — for

To buy: order from any one of the more than 1,000 Auth-
orized RCA Distributors worldwide. For more informa-
tion on RCA's full line of color bar generators, write RCA
Electronic Instruments Headquarters, Harrison, N.J.07029.

Circle 23 on reader service card

Electronic
Instruments

*Optional Price

DECEMBER 1973 @ RADIO-ELECTRONICS 83

www.americanradiohistorv.com


www.americanradiohistory.com

APPLIANCE CLINIC
(continued from page 26)

you disconnect any of the wires, make
a rough but detailed sketch of the
black box, the shape of the control
untt, the location of the motor, and,
most important of all, the color and
routing of all wires. That is, if they
are color-coded, which I hope they
will be. If they’re not, stick little tabs
of plain white surgical tape on each

THIS DIODE/SHOF(TED

wire, and assign it a number. Then
clip the wires so that the black box
comes out and leaves the wiring in the
unit.

Most of these control units are
specially designed for this model only.

So you’ll probably have to get a new
one from the dealer or distributor for
that make. Take the make, model and
serial number of the unit, and the old
part itself, so that you can be sure that
you get an exact duplicate. As far as |
know, there are no such things as uni-
versal replacements for such things.
Some of them may (and should be)
interchangeable among different mod-
els from the same company, but that’s
probably about as far as we’ll get, for
a while anyhow. R-E

VERTICAL TROUBLE

This Zenith 14N22 has a bad case
of vertical foldover. What’s the most
likely cause and which capacitor in this
circuit is the most critical>-R.M.,
Wellsburg, W.Va.

All of them. However, with fold-
over, the most likely one would be the
coupling capacitor between the input-
section plate and output-section grid.
See if it’s leaky.

LOST SYNC

This Magnavox U2l chassis won't
stay in sync. If it’s set up for a good
picture, it soon loses sync, both vertical
and horizontal. I need help.—J.B., Va.
Beach, Va.

No, you need some sync. Since
you are losing both vertical and hori-
zontal sync, look for a loss of output

in the stage that handles borh; the
sync separator. Check the amplitude
of the composite sync output, on the
plate of the 6ANS8, or possibly the
12AU7 sync inverter. Also bridge that
30-uF electrolytic on the +260 volt
line.

BREAKER POPS WITH
GOOD DIODE

Here's a weird one! If I remove
diode D1 in this Admiral SH10 chassis,
the set works; good high voltage and
Jocus. If I put DI back in, the breaker
trips. Even if I take off the loads, and
unhook the degaussing coil, it still does
it. What is this?>—M.H., Del Rio, Tex.

Check that thermal switch. I think
you’ll find that it is grounded, or per-
haps stuck closed. Certainly, something
is causing this, and that’s the only
thing left outside of the bridge recti-
fier itself.

MIDDLE-STRETCH IN RASTER

This is a new one on me. I've seen
pictures stretch at top or bottom, but
never seen one stretch in the middle.
What causes this>—~M.P., Del Rio, Tex.

Most likely cause, the deflection
yoke. Frankly, 1 don’t know the exact
nature of this defect, but I've cleared
up quite a few cases of it by replacing
the deflection yoke. Probably some
odd short. R-E

Now...the most
enjoyable
do-it-yourself

project

of your life-

A Schober
Electronic Organ!

You'll never reap greater reward, more
fun and proud accomplishment, more
benefit for the whole family, than by
assembling your own Schober Electronic
Organ.

You need no knowiedge of electronics,
woodwork or music. Schober’'s com-
plete kits and crystal-clear instructions
show you — whoever you are, whatever
your skill (or lack of it} — how to turn
the hundreds of quality parts into one
of the world’s most beautiful, most musi-
cal organs, worth up to twice the cost
of the kit.

Five superb models with kit prices
from $500 to around $2,000, each an
authentic musical instrument actually
superior to most you see in stores, easy
for any musically minded adult to learn
to ptay, yet completely satisfying for the
accomplished professional. And there
are accessories you can add any time
after your organ is finished—lifelike big
auditorium reverberation, automatlc
rhythm, presets, chimes, and more.

Join the thousands of Schober Organ
builder-owners who live in every state
of the Union. Often starting without
technical or music skills, they have the
time of their lives — first assembling,
then learning to play the modern King
of Instruments through our superlative
instructions and ptaying courses.

Get the full story FREE by mailing the
coupon TODAY for the big Schober color
catalog, with all the fascinating details!

[ B N N N B N N N N K N N N N _§N |
V1o Fosiober organ corp., Dept. RE-121

43 West 61st Street, New York, N. Y. 10023

O Please send me Schober Organ Catalog.

{J Enclosed please find $1.00 for 12-inch L.P.
I record of Schober Organ music.

!NAME_ - — — .

ADDRESS

'CITY -STATE ZIP
L L L B K 0 N N N N § N

|

Circle 24 on reader service card
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A quarter Iy for the craft audio buff

FUTURE FARE: A tonearm,pre-
amp, a custom Dyna Stereo 70,
Hiss filter, Synthesizer, Transmiss-
ion Line Speakers, A variable in-
flection 3-way tone control—and
much more.

PROJECTS PUBLISHED: a 9 Oc
tave equalizer,Dyna PAT-4 update,
power amps and preamps, a simple
mixer, two 4-channel decoders and
two encoders, 9 octave electrostat-
ic speaker with a matching 900 W_,
Direct coupled tube amplifier.
plus much more.

“Absolutely top quality...the only U.S.
publication completely devoted to the

really serious audiophile constructor,”
—Craig Stark, (‘ohmmisl Stereo Review

Fora free pr mpm[uv & full do[az/v

Name

Address,
City State

ZIP.

Quarterly:$7 yr.; 3 years $20.
P.O. Box 30,
Swarthmore PA 19081

Circle 25 on reader service card
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REGULATED POWER SUPPLIES
{continued from puge 56}

mA logic supply, a dual plus-minus 15-volt,
100-mA op-amp supply, and finally a dual.
variable, l-amp supply you can use for
general lab use. If these basic circuits can’t
be used directly, you should be able to
adapt them to fit your custom needs pretty
well.

The S-volt, 570 mA logic supply: We'll

the maximum permissible voltage across the
regulator is 5/0.75=6.7 volts. For this cir-
cuit, the permissible range of supply voltage
is then 7 to 11.7 volts. Let’s aim for a 10-
volt supply with 2-volts worth of ripple,
splitting the difference on both ends.

First. our capacitor size. An 8000-pF
and | amp would give | volt of npple.
Similarly. reducing capacitance and current
by one-quarter would still give 1 volt of
ripple, or 6000 uF for 750 mA. Halve the
6000 pF for double the ripple. or 3000 uF

T1 16 VvCT FIG. 7—LOGIC CIRCUITS often require a
640mA regulated supply like this that delivers 5 voits
SIGNAL PC-16-640 at 750 mA. The 7805 needs a good heatsink.
The transformer and other parts can be
BLK 1_5 Ry + 2500 mounted on a PC board. See text reference to
117V uF/150 PC boards and heat dissipation.
60
&3 | et
WHT ! =
i |
INgOO2 | out
ouT
LR 37 HEATSINK | 7805
: |
| 75A
L - —]GND
1uF/6V

T TANTALUM

aur FIG. 8—(below) DUAL REGULATED SUPPLY
GND uses the Raytheon 4195 series regulator. The
DN type is OK if you keep current drain well
F !
QORI below 100 mA. Use a more rugged regulator
7805 if the current is heavy.
1000uF
INGOO4 T3
Bl
Ll
£
NC NC <7
= +10uF
|1 2, ST
-0
.
100mA
4195DN | A
' 15V
] 10uF 2
T1 28VCT.2A J_+ =
SIGNAL 56-.1 L L
FROM
TRANSFORMER
SR = -
Ll
Y CURRENT IN
LIMITING
RESISTOR ouT
— gt = {(MAY BE REGULATOR
T INTERNAL) G0
VOLTAGE |_onD
ADJUST =
(OPTIONAL —
SOME UNITS STABILIZING
ONLY) CAPACITOR T°

DISSIPATION LIMIT
SN0\ suePLY vOLTAGE =
DROPOUT VOLTAGE

—— OUTPUT VOLTAGE

GND

use the fixed 7805 positive regulator for
this. It internally current limits at 750 mA
and should be just what we need for a TTL
or DTL system power supply. The dropout
voltage is 2 volts. The maximum power dis-
sipation at room temperature with a good
heatsink is slightly over 5 watts. This means

FIG. 9—DUAL 1-AMP SUPPLY has adjustable
output voltage. The two transistors handle the
load currents; series resistors determine the
current limits. See text for details.

for 2 volts of ripple. We can probably
cheat just a bit and get by with a 2500-pF.
15-volt electrolytic.

Output voltage at the capacitor. in ab-
sence of ripple, should be 10 volts. Add a
volt for the diode to get 11 volts. Multiply

(continued on page 86)

DECEMBER 1973 @ RADIO-ELECTRONICS

www americanradiohistorv com

LOW COST
DIGITAL KITS

NEW BIPOLAR MULTIMETER:
AUTOMATIC POLARITY INDICATION.

Model ES 210K

Displays Ohms, Volts or Amps in 5
ranges * Voltage from 100 Microvolts
to 500 V « Resistance from 100 Milli-
ohms to 1 Megohm ¢ Current from 100
Nano Amps to 1 Amp . 77.00
Case ex: $12.50 (Opnona probe) $£5.00

40 MHz DIGITAL
FREQUENCY COUNTER:
« Will not be damaged by high power
transmission levels.
o Simple, 1 cable connection to
transmitter's output.

ES 220K — Line frequency time base. 1 KHz
resolution. 5 digit: $69.50 Case extra: $10

ES 221K — Crystal time base. 100 Hz resolu-
tion. 6 digit: $109.50 Case extra: $10.00

DIGITAL CLOCK:

ES 112K/ 124K o 12 hr. or 24 hr. clock $46.95
Case extra: Walnut $12.00 o Metal $7.50

CRYSTAL TIME BASE:

ES 201K — Optional addition to ES 112K, 124K
or 500K. Mounts on board. Accurate to. 002%.

| D REMINDER:

ES 200K Reminds operator 9 min. 45 sec. have
passed. Mounts on ES 112 or 124 board. Silent
LED flash $9.95. Optiona!l audic alarm $3.00
extra.

Dependable solid state components and circuitry.
Easy reading, 7 segment display tubes with clear,
bright numerals. These products operate from 117
VAC, 60 cycles. No moving parts. Quiet, trouble free
printed circuit.

Each kit contains complate parts list with alf parts,
schematic illustrations and easy to follow, step by
step instructions. No special tools required.

CROER YOURS TODAY:
Use your Mastercharge or
Bankamericard

Noney Back Guarantee

10418 La Cienega o Inglewood. Ca. 90304
(2131 674-3021

Circle 26 on reader service card
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sAVEagl‘\T n ial‘!“’“s
o product 1ines -

A superstore of electronics

at your fingertips

e Stereo / 4-Channel Sound Systems
e Tape Recorders and Accessories
e Radios e Phonos e Kits ¢ Amateur
and Shortwave Gear o Citizens Band
e Antennas e Police/Fire VHF-UHF
Radios e Electronic Calculators and
Timepieces e Security e Test Equip-
ment e 1000's of Parts, Tubes, Bat-
teries, Wire, Hardware

Exclusive TELEDYNE and OLSON
Audio Products

FREE
1974 Catalog

Send coupon
today I

{or the elec\romcs n yourl lite

the VALUE leader since 1931
----_--------I

| Olson electronics Dept. Lo

260 S. Forge St., Akron, Ohio 44327

O Send me my FREE 1974 Olson
Catalog (Please Print)

Name Apt

Street

O Send an Olson Catalog to my friend
Name Apt

Street

i TN TED I N0 EEE S EED GUR EEE EmD

City State Zip

|

|

i

|

City State Zip =
|

i

i

]
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REGULATED POWER SUPPLIES
(continued from page 85)

by 0.707 and get 8 volts. Double this for a
16-volt center tapped transformer. We need
a 16-Vct transformer at 750 mA. Let’s cheat
again just a bit and use a 640-mA trans-
former, the Signal PC16-640. 12X 1% X2,
PC mount, and costing around $4.88, plus
postage.

Figure 7 shows the circuit. A high
quality i-uF, 6-volt tantalum is used on the
output for stability. The output power mea-
sured at the capacitor at maximum load is
10 volts X.750 ampere =7.5 watts. The fuse
should be 7.5/50 amp=0.15 ampere. Load
current limiting is automatic and internal
Any reasonable-sized standing-up type of
heatsink can be used, or the regulator may
be bolted to the case (be sure to insulate
it!).

If we wanted a negative supply instead,
there’s several things we could do. If we
only want a negative supply, simply call the
+5 line “ground” and the common line
“-5”. Note that if we do this, we don’t use
the transformer winding for any other volt-
ages, positive or negative.

Another alternative is to turn the
whole circuit upside down and use a nega-
tive regulator. Devices such as the 78NOS
or the 7905 have been announced and
should be readily available by the time you
need them.

Dual 15-volt, 100-mA op-amp supply:
Would you believe only three parts? This
time we use the Raytheon 4195, in the low-
cost DN minidip plastic package if we
aren’t going to be using things at the 100-

Send for FREE Tiger booklet
(20 pages) which answers all
your questions.

Name.
Address.
City.

State__ e Zip.

CLIP OUT THIS AD AND SEND TO—

TRI-STAR CORP.
P. O. Box 1727 Dept. H

Grand Junction, Colo. 81501
Circle 28 on reader service card
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mA end too much, or in the more ex-
pensive and more powerful T or TK pack-
ages if we are.

The dropout voltage is 3 volts: the
dissipation limit is 6 (with the minidip).
Let’s work on a 4-5 volt differential range
as an input. One volt of ripple with 100
mA takes 800 uF. Let’s use 1000. The input
voltage has to be 20 volts (I15+5). Add a
volt for the diode to 2! volts. Multiply by
0.707 for rms to get 14.5. Double this for
29Vct Use a 28-volt transformer. The Sig-
nal 56-0.1 does the job with both secondar-
ies in parallel. Two inches square by 1%”
($4.66 plus postage). Chassis mount this
time.

This particular regulator takes larger,
quality output capacitors; 10-uF tantalums
are recommended. The final circuit is
shown in Fig. 8 Input taps on the 56-1
transformer let you trim for optimum volt-
age range for your particular line voltage.

Variable 8-15-volt, 1-amp bench supply:
This circuit is shown in Fig. 9. We add two
pass transistors to a SG4501 regulator and
properly heatsink them. About 5000 micro-
farads should do, and the transformer can
be a | amp (one per side) such as the Sig-
nal 56-1. Voltage is adjusted with the po-
tentiometer shown. You can set the current
limit by changing the two 0.6-ohm series
resistors. Doubling the value to 1.2 ohms
gives you a 500 mA limit; 2.4 ohms a 250
mA limit and so on.

With these basic circuits as guidelines,
you should be able to build up most any
low-voltage regulator circuit you want. Al-
ways remember to work directly with a
data sheet, provide the needed stabilizing
and outboard components, and keep the in-
put voltage to the regulator above the drop-
out voltage and below a value that causes
excessive internal dissipation at high load
currents.—Don Lancaster R-E
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James Brolin says:

“Birth defects
are forever
...unless

you help.’

Give to the
March of Dimes

THIS SPACE CONTRIBUTED BY THE PUBLISHER
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ANNUAL INDEX
(continued from page 58)

News Mar 60, Jun 47
Optoelectronics (Garnent May 62
Quiz (Williams) Sep 95

State of (Garner)
Jan 53, Feb 60, Mar 61, Apr 52, May 62, Jun 50,
Aug 56, Sep 65, Oct 51

Stereo receiver (ER) Feb 32
Television
Vertical sweep circuits (Prentiss) Jul 50

Speed troubleshooting with a logical approach
(Turino) Apr 98, May 60, Jun 48, Jul 48
SSB receivers. digital readout for (Houghton) Jan 37
State of solid state (Garner)
Jan 53, Feb 60, Mar 61, Apr 52, May 62, Jun 50,
Aug 56 Sep 65 Oct 51
Step-by-step TV troubleshooter's guide (Margolls)
Jan 60, Jun 58; (Prentiss) Jul
50, Sep 68, Nov 62
Stereo—see Audio—high fldelity—stereo
Stopwatch, digital (Green)*® Nov 31
Superclock—new digital time (Lancaster)®* Experiment
with WWVB Aug 48, Sep 98; (Corres) Sep 22

Superconductivity breakthrough Oct 35
Switch, touch or proximity (Ckt) Feb 98
T

Tachometer
Digi-Tach on your dashboard (Bunge)* Apr 42
Multivibrator (Garner)t Sep 65
Tape—see Audio—high fidelity—stereo
Technical topics (Scott) Nov 48
Tech notes
Audio
Speaker systems May 100
Spring hook useful Aug 86
Color television
Degaussing May 100
Horizontal bar Feb 102
Snivets May 100
Hum reducing method Aug 82
IC DIP handle Aug 87
Radio
Auto, dead May 100
UHF tuner failure May 100
Television
AUTO button light Jul 86
Blooming Nov 96
Bicoming and overbrightness Feb 102
Brightness excessive Apr 107
Brightness uncontrolled Jul 87
Flyback replacement Apr 107
HV rectifier filament arcing Oct 91
Horizontal line Oct 91
Oscillator tube cracked May 100
Raster and sound out Feb 102
Raster out, sound bad Apr 107
Slide controls Jut 86
Snivets on left Oct 91
Sound dead Apr 107
Vertical jitter Feb 102, Apr 107
Voltage divider Jul 86
Telephone
Answering robots, inside (Walters) Aug 44
Message center, TV (Gerson) Jan 35
Sentry to take calis (Smith)dun 35, (Corres)
Sept 22
Voice actuation for (Smith) Oct 58
Television
Antennas—see Antennas
Color—see Color Television
Pay system, new May 80
Servicing—see Service clinic; Servicing; specific
subject
Trap, bridged-T (Ckt) Jun 99
Typewriter (Lancaster) Sep 43
Video cassettes—everything you wanted to know
(Zuckerman) Jun 53
Videoplayer progress Oct 96
(VTR’s—many systems Petras) Jun 38

Ten ways to use your vectorscope (Middieton) Dec 51
Test jigs. color TV (Cunningham) Jan 56

Test instruments (see also names)
Rubber feet (Gilpin) Mar 53
Servicing—see Service clinic: test instruments

Tigersaurus—250 watt hi-fi amplifier (Meyer)* Dec 43

Time delay
Long (Ckt) Jul 90
Transmitter control (Scott)t Nov 49
Transistor(s)
Crystal calibrator, precision (Franson)* Apr 60
Curve tracer (ER) Jan 22; (ER) Nov 61
Puiler, handy (TT) Feb 91

Substitution guide for reptacements, R-E's
(Scott and Scott)
Mar 71, Apr 69, May 68, Jun 60, Jul 52, Aug 62,
Sep 70, Oct 69, Nov 68, Dec 59

Try this
Allen wrench handle Apr 112
Cable jacket remover Nov 98

(continued on page 96)

~$l ;
: uarefy meets the challenges of
al l!sxeners and demanding users.
get wide- -range, smooth re-
slpa'hse that makes everyone sound
-4 good.‘..volce» or music. And the
coverage pattern from our unlque
muiti-faceted design helps reduce
feedback compared to less so-
~ phisticated column speakers.
I This means more useful gain Is
| available when . inexperienced
{
|

performers get off-mike or don’t
speak up.

' The LR4B is just one of the
- useful tools E-V has design-
ed for the thoughtful sound 5

your EIectro-Volce sound
specialist, or write today.

%- 012 ® ELECTRO-VOICE, INC., Dept. 1236E,
; 613 Cecli Street, Buchanan, Michigan 49t07

Circle 29 on reader service card

«Gulton

COMPANY

FREELCI]

over

1000

unique tools,
handy kits,
precision

instruments,
technical
supplies.

Why pay
retail for hifi?

Buy direct from us, and you
save money with our high-
volume prices on more than 100
name brands. Order from
the branch
nearest you
to save time

on

Our 215 year of service to the World's
finest craftsmen and technicians .

2P\ National Camera

2000 West Union Ave. Dept.GBB
V Englewaod, Colorado, 80110

Py i Send a FREE copy of the nc Flasher i

name '

WhOICSElle address '

& MAIL ORDER DIVISION i !

Send for our free catalog! I city '
2455b Wisconsin Ave,

Downers Grove, Il 60515 I state zip I

3309 E. ] W Carpenter Frwy,
Irving, Tex 75062

National Camera

2000 Wes? Unien Ava. Dept. GBB
V Englewood, Coloredo, 80110

Circle 61 on reader service card
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SUPER BUYS!

TUNERS—NEW WITH TUBES—

G.l. PAR. 6GS7-6HAS ................. $3.95
GEN. ELECT. PAR.6GI7-6HAS ... ......... $6.95
GEN. ELECT. TRANS. EP86X15 . .......... $6.95
SYLV. TRANS. 54-29331-3 ... .......,.. $6.95
SYLV. PAR. 54.27587-1 6GI7-6HAS ...... $6.95
STANDARD COIL PARALLEL ... ............ $6.95
SARKES TARZIAN PARALLEL .............. $6.50
ASTATIC BOXED 142 ..................... $2.69
STEREO TURNOVER TONEARMS . ........... $1.69
MON TURNOVER TONEARMS .............. $1.39
5 ASST'D STEREO CART. ............... $6.95
CARD 12 SPADE NEEDLES ............... $2.49

DIODES—SEMI CONDUCTORS

25 1R2.5Amp. 1000PIV ... ............. $4.95
4 6500 PIV FOCUS RECT. .....,.......... $2.00
5 13.5 KV FOCUS RECT. ................. $3.00
20 1N34A CRYSTAL DIODES .............. $2.00
SUBOOST RECT. Fgizoccl 5 s Tolobiud Jos $2.00
COLOR CRYSTALS 3.58MHZ .......... 2 for $1.98
RCA DAMPER DIODES 135320 ........ 2 for $2.98
RESISTORS

20 MALLORY CONTROLS ASST'D .......... $2.00
3.4 Meg. Control . ................. 3 for $1.00
10 Meg. Control (FOCUS) ............. 3 for $1.00
15 Meg. Contr. (FOCUS) ............. 3 for $1.00
53 Meg. IRCHV Res. ............... 4 for $2.00
50 ASST'D WW.RESIST. .. ............... $2.00
100 ASST'D 182 Watt Res. .............. $1.59
10 Ohm Centering Control ... ... ...... 6 for $1.19
CONDENSERS

01 Mfd. 1KV (SG.) .. ........ . ... c....$2.00
50 ASST'D BYPASS COND .

25 ASST'D AXIAL LEADS ...

25 ASST'D CANS ... ... ... ............. g
25 ASST'D COND. TRANS. WORK .......... $4.95
300 Mfd.-200 Volts (Cans) ......... ..4 for $2.00
400 Mfd.-200 Volts (CANS) ... .. 50 - 4 for $2.39

500 Mfd.-200 Volts (CANS) .... ... .... 4 for $2.89
40-20 Mfd.-150 Volts (PC) . ....... ... 5 for $1.00
40-40 Mfd.-450 Voits (CANS) . ... ..... 4 for $2.59
200-80 Mfd.-350 Voits (CANS) ...... .. 4 for $2.79
100 Mfd.-200V-120-5 Mfd.-350 V .. .. 4 for $2.79
SPEAKERS—SPEAKERS

3%,” Sq. (Portables) .................... $ .69
REASQUATE pxiancs o pisimtns & 5 ol o os/ss macd arins $.79
b4 { P B It Sty S, $ .99
L PO U I S, $1.29 |
KT’ hnmseieavwmad s ) g b Al sk b bt $1.99
EXT ST0R: vt wn gintng mt oI AN A A ae S50 $2.59
6X9” MULTI OHM ... .................. $2.89
4X10” 20 Ohms (MOPAR) ................. $2.89
6”7 Round . ... ... .. ... .. il $1.79
L U $2.59
DELAY! LINES' . g stmsro gm- 056 o35 e 2 for $1.19
10 AC INTERLOCK POLARIZED ... ......... $1.00
BLUE LATERAL MAG./WITH P.R. .. ....2 for $2.98
SURPLUS PRINTED BOARDS .. ............ $1.00
PLATE CAPS-6JE6-6JS6 ............. 20 for $1.00
PLATE CAPS 6DQ6 etc. ............20 for $1.00
TUBE SOCKETS 7 & 9 Pin (PC) ...... 20 for $1.00
HV ANODE LEADS 40KV . ............ 5 for $1.00
10 HV ANODE LEADS B/W .. .............. $1.00
70% COLOR CONV. ASSEMBLY ........... $1.89
90% COLOR CRTBOOSTER . .............. $4.59

SEND FOR FREE CATALOG

Tubes Up To 809, Off
Minimum Order $15.00
Send Check or M.O.

TV TECH SPECIALS

P.0. Box 603
Kings Park, L.I., New York 11754

Circle 62 on reader service card
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CMOS
{continued from puge 36)

noise and wander around from a one to a
zero and back again. If you find an experi-
mental circuit that works for a few seconds
or maybe even half a minute and then
quits, chances are there i1s a floating input
messing things up.

Rule 2 involves connecting test equip-
ment. If you ever apply test signals from a
low-impedance generator to a turned OFF
piece of cmos (One with the supply power

TABLE ONE
SOME CMOS MANUFACTURERS

HARRIS SEMICONDUCTOR
Box 883

Melbourne, Florida, 32901
305-727-5430

INSELEK

743 Alexander Road
Princeton, N.J., 08540
609-452-2222

MOTOROLA SEMICONDUCTOR PROD.
Technical Information Center

Box 20912

Phoenix, Arizona, 85036

602-244-6900

NATIONAL SEMICONDUCTOR
2900 Semiconductor Drive
Santa Clara, California, 95051
408-732-5000

RCA COSMOS DIVISION
Rte 202

Sommerville, N.J. 08876
201-526-3001

SOLID STATE SCIENTIFIC
Montgomeryville Ind. Park
Montgomeryville, Pa. 18936
215-855-8400

time, there is no damage done; otherwise
the chip self-destructs. This normally would
only happen if you were very sloppy about
testing—if a piece of cmos ever feels hot,
disconnect power IMMEDIATELY, and
things should get better. With a reasonable
amount of care in your experiments, this
will never happer.

Rule 4 says to not go out of your way
to static damage the devices. Most IC’s are
properly protected against normal handling
and in-circuit operation, but go along with
the game anyway. Keep unused devices in
their protective foam or aluminum carriers.
Return them to conductive foam after-
wards. NEVER USE STYROFOAM 1o

store cM0s! Don’t solder cM0Ss into a circuit

until all other parts are soldered in place,
and then do the soldering quickly with a
SMALL IRON. Above all, never probe
around sloppily on a live circuit or attempt
to make circuit changes with the supply
power applied.

This may seem like a bunch of don’ts,
but if you have had any experience at all
with the older logic families, you'll have to
agree that cmos has the least hassle associ-
ated with its use.

Some linéar tricks

One nice experimental thing about
cMos is that you can convert an inverter
into an amplifier simply by connecting a
10-megohm resistor from output to input.
Any gate can also be converted by suitable
termination of unused inputs. Fig. 6-a
shows the basic amplifier which has a gain
of 10 1o 30 along with a high input imped-
ance and a pretty wide output swing. This
is handy for amplifying and limiting test
signals and inputs, and anywhere else you
might like to do something analog in a pre-
dominately digital system. One very handy
application is the crystal oscillator in Fig. 6-
o. I's one of the simplest logic oscillators
you can build and one of the best per-
forming owing to the high circuit imped-
ances. A cmos buffer stage should be added

CD4001 (MC14001)
CD4007 (MC14007)
CD4011 (MC14011)
CD4013 (MC14013)
CD4016 (MC14016)
CD4023 (MC14023)
CD4026 (MC14026)
CD4046 (MC14046)
CD4049 (MC14049)
CD4050 (MC14050)

TABLE 11
A FEW TYPICAL CMOS DEVICES
Quad Nor Gate
Dual Uncommitted CMOS pair w/inverter
Quad Nand Gate
Dual D Flip Flop
Quad Analog/Digital bilateral switch
Seven stage binary divider
Decade Counter/7 segment decoder
Phase Lock Loop
Hex inverter buffer
Hex non-inverting buffer

removed), you can drive the protecting
diodes into conduction. Get above 50-mA
through the diode and vou kill the IC. The
way around this is to make sure that no in-
put or output can deliver more than 10-mA
or so under short or reverse supply condi-
tions: this will protect everything. A good
practice is to leave a K resistor in series
with all input test signals, particularly if
they come from a low-impedance source.
Rule 3 involves a cMos bug that is
being eliminated in newer designs. Its
called scr latchup, and can be caused by a
momentary input signal transient or reverse
polarity connection. The whole IC literally
turns on as a silicon controlled rectifier and
draws a bunch of current—like half an amp
or more. If you can shut things down in
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if you want to reach the outside world with
this circuit.

There’s also a bunch of unique analog
switching you can do with circuits like the
MC14016, and you can even use the
MC14049 and MCI14050 as hex, bilateral,
symmetrical electrically variable resistors,
provided you add a couple of resistors and
work with low level signals. This is partic-
ularly useful for percussion keying in elec-
tronic music. At six notes per package,
that’s only two IC’s per octave needed for a
high performance true two quadrant mulu-
plier.

Learning more about CMOS
We're not going to give you any cir-
cuits here, mostly because we are out of
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space. Maybe you can show us some. We
can suggest three good ways to get more in-
formation and more experience with cMOs:

1. Get the data sheets and data books
from the Manufacturers of table 1. Every-
one listed offers some sort of book or data
file on cmos. One of the oldest and best is
the RCA COSMOS Integrated Circuits
Manual and normally costs $2.50. Every-
body else on the list will be more than
happy to send you something—provided
you request it in a professional way. Abso-
lutely type or phone your request; if pos-
sible use a business letterhead. Another
route is to use the bingo cards from the
dozens of electronic trade magazines—avail-
able at a library if you can’t personally
qualify.

2. Get some ¢mos and hook it up. A
good choice might be two each of the
MCI14001, MCI14011, and MCI14007, and
one each of the MC14013, MC14016, and
MC14046. Even at list prices, this assort-
ment should be under $20, and much less
as surplus. Prices are sure to drop. Be sure
to watch the Market Center ads in Radio-
Electronics for cM0s bargains.

3. Watch Radio-Electronics for appli-
cations ideas. Steve Leckerts cMos clock in
the April 73 issue was the first major cMOs
advanced experimenter project. Many of
the plug ins in the Digital Grinchwal series
of test equipment (starting November 1972)
used or will use cMos. And, of course, if
you come up with a good circuit on your
own that other advanced experimenter’s
might be interested in, we’d probably like
to publish it and pay you for it to boot.

Regardless of where you go for more
information, now is the time to learn about
cmos, for no other logic now available has
as attractive a combination of features, par-
ticularly suited for advanced experimental
uses. R-E

TAPE PLAYER WON'T CHANGE
TRACKS

This auto-tape player will not
change tracks. Even with the panel
pushbutton, nothing happens.—W.H.,
Dunlap, Iowa

Most of these use a solenoid to
move the head for track-changing.
Check the dc voltage across the sole-
noid terminals while holding the
TRACK CHANGE button down. If you
get voltage, disconnect the solenoid
and check it for continuity. In several
of these, you’ll find a diode shunted
across the coil, for transient suppres-
sion. If it shorts, the solenoid won’t
work.

IONIZERS AND AIR-CLEANERS

I want to build some things like
ionizers, and electrostatic air cleaners.
Where can I find parts for these?—A.B.,
Fremont, Ohio

The Triad Transformer Co., 305
N. Briant, Huntington, Ind. 46750,
makes quite a few special high-voltage
power supplies for such things. They’ll
be happy to send you a bulletin on
them. As a matter of fact, the high-
voltage power supply of a junked TV
set could be used too.

“ithout soldering
for as little as 3300

introducing QT SOCKETS™ and BUS STRIPS, a flexible
new breadboarding system with uniqgue SNAP/LOCK
that lets you expand or contract your project

by simply snapping together as many QTs as

you reed. Test ICs, transistors, resistors,capacitors

UNIQUE NEW
SNAP/LOCK DESIGN

atess | 5} and more. Just plug in, connect with solid
casis 1 &) #22 AWG hook up wire—no soldering needed!
;::;i : Reuse QTs again and again. No more short-
LY ing or burnt fingers! No special patch cords!
Sesis ' Available in 10 different sizes, starting

SaEF as low as $3 for QT Sockets, $2 for Bus Strips.

FREE SELECTION GUIDE
Write or phone today for application and product photos, drawings,
specs, socket sizes and ordering information.

Continental Specialties Corp 325 East St., New Haven, CT Tel 203/624-1811
Circle 63 on reader service card

FREE BURGLAR-
FIRE ALARM
CATALOG

400 PRODUCTS

ELECTRONIC
TECHNICIANS!

Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

We are proud to announce two great
new courses in Engineering Mathematics
for the electronic industry.

These unusual courses are the result of
many Yyears of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men, from all walks of
life, on mathematics, and electrical and
electronic engineering.

You will have to see the lessons to ap-
preciate them!

NOW you can master engineering
mathematics and actually enjoy doing it!

WE ARE THIS SURE: you sign no
contracts—you order your lessons on a
money-back guarantee.

In plain language, if you aren't satis-
fied you don't pay, and there are no
strings attached.

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing to gain!

The INDIANA
HOME STUDY INSTITUTE

Dept. RE-12, P.O. Box 1189, Panama City, Fla. 32401

Full line of quality systems and supplies
for professional or electronic hobbyist,
Prompt delivery, quantity prices.

M mountain west alarm
4215 n. 16tk st.

w phoenix, az. 85016

Circle 64 on reader service card Circle 65 on reader service card
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“..0ver the years,no company
has offered such awealth of
little gadgets to gladden the
souls of hi-fi putterers.”

FROM A RAVE REVIEW
OF OUR DYNAMIC EXPANDER IN
HIGH FIDELITY MAGAZINE.

If you like listening to music, you'll like the way
our Dynamic Expander enhances the
dynamic range of your music. By
increasing (up to 8db) the
difference in loudness
between soft and
loud passages, it re -
stores the inevitable
loss in realism that
occurs when music is
compressed for
recording or trans -

pansion to suit the program

material.

High Fidelity called
our Dynamic
Expander “an inter-
esting innovation for
the listener who
loves to experiment
with audio, but

#doesn’t have a bundle

tospend...” At
under $19.00, it’s a

mission

Connection is simple
and straightforward.
And a continuous
control allows you to

! nt, our
adjust the amount of ex— U LOEEe V]

bargain
For more information,

send for a reprint of High
Fidelity’s review. For more enjoy-

nearby Robins dealer.

RoBINSH

ROBINS INDUSTRIES CORP.

75 AUSTIN BOULEVARD, COMMACK, N.Y. 11725 (516} 543-5200

Circle 66 on reader service card

INSTRUMENTS IN ONE
- ¢ OQut-of-Circuit
Transistor Analyzer
¢ Dynamic In-Circuit
Transistor & Radio Tester

E: 0| e Signal Generator
B ﬁ ¢ Signal Tracer ¢ Vaoltmeter
il

o Milliammeter
e Battery Tester
¢ Diode Checker

Transistor Analyzer yoe 212

Factory Wired & Tested—$24.50
Easy-to-Assemble Kit—$16.00

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the
facilities you need to check the transistors themselves — and the radios or other cir-
cuits in which they are used — have been Ingeniously engineered into the compact,
6-Inch high case of the Model 212. It's the transistor radio troubleshooter with aii the
features found only in more expensive units. Find defective transistors and circuit
troubles speedily with a single, streamlined Instrument instead of an elaborate
hook-up. T Iy
Features: | EMC, 625 Broadway, New York 12, N.Y.
Checks all transistor types — high or low

power. Checks DC current gain (beta) to | Send me FREE catalog of the complete
200 in 3 ranges. Checks leakage. Uni- | value-packed EMC llne, and name of
versal test socket accepts different base , local distributor.

configurations. Identifies unknown tran- |

sistors as NPN or PNP, | NAME RE-12
Dynamic test for all transistors as signal

amplifiers (oscillator check), in or out of I ADDRESS.

circuit. Develops test signal for AF, IF,

or RF circuits. Signal traces all circuits. | ¢y ____7ONE___STATE

Checks condition of diodes. Measures 1
battery or other transistor-circuit power-
supplr voitages on 12.volt scale. No ex-
ternal power source needed. Measures
circuit drain or other DC currents to 80
milliamperes. Supplied with three exter-
nal feads for in-circult testing and a
pair of test leads for measuring voltage
and current, Comes complete with
instruction manua! and transistor ilsting.

ELECTRONIC MEASUREMENTS CORP.
625 Broadway, New York, N.Y. 10012
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2 NEW SPEAKER SYSTEMS
(continued from page 50)

sponse for each of these three settings
is plotted in Fig. 8.

Note that the actual woofer used
in the Interface: A is an 8-inch
speaker which yields an effective 6%-
inch piston diameter. However, be-
cause of the “equivalent vent” ap-
proach, this small box can produce
sound levels of 105 dB SPL and better
without “break-up” and with only
about 60% as much electrical power
applied as would be required in the
case of sealed enclosures. A photo of
the complete Inrerface: A system, with
its equalizer, is shown in Fig. 9.

P

FIG. 9—ELECTRO-VOICE'S INTERFACE: A
speaker system consists of speaker system
and equallzer.

The BIC Venturi speakers and the
Electro-Voice Interface: A are just two
examples of products that were de-
signed specifically to meet a new and
urgent requirement. Now that the
“high efficiency/small enclosure” has
been explored by these two com-
panies, you can be sure that others
will explore further and come up with
new technology to make “living with
four channel” easier. And, of course,
you 2-channel die-hards will benefit
from these advances, too. R-E

Let’s
help
each

other.

the
good
neighbor.

The American Red Cross
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PROFIT FOR YOU

FREE $1 BUY WITH EVERY 10 YOU ORDER J°}*%.»: FREE GIFT WITH EVERY ORDER

to ’$1 Buvs
CANADIANS: Ordering is easy — we do the paperwork — try a small order —— SHANNON MYLAR RECORDING TAPE_—_

COMPUTOR v CASSETTE C-60 .59
3 - o T c

e5 oF IBMciiow” | WESTINGHOUSE ALL TRAN- v o te || cassETTE G0 110
_’_ ,ﬁ assort nits we - = . CASSETTEC-120(TDK) 1.97
&?-Lf{m‘i ::al}iealorwn;l o::: S|ST°R HOME/OFF|CE 5:: - 600:" -62 8-Track — 64 Min........... 1.29
Co g 30 sl s MESSAGE CENTER il Bl ol =00
Incl. — Transistors §" —1200'.. B-Track — Cleaner -1.49

T T 'C:" Condensers, Resis- Leaves messages for other for replay . . . Built in 5" — 1800'.. [ ]

4 s ::::: He;:: Sinks, speaker/microphone for talk-into convenience . . . Re- 7 3" TAPE
wf‘} go €s, cords up to 3 minutes of messages . . . Iluminated R o REEED o
— 8 ¢ 51 signal shows when a message is waiting. Control 7 3% TAPE REEL 09
o or adljusts playback vol\uBe without affecting recording 7 §” TAPE REEL 19
3 "' volume . . . Capstan Drive; X , 7 TAPE REEL . 24
a2 === 100 « 10 BRAND NEW SOLD AS IS s7-°° o

TV TUNERS VHF/UHF all new sundard Q7
makes, including Tubes............

WELLS GARDNER TV TUNER 25A1283 4
(61J8—6HAS5 tubes).........

IMMEDIATE DELIVERY . . .
HANDY WAY TO ORDER . .

SPEAKERS 8°-10 0n. Mag.-% Watts
UTAH “CELESTA" 3-WAY CO- AX'24 .95 ‘
SPEAKERS 127-20 oz. Mag. 45 Watts.

vu 1“ PANEL METER $ 1 29
0-20 db Scale.........

SENC ORE

Scientific light packmg for safe delivery at minimum cost.
. Send check or money order, add extra for shipping. Lists of new offers will be returned in your order.

Deluxe front panel, good for wnIIQZO .00

mount .

Tust & CONTINUGTV CHECKER Model

FT4)25 (Tests fuses, heaters, lamps, #4 .98
C. ) .
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c288 T204 c294 DIODE CONDUCTION
470pF FLYBACK 470pF INTERVAL
TRANS
NEW COLOR CIRCUITS m‘g] R294 R246 (‘?t [ sws—
. ] 109 e | Y2 200V
(00;1/1;1lzedjzoinfa§i39) e (‘ g : ; Pt - —
1 C284 c297
TO 6
1000uF 50uF
FIG. 8 (righty—SCAN RECTIFICATION is GE's VERTICAL 1: - 5 3
name for this B+ supply that operates on the - ‘9 135v
forward or trace portion of the deflection ” 8 Y402 Q400
waveform. FI1G. 9 (below)—GE's Tint Lock Y270 1 o 20
mixes G-Y and B-Y signal voltages to obtain +K R412 J R578
correction in the flesh-tone range. — 5.6 e 1082 Lo
— c286 C290 S
) ) 1000uF  470pF 10 Ca16 ==
tion.” This tag refers to the fact that g Hl00f ’ -
the short flyback pulse is not rectified ’cmla R418 _J' 22v
. Q206 3.3K L ca22
but_ralher the lower voltage developed HORIZ OUT , 100uF s
during the longer scan interval. The LINE
concept bchind  scan  rectification — RECTIFIER | — | = -
hinges on two attractive advantages of R624
s 10K
rectl_fymg. an ac voltage of sub- = TO BLUE KINE GRID
stantially hlgller frt;quqncy than the 60 r - B-Y Q600
Hz power line. Filtering is eased by L R602 i L602
the ratio of the frequencies 15,734/60 TINTLOCK  _Aa AMPL so0um
or approximately 260 times; 15,734 Hz FENER
being the horizontal deflection fre- -
quency. Secondly, the expensive bulky FROM e === [OIRSDICINEICR D
. ] 2 ME 1C501
iron core power transformer is elimi CHROMA e
nated with the ferite core horizontal DEMODULATOR .
component picking up the load. a
Fig. 8 shows how the idea is put or e o
tq extensive use iq QE’S QA chassis. €602 TO RED KINE GRID
First the flyback winding between ter- | ol o || —
minals 4 and 5 is used to boost the R610 GREEN 606
line rectified 135-volt supply to 200 Y RIS ek | AMEEL  [3eeln
volts. The 550-volt pulse on this wind- o Q109 562 Y
ing is rectified by diode Y214 and fil- WRECIERNES —
. . c604
tered by C297. The capacitor is refer- 470pF

enced to the 135 volt supply reducing
the voltage stress on the component.

A 21- and 22-volt supply regu-
lator is fed from the pin 8 to 10 wind-
ing. In this case the transformer low
side pin 10 is grounded and the scan
pulse feeds rectifier Y402 and filter
C418. Q400 is a series regulator whose
base terminal is biased at one Vgg
above the 22-volt Zener diode Y404.
The base-to-emitter drop of Q400 can-
cels the effect of the Q403 diode drop
so the emitter voltage of the transistor
is just equal to the Zener voltage.
Transistor Q400 functions as an emit-
ter follower with its characteristic low
output impedance. Normally non-con-

_Great Products
S Malse Great Gifts!

birth defects
are forever.

unless you help.

EICO TH-30 Find buried gold,
silver, coins, etc. with this Solid
State Metal Locator. Add fun, ex-
citement and profit to weekends.
Kit $29.95  Wired $37.50

EICO TA-12 Two way Solid State
Telephone Amplifier enables you
to talk ‘“‘Hands Free." I|deal for
message taking or business con-
ferences. Includes extension
speaker and battery. $17.95

EICO TD-8 Update your home

music system to play 8-track
stereo tape cartridges with this
deluxe solid state tape deck.
Easily connects to your stereo
amplifier or receiver, AC syn-
chronous motor. $49.95 Wired

EICO WR-1 Unique solid state
radio is preset to monitor the
official U.S. weather station
broadcasts. Listen to continuous
24 hour weathercasts by simply
pushing a button. 3%" cube de-
sign. $15.95 Wired

FREE 32 PAGE EICO CATALOG|

For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT
Projects, Environmentai Lighting, Burgiar/Fire Alarm Systems,
and name of nearest EICO Distributor, check Reader Service
Card or send 25¢ for First Class mail service.

y ®
EICO, 283 Malta Street, Brooklyn, N.Y. 11207@
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ducting, Q402 protects the supply
against excessive current drain. If an
abnormal condition increases the
power supply current above 265 mA
the drop across sensing resistor R414
turns on Q402 pulling down the base
voltage of the Q400 regulator and in
turn the power supply output voltage
as low as necessary to limit the cur-
rent.

The wvertical output circuitry is
also powered from a winding on the
same transformer. Winding 7, 6, 9’s
flyback pulse is scan rectified by Y268
and Y270 to produce the positive and
negative vertical supplies respectively.
Again, the positive pulse produces the
negative supply and vice versa.

General Electric’s Tint Lock

(continued on page 94)
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next month

JANUARY 1974

Radio-Electronics steps into 1974 with a
group of special articles about modern
communications.

B CB Equipment Roundup
An up-to-the-minute survey of the lat-
est CB gear; a directory of who makes
what; a look at the special features
being offered in today's equipment.

& Modern Receiver Circuits
Communications receivers are fasci-
nating components these days. The
circuits are new, the concepts are
new, and the way they work is
changed. Make sure you're up on
what’s happening.

® CB Radio Alignment
If you've got the license, we've got
the repair techniques you need to
know. Let's pool our knowledge to
make you a better CB technician.

# New CB Circuits
R-E's Technical Editor, Bob Scott,
presents the latest developments in
CB radio. Discover what's new and
how it works.

PLUS THESE OTHER FEATURES:

® Technical Topics
New circuits; new ideas; new ways of
using electronics. A special feature for
regular readers.

® Build A Blitzmeter
Want to measure how much tight your
electronic flash puts out? This project
does the job. It will give you the an-
swers you need.

B Improved ASCII Encoder
Improve your TV typewriter with an
improved encoder. It's easy to build
and is all on one circuit board.

ALSO:

Step-By-Step Troubleshooting

R-E’s Transistor Replacement Guide
Jack Darr’s Service Clinic
Appliance Clinic

January 1974 issue on sale December 18, 1973

GRANTHAM OFFERS YOU
College-Level Training

and a college degree.

Electronic Circuit Design,
Engineering Analysis (includ-
ing mathematics thru calculus),

Classical and Solid-State C.
Physics, Engineering Design, -
etc., etc., are all part of ~

the Grantham home-study de-
gree program in Electronics
Engineering.
(Regardless of what you may
have read in another school's
ad, Grantham does teach
college-level circuit design
by home study.)

By adding college-
level home training
and a college degree
to your experience.
you can move up to
greater opportuni
ties in electronics.

Grantham offers the
A.S.E.T.degree by corre-
spondence. After earn-
ing this degree, you may
continue with additional
correspondence plus a one-week

residential seminar and certain transfer credits, to
earn the B.S.E.T. degree. Then, the B.S.E.E. is
available through further residential attendance.

GRANTHAM SCHOOL OF ENGINEERING
1505 N. Western Ave., Hollywood, CA 90027

@ Tclephone (213)462-1417 @

Established in 1951 — G.I. Bill approved.
Mail the coupon below for free bulletin.

T T . . RE-1273 |

Grantham School of Engineering #%/%7?

1505 N. Western Ave., Hollywood, CA 90027

I have been in electronics for__ ___years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name == e == Age
Address — e - — e
City __ State Zip
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NEW COLOR CIRCUITS
(continued from page 92)

shown in Fig. 9 gives flesh-tone cor-
rection by cross mixing the B-Y and
G-Y color difference signals. Green
and magenta color components are
squashed prejudicing the colors toward
the orange flesh tones. Except that
AFC can now be operated indepen-
dently from Tint Lock these circuits
remain essentially the same as last
years (See Automatic Color Circuits,
Radio-Electronics, January 1973).
Black-level clamping and its ef-
fect on gray-scale reproduction has
been the focus of discussion for many

years. Methods of implementing con-
trast and brightness controls are often
reviewed with the optimal arrange-
ment sought out.

‘Scene Brightness Tracking Cir-
cuit’ is what GE calls their 100% dc
restoration scheme and is shown in
Fig. 10. Positive video sync tips are
clamped by diode Y106 charging cou-
pling capacitor C148. R168 the bright-
ness control varies the clamp voltage
shifting the video up or down. The
correct setup for the control is so that
the black picture elements appear
black and there is no compression into
black of gray picture elements. The
contrast control is a video gain adjust-
ment which affects the brightness,

& Py a ANN— 22V
o QR158 R159 L116  QR166 ato8 L cise ':;?;
106 € 2400 100K s6un S 27k 2ND VIDEO 100uF
2ND VIDEO  § by
jiosS Ay - BUFFER
L C158.L o
4.7uF 85 R172 ST SEC:I:
e R168 | BRIGHT-
3K ¢ NESS
R161 l
6800 =
L T ey
= BLACK
LEVEL
AAa VIDEO
20K~
CRT BIAS TO BUFFER TERM

FIG. 10—FULL DC RESTORATION is possible with this clrcult Innovation—called Brightness
Tracking—that operates by clamping the level of the sync tips.
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You may participate In
the 1976 Presidential
Election Campaign
Fund by checking the
box on the front of
your tax form 1040 or
1040A. You will be
designating $1 (or $2
on a joint return) to a
nonpartisan fund. This
will not reduce your
refund or increase
your tax.
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since as the peak to peak signal video
is increased with black kept fixed as
set by the brightness control white go-
ing signal excursions become whiter.
Interestingly the reasoning has pro-
ceeded so that the two controls have
been labeled in reverse from last year!

For increased brightness the
large-screen 25 MB chassis has
evolved from last year’s MA with in-
creased 28.5 kV kine anode voltage. To
prevent overscan a 60 microhenry hori-
zontal width adjustment was added to
the yoke coupling network. R-E

MAKING IC SOCKETS; REMOVAL

You can buy lots of ‘“‘boards’, and
things with IC’s on them, dirt cheap.
The only problem is getting them off the
boards without overheating them. Also,
how can you make good IC sockets?—
R.J., Antioch, IIL

First, I'd use a low-wattage desol-
dering iron, and clear out only 2-3
pins at a time. Let it cool between
times. Or, spray coolant on the IC it-
self, as you work. (This could get to
be a three-handed job, of course.) Or:
clip a heat-sink on the IC while taking
it out.

Second, you can get the “strip”
contacts, for making IC sockets, from
several places. They’re made by Mo-
lex, and are sold at about 100 for
$1.00. They can be soldered into the
holes of a PC board, to make a pretty
darn good IC socket.

HORIZONTAL OSCILLATOR SETUP

There are four or five pictures
across the screen of this RCA KCS-130
chassis. I've changed the oscillator tube,
and the stabilizer coil, and it still won’t
sync.—J.B., FPO, N.Y.

This chassis uses a variation of
RCA’s famous Synchroguide circuit,
and must be set up using the factory
procedures, or it won't work properly.
Try this: 1. Connect a jumper across
the terminals of the sinewave coil. 2.
Ground the grid of the sync output
tube; pin 9 of the 6EASR, on the same
PC board with the oscillator. 3. Adjust
the horizontal hold control until you
can see only one picture. This will
float from side to side, but if it will
stand still for even a moment, fine.
This means that the oscillator is able
to free-wheel.

4. Take the jumper off the sine-
wave coil. If the picture falls out of
sync, adjust the core of the sinewave
coil until it locks in again. There’s still
no sync, remember; so, the picture
will float; get the sides of the picture
straight, and it should hold fairly still.
Shorting the sinewave coil should
cause only a small sidewise shift.

Final step; take the short off the
sync-tube grid, and the picture should
lock in very firmly. Change channels
and see. R-E
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HARD-TO-FIND

TOOLS

FOR ELECTRONICS AND FINE MECHANICS

Ry

ENGINEER TOOL KITS | SWIVEL-HEAD PLIERS | TORGLE SCREWDRIVERS

CORDLESS TINY DRILL

new boo

SOLID-STATE CIRCUITS FOR HOBBYISTS &
EXPERIMENTERS by Jon L. Turino. Howard
W. Sams & Co., Inc., 4300 West 62nd Street,
Indlanapolls, Ind. 46268. 5% x 8% In. 208 pp.

RETAINING -RING PLIERS] ATTACHE TOOL CASES

| P 3

DRIVER TS

THERMAL STRIPPERS

Includes 72 pages of hard-to-find tools \\ {
used by electronic techniclans, instru-
ment mechanics, engineers, scientists.
Over 1700 items listed. Write today. e

JTENSEIN TOOLS and ALLOYS
4117 N. 44TH STREET, PHOENIX, ARIZONA 85018
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MAKES THE ONLY

« SYNTHESIZER

MODELS PRICED
FROM $139

WINDCHIMES
DRUMMER BOY

STEAMWHISTLE

SYNTHESPIN M-I

A FAZE SCHIFTER

A CHAT TER JAMMER

INFINITY PLUS SUSTAIN

BALANCED MODULATOR.

AND MANY MORE IN OUR
FREE CATALOG .......

PAIA ELECTRONICS

BOX R14359, OKLAHOMA CITY, OK 73114
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Softcover, $5.95.

Here, for the serious electronics hobbyist
or experimenter is enough information to allow
him to design the circuitry for many usetul
projects and to adapt and modify existing cir-
cuit designs to suit his specific purposes. Top-
ics included are creation of a system block
diagram, review of practical semiconductor
device theory, descriptions of bias polarities
for each device, terminal identification draw-
ings, single- and multiple-stage analog ampli-
fiers, special purpose circuits, digital logic,
analog IC's and design of several types of
power supplies.

BASIC ELECTRICITY: THEORY AND PRAC-
TICE by Milton Kaufman and J.A. Wilison,
McGraw-HIli Book Co., 1221 Avenue of the
Americas, New York, N.Y. 10020 8% x 11 in.
528 pp. Softcover, $9.95.

Introductory electrical fundamentals text is
written for occupational and trade students
with reading and comprehension difficulties.
Well-illustrated and self-instructional, the mate-
rial is presented at a slow pace, then rein-
forced in programmed reviews. Covers ac-dc
topics such as magnetism, voltage, amperage,
resistance, inductance, capacitance and
Ohm's Law. In addition, motors, generators,
simple measuring instruments, transtormers,
house wiring and other applications are exam-
ined. Automotive and home electrical systems
are used to present principles and appli-
cations. An easily-constructed circuit board is
detailed in the appendix for use with experi-
ments in each chapter. Self-test with answers.
at the back of the book concludes each chap-
ter.

ELECTRONICS DATA' HANDBOOK, 2nd Edi-
tion (Tab Book No. 118) by Martin Clifford.
Tab Books, Monterey & Pinola Sts., Blue
Ridge Summit, Pa. 17214. 5% x 8% In. 256
pp. Hardbound, $7.95; softcover, $4.95.

Practical working guidebook cuts down
the research needed to find specific informa-
tion. All of the commonly-used formulas are
included to provide the user with an all-in-one
reference to the data involved with dc and ac
circuits, vacuum tubes, transistors, antennas
and transmission lines, measurements, con-
version factors, abbreviations, equivalents and
mathematical data associated with electronics.
Contains hundreds of tables, charts, illustra-
tions and formuias.

4-CHANNEL STEREO—FROM SOURCE TO
SOUND by Ken W. Sesslons, Jr. Tab Books,
Monterey & Pinola Sts., Blue Ridge Summit,
Pa. 17214. 5% x 8% in., 176 pp. Hardcover,
$6.95.

This book explains the evolutionary devel-
opments of sound, including the differences
between stereo and binaural listening and lays
the groundwork for 4-channel by describing
the ear’s faculty for localizing sound sources
according to frequency, time, phase and level.
The differences between discrete, matrix and
derived 4-channel sound are given in depth
along with projections for the future of sur-
round-sound. Circuits and text show how to
use two extra speakers and a resistor to get
four channels from two, how to decode a

record with four channels matrixed onto two
and how to use four individual amplifiers with
a special demodulator to produce a 4-channel
system that is equivalent to six simultaneously
operating stereo sets. Room diagrams of
sound dispersion tell what to expect of each
arrangement and equipment cost figures plot
tradeoffs of performance and price. R-E

( WANT TO MEET )
SOME OLD-TIMERS ?

Send for Vintage Radio. the 1887-1929
pictorial history of wireless and radio.
263 pages. 1000 photos.

Collectors: McMahon's 1921-1932
Radio Guide is a must! Over 50.000
facts.

ORDER NOW! Send to
McMahon's Vintage Radio, Box 2045
Palos Verdes Peninsula, Calif., 90274

Vintage Radio, handbook $4.95 O
Vintage Radio, hard cover 6.95 O
Radio Collector’s Guide 395 03

California residents add 6% State Sales Tax.

Name

Street

City _.State. zZip

QDEAL HOLIDAY GIFTS y

Circle 73 on reader service card

DECEMBER 1973 ® RADIO-ELECTRONICS 95

www americanradiohistorv com


www.americanradiohistory.com

DISCOUNT
TEST
EQUIPMENT
SPECIALISTS

SENCORE
inmnmmlwnm

COMPLETE LINE OF
ELECTRONIC SUPPLIES
ICC/Mullard & Raytheon Tubes
Telematic Test Rigs
TV Tuner Subber

FREE CATALOG
FORDHAM

Radio Supply Co., inc.

558 Morris Ave., Bronx, N.Y. 10451
Tel: (212) 585-0330

Circle 74 on reader service card

s i St T
New Hybrid Speed Control
for fractional H.P. motors

a new miniature control (3

The HA-1,
amps continuous duty), will vary the
speed of small fractional H.P. A-C
motors. It's small size makes it easy to
install in hand-held electric tools and
small appliances such as mixers and
blenders.

A potentiometer used in conjunction
with the HA-1 Control is all that is
required for motor speed control. Con-
trol unit senses armature voltage with
varying load conditions and regulates
RMS current thru series wound field
and armature. Motor speed can then be
varied to desired speed by potentiometer
setting.

HA-1 Speed Control only ... $5.95P.P
HA-1P With Potentiometer. - . $6.95 P.P
Send check or M.O. to Dept. R-12.

H “G ELECTRONICS

P. 0. Box 37, Arlington Heights, |1l. 60004

Circle 75 on reader service card

ANNUAL INDEX
(continued from pugc) 87)

Communications is the special
subject for January 1973. We've
got articles on CB Circuits, New
CB Gear, Short Wave Receivers,
and CB Repairs. In addition
there's a story on New Hi-Fi cir-
cuits and a construction article
that tells how to build a meter for
your electronic flash. Then too
there are all the regular monthly
features like Step-By-Step Trou-
bleshooting, Service Clinic, Tran-
sistor Replacement Guide, and
Appliance Clinic. You won't want
to miss this one.

Cable, make c0|led Jun 98
Containers for parts May 101
Dial pointer broken Apr 112
Extension cord, shorty Mar 99
Lights-on reminder Feb 90
Loupe aids meter readings Feb 90
Panel markers Mar 98
Power cords. separable Aug 86
Soldering—see Soldering
Test probe, one-hand Sep 96
Transistor puller Feb 91
Tweezer handle extension Feb 91
Tuner
Digital, Heath's (Thomas) May 42
Subber (ER) Sep 28
Two-in-one light meter (Pallatz)® Feb 69
Two new hi-fi speaker systems (Feldman) Dec 48
Typewriter. TV (Lancaster)* Sep 43; Corres Nov 16
Understanding computer arithmetic (Robertsy Nov 58
Unscrambling 4-channel stereo (Friedman)
May 54; (Corres) Jul 16, Jul 83
Vectorscope, 10 ways to use your (Middleton) Dec 51
Vom
(ER) ul 69
FET, 11 ways to test IC's with your (M:ddle'on)
Jun 42
VTR's—many different systems (Petras) June 38
Wind direction indicator (Scott)t Nov 48
WWVB, experiment with (Lancaster)’
Aug 48, Sep 98; (Corres) Sep 22
Zero distortion’ stereo preamp (Kay) Jan 62
1
NEXT MONTH

Answer to puzzle on page 53

DIGITAL:THEORY DESIGN ,
CONSTRUCTION

LOGIC
NEWSLETTER °©

SAMPLE COPY § 1.00
LOGIC NEWSLETTER
POB 252
WALDWICK,N.J. 07463
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pest features of
dic and magnetu:a“y driven
n exclusive corner refiector

to make ita
ic wave UHF section
mgn::‘;mer The unique feature ol‘ ::;se
tsuypsrem is the ability to d:ls‘::\:anted
desired signal an
‘:\:ti‘:: eI‘.‘iharp yibrant lite- -like color plus

FM stereo listening at its finest.

in these antennas the

the log perio
arrays with 2

Investigate now!

S & A ELECTRONICS
Phone 419-693-0528
202 W. Florence St. Toledo, Ohio 43605
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Eliminates Breaker Points. Eliminates

Tune-ups. Never wears out or needs

any maintenance. Timing and Dwell
never change.

The ultimate in ignition systems—The [nfrared Break-
erless Electronic Ignition System by Allison Engineering.

The Allison Breakerless Ignition system eliminates the
points and condenser, replacing them with an optical trig-
ger, using o light emitting diode and phototransistor. Only
a system which eliminates brecker points can eliminate tune-
up causing wiper arm ([contact point rubbing block) wear
and give the performance, economy and reliability of true
electronic ignition. This is why GM and Chrysler use only
breakerless electronic ignition in their new cor models.

This is the only true electronic ignition thaot you con
install on your car for under $100.00. The system gives
ignition timing 40 times moare accurate than systems using
breaker points. Actually increase engine efficiency and gas
mileage up to 30%. Will not misfire under any conditians.
Installs in 20 minutes using existing distributor & coil, na
rewiring. Ten times as much energy available for plug firing
Spark plugs last 3 to 10 times longer. Unlimited R.P.M.
copability. Tests prove dramatic increae in power ond
performance. Precision timing mecns instant starts in ony
weather and noticeably smoother running. An average 30%
reduction in emissions.

Installing the Ailison Breckerless lgnition in your caor

converts the present inefficient trouble prone system to the
most advonced electronic ignition system aovailoble. Remem-
ber i it is not breakerless then it is not true Electronic
tgnition.
To order: state moke, yeor ond engine size. $49.95 PPD.,
or $15.00, balonce C.O.D. Colifornia residents odd 6%, tax.
Trigger only (converts odd-on units to breakerless) $39.95
PPD., $15.00 C.O.D. Allison Automotive Co., P.O. Box 973,
Temple City, CA 91780. Units avoiloble for all cors, FREE
LITERATURE.
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WANTED
QUICK cash for electronic equipment,
components, unused tubes. Send list now!

BARRY, 512 Broadway, New York, N.Y. 10012,
212 Walker 5-7000

WANTED 505R Concertone tape recorders.
Send asking price. ROBERT KING, SP. 45.
7495 Oakland Road, La Mesa, Calif. 92041

"“CASH"” paid for unused teletype parts and
assemblies. “PHILMAR”, Box 96, Morrison
vnle N.Y. 12962 518- 561-3479

WANTED Rider’'s, Sams’,
factory manuals. BEITMAN,
Highland Park, 1li. 60035

Supreme’s, original
1760 Balsam,

PLANS & KITS

“DIGITAL speedometer with numeric readout
Plans $4.50. KIMTRON, Box 80134, Chamblee,
Georgia 30341"'

*32-FUNCTION digital computer kit, 24-pin
IC, 12 transistors, complete instructions, now
only $14.00. ELECTRONETICS, Box 278A,
Cranbury, N.J. 08512."

DIGITAL IC manual—1973 editlon—1500
types. Double listing by type and wiring dia-
gram number. Many cross-referenced. $3.95.
ELECTRONETICS, Box 278, Cranberry, N.J.
08512

JOYOUS TV viewing! Silent commercials,
sound returns automatically! Novel circuit. Fun
project. Description, parts list and schematic
2.00 HOBBY ELECTRONICS, Box 2172, Ca-
pistrano Beach, Ca. 92624

ELECTRONIC organ kits, keyboards and
many components. Independent and divider
tone generators. All diode keying. IC circuitry.
Build any type or size organ desired. Supple-
ment your Artisan Organ. 25¢ for catalog.
DEVTRONIX ORGAN PRODUCTS, Dept. B,
5872 Amapola Dr., San Jose, Calif. 95129

MAN I 45.& 7400d|p

n 0.127"  High LED 7- {02 " 7
Segnent ;:gtl)o ........ 53,(5)
n Displays A1l Numbers and 74H'0i """" 50
Nine Letters 7402 L 5
u Compact  Spacing--5 Per 7404 . 3(;
Inch™i B [Fomee s ™ e
= Bright Red 400FT-L at 10 | 70HOE........ 2
MA Per Segment 78005, 50
Each, only . . . . . $2.50 [78121........ 1.60
Ten or more 1.90 17413......... 1.75
W/0 Decimal 1.50 | 7410......... .35
7420. o e 35
LED's —3- 74020, ... ... 50
MV-50 Red Emitting 10-40MA | 74H20........ 50
@2V 3 .25; 5/$1.00 [74H22........ 50
= 7430. ... dd.. 35
MV-5054 Red LED 15-100MA | 74L30. 50
62V $ .30,10/$2.50 | 7440......... 35

MV-108 Visible Red 5-70MA
@2v $ .30;10/$2.50

RACA @0

Numitron Digital Display
Tube, Incandescent Five
Volt Seven Segment

o .6" High Numeral Visible
From 30 Feet
n Standard Nine
(Solderable)

n Left Hand Decimal Point
Each...$ 5.00
5 for.. 20.00

Pin Base

CT5EE5

A Single MOS Chip With A1l
The Logic Necessary For A
--Twelve Oigit--Four Func-
tion Calculator With An
Extra Storage Register For
Constant or Memory Appli-
cation

o .28 Lead OIL Package

n Capabilities (+,-,x,¢)

= Chain Calculations

a True Credit Balance Sign
Display

n Automatic Keyboard Qe-
bounce

Single Voltage Supply is
Possible

Complete With Data..$14.95
Data Only........... 1.00

{Refundable With
Purchase of Chip)

vices). $1.15 per word . .

. NOo minimum.

CLASSIFIED COMMERCIAL RATE (for tirms or individuals offering commercial products or se:-
. minimum 10 words.
NONCOMMERCIAL RATE (for individuals who want to buy or sell personal items) 70¢ 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 agencles.
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable ads
not accepted. Copy for February issue must reach us before November 30.

General
Telephonemaom

Touch-Tone, Encoding, Pro-
gramming Devices. 10 Push-

button Switches. Size:

3k 2" x 1t r’\
% N
Ny
only $5.95

741(T0-5).... .65

S'NGLE C 1595 4-multiple

HIPAO PIN quadrant... 2.00

o Add, Subtract, Multiply, b IR ey 1.00

and Divide 709. .. . peesinm .45

s 12-Digit  Display and |710.......... .50

Calculate T11. .. et .40

a Chain Calculations 723 DIPis avaw 1.00

o True Credit Balance Sign | 748(70-5).... 1.00

Qutput

u Automatic Overflow Indi- POWER SUPPLY

cation
u Fixed Decimal Point at
0,2, 3, or4
" Leadmg Zero Suppression
Data Only............ $1.00

SPECIAL

723 T (70-5) vari-
able regulator
chip 1-40V, + or -

I L]
| CLASSIFIED ADVERTISING ORDER FORM :
|
|
1 P 3 3 5 |
i |
| 6 7 8 9 10 |
| |
{ 11 12 13 14 15 |
1 |
I 16 17 18 19 7 :
|
| 71 22 73 24 25 I
| I
= 26 27 28 29 30 |
| |
I 31 2 33 T 35 I
| { @ .70 Non-Commercial Rates ) __ I
| No. of Words { @ $1.15 Commercial Rate } =% |
I fé@o. loBWords in bold face NAME |
. S I
= Total Enclosed  $$ ROESESS I
I insert_time(s) company order un.  CITY STATE 2P =
less placed
]I . . through accred. ~ SIGNATURL |
Starting with issue  ited advertising  MAIL TO: RADIO-ELECTRONICS, CLASSIFIED AD DEPT.,
| agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 I
[}

output @ 150MA 10A
with external pass
transistor... .With

(Refundable with pur-
chase of Chip)
Complete with Data... 9.95

diagrams for many
applications.

MOS DYNAMIC SHIFT

REGISTERS T0-5

MMS02 Dual 50  Bit 1.25

MM506 Dua) 100 Bit 1.75

W15006 Dual 100 8it 1.50 | TR AC

MM5013 1024 Bit 2.25 | 2N6344 600V 8A TO-

MME016 512 DIL 1.50 {220, . cunnn $ .75

STATIC SHIFT REGISTERS

MM504 Dual 16  Bit 1.50 ZENER

w505 pual 32 it 1.75 | DIODES

MM550 Dual Differential IN4B51 3.9V

Analog Switch 2.50 | IN4735 6.2V

IN4740 10.0V
Each......... $ .25

C.0.D. PHONE ORDERS

SEND FOR
FREE FLYER” ACCEPTED--$10 MINIMUM

A1l IC's new and fully tested, leads plated
with gold or solder. Orders for $5.00 or more
are shipped prepaid, smaller orders---Add 35¢.

California residents add Sales Tax...... 1IC's
shipped within 24 hours. P. 0. Box J
BABYLON  “mjnel o
95608
ELECTROMNICS (916) 966-2111
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REE Catalog

OF THE RLD’S FINEST
GOVERNx\ENT SURPLUS

ELECTRONIC EQUIPMENT

FAIR RADIO SALES
1016 E. EUREKA « Box 1105 « LIMA, OHIO - 45802

" YEATS dollies

rurRNmTURE
PaDS

vears mamomn pouy  Lelevision
Pacded T, TRuck
e BEVELOPED!

12405 ea
FREE-Bustrated brochery

YEATS dollles
1324 W. FOND DU LAC AVE.

MILWAUKEE, WIS. 53205 YEATS Model No. 5 $76.50

A NEW INSTRUMENT TO USE WITH YOUR SCOPE
MULTITRACER

Use with your present Oscilfoscope to trace
Resistors, Capacitors, Transformers, Dlodes,
Tr rs, Zener rigistors,

ductors. IC's, etc. & Also shows continulty, in-
circut and go/no-go checks. 8 Complete with
diagrams and instructions. No internal scope
connections. & For medium or small production
runs or for hobbyist. experimenter, engineer,
or ham.

ONLY $19.95—CHECK OR MONEY ORDER

WHY PAY MORE?
BOX 14, LESCO ELECTRONICS, SKOKIE, ILL. 60076

FUN kits novel, entertaining, educational.
Build electronic touch switch, audio alarm,

digital clock, others. Send for free flyer. AD- |

VENT ELECTRONICS, Dept. RE, P.O. Box
252, Lafayette Hill, Pa. 19444

FREE catalog. Most unusual electronic kits
available. Music accessories, surf, wind syn-
thesizers, wind chimes, many others. PAIA
Electronics, Box B14359, Oklahoma City, OK
73114.

ELECTRONIC ENGINEERING
& INSTRUCTION
A SR T IR e

TV tuner repairs—Complete course details, 12
repair tricks. Many plans. Two lessons, all for
$1. Refundable, FRANK BOCEK, Box 3236
(Enterprise), Redding, Calif: 96001.

SHORTCUTS to success! Highly effective,
profitable short courses. (75 choices). Study
at home. Diploma awarded. Our 27th vyear.
Free literature. CIEE-E, Box 10634, Jackson.
Miss. 39209

DEGREE Program in Electronics Engineering.
Our 27th Year! Free literature. Cook’s Insti-
tute, Dept. 14, Box 10634, Jackson, Miss.
39209

LOGIC newsletter, design and construction,
sample copy $1.00. LOGIC NEWSLETTER,
Box 252, Waldwick, N.J. 07463
BUILD IC designs quickly and economically.
lllustrated manual describes breadboard sys-
tem: Layout, construction, solderiess wiring,
making changes. No specialized “breadboard’
components required. Permanent results.
$4.95 Postpaid. MP PUBLISHING CO., 16
Channing Road, Belmont, Mass. 02178

KEYBOARDS, COMPUTER DATA INPUT
CALCULATOR TONE ENCODER

oAy

g g

J5114.

connector, Brand new, 5% 'x 17", Wt. 4 |bs.

STOCK NO.J5114

J5112. 15 key (10 digits, 4 arithmetic functions, period, K and C
keys. Used with all caiculator chips. Ideal as touch tone encoder.
Contacts brought out to 21 edge contacts. 2%''x3%''x%"". 1 lb.

With data sheet.
$57.50 ea.

asyoulive
&breathe

J5112.

J5114. The finest keyboard we have ever seen. 72 keys plus shift.
All letters, numbers, punctuation,computer symbals plus 3 blank
keys. ASCII| coded by diode matrix with TTL circuitry. Keys are
reed switches for no bounce contact. Terminates in in 15 pin

PRICES

Ic SLASHED

FACTORY FIRSTS

Only quality parts are evail-
able from DIGI-KEY. We do
not seil retested, rebranded
or other reject parts.

DIGITAL TTL

7400N ....32¢ 7446N ..$1.30 7496N ..$1.20
7401N ....32¢ 7447N ..$1.30 74107N ...55¢
7402N ... .32¢ 7448N Sl 35 7412IN ...70¢
74UL3N ....32¢ T7450N . X

7404N ... .35¢ 745IN .

7445N | $1.62 7435N . $1. LSl
Discounts offered in quantities 74198N..$2.78
of 100 pcs TTL in mixed lots. 74199N..$2.78

LINEAR INTEGRATED CIRCUITS
NE555V MiniDIP .$1.00 723CDIP........ $1.15
NE565A DIP .......... $3.57 741C MiniDIP ....60¢
NES67V MiniDIP . $3 57 747CDIP ... $1 10
N5558V MiniDIP ......95¢ 748C MiniDIP ....60¢
709C MiniDIP ..........44¢ Quantity Discounts

GENERAL PURPOSE
SILICON TRANSISTORS

2N3638 PNP 20¢ 10/$1.65 100/$15.00
2N3638A PNP .......22¢ 10/$1.80 100/$16.50
2N3641 NPN ........23¢ 10/$2.00 100/$17.50
2N3643 NPN . 23¢ 10/$2.00 100/$17.50

2N5133 NPN .
2N5134 NPN .

15¢ 10/$1.25 100/$10.00
15¢ 10/$1.25 100/$10.00

2N5137 18¢ 10/$1.50 100/$13.65
2N5138 15¢ 10/$1.25 100/$10.00
2N5139 PNP . 15¢ 10/%1.25 100/$10.00
2N3055 NPN ............ $1 10/$9.50 100/$86.25

1 AMP SILICON RECTIFIERS

IN4001 50PIV...12/$1  100/$6 1M/$49
1N4002 100PIV...11/81  100/$6 1M/$51
1N4003 200PIV...10/$1  100/$7 1M/$53
1N4004 400PIV ...10/$1  100/$8 1M/$55
1N4005 600PIV ...... 9/%1 100/$8 1M/$61
1N4006 8OOPIV ...... 7/$1  100/$9 1M/$75
1N4007 1000PIV ...... 6/$1  100/$101M/$83

SILICON SIGNAL DIODES

1N4148 (1IN914 equiv.) 20/$1 100/34.50 1M/$3S

ELECTROLYTIC CAPACITORS
Values from 1 ufd through 2200 ufd. Com-

STOCK NO.J5112 with data sheet  $7.95 ea. 2/14.00 petitive prices listed in latest flyer.
HONEYWELL MOLEX IC SOCKET PINS
BOARD

100/$1.00 200/$1.80 300/$2.60 500/24 20
700/$5.80 1000/$8.20 ea addn 1000/$7.50

DISPLAY DEVICES

5 VOLT 7 SEGMENT TUBE ......cccovvereururrnene $3.75
DISPLAY KIT (TUBE+7447+7475+7490/)$$6 .15

7 SEGMENT LED {MAN-1 TYPE)
DISPLAY KIT (LED+7447+7475+74904
RESISTORS) ...ovvvververnnciiniannes $6.40 3/$18.25

Ya & Y2 WATT 10% RESISTORS

YW 5¢ 30/$1.20, 100/$3.00, 500/$13.75 as
ow as 1.7¢ ea in quanmy see catalog
W 4¢ 30/90¢, 100/$2.50, 500/$11.25 as
low as 1¢ ea in quantlty-see catalog
COD orders accepted for same day shipment.

Call 218 681 6674.
Pree Catalog—Llarge Quantity Discounfs—Orders
thers Postpaid

Less Than $10.00 Add 25¢
PRICE PACESETTER

D‘GI'KEY FOR QUALITY IC'S

BOX 126H THIEF RIVER FALLS, MN56701

New lot of our most
popular board. Filled
with diodes, zeners,

® transistors, heat sinks
and precision resistors and compnents.With long leads for easy
removal of parts.Many styles. 4" x12’, Wt. 1 Ib. ea.

STOCK NO.J9082 2/1.00, 12/5.00 25/10.00

SINE WAVE—SQUARE WAVE—TRIANGULAR WAVE

8038 FUNCTION GENERATOR
The chip used in the Super Audio Sweep Generator (Oct. Pop-
wlar Electronics). Less than 1 Hz to 1 Mhz. 8 pages of data plus
reprint of above article. A signal generator in a single chip.
STOCK NO.J 3104 $12.95 ea. (with socket)

Include sufficient postage, excess will be refunded. Send for new
56 page catalog, loaded with new items. MINIMUM ORDER $3.00

A\ DELTA ELECTRONICS CO.

BOX 1, LYNN, MASSACHUSETTS 01903
Phone (617) 388-4705

Disease

Fight emphysema.
tuberculosis ar poliuhon

coranmuecy
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Your Cholce

Any 2 for $1
Oh;nos
20
50

BRAND NEW LOWEST PRIC[S

GENERAL
ELECTRIC > roa se 00

3-WATT AUDIO AMP
Delivers 3. watts continuous. 10 watts peak, With
heat sinks; micro-mini size: ¥,x%2x%”. 9 to 30V sup-
ply. Migh sensitivity. 8 to 18 ohms For mono and
stereo phonos. tape. FM. AM. TV. servo.

v Dollar Stretchers

POLY PAKS — THE
INFLATION FIGHTER
YULETIDE SALE!

SUBTRACT $1. FROM

SPECTROL CERMET
“MICRO” POTS

Model No. 53-2-1, Cube
5/16” square, single turn,
serew adjust front. Model
No. 42.2-1, Rectangular
3/47 N 3/16” x 5/167,

¢ 10000O00000000O00
o
N
x

Lowest Prices

Lar 9esl Selectlon

“OIP" Packa Ord
e 'Res Order by (vpe number' S,
a snnoo so 3o Oine3e 3918 SN7are {

2 — MOS FETS, DUAL GATE, N chan, 3N140, TO-18, RCA . $1.
4 — RrA 2N3600 NPN, URF transistors, tv- lm, TO- 18 1000mc - $1a
1 — 300V PLASTIC POWER TAB transistors, 6 A - 81,

ANY 1 PURCHA E serew driver adjust,  side. 100K
[0 20-HEAT SINKS for all t) es of TO6 trans, makes ‘'em high powei$1. $ Sl s PC work. Both cermet 200K
O 2 — 2N5296 38-WATT NP PLASTIC TRANSISTORS, for NE-540 $1. o sealed. Order by model 500K
[0 2 - 2N6109 40-WATT PNP PLASTIC YRANSISYORS. for NE640 $1. number and value. 1 Meg
{0 10-1N82 GERMANIUM UHNF diode, clip-in l.ypeb' D :l. SE—
] $-SCRs 7-AMP T0220, 6-12-24 prv, power t g =) 1.
0 10-MOS FETS, 3N187, 3N200, 3N128, TO-18, Fairchild® s1. GENERAL TELEPHONE $8.88
5.SCRS & TRIACS up to 25 amps. 6- 12-24 prv studs too $1. 0
E 2 — 2N3819, Texas, N channel, 6500 umho TO-18 - $1. DATA ENTRY KEYBOARD TT‘,
O 2= 2N2646 UNIJUNCTIONS, plastic transistora, Texas . . . %1, Used in ealculators, touch-tone, encoding, programming L
B 5 — 2N107, GE, most commonly used pnp, germanium . $1. devices, 10 PUSH BUTTONS (0 to 9) & 2 uncom- ‘?‘ /
50 — SILICON, glass rectifiers, computer, axial leads . %1, mitted. All switches have 2 separate poles & 6 sep- L
O 80 — GERMANIUM, glass rectifiers, signal, axial leads* $1. arate busses — totalling 6 busses & 21 poles. .. . An
] 8 — 2N170, GE, RF, germanium, npn, transistors, TO-22 . 81 combination of which can be used! Size: 3)(21/2)(1"
8 g loﬂqu 11000 :ISV epa(}xy, subémni‘,) nillié:\?n rec'gﬁers G ::
0 — 500 ENE axi 4, 6 10, rectifiers = .
' 3,_20308s, HOBBY. 10W npr silicon transistors, TO-3 . Cs1. AM-FM STEREO TUNER WITH BUILT-IN SOLID STATE AMP
30 3-AMP RECTIFIERS ailicon. epoxy, assorted V. axial® $1. Each unit completely wired. Imagine so little for AM- 0O
] 1 — PHOTO TRANSISTOR, with darlington amp Biter, s1 gi’gj;f“;”Sf,fry‘”":fgs'ﬁhsﬂ‘;}&f“gﬁ,:a‘j;,:’“2: e Only
2 — PHOTO YRANSISYORS. with darlington amp, 2N§5 .81 chassi .0 nt. n 115/1/60 ° For t ik T
{0 4 — PHOTO CELLS, Clairex, pancake, 10K-70 ohms $1 AL S Lok, LG, D O $15 50
urntable. Dial non-calibrated. Each unit guaranteed
(] 1 -~ 2N305S npn, 100W, 15A, TO-3, transistor . 81, satisfaction. Size: 12 x 6 x 37, Wt. 4 lhs,
R R s
- 545 channel 5000 umhos, P nsuc - 4 . $1.
O 10 — 1N914 {ast switch diodes, silicon, 4 nnnoseconda 5 . %1, 8-TRACK CAR RAD'O STEREO
B 2 - § AMP TRIAC 200 v, b $1. $ 88
30 — ITT MICRO MINI RECTIFIERS silicon porcelain to 1KV $1. TAPE TRANSPORT
[l 30 — WORLD’S SMALLEST RECT. & zeners, 1W, assorted volts® $1.
[] 4 — 2N4269 Nixie tube driver transistors 100V, npn . ... . S1. Contains complete B8-track stereo recording/pltayback O
O 2 — PUTS, prog. uni-transistors. similar to GE-D13T $1. unit you find in expensive car tape decks. Excellent
[0 2—6000 PIV 50 mil epoxy rectifiers, axial ieads® o . »1 direct replacement unit if your own does not function
O 10— BENDIX 25 WATT ‘'pellet” power transistors, silicon* . $1 properly. Priced to toss away old, and replace with
[ 1 —PHOTO ELECTRIC FET, 10,000 uhmos, n channel $1 new. Less amplifier, Design your own hi-fi atereo
3 4 — BO WATT. 2N1488, silicon, TOS. 60 Vco. non . .. . . %1 systems around it. Uses standard B8-track cartridge.
4 —~ 1000 HFE DARLINGTON Transistors, TO-18 case $1. With hi-fi 6tereo tape and all its mechanical parts
g 1 — 2N5036 HI-PWR plastic trans 100 vceo, 7 amp 86 wnua $1. that go with it. Operates off 12VDC. Automatic track
4 - 2N5296 HOBBY, 35 watts, plastic powers, NPN . 81, locating and changing plus track indicator output. ¥
O 4 -~ 2N6109 HOBBY, 40 watts, plastic powers, PNP . . 4 .81 ips speed, WOW and FLUTTER less than 0.5 % MU
8 — PLASTIC 35W powers, npn, silicon. hobby 2N6121 - $1. metal shield motor reduces motor noise to an inaudible
S — PLASTIC 35W powers, pnp, silicon, hobby 2N8124 . . 754 $ia one. Uses separate 739 preamp and is ready to go.
2 -~ MOS FETS, N channel 10K umos 3N128, TO-18, RCA - 81, Size: 5 x 5 x 27,
B 2 -~ MOS FETS, DUAL GAYE, N chan. 3N187, TO-18, RCA . .. .. . $1.
=]

TTL IO‘:

€ sheets on request UONLY"

I “EYE C” SPECIAL EKONOMY BARGAINS

10 -555 HOBBY TIMER special, in the mini DIP paks® 31
10 [RATIONAL 301 and 307 HOBBY OP AMP SPECIAL TOG* . 81 2 sn7401 83:;:33 30| shraz2 Hénzatos s SN74161 1.65
(0 15 -NATIONAL & SIGNETIC TTL dip special. all marked® . . $1. ul 2:7402 .3o [l sN733g | SN7473 s2 19 sunlgs -5 [T SN74162 1.98
[ 3-1.WATT AUDIO AMPLIFIERS, Westinghouse, TO-5 ... ... ...$1. Glsnaao2 O SN7a20 39 8 $N7478 52 | SN74106 125 [ SN74163 105
[ 15-709 FLAT PAK OP AMPS, 100 % good . ... - B S O snrd0e 39 O 5N7431 1030 |[ Snaars  -25 O sN7a10s 130 |0 SN7a16a also
(] 50-710-711 flip lopCOMPARATORS, untested . .. .. . $1. O Snraoe 22 |OsN7aa2 1250 anaal -55 [Osn7a113 10 |0 SN7d16s 3050
0 4-DUAL 709, dip pak, op amps, untested .. .. - $1. O onrg9f 55 | O sN7aa3 O enaaZ? 130 IO sn7a1153 132 |USN7a166 2.05
(] 8-7474D triggered flip-flops, dip, no test . L %1l O snrdos 35 | O sn7aas SN7478 95 |G snya11q 325 |0 SN74174 2010
[0 2-13101 256 BIT ram special, dip, no test . ......... i 2endin a sn”o‘ -35 | (] sN7445 s":7‘80 75 [Q sN7a127 V25 [0 SN7a17s 2030
[ 5-SN7847 7-Seg. decoder-driver fallouts ... .. PRI ] s~74,g .38 | O SN7448 g su"“ 1.15 17 sN74122 "“5’ 0 SN7a17¢ 210
0 .10- YO-8 Case 6386, 640, 565, 567, 741° . .81 O sN7a1y 39 | Osn7aaz O enaas2 .95 [0 sN74123 150 |5 SN78177 2010
0 5-MOS REGISTERS, 5018-17, mini dips, no-test = | 9V .81 O sN7a13 35 (] sN7448 3. g s~74°3 115 [ sN74135 3. 50 0 sN7a179 239
) 5-MOS REGISTERS. 501-6. etc.. TN-5, no-test . . TYLY $1. 0 snN7a15 o2 SN74350 | a SNN:S 181 1) SN74140 oo 8 SN74180 1 20
B 8 — SN7441N, nobby, BCD-to-Nixie driver IC, DIP* ... .. ... g1, O sN7a1e gg 0 sN7as1 3513 Sunas 55 /) SN74145 4 SN74181 4 s9

10 — LINEAR AMPS, 709, 710, 711, 741, TO-5 ... .........§1. O SN7a17 2 0 sN74s53 | sN745a 2250 SN74148 4 1.20
0 10 —709 LINEAR AMPS, 741's too, DIP'S® A o -s1. [|OsN7az0 35| O SN74sa | O sN 0 1.so 1.95
[ 5 - HOBBY MEMORY CELLS, SN7481, up to 18-cell, DIP* | 1. 0 SN7421 '32 (J sN7a60 as(g SN749: 1.50
B 10 — RCA CA-3000 OP AMPS, TO-5 case® . ... So.ooii..81 |[Osnzazz 33/ OSN7ae1 35| en3392 130

5 — 723 VOLTAGE REGULATORS, TO-6* . - -$1. |[OsN7azs 59 | O SN7as2 SN7493 130
O & — PHASE LOCK LOOPS, hobby 565, 560, 56 A w s fgall 0 sN742e 30 | (] Sn7464 OsN 494 1.30 |y
[] 10 — MINI DIPS phase lock loops, 709, 741, 301 307, hobby* g3. <37 | 00 sN74a6s ‘so Dsu;“s 1.30
[n] 2 YOLTAGE REGULATORS. LM309K. hobby, TO-3¢ $1 » Factory Marked . 496  1.30
0 10 -SIGNETIC OP AMP. 631. 6338, 6368. 650. 555. DIPs. TO-5¢ g1, Money Back Guarantee
01 -5311-14 CLOCK ON A CHIP, 4-or-6 digit. 24-or-28-pin* . §1. o
0 1 -CALCULATOR ON A CHIP, hobby, exy. +v-pin, specs” 51. 4
8 4 .g:cnng":gug;::. hobby special, hsmwpo, DIP pak* . . $1. NATIONAL OP, AMPS

1 .2516 ACTER GENERATORS. hobby for MAN 2° $1. "

0 1. 2513 CHARACTER GENERATOR. Hobby for MAN.2 Y BUY ANY 3 — TAKE 107 L'NEARO
O +— SN74193 UPDOWN COUNTER, dip, factory faliouts st HE:‘ 200 Soicrivtion Sale | ® ractony
0 4 — SN7442, SN7445 BCD-to-decimal, factory fallouts $1.{ 5 1m.301 “799';’23 V. reg. .....$1.49 | GuaRANTEED
0 10 — SN7476 DUAL JK M/slave FFF, factory fallouts su{ DiM-39% Yl-performance amp 49 | (] 531 MI slew rate op-amp (T0-S)
0 S — SN7413 DUAL NAND SCHMIDT trigger, factory fallouts .. $1.| () 'mM 308 Neg. V. rone o <+ 1.49 | [ 532 Micro power 741 (TO-5) .
0 5 — SN74123 Retrig. M. vibrator w/clear fallout $1.| (JLM.305 Pos V. res. 070 14910 533 Micro power 709 (T0-5)
[] 4 — SN74192 UPDOWN decade counter, dip, factory fallouts . $1. OLM.307 Super dats 1.49 | ] 536 FET Input op amp (T0-5)
0 10 — $N7473 Dual JK Master S/flip flops .81 LM 308 Hi-Q Fot Type 0p Amp . 159 | 3 537 Precision 731 {70-5) .
*Untested, guaranteed satisfaction B LM-309M 5V 200 mil V. re w L [0 550 Precision 723 voltage "Gi! (DIP)
-EYEC CJLM.309K SV 1-amp V. rog & 8 558 & Timos 1(3.:." than 741
HOBB OLM-311 Comparator 558 val 74 mini DIP) . .
Y EXPER"“ENTAL KORN ER 0O LM-320 Minus S5V 1-amp V.R 0 560 Phase lock loops (DIP) .
X " [J $61 Phase lock ioops (DIP) .
[ 20-SN7400 DIP. .anufacturers’ fallouts, u test ‘em. sl aal Minesiazy it amaly. @ (] 562 Phase lock loabs (olp)
0 20-5N7404 DIP, manufacturers’ fallouts, u test ‘em. $1.| JLM.350 Dual perlphoral driver (0 565 Phase lock loops (a). .
[0 7-SN74121 DIP, multivibrator, fallout, u test ‘em. .. . -.%1.1 O LM-370 AGC squelch o = e [J 566 Function genornor (A)
0 5-LM.300 Super 723, manufacturers’ fallouts, u test 'em S SL[ LM-371  R-F, I-F. op smo 0 567 Tone generator (A ;
O 5-1BM IC's with pe board, many parts, from computors. .- %1 O Lm-373 AM-’FM 'S;B pAb O $9% Four quadrant multlnllor
[J 1-AM RADIO-ON-A-CHIP, by Sprague, DIP. u test ‘em. .81 GLM-374 AM-FM, SsB. |'\}A' ) 0 702C Mi-grain, DC amp (T0-5) .. .49
[ 1-DUAL 2-WATT ‘‘Stereo-Amp-On-A-Chip",fallout Sprague, utest $1.[ (L m.380 2 watt eudis, _mpzﬂ" Ve [0 703C RF-IF, amp, 14 ckts (ro s) ll-gg
HI-FI 1” SQUARE OLM-3028 Differontial RE/F amp  1.50 | 33;c“3,'.,°,':'§§’.,.::. O P a9
MIN! METERS O LM-3070 Chrome regenerator 1.50 | J 709CV Op amp (minl DIP) . . A .49
< Plastlc case  91.49 OLM-3071 TV chroma IF amp ... 1.0 | (] 710C Differential amp (A) LlLl. a9
* Red needle Indicators *TO-3 case, — others TO-5 0 711C Dual diff. comp (A) . .49
O Balancing, stereo, tape, amps. ==\ | [J 723C Voltage regulator (AY} .. .. ... ... 1,3; :
[ VU. side mtg, plus 3 minus 20 db. @ 733/ Dift: MidGolamp oit e c e S
0] VU, front mtg, plus 3 minus 20 db. 3 for $3.75 | EyeLs D:f,‘}";'f:{c":':‘;“" ol e 1.25
748C Freq. adj. 741C (A) . .49
Gl ““GLASS AMP II'" SPACE AGE FEATURES | [[:]1 748CV Freq. adj. 741C (mini DIP) .. .. . .49
0 753 Galn Block g . A 1.75
Mleets crit;calllJAlf spees. A | ] 709-709 Dual 709C (DIP) .. .. .. ... x.og
glass "‘ba of silicon 5 3 . 1.9
Type PIV Sale strength’” that meets JAN B ;3?.;3? g::: ;‘:;::o (DA“)“M.D. o @ g .. 1.00
O 1Na2as 0 $.148 specs, high reliability, with. | (] PA265 5-Watt voltage regulator . 1.98
0 1N4a 246 400 22 stands avalance power ) ULN2300M Op amp with SCR 1.50
0 1N3247 600 39 surges to 1K watts. ONE i
; v 0] CA3065 Video Audio system. . 1.50
(0 1N4248 800 .49 amp ratings with 2 amp A) 10 P i
0 1N3249 1000 .59 capabilities. Axial leads, (A} 10-5 or VIF dual in line pak
PHILCO-FORD EPOXY PIV 3 Amp & Am INTEGRATED Terms: add postage Rated: net 30
DYNAMIC MIKE FULL WAVE 50 3.690)5.08 i CIRCUIT Rh:""i-olrge{sd l‘)V(llkéﬁem Mass "66;7) s
100 (0 .7e( .99 etail: - el Carmine St., Wakefield, Mass.
Mepmcem;xt to: tape Ee- SILICON 200 [0 .95 1.25 S SOCKETS ™~ (off Water Street) C.0.D.”S MAY BE PHONED
corders, systems, audio 400 ) i . ¢ . L 0 D
props- 200 °’;‘(’““- 6-1t. cord | BRIDGE 800 8 :;: 8 :;g El] ::-:':: 3'5. Wr;é's':g O 15¢ CATALOG on Fiber Optics. *ICs’, Semi's. Parts
and mini mike plug. 200- 1. 4 iy c1
5000 Hz, We. 6 0z Fits 1n| RECTIFIERS ,500 8:.?38;.33 8::.5.:' Side Mount1.00 Buy any 3 pol_Y pAKS

paim of hand.” 2%” x Code: 2 amp TO- case | 0 16-PIn, Wire Wrap .59 [ake 10%

1%" x Vg”. Impact plastic 6 Amp 1 x Vo x 31/16 sq [ T0-5, 8 or 10-Pins .+ .29 Discountt P.0.BOX.942R, LYNNFIELD,MASS. 019840
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Year End Specials
7402 $.22 ea 1101 $2.00 ea 5312 (24 Pin) Clock Chip
7437 .45 ea 8223 5.95 ea with spec sheets.. i 97,95 €2
7442 1.05 ea MAN 1 3.50 ea 5002 (40 Pin) Calculator Chlp
7453 .29 ea DL 707 3.00 ea with spec sheets.. - ....87.95 ea
7473 .48 ea MV10B .20 ea
7490 1.10 ea MV5020 .30 ea MOS Grab Bag
7493 .95 ea ME4 (TO18) .50 ea 8 Untested MOS Mix (dip) ...
74123 1.05 ea LM309K 175 ea 50 Untested MOS Mix (dip).
SPECIAL PRICES IN EFFECT THRU DECEMBER
TTL LED
7400  $.25 7446 $1.45 74121 $ .65 MV10B Visible red SUPER SPECIAL $ 25 ea
7401 .25 7447 1.45 74122 .55 MV50 type red emitting .25 ea 5/31.00
7402 .25 7448 1.50 74123 1.15 [ MV5020 type Large red .35 ea 3/$1.00
7403 .25 7450 .29 74145 1.25 ME4 Infra red TO18 .69 ea
7404 .29 7451 32 74150 1.25 MAN 1 The original 3.95 ea
7405 27 7453 .32 74151 1.05 | MAN 3 type 1 95 ea 3 or more 1.49 ea
7406 .55 7454 .45 74153 1.45 | MAN 4 type 5 ea 3 or more 2.50 ea
7407 53 7455 .32 74154 1.75 Data-Lite 707 (MAN 1 repl) 3.25 ea
7408 .29 7460 .30 74155 1.35 ———
7409 .29 7464 .45 74156 1.50 Opto Isolators
o b 7480 Rt 85 Taet 13| MCA 230 Dariington $ 95ea
1 ) ’ MCD 2 Diodes 1.95 ea
7413 .95 7472 45 74161  1.65 MCT 2 T I
7415 .50 7473 .55 74162 1.80 fans Stoy 1.45 ea
7416 .50 7474 .55 74163 1.80 T N me—— —
74;7 .50 7475 .95 74164 2.35 Calculator Chips
7420 25 7476 .55 74165 2.95 5001 LS| (40 pin) Add btract b
7421 .32 7480 .69 74166 1.95 tiply & di(videp12)dign SRl
7422 32 7483 1.25 74173 175 Data supplied with chip
7423 37 7485  1.20 74176 .95 Data only-Refundable w/purchase ..
7425 -39 7486 .55 74177 .95 | 5002 LS| Similar to 5001 except de-
7427 .39 7489  3.25 74180 1.15 signed for battery power
7430 25 7490 1.25 74181  4.50 Data supplied with chip ...
7432 .30 7491 1.40 74182 1.10 Data only-Refundable w/p
7437 .50 7402 1.05 74190 1.65 5005 LS| (28 pin) Full four func
7438 .55 7493 1.05 74192 1.65 memory .12 digit display and calc. 7
7440 25 7494 110 74193 1.65 segment muitiplexed output
7441 1.25 7495 1.05 74194 1.90 Data supplied with chip
7442 115 7496  1.05 74195 1.15 Data only-Refundable w/purchase
7443 1.25 74100 1.40 74196 1.40 — S N,
7444 1.30 74105 .50 74197 115
Digital Clock . . . on a Chi
7445  1.25 74107 P
o ey 55 TA1Somm2-50 MMS311"(28 pin) Any readout 6 dight
B with spec sheet $11.85 ea
74L00 .40 74L30 .40 74L78 .80 MM5312 (24 pin) Any readout 4 digit
7402 .40 74L42 175 74085 1.25 ps BCD with spec sheet $8.95 ea
74L03 A0 74L51 .40 74L86 .95 MM5314 (24 pin) LED-Incandescent
74L04 .40 74L71 .60 74L80 1.75 readout 6 dig. with spaec sheet $10.95 ea
74L10 40 74L72 .60 74L93 1.75 | MM5316 (40 pln) Normal alarm, snooze
74L16 40 74L73 .80 74L95 175 alarm, sleep timer 12 or 24 hr opera-
74L20 40 74L74 .80 74L164 2.95 tion with spec sheet $15.95 ea
8000 Series - A
8091 .69 8123 1.75 8552 1.75 CMOSs
8092 .69 8214 1.95 8810 .95 | 74C00 $ .90 74C73 $1.70 74C161 $3.25
8093 .69 8280 .95 8812 1.25 | 74C02 .80 74C74 1.50 74C162 3.25
8094 .69 8520 1.45 8831 1.95 74C04 110 74C76 1.70 74C163 3.25
8095 69 8551 198 8836 1.25 74C10 .90 74C107 150 74C192 3.25
74C20 .80 74C157 225 74C185 3.00
- —ap — 74C42 215 74C160 3.30 80C97 1.50
Linears 4000 Serles
IM300 TS § .85 M3 05 5 L5 e ggg?: $ ~gg 838:233 $ -gg CD4035 $ 65
LM301 T05 45 ea LM370 Dip 1B e . i
Lm302 105 Bea M3 oip 43 Test them yourselves and save
LM304 T05 125 ea LM373 Dip 3.60 ea MOS Untested
LM305 05  LBe  LM36 P S5ea MM402 TO5  $ .35 MM5019 TO5 § .26
LM307 T05 45 ea LM380 oip 1.75 ea MM50; T85 .35 MM5051 Dip .35
IM308 105 125e  LM30 DIP  S0es VLSS i) [MMa053 5%5 2
LM309% 103 195 ea LM709 705 or DIP 3 ea MM505 TOS .55  MM5055 Dip .35
LM309H 109 125 ea LM723 oip 75 ea MM1402 grp 75 MM5056 D!P .35
W30 Tos  14Se  (MMITOS o DIP 45e || MMIA0S D0 o Mo oe T
LM320 T03 1.95 ea LM747 oip 95 ea MM5006 TO5 .25 MM5230 Dip 1.00
(Specify 5.2, 12 or 15V) NE 550 Dip 75 ea MM5013 Dip 65 MMS5554 Dip 1.00
e MM5016 Dip, TO5 .25 MM5555 Dip 1.00
Phase Locked Loops . MM5017 Dip. TO5 .75 MM5556 Dip 1.@
NES565 Phase locked loop dip 2.95 ea
NE566 Function Gen TO5-mini dip 295 ea | | MO8 Shl Rogite e 2 et s 2519 2521
NE567 PLL/Tone Gen TOS5-mini dip 2.95 ea 2599 2524 2525
Memories (data included) ; Un(es(?g secon_ds ................................... 4/$1.00
1101 256 bit RAM MOS (2501) 2.50 ea
1103 1024 bit RAM MOS 7.95 ea fg':sg:geﬁ"{'."r{!'s‘(dlps) $1.00/bag
7489 64 bit RAM TTL 3.25 ea q it -
8223 Programmable ROM 6.95 ea 25 Assorted DTL's (dips).. ...$1.00/bag

ON ORDERS OVER $25.00
DEDUCT 10%

Satisfaction guaranteed. All items ex-
cept as noted are fully tested. Min-
imum order $5.00 prepaid in U.S. and

Canada. Calif.

INTERNATIONAL ELECTRONICS UNLIMITED

residents add sales

tax. Orders filled within three days

from receipt.

Please add $.50 per

spec sheet for items priced at less
than $1.00 ea.

P O Box 1708R
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CAREER advisement. Specialist technical sub-
jects. International technologist-educator.
$3.00 initial response to reasonable question
concerning job or training. STANTECH, Box
876, Lafayette, Ind. 47902

FOR SALE

LOW noise resistors—% W, 5%, carbon film
for 3.5¢ each. Fifty of one value for $1.25. All
5% values from 10 to 3.3Meg ohms in stock.
Specifications upon request. 75¢ postage and
handling charge per order. Deduct 10% on or-
ders over $50. COMPONENTS CENTER, P.O.
Box 134, N.Y., N.Y. 10038
DIGITAL electronics! Complete schematics,
parts lists, theories—Discrete Component Dig-
ital Clock, $3.00. Increase technical com-
petence, hobby skills—-Complete course in Dig-
ital Electronics is highly effective, $10.00. Free
literature. DYNASIGN, Box 60R2, Wayland.
Mass 01778

SUPREME Radio-Television 18-volume library,
cost $42.25, only $19.50 postpaid. BEITMAN,
1760 Balsam vahland Park, lII. 60035
MANUALS for Gowvt. surplus radios, test sets,
scopes, test sets. List 50¢ (coin). BOOKS,
7218 Roanne Dnve Washington, D.C. 20021
PROFITABLE CRT Rebuilding business for
sale, real estate, inventory, equipment &
trucks. Good income with great potential. Ex-
cellent for experienced partners. Write R.D.W.,
10330 indian Lake Blv., Indianapolis, Ind.
46236

PRINTED circuit cards, loaded with parts,
“IC’s"", ftransistors, diodes, easily removed.
$1.75 brings sample plus catalogue. STANCO
ELECTRONICS, 5633 West 78th Street, Los
Angeles, Calif. 90045

CONVERT any television to sensitive big-
screen oscilloscope. Only minor changes re-
quired. No electronic experience necessary. li-
lustrated plans $2.00. RELCO—A25, Box
10563 Houston, Tex. 77018

DIGITAL square wave generator kit. Complete
with IC. Ideal for driving logic circuits. Gener-
ates either positive or negative waves. Fre-
quency range: 1 Hz-100 kHz In 6 steps. Send
$8.00 pp. to: JAKUBEC, 11450 Avenue J. Chi-
cago il 60617

WHOLESALE prices on electronic parts. Large
discounts. Free catalog. DONLYN ELECTRON-
ICS P.0. Box 15421 Phoenlx Ariz. 85060
NEW FM deviation meters $75.00. Free infor-
mation. Write ECM, 412C N. Weinbach, Evans-
vllle lndlana 47711

GIANT 126 page Canadian surplus catalog.
$1.00. ETCO ELECTRONICS, Dept. RE, Box
741 Montreal Canada

FREE catalog lists reslistors, tubes, transistors,
rectifiers, condensers, tools, tuners, etc. etc.
HYTRON HUDSON, Dept. RE 2818 Kennedy
Bivd., Union City. N.J. 07087

SEMICONDUCTOR and parts catalog. J. & J.
ELECTRONICS, Box 1437, Winnipeg, Mani-
toba, Canada
FLASHTUBES, capacitors for automotive tim-
ing light replacement. Catalog. KOHLER
ELECTRONIC Box 57, Elk, Calif. 95432
JAPANESE new products monthly! $1.00. Re-
fundable DEERE, Riverside, North Hollywood,
CA

PARTS trays—3 for $1 12 sections each tray.
SANTANA, PO. 3477, Los Angeles, Calif.
90028
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to Electronics Sale

LIGHT EMITTING DIODE GaAs INDICATORS

$1.00 FROM
ANY $15.
PURCHASE

OPTO-COUPLERS

4000V Isolation Photo Transistor

1500V lsolatlon Photo Dlode. . .
MCT1#* 4000V lsolatlon Photo Transistor.
MCT2* 1500V lIsclatlon Photo Transistor .
MCT2-D* 1500V isolation Twin Photo Transistor
MCTS-10* 10,000V lsolation Photo Transistor .
MCTS-25% 25,000V Isolation Photo Transistor. .

LITRONIX-OPCOA-MAN “7-SEGMENT”

[] MCD1+*
MCD2e

$3.95
9

R

3.9
1.2
4.9
1.2
1.4
3.9
4.9

DOoooo

5
9
9
5
5

CALCULATOR

KEYBOARD KIT

" 995

$27

matics, instructions to build calculator. —

[J CT5002-9 Volt version of above — $9.95
O CT5005-Same as above with MEMORY — $14.95

NATIONAL EQUALS ON
“DIGITAL CLOCK on a CHIP”

Any "Chlp” D$12.88

[0 2-MV1e,  Amber, visible Jumbo epoxy lens unnght .. $1.00 Etched cal
C 1-MV2+, TO-18, Dome, green, visible " 71.00 H D e Cocuatonitard
[ 1.MV-2%, green small dome, green diff. lite 1.00 FLATI - switches . $2.50 Board
[0 1-mv-2#*, clear small plastic dome, green diff. lite . 1.00 A/
O 1-Mv-30. micro-mini 'pin head’ dome, TO18, green tite 1.00 %Prol . 0 CED’ a
0 J perly etched, drilled '*MULTIPLEXED' printed cir-

82:::: \l'\fdlblﬁ,' hc‘if,’v‘.,fr'" ‘P;&k é'j‘:u's"‘“’ clemm s ;gg FIG HTERES J ;{7 cuit board with 17 switches (as pic shows). Originally

RS £h P . . designed to work with our Cal Tech single caleulator
0 1-MV4H®, atud, high power, hidome, red, 2-watts M chip CT-5001, selling for $9.95. Kit includes PC board
[] 4-MV10B, visible, red. clear, dome iens. TO-18 1.00 Y. PAKS g T i) s e e A IOk, Fan R e
[J 4-MV10C visible, red, diffused, dome lens, TO-18 1,00 switches (0-to-9) white with black numerals, decimal
o l-MVlOI‘J nhffused lens, green visible lite. TO-18. 1.00 white and black. CE and CL and the 4 functions blue
0 4-MV50%, axial leads, micro-mini dome, clear, rea T0-18 1.00 with white characters. With schematie, plus flat 12-
82'miﬁiz.‘“’3-.';;;?;“‘3;3‘"2;“;5"4&:; ::ﬁslgrrg s }~gg terminal cable, plus spec sheet. wired $12.50

: Q 5 5 - d N

(0 4-MVS5020*, jumbo ciear dome, TO-18, visible, red .. 1.00 -
0] 4-MV5021%, jumbo red diffused lens, visible, lite RED  1.00 CALCULATOR Each switch made by Oak
€] 4-MV5022*, jumbo red lens, visible RED lite, spade, upril.00 =~ KEYBOARD #4186, SPST normally open,
C14-MV5026%, iumho red diffused lens, RED lite. spade. . 1.00 &3, ) #7524V 1 amp contacts. Kit in.
0 1-MV5040%, 4-LED red array, with 8-lead pak .. 349 SWITCH KITS i Cfxﬂes 0,-}‘0-!3 <‘30 swﬂ-ﬂlles
[] 3-MV5054*, visible. red, jumbo dome lens. upright . 1.00 ﬁ . Dr. ; ite ‘]"“ h'ac ﬂ“l':’e';;‘ 5‘)‘
0 4-MV5080*, TO-18. micro-mini. clear dome, red 1.uu Kitof17 de‘é'm“ 'a wC‘Em 8[“‘ d“°4
() 4-MV5082, visible, red. clear tiat lens, TO-15 . . 1.00 f‘fn'cu::s Rl w"h“’;h“e
() 1-MV5222*, green hi plastic dome, diffused green hte 1.0u fOl‘ $7.50 eRarasUens
[) 1-MV5222%, clear hi dome, diff. green lite 1.00 g °
[J 1-MV5222%, jumbo dome. :éreen nnnellsnan in i ) :v;’?
(J1-MV5322%, jumbo dome, GaAsp, panel smap-in el]n\" o =
] $-MV5491*, jumbo, Tri-State, RED, GREEN, OFP, special.98 12 SCALCULATOR CHIP”
[} 1-MV9000+, cartridge panel jamp, sealed. red, clem len1.49 DIGIT
] 2-MT-2#*, Photo Transistor, light sensor, - 00 O €T5001 Chip [
() 2-ME-1*, infra-red, parabolic lens, pin type 00 ilar to Mostek 01. Outperf Texas B- -
0 3-ME. 3‘: infra-red, invisible lite. “‘pinhead"” single lead l 00 SU B I RAc I g,‘:::_ i”I“’l\lgl&(‘)’;.eA 453-pin D\;Pr?e;dndr;nsmuft\i;ies.
03 ME-3%, infra-red “invisible”. T0-18. diff. dome subtracts. and divides. Use with 7-segment 3 fOF $27. o
f13 ME-60%, infra-red. “invisiblé". axial, micro-mini 1:99 T e e T LED e we ncluds Caores >

‘TRANSISTOR'
M N3 A POTS 4 *Money Back Guarantee! 'I{
ea ou s < Type F. Any Mirs Description Sale
MAN- l i:::“;ﬂ“"?' for $1 0 s311  28-pin, :c‘a‘rasmlc. any readout, $12. sa
st .
All fit 14-pin IC sockets. All 7-segments. MAN Series Ohms O 7.5k 05312 pin, ceramic, any readout, $12.88
““all LED" and made by well-known West Coast mfgr. O 75 010.0Kk 4-digits: C-D *With
Others Reflective Bar type made by OPCOA and LI- W ] 100 []20’.0!( 05313 28-pl_n. ceramic, any readout, $12.88
TRONIX. The Reflective Bar types are low-cost versions 200 [as.K 6-digits: A-C Spec
of the MAN's except .33 character height! If one LED A 0250 [ 80.K (05314  24-pln, plastic, LED and $12.88 Sheet!
blows vou lose a segment. MAN's you DO NOT! All 0500 75K incandescent readouts, 6-digits: A-8 eet.
readouts 0-to-9 numerals, plus letters and decimal. 0750 [ 100K Code: A—Hold Cméu:x.b 1 P;CSDOuzpm.
* “Opcoa and Litronix products pin-for-pin replace- 0 1.0K [ 250K B—Qutout Strobe; D—
m e s e aehe MALAR T and SR L AN GIVATTL MAN. 0 2.5K (] 2 Meg ] 1-MMs316, DIGITAL ALARM CLOCK
compatiple; a 0 5.0K 0 5 Mog FACTORY FALLOUT — 51.49 EACH
ALL LED No. Color MOS 40-pin dip IC. Four dispiay modes time, seconds,
READOUTS — TYPE  Size |Oisplay |Decimal| Mils Driver Each Speclal alurm und sleep, for a variety of digital clocks. Inter- NATIONAL
faces directly with 7-segment fiourescent and liquid
0 MAN-1 equal .27 Red Yes 20 [ SN7447 [3$4.50 | 3 for $12. @ crystul displays. Requires single power supply. 12 or NMM5316 EQUAL
[0 MAN-1A equal* .27 Red Yes 20 SN7447 4.95 | 3 for $13, 24 alarm setting, featuring Y-minute SNOOZE ALARM
and pre-settable 59-minute sleep timer. Low power dis- “ALARM CLOCK
[J MAN-3 equal :115| Red Yes 10 SN7448 2.50 | 3 for $6. sipation only 32mw V. Operates from 8 to 29 ON A CHIP"
] MAN-3A equal® 115 Red Yes 10 | SN7448 | 2.50 | 3 for $6. oL INO ","G;’f‘;ﬁﬂgm“ﬁmR,ﬁg’mot“‘zr:z:“z!‘ digits.
0] MAN-3M equal*® 127 | Red Yes 10 | SN7448 | 2.50 | 3 for $6. Han many. many features. The only ALARM CHIP on the (1 Only
T MAN-3 equal .115{ Red wes 10_|"SN7aa8 | 1.95 | 3 for 55 [ market ioday au dhie low Foly Pak price. With 5 pages $14.95
[0 MAN-3M _equal® .127| Red |Yesr~*s 10 | SN7448 [ 1.95[ 3 for $5. - .
O MAN-4 equal® 190 Red Yes 15 | SN7448 | 3.25 | 3 for $9. Rem:);redl lrlorr:, new equlip- 0
men ncludes pular
O _MAN-3 eaual® 190 Red |Yes**s | 15 | SN7448 | 2.75 | 3 for $8. IN174 'doorknob wansis. Dh-49
“REFLECTIVE LITE BAR" (Segment LEw Readouts) e TO D JEermaniuny HIGH POWER
1 707*#* (MAN-1) .33 Red Yes 20 SN7447 3.25 | 3 for $6. B8OV, 15 amps. 40 hie. For TRANSISTOR
0 703** (MAN-4) .33 | Red Yes 20 | SN7448 | 3.25] 3 for $6. N R s e WITHEH EATESENN
[] SLA.1%* (MAN-1) .33 | Red Yes |20 15 | SN7447 | 3.25 | 3 for $6. 4 heat sink 5 x 22 x LYa" o3
[0 SLA-2 plus-minus-one Red No 15 SN7447 3.25 | 3 for $6. @
0 _SLA-3H Giant 70 | Red Yes 20 | SN7447 | 8.50 | 3 for $24. ) Potter & Brumfield T $2.98
0O SLA-11C** (MAN-5.33 | Green | Yes a0 | sN74a7 | 7.95] 3 for 821, o KAP RELAYS
S12% tor Excellent tor "HAM'' use as antenna switching, latching,
CIRStA-12 et 233 Green O 40 SNT44 7 I 2SO/ 13nforis2; $5.95 sis_ooo transmit, receive, etc., and 100's of commercial or in-
o8

* Red epoxy case, others clear. Litronix and Opcoa’s pin-for-pin
equals and electrical specs as MAN-1 or MAN-4, *** LED ""dot’’ missing.

HOBBY EXPERIMENTAL ‘LED’ KORNER _

1.0PCOA SLA-11C, like MAN-5, green, seg snissing.

COUNTING
SYSTEM

ade counter,

includes SN7490, dec-
SN7476

dustrial uses. includes piastic dust-cover with diagram
and hookup info, 11-pin plug-in base. Contacts movable
gold flashed silver, stationary overlay, with silver cad-
mium oxide movables. All contacts 10 amp 3PDT. Coil
data.115VAC 2250 ohms, 17.6 ma. 12 VDC 21 mils
185 ohma. Size: 24" x 1 5/16”. Wt. 4 ozs. Center pin
missing. Comar MIg. type equal too.

2-SPERRY SP332, "twin digit, factory rejects, .337 charac. no test. ., .... l“‘(;"“ SN744 8 BCD de-
(] 1-OPCOA SLA-11%, like -5, green, l-or-more segs gone, .33" charm: Coceagmcnyerd 10Sto20) 4
(] 1-OPCOA SLA-13*, 0.7 charac. readout, 1-or-more segs missing ixie With socket. 3 FANS
Tl 5-MONSANTO opto isolators, no test, 1500V . . 06000
10-LED HOBBY SURPRIZE, asst. types, factory re]ects no test’ o 1
B 2-OPCOA SLA-1°% MAN-1, red, 3”7 charac. l-or-more segs gone FL;NWG:IESS ON A RACK
[0 2-MONSANTO MAN-d, ,19" ch. ac. l -gr-more segs missing, red 0 onl
] 5-MONSANTO MAN-3, (the claws) .12” charac, red, some segs gone TOP HAT ZENERS y
*Reflective bar segments. while Monsunto all LED segments. 12 oo 2 for
- $20
Each digit is 7-segment PR “ i
SPERRY ‘‘ORANGE" . Tri “prop’’ fans on a silver-gray relay rack panel
LED (MAN-3 type) an for $1 s B,
TWIN DIGIT ARRAY internally *multiplexed’ 5 s (19”). Excellent for your ‘‘rig’’, darkroom or any type -
A 4 d b SN7448. of electronic work. Even ideal for hobby projects. 200
Type SP332, each digit is | and driven by one v 013, CFM per 4” fan. Each fan has 5” close mesh guard
individually controlled, op- | Similar to DL-33 by Litronix 0 9.1 01s. on each side of fan Easily reversible. 3000 rpm
erates off 180VDC. 100 - I‘“‘:" SOOI ClC U Y 0110. 3 30. motor, has hp of 1/60. Operates on 115/1/60 cycles.
ua. 200 mw. Color: ORANGE. | tors, clocks, test equipment, 012. a3 Wt. 7'lbs. By Howard I[ndustries.
L 7-digits, glass protection flc. Enc.'nlpsulated in lr:d 3 N -
v ligits. Ch cte ransparen epoxy mn - .
$5.95 ol N p G nracter | i dip pak. With decimals, MUX'D DIGITAL CLOCK PC BOARD Each board properly multi-
o Cza: 30 x High brightness, character N plexed for & digits, to hold
Jlinsie l;r:i Eiléiev:. {;riv-er/qSN?Idpll’r;s size .12 x .077. Requires Youricholce 0 MAN-1 Cll.!tron!cs 707 (MAN-1%#) MAN-1's. MAN-3's, MAN-
5 5V 10 mils. 3 tor $21 52_50 [0 MAN-3 [] Litronics 704 (MAN-4%#%) 1's  Litronics 707 (MAN-
—~ - 0 MAN-4 [] Opcoa SLA-1 (MAN-1%) 1) and 704 (MAN-4), and
& QY our choice of S 7] 6-MAN.3A's for asbove board. $9.30. Opcoa's SLA-1 (MAN-1).
LED MITY DIGIT “DCM’S™ i ndis, N o e o e o a7 ong wih s
Sclentific Devices “'Digital Counting Modules™ outper- . - sheets.

a

form any other DCM on the market loduy More (eu-
tures than ever before! Not

not

Only not nixie but the modern LED. Choose from such Inmous 4 ]

manuiacturers as Monsanto's MAN-1, MAN-4. Licronics | STUD ‘TRIACS
Take 10 % $9.99 707 and 704, Opcoa’s SLA-1 (the last 4 having charac- PRV 1S amp 2S5 amp
ter heights of 0.33 at no extra charge). Each kit in- 50 [1s.63 []s.8s
READOUT  Char. Maker “cludes 3x2” p.c board with fingers for a FREE edge 100 .85 []1.08
] MAN-1 27 h. M t. or, sid nnx d:p socket, LED reuadout of 200 1.28 [j1.48
] MAN-3 . Monsanto your choice, resistors, 3 IC's. and Molex connectors 300 []1.45 []1.65
0 707% . Litronies (this ELIMINATES SOLDERING YOUR IC’s). and SO S (e
0 70as+ " Litronles booklet. INCLUDES P.C. EDGE CONNECTOR — FREE] SE3 Al 8,'%3

{1 SLA-1% . Opcoa * Pin-for-pin MAN-1,** Pin-for-pin MAN-4, elec, char. same
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Terms: add postage Rated: net 30

Phone Orders: Wakefield, Mass. (61 ll 245-3829
Retail: 16-18 Del Carmine St,, eld, Mass,
(off Water Street) C.0.D."S \IAY BL PHONED

1 15¢ CATALOG on Fiber Optics, ‘iCs’, Semi's, Parts

. POLY PAKS
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U.S. GOV'T ELECTRONIC SURPLUS

IBM COMPUTER POWER SUPPLY

o CITEMA22.938-XYZ) pooie o
lated unit. Fine for college laba, research
co’s., Bervice shaps, etc. Pure DC over & wide
range of voltages. DC output voliages 6, 12,
48. etc. Wide range of AC volages avallabie.

® Finest transformers, flltern, transistor load

regulstion ystem. Indepcadent of line voliage

fluctuations. Contains five separate rectifier

systems. Unlt is fumished withoui small ““reg-

ull(ln‘ card” which can be easily made or can

be by -passed, Daia and clmm dlumns Tur-
L0y

nished. 30" x 12°" 1 10"
$26.95
ONCE-IN-A-LIFETIME SPECIAL

Cost Gor't
Qver $500.00

BURGLAR-FIRE ALARM SYSTEM

o (ITEM#1135-A) - - Dual alarm

¥ Bystem gives wuming of fire or break.mn.
| Operates on 113-VAC. Control unit, 2

) Kidde flash fire, Z-mercury column. 3-door
window actuators. alaem bell, 100 &1

WEBB g3 g5 “ire.innwuctions 8% X Ty 3 37 (7 ba)

STANDARD DIAL TELEPHONE

® (ITEM ¥71B ) - - Standsrd,
telephone samc a8 ysed throughoul U.S.A. Attrac~
tve polished black, like new condition. Use as  Original

comme ecial

extension phone o private sysums o connect Cost
several phones together for local intercom s;
tem. Fuil instructions are fuml. sm-d w9 oy $24.30 $8.79

STEP-BY-STEP TELEPHONE SWITCH
® (ITEM#138)- -  Amasing  “‘up-and-wround"

mwitch. Greal experimental item. When used with two-
wire telephone dial will select any number fram 0 to 100.

—
|
{nke intercom or private system. Use (o tum on remate \
I(hln .mn At ale. Complete with contact bank. =
‘x5 (16 1bs. } Cost Dver $90.00 8.95 ,,"
$ »

S, letephone gl tor use with abore
anm-n {when purchased at same tim

4 -
N wwritch 1. Onder as ( FTIN 27008 ). Only | $1.97 M

MAGNETIC DIGITAL COUNTER(121018-VDC)

® LITEM H21-958 ) - - (e 1o count electricatly,
Use ta count aumber of times door is opened after
business is closed. 0 show chanking prices. labora-
tory uses, ete. Wil count | for each wlst and will
transfer 10th count to nerl unil. 412 € 1% x 14"

kS0 Each $1.99  Three 54 99

200 AMP., 50 VOLT, SILICON DIODE

e (ITEM #22-383) - - A Four Siar Buy* New, leadink
make. Heavy duty units excellent for use in 12 o 24-volt
fast chargers, high currenl power supply systems, etC.
25" % 1% x 1%°*. %" —16 SAE mounting threuds.{ 11b. )

List Over $13.00

$4.98

AC PROGRAM TIMING CLOCK

o (ITEM HiS8 ) - - Zenith 113-VAC umt. Use
for periodic mignaling, work breaks, classes, tum
on radio, cic. Adj. clips peamit owon wurhmsz
any (e n Zd-hour period. Also has “skip-a-day”

leature, Cun be puliple pmlf:mmea 13 anp. con-

wcts. 8157 x 6%
$15.75

Cost Gov'
Over $30.00

NAME brand digital test equipment, discount
prices. Free catalog and price list. SALEN
ELECTRONICS, Box 82, Skokle 1. 60076

TTL IC Semiconductor, Parts discount price
list. 10¢. TOTELEK, Box 222, Goodyear, Ariz.
85338

FREE bargain catalog. Transistors, computer

boards, LED's, thermocouples, parts.
CHANEY'S, Box 15431, Lakewood, Colo.
80215

FREE book about dlgnal Ioglc and computers
and how you can design and build your own.
EEW, Box 8204-BB, Pittsburgh, Pa. 15217

SEMICONDUCTORS, components, unusual
items, discount prices. Catalog 20¢.
SEABOARD INTERNATIONAL ELECTRONICS,
Box 906, Clute, Tex. 77531

SALE calculator chips CT5005 $9.95. IC.'s,
LED.'s clock kits, chips. ASTRO LABS, Box
524, Mesa Arizona 85201

TUBES

Piressgsn e b e R RS it
RADIO & TV tubes 36¢ each. One year guar-
anteed. Plus many unusual electronic bar-
gains. Free catalog. CORNELL, 4217-E Univer-
sity, San Diego, Calif. 92105

SAVE money on parts and transmitting-receiv-
ing tubes, foreign-domestic. Send 25¢ for Gi-
ant Catalog. Refunded first order. UNITED RA-
DIO COMPANY, 56-R Ferry Street, Newark,
N.J. 07105

RECEIVING & industrial tubes, transistors. All
brands-biggest discounts. Technicians, hobby-
ists, experimenters—request free giant catalog
and save! ZALYTRON, 469 Jericho Turnpike,
Mineola, N.Y. 11501

BUSINESS OPPORTUNITIES

BUILD your own speaker systems. Lowest
wholesale prices on famous brands. Write for
176 page catalog. MCGEE RADIO COMPANY,
1901 McGee Street, Kansas City, Missouri,

313,344 CORE MEMORY $125.00

From SPECTRA computer, visually OK. 64x
68x4x18 core stack. Figures out to 35K Byte.

LED 7 SEGMENT READOUT
SALE — 1 FREE W/EACH BOT

Similar to MAN-1. Factory
seconds but functionally OK.
Fit 14 pin DIP socket.
7 segment w/left decimal
LED-A-L 3.00
7 segment w/right decimal
-R 5

7 segment no decimal
#LED-A 2.75

Socket for above, gold
plated leads 3/1.00

IC SALE YOUR COICE 3 for $1.00

ul 800 BUFFER TO-5

1l 914 DUAL 2 INPUT GATE TO-5

ul 923 JK FLIP FLOP TO-5

ul 926 Hi speed JK FLIP FLOP TO-5

ul 931 JK/RS FLIPP FLOP (DIP)

10 pin socket for TO-5 IC
GIANT NIXIE B7971

Used $1.00 Brand New $2.00
With schematic for GIANT clock.

COMPUTER TAPE DECK  $75.00

Takes ¥ inch tape, made by Computer Entry
Systems. Visually ok, with electronics, no
data available.

LASER DIODES, new listing just arrived,
send SAE.

AM-FM RADIO $5.50

Fully built, with AC supply, no cabinet,
no speaker. Send for free catalog.
Postage extra on above items.

MESHNA PO Bx 62,
E. Lynn, Mass. 01904

3/1.00

Circle 85 on reader service card

@ (ITEM 421988 ) - - Measures AC current withoul
opentng the hine. Simply press handle and snap ihe prube
around Ui conduclor. Reads currents from .23

amps. Reads voltages to 300, reads obms wp to 300, Jemt
molors, appliances, eic. Three current dngcaist valt-
aze ranges. With case. test leads. 1% x 3"

$39.95 (2168, )

SPECIAL SALE

Correspondence
Course In 3 <y
ELECTRICAL $8.79 Prepwd mUsA T
ENGINEERING $10.79 ootsige U.s.A. ~/
¢ (ITEM #3181 } - - opuain technical trining at low cost! Lincotn

Engineering School has suspended its Correspondence Courses because
of rising costs. A limited number of Electrical Enginecring Courses are
avuiiable. but without the examination grading Seriice. The tourse con-
sists of 15 lesson books, each with associated exams and standard an-
guers. Mook descriving prize wining Home Eperimental laboratory
Beach fumished at no extm co:

 (VT-TXF]
36

ORDER FREE -
IF_ NOT SHIPPED

CORNELL'S
New Color

Catalog
P 4Pgs. New items

> 33

IN LOTS OF 100 IN 26 HOURS!

RUNNING TIME METER

e (ITEM #2188 ) - - Record number of op-
erating hours of electrle lights and electrical
devices such as relrigerslors, fumaces, etc.
necua- total hours, tenths and hundredths @ ~
.999.99 fuoes) For 113.voll, 60wcycles. et
s o T Shipoing weight Z1bs. g4 39
Cost Orer $29.00

COMPUTER TRANSISTORS ON HEAT SINKS
(BM Computer Quallty Units

@ (4#22-828) -- Unit consists of cne 130-
wati  power lransistor on heavy. ribbed,
aluminum  heat sink. Many experimental
uses. {1

Eost Goyv't Over $10.00 s|.98

e (#22-915)- - Unit consists of two 130~
watt power Uansistors, 2 pots.. several
diodes, capmCILOrs, resistors. etc. on heavy,
vibbed aluminum heat sinks. ideal for use as
motor speed control. (4 fhe. )

Cost Gov't Over 33.00  $8.91

SURPLUS CENTER

8
DEPT. EW.123

LINCOLN, NEBR. 6850!

PASS FCC EXAMS) Memorize, study—''1973 Tasts-
Answery”” for FCC First and Second class Radio-
talephons licanses. Newly revised multiple-choice
Questions and diagrams_cover oll sreas testad in
FCC  exams. —plus—*'Self-Study Ability Tast.""
39.95 postpaid.

COMMAND PRODUCTIONS
RADIO ENGINEERING DIVISION o SAN

P.0. BOX 26348 — E
FRANCISCO, CALIF. 94126

REBUILD YOUR OWN
PICTURE TUBES?

With Lakeside Industries precision
equipment, you can rebuild any
picture tubel
For complete daulh send name,
address, zip code to:
LAKESIDE INDUSTRIES
3520 W. Fullerton Ave.
Chicago. I1l. 60647
Plione: 312-342-3399

HIGHLY
PROFITABLE

Investment unnecessary,
required, sales handled

Postcard will do.
Walnut Creek, CA 94597.

ONE-MAN
ELECTRONIC FACTORY

knowledge not
by professionals.

ideal home business. Write today for facts!
Barta-BZ, Box 248,

LITRONIX DL-707 7-SEGMENT
LED DISPLAY $3.25
THE SECOND GENERATION LITE-PIPE REPLACEMENT
FOR MAN-1, DL10, ETC. 14PIN DIP—MAN-1 PINOUT |

MAN-1 7-SEMGENT DISPLAY -the real thing $3.95
MAN-1A LATER, IMPROVED VERSION  $4.50

MONSANTO MAN-3-M $1.95

MONSANTO MAN-4 $2.50

XD-7 7-SEGMENT MINIATURE LED DISPLAY
WITHOUT DECIMAL PT. $1.75
WITH DECIMAL PT. $1.95

MONSANTO MAN-2 7 BY 5 LED ARRAY $8.50
ASCII ALPHANUMERIC CIRCUITRY INCLUDED
LARGE RED LED .35 THREE FOR $1.00

7400 7401 7402 7403 7404 7405 7410

7420 7430 7440 7450 7453 7454 7460 $ .28
7441  $1.20 7476  § .65 74107 § .50
7442  $1.15 7483  $1.10 74121 § .55
7447  $1.40 7486  $ .55 74123 $1.10
7448  $1.25 7490 $ .99 74153 $1.40
7472 § .40 7492 sS .99 74154 $1.75

3

7473  § .55 7493 .99 74192 $1.60
7474  § .55 7495 .99 74193 $1.60
7475 $ .90 7496 $1.25

LOW POWER TTL ONE TENTH THE CURRENT
74L00 74L02 74L03 74L30 74L51 74L55 $.40
74L72 74L73 74L74  $.75 74L90 74193 $1.70

NATIONAL “DM” SERIES

8090 8091 8092 8093 8210 8820 8830 $1.00

8211 8601 8200 8520 8551 $1.50

8570 8590 8880  $1.75 8123 8810 8812 $2.00

8223 FIELD PROGRAMMABLE 256 BIT ROM $7 50
CUSTOM PROGRAMMING 5.00

LM 309K 5V. 1A. REGULATOR $l.90
LM 311 SUPER COMPARATOR $1.50
LM 308 ULTRA HIGH IMPED. OP AMP $1.50
NE 565 PHASE LOCKED LOOP DIP $2.95
NE 566 FUNCTION GENERATOR T0-5 $2.95
NE 567 TONE DECODER DIP $2.95
74CMOS!!

74C00, 74C04, 74C10 $ .60
74C76 $1.28
74C162, 74C163 $2.75
#5314 DIGITAL CLOCK CHIP $9.95
#5316 DIGITAL CLOCK CHIP $13.95
#555 TIMER $1.10

ALL BY FIRST CLASS MAIL—NO XTRA COST

JTM ASSOCIATES
P. 0. BOX 843 MANCHESTER, MO. 63011
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MORE BARGAINS IN SURPLUS ELECTRONICS from B & F ENTERPRISES

fust off the press our Best Catalog vet with 104 lllusirated pages of surpius Electronics, Optics, and Much More...

? ¥ DIGITAL CLOCK CHIP

g These large scale integrated (LS)) chips elimi

nate 14 to 20 MSI TTL chips in the design of

- an electronic clock. Features 12 or 24 hour

operation, 6 digits, internal multiplexing,

s operated on 50 or 60 Hz input, or a schematic

is provided for crystal controt. Logic gates

between the counter allow setting at the rate

of one hour digit per second, or, one minute digit per second.
A "hold” input allows stopping the chain. The muitiplexer
samples the outputs of the hours, minutes and seconds
counters (in the six digit modetl, routing this data to a
programmable read only memory (ROMI, which is pro
grammed to provide BCO and seven segment outputs. All
outputs are compatible with bipolar devices, necessitating
few external components for the display interface. Only one
power supply is required for operation.

1. 5314 chip {24 pin plastic) used lor 7 segment displays
such as LED's, numitrons, minitrons and Sperry dispiays
Price ® 1o L . . $9.95

2. 5311 chip (28 pin ceramic) includes BCD outpPut to above
for interface to nixies, computer inPuts, etc., in addition
to 7 segment outputs.

Price . .

$14.95

1/4-Watt RESISTOR ASSORTMENT!!

Brand-new 5% tolerance resistors, individu
ally-bagged 5 to a bag, each bag marked with
values. 70 different values. 10 ohms to 10
megohms ina 1:15:22:33:47:68:1
sequence. A complete laboratory supply of
resistors at less than 5 cents apiece.

Sh.wt. 2lbs. WRA $15.00
4 bags for $55.00 4WRA $65.00/4
KEYBOARDS:

Teletype format ASCIF coded
keyboard, with parity check
line {see fig. A}. Coding is by
means of a built in diode
matrix, which can be modified
from ASCIl by inserting or
removing diodes. Keys are 26
characters, all numbers, plus
shift, ctel, alt, line feed, car
return, rept, brk, rub out, here
is, and wusual typewriter
symbols. Mfr controis research
and microswitch. Requires +5
volts, uses DTL circuitry, com-
patible with DTL or TTL. 52
A keys, 3 integrated circuits, a-
bout 200 diodes. Brand new,
guaranteed. 15 pin connector
on 10" cabie.

KB-01 : $44.50
Non-decoded alphanumeric keyboard, Figure “'C", single
form, SPST contact on each key.

KB-3 $24 50

Figure D", calculator keyboard in calculator case, pressure
sensitive elastomer contacts, manufactured for Anes

KB-4 $9.50
Touch-torie  keyboard, Figure ‘. manufactured by
Chromerics. No electronics inciuded.

K85 $9.00

Desk calculator keyboard, Figure F
Controls Research.

manufactured by

KB-6 $15.75
RT 270A/GRC TRANSCEIVER
4 This is a prime government surplus item,
(.«}5 24 unti) recently in scarce supply and selling
Z

~Raf for hundreds of dollars. Consists of a

Mi§ double conversion FM superhetrodyne
"g receiver and a FM transmitter linked

PP’ thru a common antenna circuit. Range is
M7 to 58.4 mHz continuous. Size is 7-3/8
x 4:3/16 x 12-15/16. Built-in calibrator
and heat oscillators permit fast align-

ment
RT 270A/GRC
New, including 1 mHz crystal $35.00
_RT 2700A/GRC
Used, excellent, less crystal $20.00
***1 mHz crystal only $5.00

TRANSISTORIZED FLUORESCENT
CAMPING/EMERGENCY LIGHT KIT!

This transistor inverter powered camping
and emergency light will provide a bright
portable light from a 12-Volt D.C. bat
tery. A cigarette lighter adapter is pro-
\ vided for automotive Operation, of the
unit may be run from other 12-Volit
lantern batteries. The advantages of this
unit over more conventional incandescent lamps is the vastly
greater light output for eguivalent power input and the
superior distribution and color of the light.
The camping/emergency light is enclosed in a weather-tight
plexiglas tube, with the electronics built into the tube
Completion time should ba less than two hours, making it a
nice evening’s project, even for the beginner

Sh.Wt. 3 Ibs. TFCELK $12.50

ATTENTION MANUFACTURERS -
LED RIOT!

B & F has bought over 500,000 7-segment LED num
eric displays and over 1,000,000 LED lights. These
are available in manufacturing quantities for immedi-
ate delivery.

5082 — 7400 SERIES DIGITS FROM HEWLETT
PACKARD

Hewlett Packard, one of the world’s largest manufacturers,
has sold us his surplus of muitiple digit clusters with one bad
digit per cluster. They were for use in the HP35 calculator,
970A DVM, and other products. The remaining digits are
guaranteed perfect in ail resPects and are intensity graded
(marked on the back with letters A thru F} and matched, so
that several strips can be combined and still result in a per-
fect match. These monolythic GaAsP displays require as lit-
tle as 7 mW per digit, are highly readable at arm’s length, and
tend themselves well to hand-held Portable applications.

Applications include hand-held calculators, digital thermo-
meters, stopwatches, darkroom timers, DVM’s, clocks and
watches, or any other product requiring low cost, low power,
iong lifetime indicators.

The unit is common cathode, set up for multiplexed opera-
tion. Two decimal Point styles are available; center decimal
for PN 7804/05, and right decimal for PN 7814/15, as illus-
trated. The following configurations are available, where ‘8"
represents a perfect digit, “X*' a non-functioning digit:

X8888 7405-1 or 7415-1, X888 7414-1
8X888 7405-2 or 7415-2, 8X88 7414-2
88X88 7405.3 or 7415-3, 88X8 74143
888X8 74054 or 7415-4, 888X 74144
8888X 74055 or 74155, X88X 7556-1

All products are available at the following price rate:

1 - 24 digits .. . $1.875/digit
25 — 99 digits . ..  $1.50/digit
100 — 499 digits .. . $1.25/digit
500 — 999 digits . . . $1.00/digit

Higher quantity price on request.

For the following abplications we recommend the following
configurations:

Pocket calculators:  7406-1 & 7405.5, which results in
X88888888X, eight consecutive perfect digits @ $1.875 =
$15,00.

Recommended Calculator chips:
Nortec 4204 @ $19.75 ($15.00 when ordered with displays).
Caltex 5005 @ $9.75 {$7.50 when ordered with displays).

Clocks:  7405-3 & 7656-1, which results in 88X88X88X,
six perfect digits at $1.875 = $11.25.

Recommended clock chips:

National MM5314 @ $9.75 ({$7.50 ordered with displays).
National MMS$316 @ $19.75, includes alarm, {$15.00 order-
ed with displays).

For only hours and minutes, order 7405-3 only.

Digital thermomaters, DVM’s, stopwatches, darkroom timers,
frequency counters, etc.. order 7415-1 or 7415-6 for tour
digits ($7.50) or 7414-1 or 74144 for three digits {$65.60).
Use Solitron CM 4102AE 3% digit counter decoder © $19.00,

{$15.00 ordered with displays).

Schematics for calculators, clocks and counters using
these components free with order.

LED SOLID STATE LAMPS

Ptastic encapsulated galtium arsenide phosphide light emit-
ting diodes. Designed for low power consumption, as low as
5 milliwatts. Red ditfused lens.

$2.00

10 pcs. . . . 100 pes. ... $15.00

1000 pes. ... $100.00

Higher volume prices on request.

SUPER QUALITY I.C. SOCKETS
A Sockets made by T.i. and Cinch. Ail are
5 > low-profile, compact types,
. t4 Pin Dip Solder Tale Sockets
3 for $1.25 16 for $5.00
16 Pin Dip Solder Tale Sockets
2 for $1.00 13 for $5.00
14 Pin Dip Gold Wire Wrap Socket
2 for $1.26 10 for $5.00

Now available

24, 28, & 40 16 Pin Dip Gold Wire Wrap Socket
Pin sockets 2 for $1 50 8 for $5.00
Only 1.0 10 Pin 1o 5 Gold Sockets (Cinch}

2 for $1.00 13 tor $5.00

October 2, "973

Dear Customers,

Due 10 a variety of circumstances in past months, some cus-
tomer orders, refunds and exchanges have been tost or other-
wise snafu’'d. | would like 10 take this opportunity to point
out that we have now solved our internal difficulties to the
Point where we can and will take immediate action on any
such complaints. Any customer having any problem can be
assured prompt action by writing to Ms. Lynn Chafey,
Customer Relations Director, B & F Enterprises, 119 Foster
St., Peabody, Massachusetts, 01960.

Without making excuses, | think some of you readers might
be interested in the changing nature of the “surplus’’ business,
which | believe we were instrumental in changing. In early
1970 electronic manutacturers were in the doldrums, due to
the changeover from military to commercial business. ltems
(particularly TTL integrated circuits and other semiconduct-
or items) were sold to original equipment manufacturers,
{OEM’s) at a fraction of catalog price, 10 stimulate business.
This prompted us to negotiate directly with manufacturers
tor large quantities of items at low cost, and to offer these 10
hobbyists and efectronic experimenters who buy in small
quantities, at a fraction of catalog price. This was the ex-
periment that revolutionized the surplus business. and we be-
came more “‘cut-rate distributors” than “surplus dealers”.

There were some probltems, though. First, the commercial
business took a wild upswing, and manufacturers who were
begging us to accept products suddenly found they couldn’t
supply enough material, and deliveries became slow or non-
existent. Second, with slow deliveries, the amount of paper-
work and handling to ship orders in two or three partial ship-
ments became overwhelming. With a small mark-up on sales,
it simply was impossible to devote much time to cOrrespon-
dence. Third, quite frankly. was that Pete and myself as en-
gineers, were not used to the problems ot inventory control,
and shipping management. In a period of time when our
sales were tripling every year, we had trouble keeping up with
the greatly increased sales.

At the present time, | truly believe we have our problems
solved, and can offer our customers both good service and
low price. We have been shipping all stock items within 48
hours. We have refrained from advertising any items not in
good inventory. And our rate of growth, while stili good, is
at a sufficiently slow pace now so that we can soive problems
as we ancounter them. As a parting word, | would like to say
that we are interested in getting feedback from readers on
other matters. What would you like 10 see us carry? We wel-
come any other comments that will help us improve service.
Thank you in advance.

Very truly yours,

/ . .
At Z‘ /!I B
Franklin G. Fink, Partner
B & F Enterprises

NEW — COSMOS INTEGRATED CIRCWNT

Said to be the "New Wave" in integrated
" circuits of the future. Ultra low power drain
{microwatts}

il

1 4000AE Dual 3 Input Nor & Inv S .99
[ 4001AE Quad 2 tnput Nor $ .99
O 4002AE Dual 4 Input Nor . $ .99
[0 4006 AE 18 Stage Static Shift Register $4.99
(1 4007AE Dual Complementary Pair & Inv $ .99
[J 4009AE Hex Buffer, Inverting . $2.19
0 4010AE Hex Butfer, Non Inverting . $2.19
O 4011AE Quad 2 Input Nand $ 99
{J4012AE Dual 4 Input Nand $ 99
[J4014AE 8 Stage Static Shift Register $5.99
[14017AE Decade Counter W/Decoder $5.99
[J4020AE 14 Stage Binary Ripple Counter $5.99

Send in an osder and get on our spocial custome
Mailing List
CATALOG: Check reader’s card or write.

ALL ITEMS (WHERE WEIGHT IS NOT SPECIFIED)
POSTAGE PAID IN THE US.A.

= =
CHARGES WELCOME'
Phone in charges to 617 531-5774 or 617 532-2323.

Bank Americard —
C.0.D.'s ptease

B.&F. ENTERPRISES Mass. 01960
Phone 1617) 531-5774

119 Foster Street

Peabody, Mass. 01960

Mastercharge. $10.00 minimum. No

Circle 87 on reader service card
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World Famed BREVETTATA

TEAR GAS PISTOL
Appearance ol this fine tear
gas weapon is similar to real
qun. It is ideal for peopie
who work In ionely dark lo-
ations and require protec.
tion. Men give this gun to
wves and daughess lor night
security. Many industnal ap-
plications.  Shooting ol gun
dops aggressor without per.
manently injuring him, It fires iz catndges wthout
reloading. Each gun mes with sir tear gas shells
and six blanks for prachice and s shipped prepad.
Gun unit prices include 12 shells and all shipping
osts. and this pistol is not Intended for sale or pos.

@
m—

sesson in any locality where it fs prohibited by law. Not sold to minors

[ ' Gun-unit
[J 2 Gun-units
[J 3 Gun-units at 514 ea.,
[J 6 Gun-units at $12 ea.,

BREVETTATA
Depl. RE-73, 310 W. 9th SL, Kansas Clty.

..$15.00

lolal $42.00

total $72.00

[[) Extra Boxes of Ten Tear-Gas Shells $2 per box.

[[] Extra Boxes of Blanks, $1.25 per box

[[] Hoisters $2 each. We prepay shipping costs on
all of these items—when shipped with gun units.

Mo. 64105

Technical Excellence
inElectronics.

On our small, friendly campus the embhasis is on Living as vell
as Learning. Extra-curricular soclal activities, student clubs. a
student operated radio station. student government. new dormli-
tory and a full sports program help provide a worid of your ewn
in which to prepare for tomorrow. Associate Degree In Engineer-
ing Electronies. B.S. obtatnable. G.I approved

VALPARAISO TECHNICAL INSTITUTE

Dept. C. Yellowstone Trail, Valparaiso, Indiana 46383

BUILD A "SPACE -AGE" TV CAMERAI!

ONLY KNOWN SOLID-STATE CAME RA INKIT FORM!
L Also ovoiloble factory ossembled  ®  deol for
experimenters, industry, education, etc. ¥ High
o bocked by over seven yearn of
i *  Fully Guaronteed _ »
d *  Connects lo ony TY
; mod * " Eoey-to-tallow

Sivenbly monuel | 8 Model XT-1A, Series O

lote with vidicon $149.40 PP ony where in U
anada (les8 vidicon tube $116.9500)  Mony other

i kits, parts ond plans alse available.

mom or WRITE for CATALOG...DIAL 402-987-3771 et
sox 4s3-re. ATV Research  oaxora city, nesn. se73t

SLA-3 7 segment LED readouts
.77” numbers. 45 ma/sez. $7.95

MINIATURE TRIM POTS
5K, 10K, 20K, 25K, 50K, 100K,
$.75 3/%$2.00

MULTI-TURN TRIM POTS
Similar to Bourns 3010 style
3/16” x %” x 114"

50, 100, 500, 2000, 5000,
10,000 and 20,000 ohms.

$1.50 ea. 3/%$4.00

PRINTED CIRCUIT BOARD
4Y,"x6Y,” double sided fiber-
glass board, 1/16” thick, un-
etched $.60 ea. 5/%$2.50

NIXIE TUBES

Similar to Raytheon 8754
tubes. with socket & data

sheet $2.25 3/$6.00
TIS 73 N FET s 75
2N4891 UJT

50
ER 900 TRIGGER DIODES 4/$1 -0

VERIPAX PC BOARD

This board is a 1/16”
single sided paper epoxy
board, 41%”x6Y.” (stan.
dard veripax), DRILLED
and ETCHED which will
hold up to 21 single 14 pin
IC's or 8,16 or LSI DIP IC's | |
with busses for power ||
supply connections. It is

also etched for a 22 pin j
connector $4.35
FLV 100 Visible LED § .59
ME-4 IR LED $ .59
MV5026 Vis. LED . $ .59
MT-2 PHOTO TRANS. $ .80
MCT-2 OPTO-ISOL. ... ... § .90
MCD-2 OPTO-ISOL. . ..$ .90
Green G,P OSL-16 LED $ .90
Red G,P OSL-3 LED $ .60

Hi intensity VIS. Red

with reflector . . $ .60 |
MCA 2 30 photo darlmgton

$ .90
14 PIN DIP SOCKETS ... 3/$1.00 |
Silicon Power Rectifiers |

PRV| 1A| 3A[ 124| SOA I
lOUl US] “| 30[

200] Ull_ .16|_ ?§l1 2
400| USlJOI 50]150
600 |__.11 | ._25 | .70 | 1.80
_800 | 15[_ ,35| 90]230
000! .20 .45 | 1.10 l 275

T - el 5 |l
Terms: FOB Cambridge, Mass.

Send check or Money Order. Include
Postage. Minimum Order $3.00

Send 20¢ for our latest catalog featuring Transistors and Rectifiers; 325 Eim St.,

OLID

Post Office Box 74D

TRANSISTOR SPECIALS

2N3137  NPN SI TO-5  .6W 20V _5A 70MHz SOOMFE 4/$1.00
MPS3303 NoN SI 1002 W v 1A L neo 4/31.00
2N3866 NPN S1 T0-5  .5W 30V RF  Power $.7
2Nle0S NN BE 105 ISW 2av 1A 14 125 5/s1 00
2N5324  PNP 6E T0-3  60W 250v 10A 20 35 §1.
2Na0s PN GE TO5 25w .2v 15 12 40 4/5100
2N3767 NPN S TO-66 8w 4Y 20 10 80 §.70
2N2222  NPN SI TO.92 30W .8V 5A 250 80 5/§1.00
2N3055 NPN SI T0-3 115w 100V 15 .01 50 $1.00
2N3772  NPN S) T0-3  150W 60V 30A 2 30 $1.35
IN5296  NPN S) T0-220 36W 40V 4A 8 60 $.50
2N6109  PNP SI T0-220 36W 40V  4A 8 60§55
2N4898  PNP S| T0-66  25W 40V  4A 4 46 $60
MJ2251 NPN SI TO-66  10W 225V .5A 10 40 $.70
N3638 PNP SI TO-5 3w 25V 5A 10 67 5/31.00

| pata.uT 707 Full Wave Bridges

CARACITORS | LED readouts $2 75

5y 30 UETANT. 5/81 T PRV| 2A | 6A
OV 4.7UF TANT. 5/ G0 .95 [1.25
12V 10UF ELECT, 5/§1 RO 175 |20 g5 [128
50v 100UF ELECT §.40 READOUTS $2.50 | 120 1 115 | 1.50

. 600 | 1.35 | 1.75

1103 1024 bit RAM .
NEC 6003 2048 bit RAM .$14.50
1101 256 bit RAM . $ 3.

8225 64 bit read-write RAM § 3.50

$ 7.2% 5311——Clock Chip, 6 Digit BCD
hold count, Output Strobe $11.95
5314—Clock Chip, 6 Digit hold

count, Output Strobe $9.95

3.25

x 3% x "

X, . =

Conductive Elastometer low pro-
file calculator keyboard. A 234"
flex key 19SK-6
keyboard having 0-9, “+
K+4+C buttons wnh
off, on swich. $6.50

Injection laser—a single diode 6W,
25A G,Ag unit simitar to RCA 40859
$10.95

| ASC 1l ENCODED TERMINAL

TATE

Somerville, Mass. 02143

TTL IC SERIES || KEVABOARDS - $60.00
74L00——.50 7472— .50
7400— .28 7473— .60
7401— .28 7474— .50 LINEAR CIRCUITS
7302128 7475100 | PA234 1W audio amp! . $1.25
7404— .33 7480— '70 LLM309K 5V 1A regulator $2.25
7405— 30 7483—1'25 536 FET input oper amp $3.25
7406— :50 7486— '50 537 Precision 741 ... .. $2.50
7408— .32 7490—1.50 | 240 70W Power driver . $2.04
7410— .28 7491—130 | 360 phase lock loop .. .$2.95
7411— .32 7492—1.30 561 phase lock loop $2.95
7412— .40 7493—1.30 565 phase lock loop $2.95
7413— .85 7495—1.30 | 367 Tone decoder . $2.95
7416— .50 74121— .70 | 703 RF—IF amplifier .. $ .80
7417— .50 74123—1.10 Dual 709 . ... -95
7420— .28 741251750 | 709C operational Amp § 47
7422— .32 74126—1.50 | 723 Regulator . ... . .. 75
7426— .35 74151—1.25 | 741 operational Amp $ .47
7430— .28 74157—1.50 | 747 Dual 741 .. .. $1.25
7437— .60 74164—2.20 | TVR 2002 high power
438— .55 74165—2.20 723 .. ... $1.00
7440— .28 74176—1.95 | CA3065 FM/TV amp  $1.10
7441—1.50 74177—1.95 | LM 308 oper amp $1.50
7442—1.50 74192—1.75 | 101 oper amp $ .75
7446—1.50 74193—1.75 | 741A oper amp . $ 47
7447—1.50 74195—1.25 | 320—5V reg. $1.75
7448—1.50 8211—1.50 | 320—15V reg. $1.75
|| 7450— .28 8220—1.50 | 748 oper amp $ .95
| TRIACS l
I | hPRV | 1A] 1 10A (OA] 15A 21 20A* i Sillcon Control Rectifiers
100 .40 .70(1.00(1.20 | | PRV[1.5A| 6A| 10A| 70A
200 .70 1.10 150 (1.60 | | 100| .40| .50| .60(3.50
300| .901.351.902.00 ||| 200| .60] .70] .806.50
400 [1.10{1.60 | 2.30 (2.40 | | 4001.00[1.201.309.50
500 | 1.50 | 2.00 | 2.70 | 2.80 600 | ) I l 1. 70 |11 00

Cambridge, Mass.

ALES

Tel. (617) 547-4005
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MORE BARGAINS IN SURPLUS ELECTRO-OPTICS from B & F ENTERPRISES

Just off the press our Best Catalog yer with 104 Illustrated pages of Surplus Electronics, Optics, and Much More.

NICKEL CADMIUM BATTERIES

P 0 0.5 ampere hour 1.25 volt sealed
button cell . .2 tor $1.00

O vented 4.0 ampere hour cell, plastic

case ao . $2.75

0 24 voit pack, seated cells, mfg sono-
tone, size 12" x 1%"" x 1% capacity
0.6 ampere hours $11.75

CORE MEMORY STACKS

— One of our most popular sellouts.
Two types available are the 4096
words x 9 bits (36, 864 bits} easity
organized as 4096 x 8 bits, and 8192

. words x 4 bits {32,768 bits), manu-

factured by Litton Industries and
RCA for Honeywell. Ideal for Minicomputors, some
electronics, but no power supplies are included on the

Rk $60.00
$45.00

4096 x 9 Memory . .,
8192 x 4 Memory ...

LED READOUTS

Popular OPCOA SLA.7, without decimal
point. 0.27° numeral height, we formeriy sold
these at $4.25, and they sold extremely well.
Because of a fortunate purchase we can offer
them at a superdow price. Use for clocks,
counters, calculators

SLA-7 Readouts $2.50

CALCULATOR KEYBOARD

This is a Flex-Kay series SK key-

o4 board made for pocket calculators.

£ Only 2.36" % 376" x 0.45” thick;

nyone Switch matrix for Cal Tex 5001,

- 5002 or Mostek 5010 or 5012 chips.

Smooth quiet key travel, doubie shot keys, completely

sealed, impervious to dust, moisture and even direct

liquid spills. cK . .. $8.00

10 or more . . $6.00

12 VOLT 0.750 AMPERE HOUR SEALED
NICKEL CADMIUM BATTERIES
larms, etc. Fully guaranteed, avail-

able at a fraction of original cost—

quantities are limited, won't last long, so order now|
12V 0.75 AHSNCB . .. $9.75
7-SEGMENT DIGITAL DISPLAY — $1.70 each

Brand new, manufactured by Gould
National. Size: 1 dia. x 9-3/8" L.
Manufacturer’s list price is $24.50.
Excellent for photo-flash, burglar a-

Bright bluegreen display tube, with

numerical display characters. Tube

exhibits very fast display speed and

easy-to-read characters of .57 H x

.36 W, with decimal point. Com-

plete with instructions to make a
decade counting unit or a 6-digit clock. Tubes are brand
new, bulk packed, and manufactured by Tung-Soi, no.
1705. Sh, Wt. 4 oz,

7SDD-1705 ... $1.70 each; or 6 for $8.50,
10 for $14.00, 100 for $125.00, 1000 for $950.00

COLLINS CRYSTAL FILTERS

Anyone who is familiar with super
high quality communications receiv-
ers s familiar with the Collins filter.
455 Kc center frequency 300 Hz
bandwidth. Part number 526 7073
009, type X455.-KF 300. Full tech-
nical information provided.

Crystal Filter ... $14.75

LOUDSPEAKER SYSTEM COMPONENT
- SPECIAL!

. We have made an excellent
purchase of an excess inven-
tory of a local manufacturer’s
speaker systems, although we
are not allowed to mention
the mfg's, name, the specs
should make it seif-evident.
5 f The woofer is a 12" free-edge
3 l lacoustic  suspension} unit,
with 2" voice coil and a No. 2

| magnet. The mid-range is 3 5

’ sealed back speaker and 3-%"
“ flare dome tweeter for best

high frequency dispersion.

Crossover between woofer & mid-range is by an R-L-C
network, while high frequency crossover is by an R-C
network. Balance controls are provided for both mid-range
and tweeter. Plans for a suitable enclosure are provided. The
level controls provide frequency response 10 suit room
acoustics, with realism that will delight even the most critical

Collins

listener. Response — 25 to 20K + Hz.,, Power 40 watts
RMS. Impedance ~ 8 ohms.

Sh.Wt.12 Ibs.

L) LECS )y 1 i 1 1 ) [ bt e i 1 ] D $36.00
0 UM b o 1 e ik .. .2 for $65.00

L

TELSA COIL KIT

\, Here's a truly basic kit for those who
like to “roll their own.” All the parts for
an exciting adventdre into high-
frequency, high voltage. Add your own
metal housing — a small chassis or
universal box is ideal .

Tesla coils are patterned after the
design of Nikola Tesla (1857-1943) an
American efectrical genius who built

versions many feet tall. His dream was to light and power

entire cities with energy radiated from such coils — but no
luck!

Today's Tesla coils are popular with experimenters and
students, and especially for science fair and educational
demonstrations. Ours is a high-frequency push-pull oscillator
coupled to a television flyback transformer, which steps up
an external 12 VDC power supply to many thousand volts.

SPECIAL NOTE: Although current output is relativelys
low, some hazard is inherent in all high voltage devices. This
kit is intended for the experimenter who is mature enough to
observe reasonable precaution in its use
TESLA COIL KIT

Il‘ e

$7.50

DECADE COUNTING UNITS WITH READOUTS

Always one of B & F's most
popular items, now revised to
include drilled boards, 1.C.
sockets, and right-angle socket

for readout. Arranged so that
A units can be stacked side by
| side and straight pieces of wire

bussed through for power,

1Y ground and reset. Several

™ different units are available as
- foliows

Basic 10 MHz counter. Used in frequency counters
and events.

Same as 7490 except presetiable 50 MHz unit.
Used where higher speed and/or presettability is
required.

Bi-Directional Counter, 32 MHz operation. Has
two input lines, one that makes the unit count up,
the other down. Uses include timers, where the
counter is preset 10 3 number and counts down to
zero, monitoring a sequence of events, i.e., keeping
track of people in a room by counting up for
entries and down for departures.

Adds latch capability. Used in counter so displays
continue displaying frequency while new fre-
guency is being counted for uninterrupted display .
Basic decoder module. Drives basic seven segment
display which is included for all modules.

NEWEST DCUt
This DCU combines alt of the features of our other counting

74196

74192

7475

7447

units, that is, high speed counting, up-down operation,
storage, and preset. In addition it includes a comparator
(7485) and a thumbwheel switch in order to provide

comparison and preset capability. With this combination you

can do the following:

1. Count up or down at speeds to 33 MegaHertz.

2. Store previous count during new count

3. Preset to any number, count down {or up) and generate a
logic level when count of zero is reached. Stack several
units and generate !ogic level for any count greater than
zero.

4. Preset 1o zero, count up (or down} and generate a logic
level for any number greater or equal to the number
preset in the thumbwheel switch. Stack several DCU’s and
generate a iogic level showing whether number is greater
than, equal to, or iess than numbers preset on switches.

[J 910K 74907447 Counter . . $8.25

0 910 LK 7490.7475-7447 Counter $9.25

[ 911 LK  74196.7475-7447 Counter ..$10.25

0 912K 74192-7447 Counter . .. . $9.25

0ok 74192-7475.7447-7485

Universat DCU $14.50

1.8.M. POWER SUPPLY REGULATOR PARTS!

Like-new assernbly  surplus
from the i.B.M. Company
contains the following: [(6)
150-Watt transistors, (6) heat
sinks, (6) 1) BW resistors,
12V, 20 Amp circuit breaker,
a 16-ohm 10-Watt resistor,
50-Watt resistor, terminal
strip, (2) 16-pin P.C. edge con
nectors for regular cards. An
8000 mifd, 15V computer
grade capacitor is also pro
vided. All in a nice mounting

looks as it it could be a neat
unit to make a lab-type power supply. Unit is sold as an
assembly, or in parts. Quantity is timited.

Sh.Wt. 20 Ibs. IBMPSRA $7.50
3 tor $20.00 IBMPSRA $20.00/3
8 tor $62.00 IBMPSRA $52.00/8
Heat sinks capable of dissipating 150 watts of power
Pricelrrrry: piarprren e . $1.00ea
Transistors, 2N441 or 2N442 type. TO-36 case ... $1.00 ea.
Heat sink with transistor - 3 $1.50 ea,
4 tor $5.00 $5.00/4
Connectors, 2for $160 .. .. ... ... .. ....... $150/2
Capacitor, $1.60 .. .. ....... ...... .. $1.50 ea.

HEWLETT PACKARD SOLID STATE
NUMERIC INDICATOR

These fantastic L.E.D indicators have
built-in  decoder/driver with memory.
They use a 4 x 7 dot array for much
better readability. They are packaged in
a standard Dual-in-Line (DIP} package
with built-in contrast filter. Completely
DTL TTL compatible. HP part number
5082-7300 (right hand decimal)
HP 5082 .

e

COMPACT 1 mW

$9.75

8% LASER TUBE

Large manufacturer sells his
over-stock tubes to us, ail
guaranteed to be in perfect
condition. Most compact ImW
laser tube {TEM.) on the mar-
ket, only 8-%" long, uses a special tapered bore design,
unique in the industry, Cavity design, internal hemispherical
mirror system with co-axial mounting of all elements,
maintain beam alignment and power stability under mechan-
ical stress and changes n temperature. SPECIFICATIONS:
red laser, ITmW power, TEM., 632.8mm wavelength, 1.10mm
beam diameter. 0.85 mrad divergence, linear polarization,
size: 8.5 x 1.75” diameter. These can be useful for alignment
" b . and for ill tion, etc., in
equipment such as levels, transits, ranging, inspection dis-
plays, hotography, etc. Operation life beyond 10,000 hours.
This is not a toy tube, but a laser designed to meet rigid
industry standards. List price is over $200.00 each.

Sh.Wt. 3 Ibs. CImWLT $97.50
2 for $180.00 CimwLT $180.00/2
10 for $850.00 CimWLT $850.00/10
100 tor $7500 CimWLT $7500.00/100

Portable supply —operates from 12 vde input. Useful for field
experiments with laser. Available only with purchase of tube.

Price . $25.00

AIRCRAFT AUTO BOAT QUARTZ
CRYSTAL CHRONOMETER

, Tz sael|
|.. I
T/

. =
v AV

Aevolutionary!, was the reaction of our customers when they
saw our latest «it. Measuring only 2% x 2%" x 23/8", and
accurate to 30 seconds a month, this chronometer promises
10 entirely replace mechanical clocks in cars, boats and
airplanes

Fits into a standard 2% instrument panel cutout. The
displays are bright L.E.D. displays that shouid tast a lifetime.
Setting controls are recessed and operate from a pointed
object such as 2 pencil point or paper clip, in order to keep
non-authorized hands off. The clock should only have to be
reset at very great intervals, or in the event of power loss (i.e.,
replacing battery in car}. The clock is wired so that the
timing circuits are always running, but the displays are only
fit when the ignition is on, resulting in negligible power drain.
The low price is only possible because of a new one chip
MOS clock. Operates from 10-14 volts D.C. An accessory
unit which mounts on the back adapts the unit 59 20-28
volts for twin engine aircraft and larger boats using 24 Volts
ignition. Know how disgusted you are with the usual car
clock? Order this fine unit now for rallying, sports events,
navigation, or just to have a fine chronometer that will give
you a lifetime of superbly accurate time,

3 Quartz Chronometer, Kit Form $69.50
Quartz Chronometer, Wired $99.50
[J 24 voit Adapter $10.00

New-Style AUTO/BOAT/PLANE
QUARTZ CRYSTAL CHRONOMETER

As you can see from the illustration, we have provided a new
enclosure for our most popular kit, the ARIES Model
AR-720K Quartz Crystal Chronometer. This enclosure can be
mounted in many convenient variations, i.e., over of under
the dashboard, over the center drive tunnel, or under the roof
above the windshield.

O Automotive style quartz crystal chronometer . $75.00
Same assembled, calibrated, tested . $99.00
Send in an order and get on our special custom customer

Mailing List
CATALOG: Check reader’s card or write.

ALL ITEMS (WHERE WEIGHT IS NOT SPECIFIED)
- POSTAGE PAID IN THE US.A. sg

- CHARGES WELCOME!
617 5322323,

to 617 531-5774 or
Mastercharge. $10.00 minimum. No

Phone in charges
Bank Americard
C.0.D.'s please.
B.&F. ENTERPRISES Mass. 01960
Phone (617) 531-5774

119 Foster Street

Peabody, Mass, 01960
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LIVEIN THE WORLD OF TOMORROW...TODAY'!

A BETTER LIFE
STARTS I'IEBE

o [ ——__
3.CHANNEL COLOR ORGAN KIT

Easy to build low-cost kit needs no technical
knowledge. Completed unit has 3 bands of audio
frequencies to modulate 3 |ndependent strungs
of colored Iamps (| e. ‘“‘lows’ -reds, ‘‘middles’’
greens, “highs'’-blues. Just connect hi- fl
radio, power lamp etc. & plug ea. lamp strlng
into own channel (max. 300w ea.). Kit features
3 neon indicators, color intensity controls, con.
trolled individ SCR circuits; isolation trans.
former; custom plastic housing: instr.

. Stock No. 41,;831EH ...........$17.50 Ppd.

| L
KNOW YOUR ALPHA
FROM THETA!

For greater relaxation, concentration, listen to
your Alpha-Theta brainwaves. Ultra-sensitive
electrode headband slips on/off In seconds—
eliminates need for messy creams, etc. Atch’d
‘to smplifier, filters brainwaves, signals beep
for ea. Aipha or Theta wave passed. Monltor-
Ing button simulates Alpha sound audio &
visual (L.E.D.) feedback. Reliable, easy-
“to-use unit—comparable to costlier mod.
els: Completely safe. Comprehen. instr, bklt.
No. 1635EH (8x3x4”; 24 o0z.) .. $124.50 Ppd.
Stock No. 71,809EH. .(Low Cost ‘‘Starter”
URIY $49.95 Ppd.|
—7

T - - R N B E—
130 EXPERIMENTS IN OPTICS . ..

T and photography! Optix® Experiments

Kit is a compiete optical & photography
tab for 130 exciting experiments. Lets
you recreate the periscope, telescope,
microscope, kaleidoscope! . . . Build a
35mm reflex camera with interchange-
able lens system! Make, develop pho-
tographic film! Enjoy the fun and fas-
cination of having your own optics
lab. Fully illustrated 112-pg. manual,
BY2”x11”, clearly explains usage of
this stimulating kit's 114 precision
engineered components.

Stock No. 71,646EH ....$22.50 Ppd.

‘ "IIH.:'I"'

MAIL COUPON FOR

GIANT FREE
CATALOG!

"

How Many

(And our FREE CATALOG is packed with exciting and
unusuval ecological & physical science items—plus
4,500 finds for fun, study or profit . . . for every mem-
ber of the famlly) Great for unusucll christmas gifts!

— g ~~
ELECTRONIC
CALCULATOR-$79.95!

Terrific buy, reduced from $199.50! Top quality
American made with big machine capabilities.
Adds, subtracts, multiplies, divides, does mixed
calcutations—silently in milliseconds! 8-digit entry,
readout; floating decimal; 4/— change key; zero sup-
pression; automatic constant; error correction; recall key.
Easily operated in home or office. 110-120v AC. 6-1/2X9X2”
3 Ib. 6-month guarantee. tnstructions.

Stock No. 78, 006EH ..............,.......... ..$79.95 Ppd.
No. 78,007EH .. . (6-oz. PORTABLE) ............ .$89.95 Ppd.
No. 78,008EH (ECONOMY MODEL—NO MEMORY) .... . ...... .$59.95 Ppd.

AUTHENTIC
ACUPUNCTURE MODEL

Learn first-hand about Asiatic needle probing from exact
duplicate of models used in Red China. 10%2" free-standing
model clearly shows 12 all-important meridian lines and
approx 500 specific points an acupuncturist must tearn
to pierce. Precise enough to serve as teaching. aid for
doctors, teachers & medical students. Fully illustr instruc-
tive 12-page bkit. See why this 5000 yr. old healing &
pain removal method has had such impact on Amer.
medicine. Polyethylene {rubberized).

Stock No. 71,778EH -$12.00 Ppd.

AUTHENTIC ASIAN IMPORTED ACUPUNCTURE MODEL
Stock No. 71,850EH ..$30.00 Ppd.

——__uh\

See moon shots, or-

bits, stars, phases of

ASTRON0M|CAL \éenu;. plan’t“s clolse up. Sdo
to 180 power, New Improved,

TELESCOPE aluminized apnd overcoated 3” di-

ameter /10 primary mirror, venti-
lated cell. Equatorial mount with locks
on both axes. Equipped with 60x eyepiece
and mounted Barlow lens. 3x finder tele-
scope, hardwood tripod. Included FREE: *“*STAR
CHART”, “HOW TO USE YOUR TELESCOPE"

book.

Stock No. 85,050EH ... ... .... 34.95 Ppd.

DELUXE 3" REFLECTOR TELESCOPE

Stock No. 80,162EH ..... ..... $62.50 Ppd.
414" REFLECTOR TELESCOPE (45x to 270x)
Stock No. 85,105EH $110.00 FOB

4v4” REFLECTOR TELESCOPE WITH CLOCK DRIVE Stock No. 85,107EH $145.00 FOB

6” REFLECTOR TELESCOPE Stock No. 85,187EH ... ............. $215.00 FOB

COMPLETE & MAIL

EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, N.J. 08007

Stock No.

6" REFLECTOR W/(ELECTRIC) CLOCK DRIVE No. 85 ,086EH . $249 50 FOB

TH CHECK OR M.Q.

Description Price Each Total

164 PAGES + MORE THAN | i
4,500 UNUSUALBARGAINS! j l
i -Completely new 74 Catalog. Packed with huge selec- :
tion of telescopes, microscopes, binoculars, magnets, H I
l magnifiers, prisms, photo components, ecclogy and
l l'J‘nitéute Ligthting itemst; parts, kits, accesfsor'i]es — many I l
ard-to-get surplus bargains. 100's of charts, illus.
trations. For hobbyists, experimenters, schools, in. L1} » MERCHANDISE TOTAL §
| dustry. | ressesevo O GIANT FREEDEAJAIBSEG CﬁAHRGE—M 00 ON_ORDERS |
| EDMUND S(_:'ENT'_F'C co. | UNDER $5.00; S50¢ ON ORDERS OVER $5.00
300 £dscorp Building, Barrington, N. J. 08007 B TOTAL s I
' Please rush Free Giant Catalog “EH " I 1 enclose [J check
l I [J money order for $ I
Name I WP i i idptiior
' I I
1 Address______ - I |
' . ADDRESS.
s - |
7 CITY STATE ZIP J
P. B
State——_———__l——_— L_—— -———_—_—_-——————
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The Tuner People

Pioneers of TV Tuner Overhauling
Originators of Complete TV Tuner Service
Castle offers the following services to solve ALL your television tuner problems

Universal Replacements from $8.95

STOCK SHAFT Lf.
These universal replacement tuners are _ No. HEATERS  Min® Mox' Snd. PRICE
all equipped with memory fine tuning CR6P  Parallel 6.3v  1%” 37 4125 895
and uhf position with plug input for CRIS  Series 600mA 1%~ 3” 4125 950
uhf tuner. They come complete with CR9S  Series 450mA 1%~ 37 4125 950
hardware and component kit to adapt TREXL Parallel 6.3v 2%~ 127 4125 1045
for use in thousands of popular TV TRIXL Series 600mA 215" 127 4125 11.00
receivers. CROKL Series 450mA 215”127 4125  11.00

Castle Replacements 575,95

Castle custom replacements made to fit in place of original tuner. Purchase out-
- right . . . no exchange needed. Write for current list of Castle replacements, or

“3  request the part number you require (use number on ORIGINAL TUNER ONLY; do
not use service literature numbers). Available for many of the popular models of
following manufacturers: Admiral, Curtis Mathes, Emerson, GE, Heathkit, Magna-
vox, Motorola, Muntz, Philco, RCA, Sears, Sylvania, Westinghouse, Zenith and
many private labels.

Tandem uhf-vhf replacements NOW $21.95

Available in popular models of: Muntz, Olympic, Philco, Sears, Westinghouse and
private labels.

Overhaul Service 59.95

This is the service pioneered by Castle! We are now in our third decade g _F —
L

of serving the TV Service Industry

Service on all makes and models, vhf or uhf, including transistor and color tuners i £ St

... one price $9.95 (does not include tuners older than 10 years). Overhaul in- L= h—.
cludes parts, except tubes and transistors. -
Simply send us the defective tuner complete; include tubes, shield cover and any damaged parts

with model number and complaint. Your tuner will be expertly overhauvled and returned promptly,
performance restored, aligned to original standards and warranted for 90 days.

Dismantle tandem uhf and vhf tuners and send in defective unit only. Remove all accessories . . .
or dismantling charge may apply.

Custom Exchange Service — $17.95

When our inspection reveals that original tuner is unfit for overhaul, and it is not
available from our stock of outright replacements, we offer to make a custom re-
placement on exchange basis. Charge for this service is $15.95 for uhf tuner and
$17.95 for vhf tuner.

If custom replacement cannot be made we will custom rebuild the original tuner i
at the exchange replacement price. s e '%KL
i =
® E-_\_ ('1“\

g

All replacements are new or rebuilt. All prices are f.0.b. our plant. Add shipping
and handling of $1.25 on all prepaid orders. We will ship C.O.D.

oy CASTLE TV TUNER SERVICE, INC.
T 5715 N. Western Ave., Chicago, IIl. 60645 ¢ Ph. 312—561-6354

Circle 79 on reader service card
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Instead of talking about
a cassette deck with 3 heads
we make one.

TheRSs-279US.

It has an HPF™ monitor head. So every
recording you make will be as sharp and clean
as itshould be. That’s recording insurance. The
kind of insurance that great specs alone can’t
give. Only a monitor head can.

The monitor is more important in cassette
than it ever was in reel-to-reel. Because the
cassette can drag or jam without warning. And
it's prone to recording overload. Which can ruin
a potentially great recording if it isn't detected.

The RS-279US also has many other desirable
design and convenience features. Like a dual
motor system. With a DC motor for the reel-
table-drive and our exclusive direct drive DC
motor for the capstan. Adjustable Dolby*.
Switchable bias for Cr0, tapes. Solenoid-
operated function controls. Locking pause.
Memory rewind. And Auto-Stop.

And the specs are just what you’d expect from
adeck with those credentials. The signal-to-
noise ratio is better than 59dB. Frequency
rasponse is from 20-15,000Hz. And wow and
flutter are less than 0.10%.

The R5-279US has the hallmarks of a great
cassette deck. Plus one that puts it ahead of
other decks. Our patented HPF™ monitor head.

The concept is simple. The execution is
precise. The performance is outstanding.
Thename is Technics.

*Doiby is a trademark of Dolby Laboratories Inc.

200 FARK AVE., NEW YORK, N.Y. 10017
FOR YOUR NEAREST AUTHCRIZED
TECHNICS DEALER, CALL TGLL FREE

800 417-4700. IN ILLINOIS, 800 322-4400.

Technics

by Panasonic

/ T D —
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