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Simpli-Kit Tiger SST $28.95
% "ﬂ-:.}g-_h.q_, ""‘-‘..}‘

| % ﬁ TIGER

SST

selta i ational Lid
Grand hunction Colin 5136

Capture that top 10% (at1east)
engine performance you're now
blowing out the exhaust!

Announcing a new generation C.D. ofdriving, it should pay for itself in less than two months.

Ignition System—the Tiger SST. You'll be satisfied. Guaranteed. Money back.
Dealer/ Distributor inquiries invited.

Here, in a compact new unit, are all of the advantages of

previous capacitive discharge systems that have been Special free offer!
chalking up such impressive performance records the past Order now and receive a convenient to have, ruggedly
several years—plus a good deal more. The dramatic built rechargeable flashlight free. It's a $4.95 value that

can put an end to the annoyance of dead batteries. Your
order must be received within 30 days from date of this
publfication.

results:

| . 1 0/

m points and spark plugs last up to 5 times longer
B you go up to 5 times longer between tune-ups

Delta International, Ltd.
Box 1946C, Grand Junction, Colo. 81501

Enclosed is my check (or money order) for $
Please send prepaid:

The added performance your engine delivers with the |
Tiger SST is the fun part. You'll enjoy sharper acceleration |
to higher speeds—a smoother running engine at all |
speeds. And your engine will last longer. |

Our new Tiger C. D. System is compatible with all domes- | & Simpli-Kit Tiger 55T @ $28.95

tic and foreign cars and trucks with 12 volt, negative |D Assembled Tiger SST unit @ $39.95
ground systems. In Simpli-Kit form, the unit is easy to |

assemble and install in less than 60 minutes — no special | Make of car: — Year:
skills or tools required. The unit is moisture proof and |

is not affected by underhood temperatures. | DElISE=—

Order your Tiger SST today. It's the latest, most advanced | Address:
C. D. System available. And, if you do an average amount : City/State:

_ Zip: -

Circle 8 on reader service card
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ENGINEIRR

Advance beyond the technician level

Become an electronics engineer

In the Grantham clectronics engineering program, you can
carn the Degree of Associate in Science in Electronics
Engineering (the ASEL) mostly by home study — and can
continue in resident classes to carn your BSEE. In this
program you can acquire an extensive knowledge of engi-
ncering. for greater prestige and better pay.

In America’s race to the moon and outer space, more
and more engineers are needed. By becoming an clec-
tronics cngineer. you can move into the forefront of tech-
nology and engineering, and be an important part of this
exciting age. You can help make things happen and be
properly rewarded for doing so.

The demand for engineers continues to increase: elec-
tronics engincers are needed in the space program and in
many other military and domestic projects. In a recent
survey conducted by the Engincering Manpower Commis-
sion of the Engincers Joint Council, it was found that
engincering employment in the electrical and electronics
industries is expected to increase by 40% in ten years. The
need for engineers is increasing faster than the population
as a whole. The survey report indicates that in the next
decade, emplovers expect to need almost nvice as many
new cngineering graduates as are likely to be available.

If you have the desire to be an engineer, the determina-
tion to stick to your objective, and a rcasonably good
aptitude for mathematics and technology, the Grantham
cducational program can produce the wanted results for
you. But make no mistake about it. to become an clec-
tronics engineer requires work. You must be willing to do
that work: otherwise you can never reach vour objective,
regardless of what course of instruction yvou may choose,

Grantham School of Engineering

Specializing in Electronics since 1951

e‘oxTED S
Nl 2,
& %, 1505 N. Western Ave.
WP NHSC W _
5 25 Hollywood, Calif. 90027
5 E
T W Telephone:

4 o
OMmE g1V

(213) 469-7878

@rantham School of Gngineering

bag conferred on

John Doe

the degree of
Hssorate in Seience in Electronics Engineering

with all the tights ank privileges theceunto appertaiming. ¥n wituess thereat “wis diplama
bulp signed has been issued bp the Sbehool Avmimistrarien upon recommentat an of the
@ tarulto a1 the seaol on muJ‘?;?ﬂPvm n(_M/&.h 68
éiS:C% dMW_*
/ Bresivent
/}(o( ,\ﬂf/n/nﬂ-j
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The Grantham fiome study program in electronics engi-
neering consists of five “correspondence semesters™ made
up ofatotal of 370 lessons. followed by a two-week period
of review and examination at the School. The prerequisite
for enrollment in this program is high school eraduation
(or cquivalent) and at Ieast one year of cxpericnee as an
clectronics technician,

This accredited ASEE Degree program covers z review
of basic electronic circuits and systems, applicd engineer-
ing mathematics (including alecbra, trigonomet-y, and
caleutus). classical and modern physics. technical yriting,
computer systems. clectrical networks., and semiconductor
circuit analysis and design. The ASER Degree is awarded
upon satisfactory completion of the 370 correspondence
lessons and the final two-week residency at the School.

The Grantham cducational program in clectronics
places heavy stress on fundamental concepts of fogic and
mathematics rather than on  superficial maninulative
skills. Since these fundamental ideas arce fargely unfamil-
iar to many clectronics technicians, it is necessary to de-
velop them in a systematic manner,

Accreditation and G.I. Bill Approvcl

Grantham School of Engincering is accredited oy the
Accrediting Commission of the National Home Study
Council. is approved under the G.I. Bill. and is «.thor-
ized under the laws of the State of California to gerant
academic degrees.

e T b

| Grantham School of Engineering  RE-€ 49 i
{ 1505 N. Western Ave., Hollywood, Calif. 90027 |
|

| Please mail your free Bulletin, which explains how the :
I Grantham educational program can prepare me for My i
| Associate in Science Degree in Eleetronies Engineeris g |
' |
| [
I Name Age |
| [
| I
| Address l
! I
| City State Zip |
| l
PSR |
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APOLLO TV USES SEC TUBE

BaLTIMORE—The  15-1b

color TV camera used
aboard Apollo flights 10 and
11 is almost identical to the
unit being adjusted here by
a Westinghouse project engi-
neer. Also shown is the
2%-inch b-w TV monitor
used by the astronauts to
see what scene was trans-
mitted to earth.

The camera uses the field
sequential system (New &
Timely, July) in which a ro-
tating color wheel passing in
front of the CRT provides
separate red, blue and green

images that are converted
to a single color image on
earth.

An important part to the
color camera is a SEC (sec-
ondary electron conduction)
CRT tube that can pick up
dimly illuminated scenes in-
visible to ordinary vidicor
TV cameras.

The camera is about 17
inches long. including the
12.5—-75-mm zoom lens. The
aperture stop range is f2.2
to £22. and focus range is 20
inches to infinity.

The color wheel just be-
hind the lens spins at 600
rpm, and is divided into six
sections. Conversion equip-
ment on earth provides a 30-
frame-per-second rate for
the system.

2

VOICE PATTERNS DETECT
POSSIBLE HEART
ATTACKS

SAN Francisco—Cardi-
ologists at a medical center
here have devised a technique
for spotting potential victims
of heart attacks by recording
acoustic voice patterns.

Subjects were asked to
read a brief statement de-
signed to stir up their emo-
tions while their voice was
recorded on a converted elec-
trocardiogram machine. Indi-
viduals with “explosive vocal

LOOKING AHEAD

By DAVID LACHENBRUCH
CONTRIBUTING EDITOR

1970 TV set preview

More small-screen color portables. particularly in the
11- and 12-inch size . . . more automatic color circuitry

. the first electronically-tuned sets for the North Ameri-
can market . easier servicing. These appear to be some
of the major trends in the 1970 television scts, for introduc-
tion to the public this fall.

Brightness derby resumes

Another trend is a new lap in the race for brighter color
tubes. At press time there were several new entries. and
more were expected. The most intriguing is RCA's “Hi-Lite
Matrix” tube, to appear in five solid-state 23-inch reccivers
this fall. and later to be offered to other manufacturers (See
New & Timely).

Other new bright color tubes in use in 1970 models: A
General Electric tube using the new rarc-carth gadolinium
phosphor (Looking Ahead, Mav 1969). and a tube by
Philco-Ford, said to be 35% brighter than previous tubes,
thanks to a new phosphor application method.

Easier tuning

More automatic color circuits and various tuning aids
are also features on some new sets, Credited with the first
North American introduction of all-electronic varactor-
diode color TV tuning is Electrohome of Canada. whose
sets are also sold in the U.S. Electrohome’s ingenious tuning
device is featured in two top-of-the-line 23-inch scts. The
tuning panel consists of a serics of 18 pushbuttons—for the
12 vhf channels and any six uhf channels. The pushbutton
panel may be removed from the receiver (it's connected by
a flat cable) for usc as a remote tuner.

The first varactor-tuned black-and-white set on the U.S.
market probably will be a 19-inch Panasonic recciver. It,
100, is pushbutton tuned, by mecans of two buttons which
scquentially stop at preselected channels.

Easier uhf tuning is gelling more attention in the new
sets. Several remote-control sets now can be tuned to all

(continued on page 4)
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intonations” showed an 84%
correlation with a personality
pattern in men suspected of
being highly prone to heart
attacks. The voice analysis
technique is able to spot 75%
of those who have already had
heart trouble.

QUEEN ELIZABETH 2
GUIDED BY SATELLITE

NEw York—The Queen
Elizabeth 2 arrived here
May 7. guided on her first
voyage to the U.S. by a satel-
lite. A small antenna atop
the foremast of the liner
picks up signals from a
Navy navigation satellite.
pinpointing the location of
the vessel within 1/10 mile.
The shipboard communica-
tion system was installed by
ITT and some of its British
subsidiaries.

BLACK MATRIX TUBE
INTRODUCED BY RCA

HarrisoN, N.J.—Color
TV is brighter than ever
with RCA’s new Hi-Lite
Matrix picture tube. Accord-
ing to RCA. the new large-
screen color tiubes are twice
as bright as the company’s
current tubes and six times
brighter than large-screen
tubes made about 10 years
ago.

Key to the boosted
brightness is a newly devel-
oped phosphor-dot screening

(continued on page 4)
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BUILD ONE OF THESE

0-200-MHz IC Frequency Counter- . . . . 23 ... .. Bob Botos
Digital readout of frequency or events

Boost Car Gage Accuracy . . . . .. ... 38 ....Jack Saddler
An easy switch to solid state

Lab Power Supply - . .. . ... .. 49 . Leonard Anderson
Automatic voltage and current regulation (Part 1)

ANODE—Audible Noise Override Device. . 58 . Richard W. Bailey

How to block noise with noise Lab-quality power supply is a must for

the experimenter's bench. Precise regu-
lation of voltage and current.

TELEVISION see page 49
Kwik-Fix™ Troubleshooting Charts - . . . 59 . ... .Forest Belt
mTheShop. - + -« v v v vvveenees 86 . .... Jack Darr

Service CliniC « ¢ « «+ + e e o e v v ves.o 87 « s+ .. Jack Darr

AUDIO—HI-FI—STEREO
New ForYou - .. ... ... ..... .. 32 .... Warren Roy
Koss electrostatic headphones—ESR-6

FM Stereo IC Headphones . . . . . . .. . 43 ... Larry Steckler
Inside a new portable stereo center

Getting Started in Organ Servicing. - . . . 76 .. ponald A. John
ABC’s of a growing repair field

FOR THE EXPERIMENTER IC Frequency Counter reads up to 200
) MHz and can be calibrated to 0.05¢
How to Use Triggered Scopes - - - . - . . 33 .. ... Larry Allen accuracy. Tt pagg 0253A>
Programmed learning makes it easy
Technical Topics - =~ . . .. ..... 41 .. Robert F. Scott
Fire detector . .. audio . . . long-interval timer
Digital Readouts—How They Work - . . . 46 . .....Jim Ashe

A new miniature neon indicator

GENERAL ELECTRONICS

Looking Ahead - - - - - - «e+e-.... 2 Dpavid Lachenbruch
Current happenings with future overtones
FET Square Wave Generator- . . . . . .. 48 . _Frank H. Tooker
Ferrite Antenna Repair - . . . . e B3 ... Peter Sutheim .
Trigger level controls for triggered
How IC'S WOrk - - « « = ¢ v v v v .. ... 64 ... . Bob Hibberd scopes can be tricky. Where wauld you
Forming monolithic components (Part 3) set the control to dispiay this wave-
form? see page 33
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New & Timely

(continued from page 2)

process that deposits each
one of the 1,267,650 red,
green or blue phosphor dots
within an opaque. black
matrix.

The precision black mat-
rix absorbs bright light shin-
ing on the face of the tube,
and only a lightly tinted fil-
ter glass is used with the
Matrix tube. This means the
tube offers high picture con-
trast and clarity even in
bright viewing conditions.

Coupled with the matrix
screening process are new
high-resolution electron
euns that produce a focus
spot smaller than do previ-
ous RCA guns.

The new tubes are elec-
trically and mechanically in-
terchangeable with the 25X-
P22. Limited quantities of
the 23-inch diagonal tube
are being made available to
set manufacturers at $110

each.

ANTENNA COMPLEX

A huge complex of anten-
nas and transmitters is under
construction in northern Wis-
consin to link the US with its
military forces throughout the
world. Dubbed Project San-
guine by the Navy. the net-
work could employ 250
powerful low-frequency trans-
mitters tied to a 70 x 100-
mile grid of antennas if com-
pleted in the 1970’s,

Sanguine’s top-priority
coded messages would be
beamed into the ionosphere
and the earth’s surface simul-
taneously. The ionosphere
signal  would encircle the
earth. while the ground signal
could penetrate the sea to
reach submarines.

If approved by Congress,
costs of the project could ex-
ceed $1 billion due to the
expense of burying half the
transmitters underground.
Work on the first underground
station may start next year.

COMPUTER SYSTEMS PINPOINT COMPLAINTS TO
POLICE AND HELP SHIPS AVOID
NAVIGATIONAL SEA HAZARDS

Two new applications of
computer technology will aid
law enforcement and increase
the safety of ships at sea.

In San Jose, Calif.. a dem-
onstration computer installed
by Sylvania has been used to
pinpoint instantly the loca-
tion of telephone complaints
to a police communication
center and indicate the patrol
unit assigned to that location.

The computer was pro-
gramed with a number of
geographic areas in the city
and the patrols assigned to
them. When a complaint ad-
dress is received—whether by
streel. intersection or building
—_the location is typed into
the computer while the caller
is on the phone.

Within seconds. the com-
puter verifies the address and
indicates the “beat™ number
for the area. The system spots
incorrect addresses given by
callers and types out the right
one. Most police departments
now use a time-consuming
index-card system for locating
and verifying addresses.

4

Another computer system
is being linked with ships to
monitor onboard navigation
equipment. unusual stresses
and temperatures.

Ships subscribing to Satel-
lite Navigation Corp.’s service
are being equipped with com-
nuters and gauges that record
all important instrument data.
The on-board computer will
be periodically interrogated
by shore-based data acquisi-
tion centers via high-frequen-
cy radio or satellite signal.
Each center will monitor up
to 500 ships.

Operators at the centers.
like air-traffic controllers. can
then “steer” ships in con-
gested areas or help them
avoid storms. Computers at
the centers will be pro-
grumed with shipping routes.
navigational hazards. tides.
currents and updated weather
data. Philco-Ford Corp. sup-
plies gear for the system.
which initially will be used
along the North American
coastline with direct ship-to-
shore radio.

A rack of newly grown
quartz crystals is removed
from an autoclave where
they have grown for 27 days
at 750° F. A series of 27 of
the 12-foot-long tanks is
used at a Western Electric
plant near Boston.

The new crystals are

sliced into plates that can op-
erate at 1 MHz. A different
technique is used to produce
the crystals. which results in
an R-face (rhombohedral)
structure. The R-face crystal
can be used in communica-
tion applications to replace
expensive natural crystals,

LOOKING AHEAD

(continued from page 2)

82 channels from chairside. Two of these use the signal-
seeking method. employed for vears in high-end car radios:
the Magnavox system (introduced last year) and ua new
Sylvania version which can scan the uhf band in either direc-
tion with a single tuning button. (Touch it for a fraction of
a second and it tunes toward the high end of the dial: hold
it down a little longer and it scans downward.)

There will be at least two systems which require little,
if any. adjustment of color and tint contro!s from program
to program and channel to channel. Both of these operate
by holding flesh tones to a pleasing level. despite chunges in
the incoming signal. Magnavox’s “Total Automatic Color”
was described last month. A Philco-Ford development. in-
cluded in all of that company’s 1970 color sets except its
single 10-inch model. seems to usc a similar principle. Called
~Cosmetic Color.” it involves modifications in the demodula-
tion and matrixing circuits to convert certain pinkish. green-

ish and purplish tones to flesh colors.
{continued on page 12)
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THE CAPACITOR YOU WANT, WHEN YOU WANT IT.

The widest line . . . off the shelf availability.

Your nearby Mallory distributor stocks aluminums,
tantalums, wet slugs, solids, foils, motor-start,
motor-run, polystyrene and ceramic. In a variety
that includes the capacitor you need for your
immediate and future programs.

MA'.I.OR MALLORY DISTRIBUTOR PRODUCTS COMPANY

A division of PO MALLORY & CO, INC.
Box 15568, Indianapolis, Indinna 16206

Batteries fd

Circle 10 on reader service card
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KEYBOARD THERAMIN

A keyboard version of the
electronic theramin is being
marketed by Scott Clavivox
of Farmingdale, N.Y. The
keyboard arrangement of the
musical instrument solves the
problem of playing the thera-
min in tune. The company
anticipates use of the instru-
ment on movie and TV sound
stages, by rock groups and in
electronic music studios.

TV AND 3-D PROJECTORS SHOWN

Two prototype devices
for projecting three-dimen-
sional movies and large-
screen color TV were re-
cently unveiled.

According to the devel-
oper of the color TV projec-
tion system, Advent Corp.
(Cambridge. Mass.). a pro-
fessional model of the de-
vice selling for under $5000
will be available within the
year. The 3-D display sys-
tem. using lasers and holo-
graphic film. is being studied
by North American Philips
for possible applications in
entertainment—including  3-
D TV.

Advent's color TV sys-
tem can project a 4 X 6-foot
display on a screen. Three
7-inch red. green and biue
tubes provide a full-color
image. A less expensive ver-

sion of the system is being
planned for the consumer
market.

A laser—hologram pro-
jector recently demonstrated
by Philips uses a 3-inch wide
strip of film divided into ho-
lograms Y2 inch apart. Un-
like conventional movie pro-
jectors with shutters, the
Philips machine moves the
film continuously from
frame to frame. When a las-
er beam passes through the
holograms, the “informa-
tion” is converted into
and projected as a 3-D
movie.

In addition to investigat-
ing TV applications for the
system, Philips is perfecting
a method of projecting im-
ages with ordinary light to
eliminate the laser require-
ment.

30-WATT AMP WORKS
WITHOUT A HEAT SINK

LONDON—AR experimen-
tal 30-watt hi-fi power ampli-
fier no larger than a cigarette
pack was shown at a com-
ponent electronics show
recently. The small size is
possible by using pulse width
modulation  (PWM)  tech-
niques that operate the power
output effi-
ciencies up to 95%. elimina-
ting the need for heat sinks.

An audio input signal
from a preamp (analog) is
combined with a 2-MHz sig-
nal generated in a new PWM
integrated circuit developed
by Mullard Ltd. The audio
signal, in the form of 2-MHz

transistors  at

digital then be

pulses,
amplified to 4-amp peaks by
fast-switching transistors. Be-
cause of the fasc rise and fall
times of the pulses, the out-

can

put transistors convert only
about 5% of the power sup-
plied to heat. A low-frequency
filter then removes the ampli-
fied audio. which is used to
drive a loudspeaker.

With 30 dB of feedback.
THD is 0.25%. Upper fre-

quency response is limited to
about 20 KHz.

Among other products in-
troduced by Mullard were five
IC's for TV. a variable-capac-
itance-diode TV tuner. and
“push-through™ picture tubes
that can project beyond the
front of the cabinet. exposing
the entire CRT face.

BROADCASTERS AND
CATV DRAFT
TRANSMISSION PACT

WASHINGTON — CATV
companies can provide sub-
scribers with the three necarest
networks and three indepen-
dent stations if a draft
proposal between the National
Association  of Broadcasters
and the National Cable Tele-
vision Association is okayed
by Congress and the FCC.
Acceptance of the proposal
could provide most cities with
a minimum of six channels.
Under the arrangement,
CATV would pay copyright
fees on retransmitied pro-
grams. and also have a single
channel for local broadcasting

of sponsored entertainment.
(continued on page 12)

IN THIS ISSUE

Ever run out of gas when
your dash gage read “%"? It
happens. But there’s a sim-
ple conversicn you can make
that’ll end the problem. Just
a few solid-state components
w8i" do the job. Turn to page
38.
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_ will tell you everything!—Complete Specs
A n[[m including schematics!

MARK TEN SCR

CAPACITIVE DISCHARGE IGNITION SYSTEM

Now discover for yourself the dramatic improvement n performance of your
car, camper, jeep, truck. boat — any vehicie! Delta’s remarkable electronic
achievement saves on gas, promotes better acceleration, gives your car that
2ip you've always wanted. Find out why even Detroit has finally come around.
In five years of proven reliability, Delta's Mark Ten has set new records of
ignition benefits. No re-wiring! Works on literally any type of gasoline engine.

A Dramatic Increase in Performance and A Points and Plugs Last 2 to 10 Times
in Fast Acceleration Longer

A Promotes More Complete Combustion A Up to 20% Mileage Increase
{saves gas)

KIT FORM 32995 ASS(;;'I{\JIILBYLED 34495

12V ONLY ppd.

| MODEL 3000 FET VOM °ZY95

Delta now offers a compact, versatile, and extremely sen- $

. sitive VOM which combines FETs and ICs for extreme

. accuracy. Compact (62"W x 8"H x 3%2"D), portable. Wt.

334 Ibs.

IN KIT FORM: Feedback network with pre-selected com- onl $ 95
ponents to eliminate all final calibration. Ready to use y 59
when assembled! ppd.

i NEW DELTA FEATURES:

| A Mirror scale 200 A D’Arsonval meter
A (Integrated circuit (IC) operational amplifier
: J for extreme accuracy
A FET input stage with current regulator
A Two stage transistor current regulator and
Zener diode on OHMS for absolute stability
[ and accuracy
| 4 Voltage clippers for protection of input
} stage

ppd.

Fully temperature compensated for low low
zero drift

Ten turns ZERO and OHMS adjust
potentiometers

Epoxy glass circuit boards and metal case
Enclosed switches

Uses readily available type AA cells

Uses standard test leads for maximum
flexibility and ease of measurement

10 Megohms input impedance

Deita, pioneers in CD ignition who pro-
duced the fabulous MARK TEN*. now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
In RPM readings due to the advanced,
sofid-state electronic matched components

| N I N N N 4

0-8000 RPM range

Perfect linearity — zero paralax
Adjustable set pointer

Wide angle needle sweep
Transiucent illuminated dial
Chrome plated die-cast housing
All-angle ball & socket mounting
Use it with ANY ignition system
Meter: 38" dia. X 3%~ deep

L N N 2 I I S S S

r ) ) ) used in the computer. coupled with the Calibration kit included, no test »qpt,

| DELTA: Please send me literature immediately. | o, precision meter in the world. Works needed.

I Iam enclosing$.____ for items checked. | on all 2. 3. 4. and 6 cylinder 2 cycle and ., computer.

} [ Mark Ten SCR ((] Kit [ Assembled : with 4-6-8 cylinder— 4 cycle 12 volt engines, 1anc’\§;meute|: for ?F%Ucise $2 95
Model 3000 FET VOM (] Kit [J Assembled) i s easyrement_lin d.

: F———— : Write today for complete ~ ®*'ote «t form: PR

| Please ship immediately. i literature packet KIT FORM ONLY

| Name _ | BEs

{ Address ! .

S — DELTA PRODUCTS

| | e | Ll y INC.

i *My car is (Model) (Year) i

b ___ J P.0. BOX 1147 « GRAND JUNCTION, COLORADO 81501

Circle 11 on reader service card
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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends YOU 50 s o

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering *‘3-Dimensional’’ way. NRI training is the result of more than
half a century of simplifying, organizing, dramatizing subject matter, and providing
personal services unique for a home study school. You get the kind of technical
training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NR/—The 53 Year Leader in Electronics Training

APPROVED UNDER
NEW GI BILL i you cerves

since January 31, 1955, or are in ser-
vice, check Gli line in postage-free card.

e ) g

RS L s
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Earn 85 or more an hour
spare or full time in

TV-RADIO
SERVIGING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying jobor abusiness of your
own. NRI not only trains you quickly
and expertly, but also shows you
how to get started in Servicing soon
after you enroll, earning as you
learn. NRI trains you in today's
methods of installing and repairing
all Electronic equipment for the
home—including booming Color TV.
You even build, experiment with and
keep to enjoy your own solid-state
radio and your choice of black-and-
white or Color TV receiver. Like
thousands of others, you can be
earning $5 or more an hour extrain
spare time starting soon.

There’s money and
success awaiting you in

BROADCASTING -
COMMUNIGATIONS

The experience you gain from in-
tensely practicai NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train fora
choice of careers ranging from mo-
bile, marine and aviation radio to
TV broadcasting and space commu-
nications. You learn how to install,
maintain and operate today's re-
markable transmitting and receiving
equipment by actually doing it. You
build and experimentwith test equip-
ment, like a VTVM you keep. You
build and operate amplifier circuits,
transmission line and antenna sys-
tems, even build and use a phone-cw
transmitter suitable fortransmission
on the 80-meter amateur band.
Whichever of five NRI Communica-
tions courses you choose, you pre-
pare for your FCC License exams,
and you must pass your FCC exams
or NRI refunds your tuition in full.

Move ahead in America’s
fast growing industry as

ELEGTRONICS
TECHNICIAN

Electronicstoucheseveryonreslives,
This vast field of opportunity is open
to you with NRI training. Industrial/
Military Electronics training—like all
NRI courses—prepares you quickly,
thoroughly the practical ““handson’’
way. You build with, and learn to un-
derstand the functions of, today’s
miracle solid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Whatever your interast in
Electronics, NRl training canfill your
needs. Prove to yourself what nearly
a million NRI| students could tell you
...thatyou get more for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI_:c.s <.

explore, discover. Everything you see hereis included in one NRI course—including Color TV. Cther
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit,

dollar for dollar—you get more
for your money from NRI.

AUGUST 1969

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
FOR TRAINING
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simplifies soldering

TEMPMATIC®

Temperature
Controlled Soldering Tool

Combines all the advantages of a pencil iron,
a fast heating soldering gun, and tip
temperature control. Exclusive removable
Powerhead contains Weller's temperature
control system. Protects components even in
the most delicate work situations. Tool weighs
7 oz. Use it for light or heavy duty soldering.
Model GT-7A has 700°F. 346" chisel point
Powerhead. Mode! GT-6B has 600°F. 13"
conical point Powerhead.

The original
Dual Heat Guns

Fast heating. Long-life tips. Exclusive
trigger-controlled dual heat. High
soldering efficiency. Spotlight. 3
models from 100/140 watts to

240/325 watts.

Dependable MARKSMAN Irons

They outperform other irons of their size and weight. Long-
reach stainless steel barrels. Replaceable tips. 5 models
from 25 watts to 175 watts.

Weller 25-watt Iron for intricate work

Industrial rated. Weighs 134 oz.
Delivers tip temperatures to
® 860°F. Cool, impact-resistant
handle. Model W-PS with 14" tip.
WELLER ELECTRIC CORP., Easton, Pa,
WORLD LEADER IN SOLDERING TOOLS

Circle 13 on reader service card
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New & Timely

(continued from page 6)

STRONGEST MAGNET
MADE

The latest claim to the
strongest  permanent magnet
is being made bv Raytheon.
Using a blend of cobalt and
the rare-carth element sama-
rium. Dr. Dilip K. Das de-
veloped a material said to be
four times as strong as most
alnicos and twice as strong
as platinum—cobalt magnets.

Initially. the magnets will
be wused in the company’s
microwave tubes, where they
can replace up to four times
their weight in previously
used maugnets.

The new material’s energy
product runs between 16 and
20 MGOe (million gauss-oer-

These merit figures include a
magnetic substance’s residual
magnetism after a magnetiz-
ing field is removed. and its
ability to resist demagnetiza-
tion in an opposite-polarity
field.

steds) compared to 3 for fer- Dr.
rites, 5 for common alnicos
and 10 for platinum-cobalt.

Das. framed by a
metallurgical press. inspects a

sample of the new magnet.
(continued on page 14)

LOOKING AHEAD

(continued from page 4}

Anti-X-ray devices

They probably won’t be mentioned in set manufactur-
ers’ sales literature, but they’ll be there—fail-safe gadgets to
hold any radiation emission below detectable levels. Many
have been phased into color sets before the model change-
over., These systems include: (1) Use of precision com-
ponents and climination of the high-voltage adjustment so
that voltage can’t inadvertently be turned up beyond specifi-
cations. (2) Circuits which reduce or turn off high voltage
if the shunt regulator tube is open or shorted. (3) Elimina-
tion of the shunt regulator by various methods, including
use of a new h-v regulator diode. (4) Solid-state ac input
voltage regulators. (5) Increased shielding at all critical
points.

Less service, easier service

Service complaints and service problems are very much
on the minds of set makers this year. Some are going the
solid-state route in an attempt to increase reliability. Others,
while increasing the solid-state content of color sets, say
they will continue to use tubes in sockets where they have
proved more reliable than solid-state components. A trend
is developing toward easy removal of circuit boards or sec-
tions of circuits. Motorola’s modular Quasar approach may
be emulated hy some new “sectional” chassis. Plug-in tran-
sistors are finding wider use.

Quality-control programs are beginning to pay off, man-
ufacturers say. Sylvania states that its “Gibraltar” color
chassis, introduced a year ago, has proved 50% more reliable
than its predecessor. Easy-servicing accessibility is another
feature being enhanced this year. Sylvania’s larger-screen
b-w sets have a chassis that slides out on tracks, like a
filing-cabinet drawer; the backs of G.E. color sets may be

removed by disengaging three connectors.
(continued on page 14)

RADIO-ELECTRONICS
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NnewlINNC O

HOME ENTERTAINMENT

Everything needed to wire
your home for multiple set re-
HWK-75 75 ohm ception — in easy-to-handle kit form.

HWK-300 300 ohm
@ For Color TV~ UAF/VHF @ Black & White TV @ FM/FM Stereo

Turn your whole house into a home entertainment center. Operate up to four
sets, or be able to move your entertainment equipment from room to room.
Kit includes all necessary parts, fittings and instructions.

Please send free brochure 20-520 on FINCO HOME TV
DISTRIBUTION KIT.

e =

/" 0f THE WDR(p F Y
2 Iz

£ "v\

color

|

|

[ ® [ '
F/INCO COMPANY E"

|

|

V2 ek wante | @ f

< S
\AND Fy ANTE"Sx

34 W. Interstate Street, Dept, RE-g1 Address
Bedford, Ohio 44146

City State Zip

Circle 14 on reader service card
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(165V...
competition

to top Oxford quality, variety, delivery, and prices!

Here are the speakers with the
quality features demanded for
today’'s critical sound require-
ments. Extra heavy ceramic mag-
nets for wider range, with Oxford’s
exclusive ‘‘Floating Suspension
Surround” the permanently flexi-
ble edge that extends the low
frequency spectrum without un-
desirable hangover, assuring
smoother mid-range, brilliant high
frequency response,

"
4

|
\
!
i

i.
o

Public Address Speakers

Paging and Talk

Back Speakers “TEMPO" Hi-Fi Speaker

Match your needs from a full

B
B
.
» range of speakers for new highs

All Weather Speakers in high fidelity performance. Best
of all, they’re available now from -

OXFORD.,

of course.

MEMBER

Protfessional Musical
Instrument Speaker

Write for complete information foday!

OXFORD TRANSDUCER
COMPANY

A Division of Oxfard Eleg

659 W. Washington Bivd.,

rooration

icago, Ill. 60606

Circle 15 on reader service card

New & Timely

(continued from page 12)

OPTICAL DEVICE PRODUCES COLOR EFFECT

An optical device installed
on the lens of b-w TV cam-
eras  enables scenes to be
viewed in color on b-w moni-
tors, according to Color-Tel

Corp. (Sherman Oaks,
Calif.). which is selling its
Color Translator for $1500.

The kit utilizes the subjective
color effect and requires
no electronic  modification.
Scenes are reproduced in
flashing colors on any moni-
tor, and a $150 compensating
filter for &-inch monitors in-
creases color brilliancy. R-E

LOOKING AHEAD

{continued from page 12)

Warranties with labor

With the pressure on from both Washington and the
consumer, TV receiver firms are trving to make warranties
more understandable and more meaningful. Most are search-
ing for formulas (o include labor as well as parts without
endangering relations with independent service technicians.
Some began 90-day service-inclusive warranties last year or
earlier. The remainder may well come along before the year
is over. as meaningful warrantics become a more important
selling tool.

Joining the ranks of those offering 90-dayv labor in
warranties included in the price of a color set are Philco-
Ford and Sylvania. and quite probably others. Both of these
companies have previously left this matter up to their indi-
vidual dealers. Philco will compensate service dealers on a
per-job. fixed-rate basis. Sylvania leaves compensation up to
the dealer. but says allowance for warranty repairs are
included in their margins on the sets.

RCA has been experimenting for more than a year
with compulsory 90-day labor warranties in certain regions
—first in Indianapolis, later adding most of the West Coast
area. RCA officials say the program uses independent tech-
nicians as well as RCA Service Co. at the discretion of the
dealer. Technicians are compensated on the basis of their
actual charges. not according to any fixed-fee schedule.

Radio trade-ins

The growing policy of over-the-counter replacement of
faulty radios and other portable electronic items may lead
to a new business: reconditioning and resale of trade-ins.
G.E.. Channel Master and others have long had a policy of
30-day warranty replacement of radios. Magnavox has now
instituted a 90-day period.

Philco-Ford, in announcing 30-day replacement of all
radios, plus some portable phonographs and tape recorders,
suggests that it has figured out what to do with exchanged
products. Philco is planning to promote the setting-up of
15 independent “rebuilding centers.” to repair and rebox
the trade-ins and resell them through regular channels,
clearly labeled as “rebuilt,” at reduced prices. R-E

14 RADIO-ELECTRONICS
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1L OTILL
LAST a0’ LONGER

INTHE SET.

BEGAUSE IT°S AN ARGOLYTIC ELECTROLYTIC.

Don’t sweat it if you find an Arcolytic
that’s been collecting dust.

Because Arcolytics have twice the shelf
life. And 50% longer life in the set
than ordinary electrolytics.

Reason 1s, they’re wound with 99.99%
pure aluminum foil, the only grade
used i computer quality capacitors.
Extra foil purity also reduces D.C.
anode current Jeakage by half.
Arcolytics are available in more than
2,000 exact replacement values, to
satisty all radio, TV, and quality
commercial equipment requirements.
Tvpes in distributor stock include:
twist mounts, printed circuit twist
mounts, tubulars, miniature tubulars,
and a high capacitance low voltage
series.

(Ask your distributor for the new
Arcolytic TV Capacitor Replacement
Guide. Or write directly to Loral
Distributor Products for your

ARGOLYTIC frec copy)

from Loral Distributor Products Arcolytic capacitors are available from
A Division of Loral Corporation distributors all across the country. So
¢ Pond Hill Industrial Park, Great Neck, N. Y. 11022 nobody has to scttle for second best.

Circle 16 on reader service card
AUGUST 1969 15
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This is 30,000
d state replacement parts.

soli

RADIO-ELECTRONICS
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S0 is this.

Lt used to be if you wanted to'satisfy everyone. you
had to stock over 30,000 different solid state replace-
ment parts.

Well, everyonce realized that was ridiculous. So
some enterprising people came up with a bunch of
universal replacements.

Then you only had to stock about cleven or twelve
hundred.

That was a lot better, but we still thought it was a
little ridiculous.

So two vears ago (when we went into this busi-
ness ), we figured out how to replace all 30,000 with
only 60.

Now all you have to do is stock 60 of our diodes,
transistors, integrated circuits, ctc., and you can re-
placc any of the 30,000 parts now in use. Including

AUGUST 1969

Circle 17 on reader service card

ol JEDEC types, manufacturers’ part numbers, and
foreign designs.

That mcans you invest less money.

You don’t tic up valuable space.

You do away with complicated inventory control.

And you operate more efficiently.

To make life even casier, we've got a new book
that gives you all the cross references you need to
figure out which part replaces which. ,

It’s available from your Sylvania distributor.

If the whole thing sounds rather incredible, you're
right. But why not give your distributor a call and let
him narrow the incredibility gap.

SYLVANLA

GENERALTELEPHONE & ELFCTRONICS

www.americanradiohistorv.com
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“He's a. good worker.
I'd promote him

right now if he had

more education
1n electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
In the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn’t easy for a man with a

18

&

full-time job and family obligations. But CRE! Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CRE! Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.

RADIO-ELECTRONICS
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Expanded
coverage of
solid state
electronics
including
integrated
circuits !

e ~ZT=r =

CREI, Home Study Division
McGraw-Hill Book Company
Dept.1406H,3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please send me FREE book describing CREI Programs. |
am employed in electronics and have a high school education

NAME. AGE

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Mail postpaid card
for your copy. If card is detached, use coupon at right
orwrite: CREI, Dept.1406-H,3224 16th St., N.W., Wash-
ington, D.C. 20010.

CITYy STATE Zip CODE

EMPLOYED BY.

TYPE OF PRESENT WORK O G.I. BiLL

| am interested in [J Electronic Engineering Technology
O Space Electronics [0 Nuclear Engineering Technology
[0 NEW! Digital Communications

Founded 1927

»
|
|
|
|
I
i
I
I
| ApDRESS
I
I
!
|
I
i
I
I
|
L

CRET

Accrediied Membsr of the Natone! Home Swdy Council

APPROVED FOR TRAINING UNDER NEW G.I. BILL
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NOW —
CHECK

AlL

TRANSISTORS

IN OR OUT

Flick function
switch to left
to check all
regular tran-

OF CIRCUIT ...

Flick funclion
switch to right
1o check any
FET.

sistors.

R

e
e “GA‘NMQ

4 3125 " B
g a1

|
e - ap L1l |
£R0 na05s, CRoaps |
- N

CunaiS,, ML gpy

all regular transistors plus the new field effect transistors.

You won’t be stopped when you run into the new FETs that are wired
into the latest hi-fi, newest TV receivers and nearly every other new device
coming on the market. For the very first time, you can check them all,
in or out of circuit. The TF151 works every time using tried and proven
signal injection techniques. New, improved tests on special RF transistors
and the latest high power transistors, mean that the TF151 is the only
up-to-date transistor tester on the market. A new, exclusive setup book
in rear compartment guides you to every test for over 12,000 transistors
and FETs. The book is not needed for general service troubleshooting.
Regular transistors are checked for beta gain and Icbo leakage. FETs
are checked for transconductance and Igss leakage. only $-|2950

Your distributor just got this new tester in stock.
See him, it obsoletes all others.

Py
g e S
i o . NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
{5,

426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101
Circle 19 on reader service card
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BANJO PLUNKERS UNITE

I noticed you’ve invited comment
from those who've buiit the guitar am-
plifier from the article in the Novem-
ber 1968 issue.

Being an old banjo plunker instead
of guitar player, I figured the ampli-
fier would not stand up to the more
abrupt transient peaks of the banjo.
Instcad of the minimum power supply
specified. T put in a larger ac trans-
former, feeding about 40 volts at 1
amp into the rectifier.

I also used a 10-inch. 30-watt
speaker. The amplifier, with these
changes, works perfectly.

To stand up under use with Fuzz-
Tone input and Wah-Wah foot pedal,
I found it necessary to use three diodes
in series. instead of the single diode
shown for bias control. T also added
an audio choke and an extra 500 uF
of capacitance to the rectifier filtering
system to bring the noise level down.

Instead of the fabric covering speci-
fied, T finished the box in varnished
natural wood with gold trim and hard-
ware—to match the banjo. The pick-
up method used for banjo is the old
De Armond magnetic. which was put
out for acoustic wood guitars about
35 years ago.

LenT A. WILLIAMSON
Albuquerque, N. M.

WE'VE GOT ONE

We noticed in the January, 1969,
issue of Rapio-ELECTRONICS that Mr.
Carl Hartman of East Lansing, Michi-
gan, wrote to you concerning a small
amplifier that could be used as an am-
piifier monitor for hcadphone or small
speakers and be driven by a tape re-
corder. You might be interested in
knowing that Shure manufactures
such an item, and it is called the SA-1
Solo-Phone  Headphone  Amplifier.
This unit has two inputs. one with a
completely flat response for tuner or
tape, and the second for an RIAA
magnetic phono cartridge equalized
input. R-E

N. A. HESSLINK, JR.
Shure Brothers Inc.
Evanston, 1.

22 RADIO-ELECTRONICS
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BUILD

DIGITAL RTL FREQUENCY COUNTER

Count signal frequency with 4-digit accuracy

by BOB BOTOS

NOW YOU CAN BUILD AN IC FREQUENCY
counter for less than $200. This unit
counts random or periocic waveforms
from 10 Hz to 20 MH:x. The 4-digit
rcadout is accurate to 0.1% using ac
line-frequency calibration. An exter-
nal calibration feature pzrmits 0.05%
accuracy.

For readout indicators the coun-
ter uses four $10 decade counting
units (pcu's) described in RaDIO-
ELECTRONICS November [(968. Fea-
tures of the counter compare to com-
mercial frequency counzers that cost
a great deal more.

A block diagram of the counter is
shown in Fig. 1. In the FREQUENCY
mode, the incoming signal is either
amplified or limited. It is then formed
by the pulse shaper to function with the
RTL IC’s. The resulting pulse train,
whose frequency depends on the in-
coming frequency, is one of the in-
puts to the count gate.

The 1-MH, oscillatcr signal is di-
vided, according to thke frequency
multiplier switch position, and routed
through the period selector to the sec-
ond input of the count gate. This
turns the count gate on for a specific
“gate time.” The output of the count
gate is a burst of pulses directly pro-
portional in number to the input fre-
quency. These pulses are then count-
ed by the decade counting units
(DCU’s), each of which contains a
binary counter decimal (BCD) dec-
ade counter and a BCD-to-decimal
converter and produces one rcadout
digit. The count is retained in the
rcadout until the counter is reset by
the operator.

To reset a “high™ or logical one
is applied to all direct-clzar inputs of
the flip-flops and decade counters. In
the MANUAL reset mode. this is done
by a momentary pushbutton switch,
In the AuTOMATIC reset mode, and in
all but the number 5 multiplier switch
position, the output of the decade di-
vider located seventh removed from
the oscillator does the resetting. This
particular output goes high during the
8th and 9th seconds from zero time
(that time immediately following the
previous reset cycle).

AUGUST 1969

Once this high signal is applied to
the dircct-clear inputs. the devices are
reset. Therefore, they arc effectively
reset at the beginning of the 8th sec-
ond. In the number 5 multiplier switch
position. since the gate time is 10 sec,
we must take the auto reset signal at
the output of the 8th decade divider
and reset occurs right at the 40-sec
point.

Since each direct clear high must
be held for a minimum of 100 nsec,
a one-shot multivibrator is used to
insure each device is reset. The signal
triggers the one-shot, which holds the
reset signal high for approximately 5
psec. The S-usec value is arbitrary, but
other propagation delays due to stray
line capacitances and inductances, etc.,
throughout the counter were also con-
sidered. The output of the one-shot is
buffered to provide enough drive for all
direct-clear inputs.

Operation in the PERIOD mode is
essentially the same with one major
exception: the incoming signal is rout-
ed through the period selector and
used as the gate time of the count
gate, whereas the oscillator signal is
used as the events counted.

A sclf-contained calibration fea-
ture is obtained by counting the fre-
quency or period of the 60-Hz line
voltage. (In larger cities the frequen-
cy accuracy of the 60-Hz power line
is normally within #+0.05 Hz., or
0.083% ) This “line calibration™ guar-
antees *+0.1% accuracy, which will
verify the counter is at least function-
ing to the indicated accuracy. For
more accurate calibration an external
calibration signal is recommended.

The counter preamp of Fig. 2
(upper left) uses a MC1552G 1IC
video amplifier. Two input amplitude

www.americanradiohistorv.com

ranges are provided: 50-300 mV
rms and greater than 300 mV rms.
The 3 dB down points of the przamp
circuit only, in the unattenuated posi-
tion as shown, are 4 Hz and 42 MHz
for small signal applications. Input
impedance of the unit is tvpically
10,000 ohms.

Since the rTL IC's are guaranteed
only to 4 MHz. a pTL decade counter
(MCB838P) is used to extend the fre-
quency range to 20 MHz. The V.. of
-5 volts for the decade counter is ob-
tained from the +6-volt supply by
placing a silicon diode in the line.

To attain the high frequencies
specified. be extremely careful when
assembling the preamp. Shielding be-
tween input and output circuitry is im-
portant. I built the preamp inrto a
separate chassis box. A double-clad
PC board was used, and input and
output components are located on dif-
ferent sides of the board.

As mentioned earlier. the pulse
shaper conditions the incoming signal
to meet input requirements of the
J-K flip-flops. Fall time of a flip-lop’s
clock-pulse input must be within a
10-100-narosec range. (This is not
applicable to the MC778P.) This fall
time is accomplished by using one-
half of a hex inverter, connected as a
schmitt trigger (Fig. 2). The output of
the pulse shaper is diode-coupled to a
buffer which provides an adequate
drive capability. Diode rather than
capacitive coupling is used because a
large capacitance value would bz re-
quired at lower counter frequencies.

In the oscillator circuit, two gates
are connected in a cross-coupled con-
figuration, which is essentially a free-
running multivibrator whose square-
wave output frequency is locked by
the crystal. The resistors serve as bias-
ing elements, in addition to being a
part of the circuit time constants.
With the crystal placed as shown,
however, R5 and C8 determine thz pe-
riod. Since R5 also establishes the bias
of the input gate, and must be fixed
for a given V.., C8 and the crystal,
of course, would be changed if anoth-
er frequency is desired. Typical values
of C8 for other frequencies are 430
pF for 500 kHz and 0.00! uF for 100
kHz.
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The trimmer capacitor permits

For the MC724P,

exact adjustment of the frequency, R _ (3.6 — (0.865)
which is stable to within =0:01% from T 05x 108
+15°C to 4+55°C, without a crystal = 5400 ohms
oven.

L. This is necessary because in the quies-
One-shot muiltivibrator cent state sufficient current (1,;)

The one-shot multivibrator circuit
maintains the reset pulse for 5 pusec
to insure complete reset. Fig. 3 illus-
trates the one-shot configuration of
two RTL NOR gates and only one
resistor and capacitor. In a quiescent
condition prior to an input pulse, a
steady current flows through R, ap-
plying a high voltage level or logic
“1” to BI. This results in a logic
“0™" at B3, which is fed back to input
A2, Since both A inputs are at a
logical “0" at this time, A3 is at a
logical “I” level. No charge is stored
in C.

If a positive-going pulse (logic
“0” to logic 1) is now applied to
input Al. A3 goes low and C begins
to charge. The high initial charging
current through R drops the voltage
at B2 to a logic "0 which. together
with the permanent “0” at B2, switch-
es output B3 to a logic “1”. This “1~
is fed back to input A2 and main-
tains A3 at a low level until C charges
to the point where B1 reaches the logic
“1" threshold level. Then output B3
is switched to a (™. comnleting the
generation of the monopulse. The “0”

172 NMCT2 4P
Fig. 3

at B3 is fed back to A2 and the one-
shot returns to its original state.

The minimum pulse width of the
trigger input is governed by the propa-
gation delays of the gates used, and is
approximately equal to the sum of
the individual propagation delays. Us-
ing the MC724P, which typically
has delays of 12 nanosec. the mini-
mum trigger width would be 24 nano-
sec. The minimum trigger pulse ampli-
tude is of course V... or 1.8 volts
peak. Vu.r is the high-value voltage
applied to an input of an RTL device
to insure saturation of the driven
transistor.

The output pulse width, t,, is
determined by the relationship t,=
0.69 RC. A pulse width of 225 msec
is obtained, using R= 4300 ohms and
C = 75 pf. The recommended maxi-
mum value of R is determined by:
V..— V.,

Rmux =S
Lo

must be supplied to gate B to insure
its “on™ condition.

An analysis of the one-shot output
pulse shows an exponential decay to
about the 1-volt level. which then falls
quite rapidly to the zero-volt level.
This is due to the exponential voltage
rise at Bl as capacitor C charges.
Once gate B starts to switch, the feed-
back loop provides regeneration and
causes the change to be completed
abruptly. The output level at which
the abrupt change begins is a function
of the input threshold voltage which
varies from device to device.

A question that arises concerning
a one-shot multivibrator is, Will its
output pulse drive a flip-flop directly?
The RTL devices in this counter that
require an input clock pulse fall time
in the 10-100-nanosec range and fall
times for one-shot output pulse widths
less than 5 psec meets this require-
ment. However. while an output pulse
width of 225 msec operates a flip-flop
to a good confidence level. the buffer
conditioning of the one-shot output
signal insures the resetting of the nec-
essary flip-flops.

INPUT
. . | | | | [
PREAMP PULSE
—. 8 L — suaper 1 ; <10 +10 — <10 <10
F/10 F
\ 23] 4
OPERATE P 0 03—
O‘\LO o
60Hz R O'\T ~~~~~~~
CAL =—0 F F-P I e N
si6 CAL P [ MULTIPLIER
CHECK E’\o_ ] SWITCH
Q%0 I ONE
I T T ] COUNT GATE SHoT
1 MHz PERIOD
osc. <10 = <10 =10 — SELECTOR AUTO
BUFFER |
MANUAL™O
MANUAL
RESET
l 1 ? 1 MULTIPLIER SWITCH
GATE(SE
ENT,) =10 =10 =10 SW.POS.| F P | Time SEC)
| 10-3 108 10
] l l J 2 10-4 [ 105 ]
BCD/DEC BCD/DEC BCD/ DEC BCD/DEC 3 o5 1 oF |
CONV CONV CONV CONV T o35 Fig. 1
a 10" | Y
5 0 7 | 02| .oot
L [ —
READOUT NOTE: F= FREQUENCY
P=PERIOD
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In this counter a decade counting
unit (DCU) is a device which con-
tains a divide-by-10 counter, @ BCD-
to-decimal decoder and a numerical
readout.

As shown in Fig. 2, the divide-
by-10 function is accomplished by us-
ing the Motorola MC780P decade
counter. The output of the MCT780P
is a 1. 2. 4, & binary-coded decimal
representation.

The most inexpensive way of per-
forming the decoding and readout
function is by using the current sum-
ming technique. Here. the outputs of
the MC780P control the on—off condi-
tion of transistors, The collector re-
sistors are binary weighted, which re-
sults in binary-weighted currents.
The collector currents are brought to
a summing junction and. since the to-
tal current can be in only one of 10
discrete states, they are readily dis-
played on a current meter with a zero-
through-9 scale. An accumulative er-
ror of even =0.25 mA still allows
clear readings. For best results. how-
ever. 19 precision resistors are rec-
ommended for the current weighting.
Carbon-film precisions can be pur-
chased at around 50 cents cach.

It might be noted that the values
of the collector resistors are not exact
binary multiples. This is due to two
factors: Standard resistors are not
made in the sizes needed. and allow-
ance must be made for a variation
in the voltage drop across various
meters. The resistor values chosen
provide more than 10 mA to the me-
ter. This allows shunting the move-
ment to compensate for meter varia-
tions.

The power supply (Fig. 2) is a
series-regulated,  emitter-referenced,
dual-output voltage circuit. The volt-

ages are individually adjustable. The
range of the nominal 6-volt section
is 1-6 volts. with ==1% rcgulation
to 100 mA. The range of the nominal
3.6-volt section is 1.5-6 volts, with
+2% regulation to 500 mA at the
3.6-volt level. Ripple is 0.2% at full
load for the 6-volt section, and 1.0%
at full load for the 3.6-volt section.

The 50-300 mV/> 300 mV in-
put-sensitivity switch sclects the most
beneficial input impedance and protec-
tion for the two positions provided.

The input frequency range switch
divides input frequencies into two
ranges: The F position permits meas-
urement over the 10 Hz to 4 MHz
range. The F/10 position causes the
input frequency to be divided by 10,
extending the range from 4 Hz to
20 MHz. An MCR838P DTL. decade
counter divides the input frequency by
10, as shown in Fig. 2, and requires
a l-psec fall time for toggle opera-
tion. This constraint and the input
signal rise time determine the mini-
mum operating frequency of the
counter. The maximum operating fre-
quency is determined by the MCR38P,

Inside the counter. Additional photos with callouts will be published next month.

which is guaranteed to 20 MHz.

The OPERATE/CALIBRATE switch
allows switching from the input to the
pulse shaper. to the 60-Hz line fre-
quency for the rough calibration
check of +0.1%.

The FREQUENCY/PERIOD switch
selects the mode of operation. Essen-
tially it interchanges the input signal
and the internal-oscillator signal rout-
ing to the count-gate inputs.

The PERIOD/ PERIOD + 10 switch
provides a reduced frequency clock
signal to the DCU’'s to allow the long-
er periods to be read without over-
ranging the readout.

The FREQUENCY/PERIOD multi-
pliecr and GATE TIME switch provide
decade ranging for both frequency
and period mecasurements, select the
gate times for random pulse count-
ing, and establish the recycle time in
the automatic reset mode.

The AUTO/MANUAL switch se-
lects the input signal sampling mode.
The MANUAL-RESET button is a mo-
mentary pushbutton which resets and
recycles the input signal sampling
manually. R-E

Waveforms measured:

COUNTER SPECIFICATIONS

sine, square, or negative pulses with greater than 30 nanosecs duration

Type of measurement:

frequency, period, random pulse counting with selected gate times

Input impedance:

10,000 ohms typical, 7000 ohms minimum (ac impedance in the sensitive voltage range de-
pends on the forward conductance of the input protection diodes, and diminishes rapidly
under overdriven conditions)

Input frequency range:

10 Hz—-20 MHz guaranteed; 4 Hz—30 MHz typical

Input period range:

50 nsecs to 100 msecs

Gate time selection:

1 msec to 10 secs in decade steps

Input protection:

+50 Vdc; 1 volt peak in the unattenuated position; conservatively up to 200 voits peak in the
attenuated position

Input sensitivity:

50 mV rms guaranteed, 25 mV rms typical

Readout: 4-digit decimal; fixed decimal point location; ranging accomplished by rotary switch
Accuracy: +0.05%. =1 count; with self-calibration using line frequency, to =0.1%
Resetting: manual or automatic
26 RADIO-ELECTRONICS
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— Your Best Buy In Color TV

NEW Heathkit Ultra-Deluxe 681" Color TV With AFT ...
Power Channel Selection & Built-In Cable-Type Remote Control

The new Heathkit GR-681 is the world's most advanced Color TV with more
built-in features than any other set on the market. Automatic Fine Tuning on
all 83 channels . .. climinates touchy fine tuning forever, power push button
VHF channel selection, built-in cable-type remote control ... or you can add
the optional GRA-681-6 Wircless Remote Control any time you wish ... plus
the built-in self-servicing aids that are standard on all Heathkit color TV's but
can’t be bought on any other set at any price. Other features include a bridge-
type low voltage power supply for superior regulation: high & low AC twps to
insure that the picture transmitted exactly fits the "6817 sereen. Automatic
degaussing, 2-speed transistor UHF wuner, hi-fi sound output, two VHF antenna
puts, top quality American brand color tube with 2-year warranty,

GRA-295-4, Mediterranean Cabinet shown . ................ $119.50"
Heathkit 295" Color TV

Big, Bold, Beautiful ... with the same high performance features and built-in
servicing facilities as the GR-681 above . . . bul less the Automatic Fine Tuning,
push button VHF power tuning and buili-in cable-type remote control. You
can add the optional GRA-295-6 Wireless Remote Control at any time.
GRA-295-1, Contemporary Walnut Cabinet shown. ..........$62.95*
Both the GR-681 and GR-295 fit into the same Heath factory assembled
cabinets; not shown, Early American style at $99.95.*

NEW Deluxe Heathkit “581" Color TV With AFT

The new Heathkit GR-581 will add a new dimension to yvour TV viewing. Brings
you color pictures so beautiful, so natural, so real .. . puts professional motion
picture gquality right into vour living room. Has the same high performance
features and exclusive self-servicing facilitics as the GR-681, except with 227
sq. inch viewing area, and without power VHF tuning or built-in cable-type
remote control, The optional GRA-227-6 Wircless Remote Control can be
added any time you wish. And like all Heathkit Color TV’s you have a choice
of different installations . . . mount it in a wall, your own custom cabinet, your
favoritc B&EW TV cabinet, or any one of the Heath factory assembled cabinets.
GRA-227-2, Mediterranean Oak Cabinet shown. .. ..........$99.50"

Heathkit “227" Color TV

Same as the GR-581 ubove, but without Automatic Fine Tuning ... same
superlative performance, same remarkable color picture quality, same built-in
servicing aids. Like all Heathkit Color TV's you can add optional Wireless
Remote Control at any time (GRA-227-6). And the new Table Model TV
Cabinet and roll around Cart is an cconomical way to house vour *227" ...
just roll it anywhere, its rich appearance will enhance any room decor.
GRS-227-6, New Cart and Cabinet combo shown............ $49.95*
Both the GR-581 and GR-227 fit into the same Heath factory assembled
cabinets; not shown, Contemporary cabinet $59.95.*

NEW Heathkit Deluxe 481" Color TV With AFT

The new Heathkit GR-481 has all the same high performance features and ex-
clusive self-servicing aids as the new GR-381, but with a smaller tube size . . .
180 sq. inches. And like all Heathkit Color TV’s it’s casy to assemble .. . no
experience needed. The famous Heathkit Color TV Manual guides you cvery
step of the way with simple to understand instructions, giant fold-out pictoriais
.. even lets you do your own servicing for savings of over $200 throughout the
lifc of your set. If you want it deluxe color TV at a budget price the new Heathkit
GR-481 is for you.
GRA-180-1, Contemporary Walnut Cabinet shown. ..........$49.95*

Heathkit 180" Color TV

Feature for feature the Heathkit “180” is your best buy in color TV viewing . . .
has all the superlative performance characteristics of the GR-481, but less Auto-
matic Fine Tuning. For extra savings, extra beauty and convenience, add the
table model cabinet and mobile cart. Get the vatue-packed GR-180 today.
GRS-180-5, Table Model Cabinet & Cart combo.. . ..........$39.95*
Both the GR-481 and GR-180 fit the same Heath factory assembled
cabinets; GRA-180-2, Early American Cabinet $75.00.*

Add the Comfort And Convenience Of Full Color Wireless Remote Control
To Any Rectangular Tube Heathkit Color TV . . . New Or Old!

Kit GRA-681-6, for Heathkit GR-681 Color TV's.............$59.95*

Kit GRA-295-6, for Heathkit GR-295 & GR-25TV's.......... $69.95*
Kit GRA-227-6, for Heathkit GR-581; GR-481 & GR-180
Color TV s . L $69.95"

FREE! Heathkit Catalog

O Enclosed is §

__________ ol FT A TEI R I T
HEATH COMPANY, Dept. 20-18 ——
Benton Harbor, Michigan 49022

Now There Are 6 Heathkit®
Color TV’s To Choose From
NEW

2 Models In 295 Sq. Inch Size
ciSse Kit GR-681

g With AFT

54999s*

(less cabinet)

Kit GR-295

44995

(less cabinet)

NEW

Kit GR-581
with AFT

4199

(less cabinet)

Kit GR-227
NOW ONLY

$37995*

{less cabinet
& cart)

i
O
2 Models In 180 Sgq. Inch Size o

NEW
Kit GR-481
with AFT

$3 5 9 (9[?;: cabinet)

Kit GR-180
NOwW ONLY

$32995*

(less cabinet & cart)

2

a Schlumberger subsidiar
plus shipping.

Now with more kits, more color. Fully de-
Please send model (s)

scribes these aiong with over 300 kits for

guitar amplifiers, amateur radio, marine, edu- Name

[J Please send Credit Application.

cational, CB, home & hobby. Mait coupon or

write Heath Company, Benton Harbor, Mich- Address

igan 49022. 5
City

___ State ____Zip

*Mail order prices; F.0.B. factory.

-
|
|
|
stereo /hi-fi, color TV, electronic organs, | O Please send FREE Heathiit Catalog.
|
|
|
|
L

Prices & specifications subject to change without notice. CL-35%

S |
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Someone
should develop
aneasy way | =
tolearn £
electronics at
home

RCA Institutes
did!

Here is a modern approach to learning electronics
at home! RCA Institutes, one of the nation’s largest
schools devoted to electronics, has developed NEW courses

a faster, easier way for you to gain the skills and the in Solid State Technology.
knowledge you need for the career of your choice. Mail card today

Here for the first time is a student-proved, scientifically for full information.
designed way to learn. If you have had any doubts in the

past about home training in electronics—if you have

hesitated because you thought you might not be able

to keep up—or that electronics was too complicated to

learn—here is your answer! Read how RCA Institutes

has revolutionized its home training ideas!

28 RADIO-ELECTRONICS
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ALL CAREER PROGRAMS
BEGIN WITH “AUTOTEXT"”
INSTRUCTION METHOD!

Prepare for the field of your
choice immediately!

No previous training or
experience in electronics
needed!

With this new revolutionized method
of home training you pick the career
of your choice—and RCA Institutes
trains you for jt. RCA's Career
Programs assure you that everything
you learn will help you go directly to
the field that you have chosen! No
‘wasted time learning things you’ll
never use on the job! The Career
Program you choose is especially
designed to get you into that career in
the fastest, easiest possible way!

And each Career Program starts
with the amazing “AUTOTEXT”
Programmed Instruction Method—the
new, faster way to learn that’'s aimost
automatic! “AUTOTEXT" helps even
those who have had trouble with
conventional home training methods
in the past. This is the ““Space Age”
way to learn everything you need to
know with the least amount of time
and effort.

CHOOSE A CAREER PROGRAMNOW
Your next stop may be the job of your
choice. Each one of these RCA
Institutes Career Programs is a
complete unit. It contains the know-
how you need to step into a profitable
career. Here are the names of the
programs and the kinds of jobs they
train you for. Which one is for you?

Television Servicing. Prepares you
for a career as a TV Technician/
Serviceman; Master Antenna
Systems Technician; TV Laboratory
Technician; Educational TV
Technician; CATV Technician.

FCC License Preparation. For those
who want to become TV Station
Engineers, Communications
Laboratory Technicians, or Field
Engineers.

Automation Electronics. Gets you
ready to be an Automation
Electronics Technician;
Manufacturer's Representative:
Industrial Electronics Technician,

Automatic Controls. Prepares you to
be an Automatic Controls Electronics
Technician; Industrial Laboratory

AUGUST 1969

Technician; Maintenance Technician;
Field Engineer.

Digital Techniques. For a career as a
Digital Techniques Electronics
Technician; Industrial Electronics
Technician; Industrial Laboratory
Technician.

Telecommunications. Fora jobas TV
Station Engineer, Mobile
Communications Technician, Marine
Radio Technician.

Industrial Electronics. For jobs as
Industrial Electronics Technicians;
Field Engineers; Maintenance
Technicians; Industrial Laboratory
Technicians.

Nuclear Instrumentation. For those
who want careers as Nuclear
Instrumentation Electronics
Technicians; Industrial Laboratory
Technicians; Industrial Electronics
Technicians.

Solid State Electronics. Become a
specialist in the Semiconductor Field.

Electronics Drafting. Junior
Draftsman, Junior Technical
Illustrator; Parts Inspector; Design
Draftsman Trainee Chartist.

SEPARATE COURSES

In addition, in order to meet specific.
needs, RCA Institutes offers a wide
variety of separate courses which

may be taken independently of the
Career Programs, on all subjects from
Electronics Fundamentals to
Computer Programming. Complete
information will be sent with your
other materials.

CONVENIENT PAYMENT PLANS
RCA Institutes offers liberal monthly
payment plans to suit your budget.
Be sure to check out all the RCA
extras included at no additional cost.

VALUABLE EQUIPMENT

You receive valuable equipment to
keep and use on the job—and you
never have to take apart one piece to
build another.

Programmed Electronics
Breadboard. You now will receive a
scientifically programmed electronic
breadboard with your study material.
This breadboard provides limitless
experimentation with basic elecrical
and electronic circuits involving
vacuum tubes and transistors and
includes the construction of a
working signal generator and
superheterodyne AM Receivar,

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional
cost, you will receive with almosi
every RCA Institutes Career Procram
the instruments and kit material

you need to build a multimeter and
oscilloscope. The inclusion of both
these kits is an RCA extra.

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the
largest schools of its kind in New
York City where classroom and
laboratory training is availablz in day
or evening sessions. You may be
admitted without any previous
technical training; preparatory
courses are available if you haven't
completed high school.
Coeducational classes start four
times a year.

JOB PLACEMENT SERVICE, TOO!

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

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, 80 OB-
LIGATION.

All RCA Institutes courses znd
programs are approved for veter-
ans under the new G.l. Bill.

Accredited Member
National Home Study Council

r-—-—-——— """ " "= """ -1
: IF REPLY CARD IS DETACHED—SEND THIS COUPON TODAY :
I RCA INSTITUTES, Inc., Dept. RE-89 {
i 320 West 31st Street, N.Y., N.Y. 10001 i
| Please rush me FREE sample of a lesson and illustrated catalog. | understand !
I that1am under no obligation. I
| |
I Name Age |
l (please print) '
| Address |
I City |
| . |
I State Zip |
I P A B G T L L I B R ——— I |
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OKNNY
YES

unadernourished?

This QUAM spaaker is
thinner and lighter than
maost, but there's
nothing scrawny about
its sound or amaciated
about its performance. -

It's one of 25 models in the Quam
line that’s being fed a special diet
-+ . an exclusive new high energy
magnet material we call Q/8.

Q/8 provides more gap energy
for less weight, so a .65 ounce
magnet gives you the same per-
formance as a full ounce of Alnico
V. Ideally suited to Quam’s high
density cup-pot structure, Q/8
slims the speaker down in contour
as well as weight—while delivering
full, robust sound.

a/s magnets are exclusively available
today on Quam speakers—part of our
ongoing program of nourishing our
customers first with the finest.

—always the
Quality Line,
forevery
speaker need.

QUAM-NICHOLS COMPANY
234 East Marquette Road
Chicago, lllinois 60637

Circle 21 on reader service card

NEW FOR YOU

For manufacturer’s literature, circle No. 26 on Reader Service Card.

Koss ESP-6, ESP-T and ESP-9 stereo headphones

I like listening to stereo with a pair of
good stereo headphones. They let me
turn up the level as high as [ wish
without driving my neighbors to
pounding on my door and without
disturbing the rest of the family.

When 1 was asked to test a pair
of the Koss ESP-6 electrostatic stereo
headphones I didn't expect anvthing
new. But the ESP-6 is new. It deliv-
ers sounds ! haven't heard before
through sterco phones,

This pair of $95 phones scrves up
smooth, peak free response from 35
to 10.000 Hz within 2.5 dB and 27 to
19.000 Hz within 5 dB. The push-
pull electrostatic design automatically
canccels second-harmonic distortion.

The phones are heavy, 27 ounces.
They are perhaps the heaviest pair of
headphones sold todav. But once you
have them on you find them com-
fortable, Ear cushions are fluid-filted
to give high ambient noisc isolation
and the wide headband is sponge foam
padded for comfort.

Now the ESP-6 has two com-
panion electrostatic models: the ESP-
7 and ESP-9. The ESP-7 is basically
the same as the ESP-6. but it has some
of its clectronics removed from the
headset and placed in a scparate hox.

The ESP-9 on the other hand is
even better than the ESP-6. 1t repro-
duces all of the ten audible octaves,
15 to 15.000 Hz within 2 dB. Tt goes
for a lot more-$150.

The ESP-6 connects without any
series resistance to the speaker output
terminals of most amplifiers. Tt oper-
ates with 3 volts of signal from an
8-ohm source (ahout 1 watt) and de-
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livers 90 dB of sound level pressure.
This is cquivalent to 10th row vol-
ume for a 75 piece orchestra playing
loud passages,

Power handling capability of
transients varies somewhat with fre-
quency. But for example, at 40 Hz
the waveform begins to become af-
fected when signal level reaches 9

volts (about 10 watts) because of core
saturation of a small coupling trans-
former. In practice, it is unlikely you

will ever notice this effect. Warren
Roy
SPECIFICATIONS
Source Impedance: 4-16 ohms
Sensitivity: 90 dB at 1 KHz with 1 vo!t at the
input
Frequency Response:
27-10.000 Hz =5 dB
35-10,000 Hz = 2.5 dB
Isolation From External Noise: 40 dB
Total Harmonic Distortion: Less than 0.2%
at 110 dB

RADIO-ELECTRONICS
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PROGRAMMED

! by LARRY ALLEN, cet

| 15

i

HOW TO USE

E—

THESE CAPSULES SHOW YOU HOW TO USE THESE
popular triggered scopes. Just study cach easily
digested frame of intormation, then test your
grasp of it by answering a multiple-choice ques-
tion. If you choose correctly, you're guided

Triggered scopes get their name from the
fact that the sawtooth generator, which drives
the CRT beam from side to side, is not free-
running. Instead, it is one-shot. triggered by a
pulse. Where the pulse comes from depends on
what you're using the scope for. Generally it is
a sample of the waveform you want displayed
on the screen. When a trigger pulse reaches it,
the sawtooth generator makes one cycle or
sweep. and stops. It repcats only when another
pulse arrives.

The time it takes the CRT beam to com-
plete one sweep across the screen determines
how many cycles of the test waveform you see.
If it's slow. you see more cycles: fast, you see
fewer. The timing circuits in the sawtooth gen-
erator are very accurate, and the control knob
for them is marked in milliseconds (msec) and
microseconds (upsec). The marks indicate how
long the beam takes to sweep horizontally |
centimeter (cm).

So, when a trigger pulse fires the sawtooth
generator, the beam moves from left (resting)
to right. If the screen is 10 cm wide, and the
timing circuits are set for 10 psec/cm, the
generator takes 100 psec to sweep the beam
across the screen once. When the beam snaps
back to its rest position, it stays there unless
another trigger pulse fires the generator again.

Question: The pulse that triggers the sawtooth
generator comes from where?

[0 A timing circuit in the generator. Go to
Frame 4.

O The input waveform that is being displayed.
Go to Frame 18.

O A trigger generator that is an accessory. Go
to Frame 23.
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Pretty close, but vou’re not being accurate
enough. For practical troubleshooting, your an-
swer would be okay. But why not give the photo
another look and pick out a precise answer in
Frame 26?
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automatically to the next programed capsule.
If you miss, don't worry; programed extra in-
formation helps you to a correct answer. Start
with Frame 1.

it. If the posiTION controls
center, the dot can't be seen.
The beam isn’t hitting the phosphor screen.
Start with VERT POSITION at extreme DOWN.
Move it a little way uP, and swing the HORIZ
POSITION control all the way from LEFT to
RIGHT. Move the VERT control UP a little more,
and again move HORIZ from LEFT to RIGHT.
Keep it up till you see the beam. Then go ahead
with Focus and ASTIGMATISM adjustments.

"'.h““

You've got
happen to be off

TRIGGER LEVEL

/
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Find the sTABILITY control (you turned it
counterclockwise earlier). Turn it up till you
suddenly see a trace extend across the screen.
Then turn it down just enough to eliminate the
trace. It is important that you do not mowve the
STABILITY knob after this step. You have set it
so the sawtooth generator can be triggerad
casily but won’t self-trigger.

Question: What is the purpose of the STABILITY

control?

O Keeps the graticule from wiggling. Go to
Frame 22.

[0 Biases the sawtooth generator off, so it can
make only one sweep each time it’s trig-
gered. Go to Frame 9.

O Adjusts the height of the triggering pulse for
casy triggering. Go to Frame 8,
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No sale!’ You're thinking about the right
things, but you didn’t read closely enough. The
timing circuit determines the speed of the swezp
as it moves from left to right across the €RT.
Read Frame 1 agair and try a different amswer.
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No, it isn’t five. A 1000-Hz signal takes 1
msec for each cycle (To figure it out, divide 1
by the frequency.) Five cycles would therefore
take 5 msec. If you figure out from the control
settings how long the sweep is taking to cross
the screen, you’ll see that it isn't 5 msec. The
question in Frame 24 should be easier to an-
swer, now that you have these hints.

Not quite! If you picked this answer, it
shows you're working at it, but you haven't
quite got the idea. Until you have a trigger
9 signal, it can’t make the sawtooth generator run.

No, the sTABILITY control doesn’t have any effect
on the height of the triggering pulse, even if you
had one. Try one of the other answers in
Frame 3.

No . . . you’re wrong. Each cycle of 60-
Hz signal, whatever its shape or source, takes
about 17 msec. And each cycle of 15,750-Hz
signal, again regardless of shape or source, takes
about 63.5 wsec. You could have figured these
durations out for yourself by dividing 1 by the
frequency. Now that you have them, you should
be able to answer the question in Frame 20.

The third trick: Ger a preliminary look ar
the waveform by turning the TRIGGER LEVEL
control to center (zero level). The waveform
isn’t at all stable with that setting, because
triggering isn't selective. The sweep triggers on
almost every sharp edge of the waveform that
exceeds the zero level. So, it can trigger many
times on any slightly irregular waveform. The

two photos show TV-set waveforms multiple-
triggering.

However, you can see the waveform shape.
Seeing it helps you decide how best to trigger it.
And that brings you to the fourth trick. But
first .

Question: Can you figure out, from what you
already know, why the TRIGGER LEVEL
control setting depends on the height of
the display on the screen?
0 No. There hasn’t been enough information
given. Go to Frame 27.

0 Yes. The amplitude of the trigger pulse must
equal the input waveform voltage. Move on
to Frame 12.

0 Yes. It determines where on the steep slope
of the waveform the trigger pulse hits the
sawtooth gencrator. Go to Frame 11.
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You're right. The sawtooth must be set up
for critical triggering. If the STABILITY control
is set too deep (CCW), it takes too much signal
to fire the genecrator and triggering is erratic. If
too shallow, the gencrator triggers itself even
when there’s no signal, pulses can't control
timing properly.

Now you need an input signal of some kind
so you can look at a waveform trace. Unclip the
ground lead of the scope’s probe and leave it
hanging. Grasp the tip of the probe: this injects
stray 60-Hz energy vour body is picking up.
Turn the VERTICAL INPUT switch to 1 v/cMm.

Slowly turn the TRIGGER LEVEL control
clockwise, toward its center. At some point, a
trace appears. It may take any shape; two

INGGER SOURCE
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possible ones arc shown in the left photos. Don’t
worry about the shape yet; you'll straighten that
out next, as you move to . . . Frame 24.

Wrong. You missed the implication of the
steps for turning on the triggered scope. Re-
cycling the warmup relays. when the scope has
10 them, does nothing to bring the dot out onto the
screcen. Carefully reread Frame 14. Then pick
another answer.

RADIO-ELECTRONICS
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Yes, the TRIGGER LEVEL control determines
where on the steep slope of a waveform the
trigger pulse fires the sawtooth generator. And
that’s where the scope trace begins.

Now,. about that fourth trick: Trigger on
the leading edge of the dominating slope. Look
at the first photo below. The waveform is locked
on the little positive-going pip at the top . . .
see where the trace begins? To trigger the wave-
form at just that point, you turn the TRIGGER
LEVEL ‘way over toward the positive end and
then bring it back slowly till the trace appears.
If you turn the control much further toward
center, the trigger hits on the rounded slope and
the waveform starts double-triggering (you saw
that in Frame 7).

The waveform in the second photo (top
right) is triggered near the bottom of the steep
negative-going slope. To trigger there, the TRIG-
GER LEVEL control is turned far negative, till the
waveform disappears, and then brought back
just enough to trigger the signal aear the most
negative end of that steep slope.

In the third photo (bottom left). the TRIG-
GER LEVEL control has been moved slightly more
toward center. The trigger point is still on the
negative side of zero, but at a level nearer zero.

Are vou catching on? Let's see.

Question: Where is the TRIGGER LEVEL control
set to display the waveform in the bottom
right photo above?

On the negative side, slightly below sync-tip
level. See Frame 15.
On the negative side, down at the pedestal
level. See Frame 17.

O On the positive side, just into the video. See
Frame 17.

Turn on the ac switch. A cooling fan comes
on. If you turn the control further, the graticule
lights up. Turn the INTENSITY wide open. While
you wait for the scope to warm up, turn the
VERTICAL input controls to the highest valuz =nd
short the input test leads together. Also find the
STABILITY and TRIGGER LEVEL controls and turn
them full counterclockwise.

After 3 or 4 minutes, if the bright .ot
hasn’t appeared, juggle the POSITION controls to
pull it on the screen. If the dot is elongazed
(bottom left), juggle Focus and ASTIGMATESM
for the tiniest perfectly round dot you can get.
Then position it at the exact left side of the
graticule, and precisely on the center horizontal
grid line (bottom right). Now turn the IN-
TENSITY down just enough to extinguish the dot.

Don’t worry that there’s nothing cn the
screen now. The spot will be plenty bright when
the beam is triggered into a trace. From this
point on, don't touch INTENSITY, FOCLs oOr
ASTIGMATISM controls.

Question: What can you do if the dot dozsn’t
appear after the scope has warmed up
and the intensity control is turnea wide
open?

O Turn up the graticule lighting contral. See

Frame 28.

[0 Turn off the ac switch and let the warmup
circuits recycle. Look at Frame 10.

[0 Make doubly sure the intensity control is
wide open and then turn the rosiTION ron-
trols back and forth to bring the dot ontc the
face of the CRT. Go to Frame 3.

Well . . . no. Sorry, but you didn’t figure
it out. No need to go back to the question; just
move on to Frame 11.

Not so. With the MULTIPLIER at 2 and the
TIME/CcM switch at 100 psec, each graticule
division (1 centimeter) represents 200 pusec.
From that, figure out the time one sweep takes
to go all the way across the screen. Of course,
then you have to know how long each cycle of a
1000-Hz signal is. With these hints, you should
be able to come up with the right answer to the
question in Frame 24.

AUGUST 1969

Yes. The negative-going sync pulse dictates
that the TRIGGER LEVEL be on the negative side
of zero. For good, solid locking, a deep trigzer
is best, as long as it is on a steep slope. The irig-
ger in the lower right photo in Frame 11 is
locked well below the tip, but not as far in as the
pedestal.

When you use a triggered scope for trouble-
shooting in stages that carry video waveforrs,
synchronize on the horizontal version. You can
tell more about the waveform. and it’s easier to
lock than the vertical.

Incidentally, you've just finished the coar-e.
If you want to review it, the key frames—in
order—are 1, 18, 14, 3, 9, 24, 25, 26, 20, 16,
7, 11, 15. R-E

www.americanradiohistorv.com

35


www.americanradiohistory.com

Yes, three is correct. If you worked it out
on paper, you divided the frequencies into [ to
learn the duration of each cycle. From the con-
trol settings, you know a full-width sweep for
horizontal waveforms is 200 usec and for ver-
tical waveforms is 50 msec. Thus three hori-
zontal waveforms fit into one 200-psec sweep.,
with part of a cycle left over. And three vertical
waveforms fit almost exactly into one 50-msec
sweep.

The second trick to viewing TV waveforms
on a triggered scope is: Set the VOLTS/cM
switch to make the display trace more than 1
em high. (More than 2 cm is even better.)
When the trigger source is internal, the height
of the trace on the screen determines (indi-
rectly) how much trigger pulse is available.
Keep turning the voLTs/cM switch to lower
values until the sweep triggers.

If it still doesn’t, go to the third trick, which
is the subject of Frame 7.

No. If the trigger point were near the
pedestal, the waveform would be displayed as in
the left photo below. The waveform in the
question is triggered differently. If the TRIGGER

LEVEL is set on the positive side, it can trigger
on any of the video. The photo below (right)
shows multiple triggering caused by such a set-
ting. For an explanation of the right answer, go
to Frame 15.

‘That’s exactly right! You paid attention to
the tiny subdivisions along the center vertical
grid (sometimes called the Y-axis line). Each
centimeter stands for 20 volts, because the
VOLTS/CM switch says so. Each little subdivision,
then, stands for 4 volts. The waveform is one
subdivision short of a full 3 cm. So. its ampli-
tude is 4 volts short of 60 volts peak to peak.

To be practical, you can round off what
you see and call it 60 volts p-p (abbreviation
for peak to peak). In lab work. precise voltages
are more important: lab techs periodically cali-
brate their triggered scopes.

Any technician who has learned to service
TV with a triggered scope will never go back to
a recurrent-sweep type, The tight, stable, ac-
curate waveforms have no match in ordinary
service scopes. But the uninitiated sometimes
think a triggered scope is too complicated, and
may have trouble setting up the scope to display
TV waveforms. Don’t let that deter you. There
are four tricks that make it easy. The first:
Know what time base to use for TV waveforms.

For vertical-rate waveforms, always set the
scope for a 5-msec/cm sweep. The TIME/CM
switch goes at 1 msec and the MULTIPLIER at 5.

For horizontal-rate waveforms, use a 20-
psec/cm sweep. The TIME/CM switch goes at
10 pSEC and the MULTIPLIER at 2.

Question: Television waveforms have only two
basic frequencies: 60 and 15750 Hz.
How many full cycles should you see of
each waveform, with the settings listed
above?

[0 One. See Frame 6.

0 Three. See Frame 16.

O Five. See Frame 19.

Sure. The waveform you want to watch can
always start the sweep at about the right time.
So, the most natural source for the trigger pulse
is the input waveform itself. An internal trigger
circuit shapes a triggering pulse when you set
the TRIGGER SOURCE switch to INT.

That gives you a sketchy idea of what a
triggered scope is and how it differs from the
more familiar recurrent-sweep scope. Move to
Frame 14 and learn to fire up the triggered
version.

Nope. What you’ve done is figure the whole
graticule as representing 20 volts. Actually, the
20 on the voLTs/cM switch means that each
centimeter division represents 20 volts. The
whole graticule from top to bottom therefore
represents 120 volts. With that clue, and a re-
reading of the third paragraph of Frame 26,
you can probably answer the question without
any trouble.

Oops, wrong! Don't feel bad, though. This
is a problem you have to figure out from things
you already learned. For example, you can fig-
ure out the duration of one cycle of each wave-
form by dividing 1 by the frequency. Your
calculations should tell you that a horizontal
waveform takes 63.5 uscc per cycle and a ver-
tical waveform takes |7 msec per cycle. Maybe
that will help you find the right answer in
Frame 20.

Come on . . . you picked this answer just
to see what it says. You know we put it there for
a gag. Only loose mounting bolts can let the
graticule (the plastic grid in front of the
screen) wiggle!!! Let’s get serious again and pick
another answer for Frame 3.

No, you’re on the wrong track. It is possi-
ble to trigger a scope from an external source,
but that’s only done for lab work. A rereading
of Frame 1 will probably help you find the right
answer,

36
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What you do next is choose a sweep speed
that lets you look normally at the waveform
you're feeding to the scope. Since this signal is
60 Hz, one cycle of it takes 160 second. Stated
decimally, that’s 0.016667 sec, or about 17
msec. You have to set the timing-circuit con-
trols so the sweep of the CRT beam from left to
right takes longer than 17 mscc.

Look at the numbcring around the TIME/-
c™M knob. The L0 mMsec mark produces a sweep
that is 10 msec per centimeter; the 10-cm screen
takes 100 mscc for for the beam to cross. With
onc cycle taking up 17 msec, you should sce six
full cycles at that setting. Try it. The upper
right photo shows how the screen looks at that
sctting; you can’t sce it in the photo, but the

trace flickers.

MULHPLER

TIME/CM

There are alternatives. You can see the
waveform better if there are fewer cycles of it.
Three cycles consume about 51 msec. You can
set the controls to produce a full-screen sweep
of 50 msec, by using the MULTIPLIER. With the
TIME/CM switch on | MSEC and the MULTIPLIER
on 5, cach centimeter covers 5 msec of sweep
time. The full 10-cm grid represents 50 msec,
The lower right photo shows the display.

Question: Witl the MULTIPLIER set at 2 and the
TIME/CM switch at 100 uSEC, how many
cycles of 1000-Hz signal show on the
scope screen?

O One. Sce Frame 13,

O Two. See Frame 285,

O Five. See Frame 5,

That's right. You understand the principle.
Fine. With the muLTIPLIER at 2 and the TIME/
o oswitch at 100 psec, a full sweep across the
screen takes the CRT beam 2000 psec, or 2
msec. Then, if vou calculate the duration of one

cycle of 1000-Hz signal (divide | by the fre-
@ quency), you discover that two cycles occur
while the scope sweep is scanning once. So,
those two cycles fill the scope screen. You're
progressing well, so move along to Frame 26
and learn how to measure signal voltages with a
triggered scope.

AUGUST 1969

You meuasure voltages by the VERT moutr
controls and the graticule. The graticule grid is
marked off vertically into centimeter sezments.
Each represents whatever voltage is sct on the
voLTs/cMm switch. The GAIN control must be
at its CALIBRATED position (usually a switch at
the end of rotation).

Usc the same 60-Hz signal you used earlier
—from your fingers. Set the TIME/cM switch (o
I' MsEC and the MULTIPLIER to 5. That lets you
see three cycles of the 60-Hz signal.

Vary the vorts/cm switch buack and forth
till you get a visible display on the screen. | You
might have 1o resct the TRIGGER LEVEL to sce a
display: to do that, turn it full counterclocks se.
then clockwise slowly till the trace appears.)
Notice the height of the display. Count the
number of centimeters. Now multiply that by
the setting of the voLTs/cm switch. The wave-
form in the top right photo. for example, meas-
ures 4 ¢cm on the graticule. With the switch at 1,
that means the input signal is about 4 valts
peak to peak,

|- we g

VERTICAL AMP

¥
A

1 VOLES €8

It’s time you look at some waveforms in a
live TV set. That’s a good place to check how
well you can read voltage amplitudes with tke
scope. The waveform in the lower right photo
was taken in the horizontal sweep circuit af a
working TV set. The voLTs/cM switch wes set
at 20,

Question: What is the peak-to-peak voltage cf
the waveform?

O 56 volts peak to peak. See Frame 20.

O 60 volts pak to peak. See Frame 2.

O 9.5 volts peak to peak. See Frame 21.

Well, okay. It is a tough one, if you aren’:
familiar with triggered scopes. Instead of worry-
ing about it, turn to Frame 11,

Not hardly. This only lights the grid that
muakes calculating waveform height and timing
casier. The dot made by the CRT beam may be
off screen when you first turn on the scope.
Think about that, then go back and try for the
right answer in Frame 14.
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HAS YOUR CAR EVER OVERHEATED AND
left you stranded? Or how about the
time you ran out of gas? Both times
the dash indicators read o.k. Probably
neither the sending units nor the
gauges were wrong. Most likely, the
culprit was the regulator used to sup-
ply voltage to the gauges.

When something is wrong with
the gauging system, usually both gas
and temperature gauges will be in-
fluenced. The instrument voltage reg-
ulator is a small device mounted in
a plug-in socket behind the instru-
ment panel. This regulator is an elec-
tromechanical unit and can be inac-
curate.

This article describes two solid-
state, plug-in replacements for the
mechanical regulator. Simple and
inexpensive to build. they can make
your gas and temperature gauges
accurate and reliable.

How most gauges work

A typical setup for indicating

temperature and gas tank contents n
a modern automobile is shown in Fig.
I. The sending unit in the gas tank
is a potentiometer with its wiper arm
attached to a float. Usually an empty
tank will provide a 60-65-ohm re-
sistance reading, while the full reading
is 10-11 ohms.

The temperature sensor in Fig. |
is a thermistor (temperature-depen-
dent resistor) mounted in a brass
cylinder. It is located in the water
jacket of the engine close to the ther-
mostat. A cold resistance reading
would be 70-75 ohms, and the re-
sistance just before the water boils
would be about 9 ohms.

The gauges are hot-wire milliam-
meters. This meter type consists of
a bimetallic strip connected to the
pointer. The bimetallic element is
wrapped with insulated heater wire.
Voltage applied to the heater causes
the bimetallic strip to bend: the
amount of bending is proportional to
the current.

The regulator contains a bime-
tallic strip heated by the passage of
current through a separate heater
wire wrapped around it. As the bi-
metallic strip heats, it bends because
the two metals have different expan-
sion rates. When a predetermined
amount of current has passed through
the winding, the contact is broken.
When the bimetal strip cools, it makes
contact again and the cycle is re-
peated.

The ratio of the time on to the
time off determines the effective value
of the resulting voltage. It is impos-
sible with any easily available test
instrument to determine the output
voltage of this regulator. Auto man-
ufacturers’ service manuals usually
recommend checking with known-
good gauges and sending units.

Input voltages to the instrument
regulator vary widely. With the en-
gine turning over at 2000 rpm on a
cold morning the output from the al-
ternator may be as high as 15.4 volts.

by JACK SADDLER

REGULATOR

IGNITION
SWITCH

RRING
TO 154V

THERMISTOR

-1
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Fig. 1 (left)—Arrangement for gas and
temperature gaiges in most cars today.
Fig. 2 (below)—Simple shunt regulator
replacement  for electromechanical  de-
vices.

Fig. 3 (photo)—Typical cases for bime-

tallic-strip regulators with components.
+ o——AAN—¢ o
b 2507w | IN5338
17V
TO SV
15.4v REGULATED
v 0.127A TO 0.5A
- O— g —0
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The voltage may drop to 11.7 on a
hot summer day.

Each panel gauge has a resis-
tance of about 11.5 ohms. The high-
est load on the regulator occurs when
the engine is hot and the tank is full.
The current drains from the fuel-
gauging and temperature-sensing Sys-
tem total about 500 mA.

When engine water temperature
is low and the gas tank almost empty,
the regulator consumes the most pow-
er internally but has to put out the
least. Total drain for both systems in
this case is 127 mA.

Zener-resistor

The simplest solid-state replace-
ment for the electromechanical regu-
lator is shown in Fig. 2. It consists
of a shunt regulator made from a
resistor and a Zener diode.

The resistor—Zener combination
is correct for most U.S.-made autos
except those made by General Mo-
tors. It was specifically designed for
American Motors cars made from
1961 to 1967. Formulas for calcu-
lating values for other voltages and

RADIO-ELECTRONICS
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current requirements are given later.

The first step is to open the old
regulator. The metal case is crimped
around a phenolic board (Fig. 3).
The best tool to use for uncrimping
is a pair of diagonal cutters. The met-
al lip is loosened all around. After
vou open the case, bend the bimetallic
clement up and clip it off even with
the terminal. Remove the silver-tipped
brass contact blade similarly. Then
back out the adjusting screw. All
three of these parts can be discarded.

Now solder a 12.5-ohm, 5-7-watt
resistor between the two terminals
(Fig. 4). The input from the ignition
switch is marked 1GN. The output ter-
minal is unmarked.

Drill a small hole in the metal
cover ncar the spot-welded ground
strap. The negative end of the Zener
diode is threaded through this hole.
Check to see that neither of the re-
sistor leads nor the positive Zener
lead touches the case.

Complete the assembly by re-
crimping the can with pliers. Bend
the Zener diode lead parallel to the
can and solder it. The original can is
tin-plated and easy to solder. For the
final test. connect the positive termi-
nal of a [2-volt battery to the 16N
terminal and the negative lead to the
case. A voltmeter connected between
the unmarked terminal and case
should read 5.1 V.

After assembly and test, merely
plug the solid-state regulator in place
of the electromechanical unit. No al-
terations are required in the wiring.

Transistor-Zener regulator

The simple resistor—Zener unit
has a great advantage over electro-
mechanical unit: with no moving
parts. it is quite reliable. Its main
disadvantage is that it consumes more
power than the bimetallic unit. And
since it must regulate for all possible
engine-temperature and fuel-tank con-
ditions, it is designed to deliver the
regufated voltage under all conditions.

This means some power will be
wasted under most conditions. The
Zener unit consumes about 8 watts
in the worst case. When things are
going well with the car there's no
problem. But there are times when
cven the power consumption of the
transistor radio is bad. For this rea-
son the second circuit in Fig. 5 is
shown.

While this system is slightly more
complex, it is a more efficient regu-
lator. It consumes only about 2 watts
when the input voltage is low and
output current demands are at a mini-
mum.

How does it work? The transis-
tor is in series with the positive supply

line. It acts as a variable resistor.
The Zener diode and R2 together act
like the sliding contact on a poten-
tiometer. As the supply voltage rises,
more current flows through R2. The
Zener diode and the transistor base
split this current to maintain the out-
put voltage at 5 volts. The ability of
this circuit to maintain a constant
output voltage is even better than the
Zener alone. The control effect of the
Zener is transferred to the transistor
so that output voltage is rock-solid
regardless of changes in input voltage
or output current.

As in the Zener regulator, first
open the case and remove the old
bimetallic element. Drill a 7/64-inch
hole in the case along the center line
at a convenient distance from the end.
This hole will be used for mounting
the transistor.

Before mounting the transistor,
its leads must be bent away from its
heat sink at about a 30° angle.

Cover the inside of the can with
plastic clectrical tape except for the
arca where the transistor will be
mounted (Fig. 6).

The collector of the transistor is
connected to the bare metal spot on
its case. In this circuit, it must be
electrically isolated from the heat
sink (the case of the plug-in unit).

For this reason the transistor is
mounted with a mica insulator be-
tween the transistor and case. The
RI
750 2N4921

Fig. 4 (top right)—Photo shows position-
ing of resistor—Zener regulator combina-
tion.

Fig. 5 (above)—Transistor-Zener circuit.
Fig. 6 (photo}—Lavout for transistor reg-
ulator in tape-insulated mounting case.
Figs. 7 a,b—Drawing shows transistor iso-
lation and connections for the compo-
nents.

SILICONE
GREASE

CASE
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insulator is supplied by the manufac-
turer. Use silicone grease orn both
sides of the insulator to provide a
good heat path to the case.

The mounting is completed with
a solder lug atop the transisior as
shown in Fig. 7-a. The connections
are shown in Fig. 7-b. When solder-
ing the leads and wire to the tran-
sistor, make sure the leads are freshly
tinned. Clamp the transistor lead with
diagonal pliers or an aluminum clip-
on heat sink. The silicon transistor is
quite rugged. but it's best not to take
a chance of damaging it by overheat-
ing. The 7.5-ohm resistor is an IRC

360
RESISTOR

~—

750
RESISTOR
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type BWH. It is 1-watt composition
size but is capable of dissipating 2
watts,

After soldering all parts togeth-
er. close the case. If the unit is cor-
rectly assembled, an ohmmeter should
read infinity with its negative lead
connected to IGN and positive lead
to case. Reversing the ohmmeter

leads will give a low reading—some-

what circuits are connected to the
regulator. If your service manual
shows different resistance values for
the sending units or the meters, jacket
and gas tank, here are the measure-
ments needed:

1. Normal voltage output from
instrument regulator. 2. Empty-gas-
tank sending-unit resistance. 3. Full-
gas-tank sending-unit resistance. 4.

regulator voltage

Min. output current =

Max. output current =

Series resistance = -

(empty tank resistance
+- gauge resistance)

regulator voltage
(fuli-tank resistance
+ gauge resistance)

regulator voltage

(cold thermistor resistance
+ gauge resistance)

regulator voltage
(hot-thermistor resistance
+ gauge resistance)

min. battery voltage — regulator design voltage
1.1 (max. output voltage)

Resistor pwr. rating = (15.4 — regulator voltage) (inax. output current + 0.1)

(The power rating will be conservative.)

Max. Zener current = 1.1 (max. output current — min. output current)

Zener power rating = regulator voltage (1.1 max. current — min, current)

Zener voltage = regulator design voltage

thing between 100 and 350 ohms.
Similar readings taken between the
unmarked output terminal and case
should be identical to input readings.

Zener regulator with other cars

The resistor-Zener combination
shown in Fig. 2 is designed specific-
ally for 1961 through 1967 Rambler
cars. It is also useful with Fords and
Chryslers. Some cars measure oil
pressure electrically and the regulator
must supply the current. It is best to
review wiring diagrams to determine

Cold-engine sending-unit resistance.
5. Hot-engine sending-unit resistance.
6. Gauge resistance.

And here are the calculations:

(The 1.1 is an empirical safety
factor used to assure correct per-
formance of the Zener diode when
it draws minimum current.)

Generally the Zener diode can be
mounted by its leads. In my system
the diode is capable of dissipating 3
watts at all temperatures to 167° F
with the case ¥ inch from the solder
joint. The IN5333 series is available

Table I—Zeners for Output Voltages

Desired output Max. current | Resistance

voltage Zener voltage Type amps ohms Factor*
3.0 3.6 | 1N4729 | 0252 © |  10.0 138 |
3.3 39 TIN4730 | 0.234 | 9.0 | 1.28 |

3.7 43 1IN4731 | 0217 | 90 | lle
41 | 47 T1N4732 | 0193 | 80 | 106

45 5.1 1N4733 0.178 7.0 0.98
5.0 “s5.6 | 1N4734 | 0162 | 50 | 090

5.6 6.2 TIN4735 |  0.146 | 2.0 | 082
6.2 6.8 1IN4736 | 0.133 3.5 074
69 | 75 | 1N4737 |7 0121 | 40 | 0.68
7.6 8.2 T1N4738 | 0.110 T 45 T 062

8.5 95 T1N4739 | 0.100 | 50 | 056

with voltages from 3.3 to 200 volts.
Should more dissipation be required
from the Zener, the 1N3993R series
can be wused. In this series, the
IN3996R is the 5.1-volt Zener. These
are stud-mounted units and can be
fitted inside the case. It's snug-fit with
the resistor. which should be as small
as possible.
Transistor-Zener calculations
The 2N4921 transistor is quite
adequate for any system requiring 8
volts or less. All calculations below
are based on the use of this transistor.
Measurements in the car or from a
service manual are the same as for
the Zerer unit. Minimum and maxi-
mum currents required by the send-
ing units are also the same. To make
calculations easy some elements of
the equations are combined.

Zener voltage = required output volt-
age + 0.6 V
The 0.6 volt is the maximum volt-
age drop from collector to emitter for
the transistor used.
E,o.—E,—26
lnl "nr

RI =

The 2.6 volts is composed of 0.6
volt for the collector—emitter voltage
drop. and the 2.0 volts is a collector—
base voltage that will keep the tran-
sistor out of saturation.

Ry m 2
I... + factor from chart
, Evnu.r __ Ez
7 R2+ R,

where E,, ., is minimum input voltage
E.... is maximum input voltage
E, is Zener voltage
... Is maxinuumn output current
I o s maximun Zener current
R, is Zener resistance (see Table
1)

The maximum current through
the Zener diode must be calculated
to insure its power rating is not ex-
ceeded. The maximum currents shown
in Table I limit dissipation of the Ze-
ner to about | watt. The 1N4728 series
is capable of handling twice the cur-
rent shown if the leads are less than
3 inch long and the heat sink is
adequate.

The only remaining calculations
necessary are the power ratings of
the two resistors:

Power rating, R1 = (I,.. + 0.1 1, ,...)°
RI
Power rating, R2 = (I, ,...)) R2

Either of these regulators in
your automobile will give you more
confidence in the gauge readings. You

*This factor combines several design factors and is useful only with the 2N4921 !
transistor. The complete design calculations are in the Motorola Zener Diode Hand- might save a long walk to the gas sta-
book. tion or a costly repair bill. R-E
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TECHNICAL TOPICS

by ROBERT F. SCOTT

SENIOR TECHNICAL EDITOR

tector that gives an alarm if the rate
of temperature rise exceeds a given
level and also it the ambient tempera-

<
0

put more positive and causes 2 to
conduct. Reconnect ClI.

I'he semiconductors (excert DI

BEFORE WE REALLY GET ROLLING THIS  ture rises  above a  preset  level. D2 and D3) are European tynes and
month. let me pass on to you one of In this circuit. described in Flec- not  readily  availuble.  Howuver, it
the most useful hints I've seen in many  wronic Engincering (London,  Eng-  should not be diflicult to make sub-
a moon. We've all run across a chassis  land). a IN914 silicon diode is the  stitutions. The Darlington  aniplifier
cuked with Tayers of dirt. grease and  heat-sensitive transducer, Its forward  turns on with 2 volts at '~ mnput.
grime and have suspected this gunk  voltage is lincar at 3 mV/° C. If the  For SCSI vou might try one of G-E's
Fm——————— ==
B 2 - t —= |2V
= 047 | LAMP
I 10K i 14V 75w
{~ T ") REMOTE
1019 | SENSING a7 = TEST ] 8
L _1DIODE ]_i POINT QI 03 |
INSI4 | MRS
| [~
4 f - —2s |
7 6 v—t
$ 3 !
‘FIOK SL702C : | & L/
5 l { FROM 1
.047 OTHER
R .5*'__1 il loeTeCTORS
R4 | &
K | Resety
=i R3 |
100K b— L e ()
vy o
R2 = b e — = alSERI -
@ 50K 2.2K
=12V
- = [RESULATED)
1%

of being the primary cause of spurious
oscillations. noise and  intermittents
thit defy correction,

Well, in OS7. W4YOK tells how
he cleaned his Drake TR-3 by dunking
it in a mixture of 8 oz of houschold
ammonia, 5 oz of Mr. Clean. 4 oz of
acetone and 7 pints of water and then
brushing away the gunk with a small
brush. A thorough washdown with a
hose and a 4-hour bake in a [45
oven completed  the job. Cupacitor
hearings. switch surfaces and other
controls must be fubricated with ap-
propriate service chemicals. (NOTE:
In many arcas, the water from fau-
cets is quite hard and. when evapo-
rated, leaves scale which nmay be more
damaging to  electronic  components
than the grime vou have removed.
Better rinse with distilled water. Soft-
ened water isn't vood cither.)

Reliable fire detector

Many inexpensive fire detectors
use bimetal thermostats as transduc-
ers. Some of these are unreliuble be-
cause of wide temperature tolerances.,
metal fatigue and other causes. Fig, |
is the circuit of a solid-state fire de-
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Unique solid-state fire detector sounds alarm when temperature soavs rapid-

Iy or climby above a preset level. The heat sensor is a IN9IS silicon diode.
. r

temperiature  rises  above the  alarm
level—as determined by the settings
of Rl and R2—the voltage decreases
at the noninverting input of the Sl.-
702C operational amplitier. The op
amp’s output goes positive and causes
Zener diode D2 o conduct. Darling-
ton amplifier QI1-Q2 conducts and
develops o signal which—after ampli-
fication in Q3 and Q4—turns on the
silicon controlled switch (SCS) used
as the driver for the fire-indicator
lamp.

If the temperature rises rapidly.
Cl. which with the 120.000-ohm re-
sistor has o 2-minute time constant,
charges and turns on the Darlington
amplifier before D2 conducts.

the gain of the S1.702 op amp is
adjusted to 100 by feedback network
R3-R4 which sets the voltage at the
inverting input at zero volts, To adjust
the detector circuit, place DI in an
ambient temperature just below  the
temperature you select for the alarm
level. Set R1 and R2 (with Cl dis-
connected) so any further increase in
temperature drives the amplifier out-

www.americanradiohistorv.com
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3N80 series or even an SCR with
suitable modifications.

Now for some audio circuits

Some record players develop
low-frequency rumble and/or acous-
tic feedback on stereo records, but
not when monophonic records are
played. The reason is hoth rumble
and feedback are produced by vertical
forces acting on the stylus, and the
stereo cartridge produces equal out-
of-phase voltages. When the same
type of interference forces occur on
a mono record, the noise is not heard
because the two channels are con-
nected so the out-of-phase voltages
cancel.

David Ralph, writing in Wireless
World (London, England). describes
a circuit (Fig. 2-a) that effectively
adds rumhle and acoustic feedback
voltages from a stereo phonograph
and combines them so they cancel
just as they would in mono reproduc-
tion. The low-frequency voltages—
mainly those below about 200 Hz—
are boosted by 0.006-pF capacitors.
A portion of this low-frequency volt-
age is tapped off and fed to the oppo-
site channel through 500,000-ohm re-
sistors. Rumble and fcedback volt-
ages from the right channel cancel
those in the left and vice versa.

When the circuit is in use, stereo
signals helow 200 Hz are reproduced
in mono and those above in normal
stereo. The 2-megohm pot is used to
balance the circuit so interference is
nulled out. The curves in Fig. 2-b
show circuit performance with 1 volt
input to each channel. The solid curve
is the response when the phonograph
is set for mono and the dashed line is
for sterco.

Treble control with ‘“‘presence”

The usual “losser™ type universal
tone controls have bass, treble-hoost
and cut-response curves that begin at
a point somewhere between 500 and

Fig. 5—Time delayvs adjustable for up to
45 minutes are featured by this timer.

INPUT

QUTPUT
—

Fig. 3—Format control adds presence and
enhances action of treble control.
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1000 Hz, depending on the circuit
constants. Korting, a German hi-fi
equipment manufacturer, has devel-
oped a simple modification of the
treble control to permit the user to set
the treble turnover point anywhere
between 500 and 1000 Hz. The mod-
ification, see Fig. 3. consists of adding
a 50,000-ohm potentiometer hetween
the arms of the bass and treble con-
trols. (The basic circuit is called a
“losser” type because the circuit loss
—when the controls are in the flat
position—is equal to the maximum
available boost, generally 18-20 dB.)

The treble response for the cir-
cuit without the added potentiometer
is shown in Fig. 4-a. Note that the
frequencies at which the response is
cut or boosted 3 dB are about the
same, regardiess of the amount the
control is offset from the flat position.
Compare this with the curves in Fig.
4-b and c. By varying the setting of
the added FORMANT or ‘presence”
control. the maximum cut or boost,
as well as the frequency at the == 3
dB points, can be shifted above and
below the usual points.

Korting demonstrated the new
circuit to a number of European ed-
itors. A writer for The Gramophone,
a British hi-fi magazine, reported that
when the FORMANT control resistance
is high and the treble control is set
for medium boost. frequencies in the
speech band between around 600 and
2000 Hz are emphasized without un-
necessary boosting of the higher fre-
quencies. When the FORMANT control
resistance is low and the treble con-
trol set for maximum boost, we have
a loudness-control effect. Soft back-
ground music has a wide frequency
range and appears to come from a
great distance.

Forty-five-minute timer

Clockworks are generally used for
timers and time delays beyond around
2 minutes because the conventional
RC timer network requires very large
capacitors. The values required are
generally available in electrolytics and
their inherent leakage makes the cir-
cuit erratic and unreliable.

The timer in Fig. 5 provides de-
lays up to 45 minutes without using
clectrolytics or expensive tantalum
capacitors. Base 2 of the 2NI671C
unijunction is fed a sampling pulse
from the 2N2646. This effectively re-
duces the required trigger current to
1/1000 or less of the normal value.
The S324 diode has leakage less than
0.1 nA.

This timer and a host of other
interesting circuits will be found in
Application Information Sheet 671.3
(3/66) from G-E's Semiconductor
Products Department. R-E
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FM STEREO
THIS HEADSET

These stereo headphones pack a surprise. There’s
an FM stereo solid-state receiver hidden inside!

By CHESTER H. LAWRENCE

WANT TO LISTEN TO SOMETHING REALLY DIFFER-
ent? Then you've got to try the Panasonic Model
RF-60. That's the code name for those special
headphones adorning the head of that good-looking
gal on this month’s cover. If you haven’t already
looked, do so now.

Inside the rather conventional appearing
headset is the flock of electronics you see at the top
of this page. (The complete circuit is on the next
page.) And it all adds up to a stereo FM receiver-
headphone combination that sounds great.

The parts that make it go include five inte-
grated circuits, three transistors and twelve diodes.
The ingeneous part of the whole thing is how, ex-
cept for the visible control or two, you wouldn’t
think there's anything really different going on.

Two telescoping antennas, one on each of the
earpieces might cause you to startle bystanders if
you took a walk down Main Street while wearing
this set, but once you start listening, you’ll find the
performance even more startling.

Physical construction is interesting. The three
penlight cells that power the radio are inside a se-
cret compartment inside the band that goes across
your head. That’s where you’ll also find the protrud-

AUGUST 1969

ing slide switches that turn the unit on and off and
select the tone.

The station selector is easy to find. With the
phones on just lift your right hand to your rizht
ear. Turn the knob while listening to select the sta-
tion you want. To tune the headset to some specific
frequency you’ll have to remove it or read bazk-
wards in the nearest mirror. The mono-stereo se-
lector switch, another slide switch, is also herz.

The other headset houses the balance control
and the volume control. Don’t look for a knob to
turn to adjust volume though—it’s a three-position
slide switch and you pick either low, medium or
high—according to station strength and ear dura-
bility.

The headset is heavy but comfortable and can
be worn for long periods without it becoming cis-
turbing.

Each headpiece also has a special output
jack. Plug jumper cables between these output
jacks and another set of ordinary stereo head-
phones and you and your favorite girl can do all the
dancing you wish without the music disturbing
anyone else. But enough. Now try them your-
self. You may find it's a gas. F-E
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Cuomplete circuit of the Panasonic Stereo Headphone Receiver. It includes all
features you would expect to find in a top-of-the-line console stereo receiver.
The two-IC i.f. strip incorporates a crystal filter for greater selectivity. Limiting

VWA

is built into the second IC. Afc is taken off the ratio detector. Another IC
forms the heart of the multiplex circuit. Two IC’s, one for each channel, form
the complete audio amplifier and drive the speakers through output transformers.
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TRANSISTOR COUNTER DECAD

THIS CIRCUIT MAKES AN EXCELLENT FRE-
quency divider capable of high accu-
racy. It may be used to divide from 10
to | ke, for example, or from 1 kc to
100 cycles in counters and frequency
calibrators.

Normally there is very little volt-
age across D1 so it conducts. This main-
tains the base bias at 10 volts positive.
enough to block Q1. The signal pulses
(which may be of 5-volt amplitude and
10-usec duration) are negative, so they
block D1. Therefore Q! passes current
to charge C1 during pulse intervals.

2 is normally blocked by the pos-
itive potential (5 volts) applied to its
cathode from the voltage divider. When
the charge on Cl1 has risen to 5 volts.
D2 conducts and a positive pulse is
applied to Q2’s base.

Q2 and Q3 form a regencrative
combination. Normally Q2 is blocked
because its base returns to —16 volts.
With no flow through R2, the base of

3 is also biased to nonconduction,

The trigger pulse through D2 un-
blocks Q2 and results in current flow
through R2. 3 also conducts. This gen-
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Fig.l

erates a positive pulse which is passed
through D3 back to Q2 to drive it fur-
ther into conduction, and so on. Q3

saturates quickly, discharzing C1 to
—10 volts.
Fig. 2 shows that the trigger pulse

(spike) is soon followed by a sudden
drop to —10 volts across the output.
Due to saturation, Q3 cannat recover
immediately and it keeps C| discharged
throughout the pulse. Otherwise this
same pulse would be included in the
total count and result in error.

R1 controls the amouri of current
through Q1. Therefore it deter nines the
amount of charge flowing intc C1 (the
height of each voltage step} during each
signal pulse. For decade ccunting, and
with the values shown in Fig. 1, it should
be 300 ohms. This limits the charging
current to 15 ma.

This circuit is described in patent
No. 3,105,158, isued to Basil B. Nichols

and assigned to Daystrom, Inc. R-E

RF CIRCUIT PROTECTION

In many transistorized converters
and high-frequency front ends. espe-
cially those designed for mobile two-
way radio and amateur applications,
a potential condition exists which
could easily destroy the input transis-
tor. Figure 1 is a schematic of such
a front end. When the transmitter is
turned on the antenna changeover re-
lay is supposed to short the receiver
input to ground. Even if the relay
does make excellent contact, a small
signal is usually induced in the primary
of the receiver's rf transformer, (T1)
especially if the operating frequency
is in the uhf region.

If, on the other hand. the relay
makes poor contact, a substantially
large signal can appear at this coil.
Since Tl is a stepup transformer
(usually 50Q to 200Q or so) approxi-
mately twice the primary voltage ap-
pears in the secondary between the
base and emitter of Q1. Assuming the
transmitter puts out only 10 watts
into a 50Q antenna, we have about 60
volts peak-to-peak at the antenna. Un-
less that shorting contact is pretty
good. we can say goodbve to QI.
which can only take a maximum of
3-4 volts between base and emitter.
Let’s say that everything is working
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properly however. This condition still
exists.

When S! switches from transmit
to receive, there is an instant when
the receiver line is not sharted and
the transmitter is still delivering pow-
er. This is due to the fact that the
electrolytics in the transmitier take
some time to discharge, therefore
even if the transmitter supplies power
for only 50 milliseconds (G.0f sec)
after the relay opens, QI will still be
destroyed by the high-voltage pulse
produced.

A simple method for protecting
against accidental overloads of this
nature is given in Fig. 2. Two silicon
switching diodes are connectad in
parallel opposing across the imput coil.
These diodes exhibit extremely high
forward resistances when the woltage
applied to them is below 0.5 10 0.8
volt. Any higher voltage causes the
diodes to conduct and the forward
resistance drops to a couple of ohms.
In this manner, the input voltzge to
the rf amplifier is always kept to a
safe level. Any medium- to fast-speed
silicon switching diodes can e used
in this circuit. Germanium diodes do
not have the same low-voltage char-
acteristics and will not work.

—Irwin Marh
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FUN WITH
ELECTRONICS

EXPERIMENT WITH

By JIM ASHE
THE RACE CONTINUES. BOTH SOLID-
state and ncon-glow alphanumeric in-

dicators have their special advan-
| 0.413"
MAX DIA. -

Fig. 1 (left)—Size of
Elfin is just over
12 inch. Each of the
nine separate cathode
elements are on the
same  plane.  Dark
elements make neon
glow stand out (pho-
to). Fig. 2 (helow )—
Base connections for
the new indicators.
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tages. but now the neons are coming
on strongly in the form of some new
subminiature indicators.

Alco Electronic Products Inc.
(Lawrence, Mass.) recently intro-
duced MG-19 Elfin indicators for

small instrument work. Their crisp,
bright red-orange images are adequate
in almost any illumination.

How Elfins work
The new indicators are tiny but

TABLE 1
ELFIN SPECIFICATIONS
ANODE SUPPLY: 230V dc
BREAKDOWN: +180V dc

CATHODE CURRENT:
SEGMENT-500xA
DECIMAL PT. —200xA

AMBIENT TEMP: -65°C — +70°C

DC PEAK CATHODE CURRENT:

SEGMENT — 4 MA.
DECIMAL PT.—200uA.

PULSED OPERATION PERMISSIBLE

www americanradiohistorv com

DIGITAL
READOUTS

New miniature indicator lamp displays hoth
letters and numbers. Circuits show you how to get
crisp, brilliant alphanumeric readouts

complex cold-cathode neon lamps. Un-
like other similar devices, they offer a
single-plane display composed of nine
segments (Fig. 1). Depending on
your nceds, a fairly complex circuit
may be required to decode a binary-
coded decimal or other signal. But
Elfin indicators can display many
alphabetic as well as all numeric
characters.

Each Elfin indicator bulb has 10
electrical connections (Fig. 2). Lead
A is the common anode. and the
other nine leads go to the segments
shown in Fig. 1. If the anode is con-
nected to about +200 volts and the
cathode leads are grounded through
a 220,000-ohm resistor, the segments
will glow. The decimal point, a small-
er element, requires a series resistor
several times larger.

Electrically, the Elfin is merely
a glorified neon lamp. However, its
turn-on and turn-off voltages are
considerably higher than ordinary
neon lamps, perhaps as a result of
a special gas mix for its “prolonged
life span™ specification. The manu-
facturer’s specs appear in Table L
Notice the lower current for the

RADIO-ELECTRONICS
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decimal point.

The brightness of these little in-
dicators is quite surprising. This is
partly due to the light-absorbent qual-
ity of the electrical elements, which
provides a dark background area even
when the Elfin is unmounted. But the
neon glow is very bright in itself.
Manufacturer’s specs suggest 1 mA
cathode current is not excessive, and
tests at this level gave a brightness
suitable for any ambient lighting short
of direct sunlight. For longer life, the
Elfins operate at several tens of mi-
croamps per cathode, but brightness
is considerably reduced.

The operating curve I ran (Fig.
3) is provisional, since specified op-
erating voltages are higher than those
[ obtained by testing preproduction
samples I used.

This graph shows what we ex-
pect: for a given current there’s a
definite voltage across the lamp. and
the voltage increases as the current
rises in the usual operating range.
Since neon lamps show a very sharp
current—voltage dependence. we get
this curve by varying the overall volt-
age through a large series resistor. I
adjusted the current to 0.5, 1.0, and
1.5 mA, mcasured the voltage across
the elements at each setting and
checked at 0.2 mA for the decimal
point. There was some variation be-
tween elements and from one tube to
another.

Some basic circuits

Although FElfin firing and oper-
ating voltages look like something
from a history book, it’s not hard to
generate adequate voltages at the
required low currents. A gas regulator
tube or two can provide stabilization.
Since a voltage-regulator tube can
handle up to 25 or 30 mA of output
current, we can easily operate at least
six Elfins at fairly high current levels.

Elfins are excellent for nearby
or remote indication of switch posi-
tion, servo function and other jobs
where the control system consists of
a switch assembly. a power supply
and perhaps a lot of wirc. With the
diagram in Fig. 4 you can work out
your own design for this purpose.

Here, each Elfin cathode ele-
ment has a series current-limiting re-
sistor, with the dot element (if used)
having a larger resistor since it re-
quires less current. A single resis-
tor is not used in the anode clement,
as with Nixie tubes, because as differ-
ent configurations of lighted elements
are sclected the total anode current
varies. This simple switching system
requires no diodes or other semicon-
ductors. Simply wire the fixed con-
tacts so all the appropriate elements
are connected to ground for each
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switch position.

In this arrangement a separate
switch wafer for each element is nec-
essary. That works out to a seven-
or a nine-wafer switch, and one posi-
tion per character to be displayed.
With diodes this complexity can be
reduced to a single-wafer switch (see
Fig. 5).

In position 1, only cathode K,
sees an electrical connection to
ground. In position 2, only cathode
K, fires, in position 3 they both fire
and so on. Design this system to your
specs by choosing a given switch posi-
tion and marking each intersection for
the input line to the appropriate
cathode. During assembly, wire a di-
ode around each marked intersection.

If you don’t understand what
the diodes do, imagine one replaced
by a piece of wire, and then run the
switch through its positions. This is
simply a diode matrix. requiring 49
diodes to read out the integers 0-9
from a single-pole [0~position switch.
Power diodes rated at 200 PIV can
be used in the matrix, rather than
the more expensive signal diodes.

How about Elfin indicator con-
trol with solid-state switches? Nixies
are sometimes controlled directly by
the circuit shown in Fig. 6, but tran-
sistors for this application would need
200-volt V(‘EO ratings. A catalog
disclosed no possibilities of the small-
signal, inexpensive variety. We will
have to try strategy. and the answer
appears back in Fig. 3, the measured
El curve.

By switching the Elfin between
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Fig. 3—Voltage-current characteristics
measured from three preproduction Elfins.

Fig. 5—Diode matrix arrangement per-
mits use of single-pole switch to light
tubes.
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some off state of insufficient voltage
to some on state of adequate current,
the voltage swing can be low enough
to be handled by ordinary transistors.
A workable scheme appears in Fig. 7.

It works this way. Suappose
switch S is closed. We have +90 volts
from supply to ground through the
switch. (If you feel uncomfortable
about that, you're thinking about or-
dinary neon indicators that would be
destroyed in this circuit.) Cur meas-
ured EI characteristic shows there’s
no current flow with 90 volts anplied.
There will be about 0.8 mA flowing
from ground to the minus supply.
Then switch S is opened.

This gives us the sum of tie po-
sitive and negative supply woltages
applied to the Elfin indicator through
at 150,000-ohm resistor. The Elfin
fires, and the supply voltage goes to
about 120 volts across the indicator,
about 80 volts across the resistor, and
perhaps 0.5 mA flowing. The upper
switch contact falls from zero volts
to —30 volts, acceptable to an ordi-
nary transistor. We see this reguires
a pnp transistor.

Now let's do this with transistors.
The complete indicator circut ap-
pears in Fig. 8. Here, a bias resistor
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Fig. 4—Driving the Elfin from a nndtiple-
wafer switch, at one wafer for each
cathode.
Fig. 6 (below, left)—Transistor swiiching
arrangement  possible  with low-voltage
Nixie tubes. Fig. 7 (below, right}—iiring
voltage and typical setup to operate Elfins.
+

+90V

o

-losv
47


www.americanradiohistory.com

from base to minus holds each pnp
transistor saturated until a turnoff
signal is applied. This signal switches
the transistor off, and its Elfin ele-
ment lights up. Diodes DI, etc. pre-
vent excessive transistor-base turnoff
voltages, and may be omitted in many
designs of known drive and transistor
ratings.

POSITIVE LOGIC TERMINALS

680K
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+30V 150K
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150K
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Fig. 8 (helow left)—Transistor circuit for
controlling Elfins. High V., is not needed,
since transistors are clamped.

Fig. 9 (below)—Power supply for indica-
tors can use cextra VR tube for safety.

This circuit is controlled by posi-
tive logic, and since the transistor
basc tcrminals are clamped only a
few hundred millivolts negative, wc
can casily use conventional positive-
supply, positive-logic 1C’s. Now, if
you want to drive the indicator from
a parallel line at one lead per char-

acter, you can use the matrix idea
previously mentioned to translate
from character logic to element logic.

There are now lots of appropri-
ate transistors. Since the V.., rating
is a pessimistic one established under
open-base connections, a 25-volt rat-
ing may be adequate. I'd choose at
least 30 volts, and General Electric’s
2N5365 transistor, prices at 55¢, is
rated at Ve, = 40 volts.

Fig. 9 shows a simple power
supply circuit. If later samples of the
Elfins turn out to have higher oper-
ating voltages than my preproduction
samples, simply choose higher-voltage
regulator tubes and review the design.

What if regulator V1 fails? That
would overvolt the Elfins in turnoff,
and we could expect a disastrous fail-
ure costing us an Elfin and many
transistors per integer displayed. The
answer is simple: simply add another
similar tube in parallel with VI and
mark on the chassis which tube should
fire in normal operation. If you check
onc day and the wrong tube is lit,
your safety factor has diminished but
is easily restored by a new VR tube.

R-E

FET SQUARE-WAVE GENERATOR

FET’s can be used to make an
excellent square-wave oscillator (asta-
ble multivibrator), consuming little
power, yet putting out a signal with
an overall voltage swing equal to
about 90% of the supply potential. The
circuit in Fig. 1 is about as simple
a multivibrator as can be made.
The square-wave output has an over-
all voltage swing of 8 volts, and bat-
tery-power consumption is only 360
microamperes at 9 volts.

Output waveform is symmetrical
for the component values given when
the transistors are a matched pair.
Check your FET's in the simple test
circuit of Fig. 2, choosing a couple
which have identical drain current for
use in your square-wave oscillator.
The value of the drain load resistors
(R1 and R2) in any particular setup
may bc made equal to 2 the battery
potential (in volts) divided by the
measured drain current. expressed in
amperes. This worked out to 18.000
ohms for the transistor pair used by
the author.

Repctition rate is determined pri-
marily by capacitor Cl and resistor
R3 although it is affected to some
extent by the battery voltage and by
the characteristics of the particular
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transistors used. Thus, for any in-
dividual application, these values are
best worked out experimentally. For
the values given in Fig. 1, the author’s
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setup had a repetition rate of about
15 kHz.

When the circuit was checked at
150 kHz. the leading edge of the
waveform was found to be rounded.
Such rounding is not an unusual phe-
nomenon. Astable multivibrator cir-
cuits using bipolar transistors have this
characteristic even at low frequencies.
If it is objectionable in a particular
application, it is easily eliminated by
feeding the output of the multivibrator
into a simple squaring circuit using a
single bipolar transistor. At the high
end of the audio-frequency spectrum,
the waveform at the output of the
circuit in Fig. 1 had insignificant
rounding.

The oscillator may be synchroniz-
ed by connecting a resistor between
the gate of the left transistor and
ground (instead of the direct ground
connection), and feeding the sync
pulse to the gate through a capacitor.
This resistor should have as small a
valuc as possible. since its presence
degrades rise and fall time. And the
sync signal should be no larger than
needed to lock the oscillator in step,
for it tends to appear superimposed
on the output waveform.—Frank H.
Tooker

RADIO-ELECTRONICS


www.americanradiohistory.com

IC LAB POWER SUPPLY

OP-amp regulator circuit maintains constant voltage and current

by LEONARD H. ANDERSON

EVER ZAP A BREADBOARD CIRCUIT
that overloaded and your test supply
had no current limiting? Or short the
power leads and inhale the supply
rectifier? And do you want to set
voltage without squinting at a meter?
Here is a power supply that ends
these troubles. It has both voltage
and current control, and is short-cir-
cuit-proof. Very accurate, it can be
built to cover any voltage or current
range you desire.

Key to its adaptability is a “stan-
dardized” control circuit using two
linear integrated circuits and a hand-
ful of inexpensive components on a
single printed-circuit board. Only an
unregulated dc supply, a power tran-
sistor and a group of resistors are
added to make a complete supply.
These external components are tail-
ored to fit your requircments. The
same control circuit is used for any
voltage or current range.

Flexibility is possible through

“resistance programing.” To under-
stand this system better, let’s look at
some basic circuits. The most com-
mon type of constant-voltage supply
is in Fig. !-a. A high-gain error
amplifier adjusts the base input of
the serics regulator transistor by
comparing a reference voltage with
a sample of the output. The purpose
is to maintain a zero volt difference
between inputs. Output voltage is
varied by adjusting either divider re-
sistor (R,, or R,.) but cannot be
sct lower than reference voltage.
Another constant-voltage supply
is shown in Fig. [-b. It has a different
comparison circuit. Reference supply
current I, flows through resistors R,
and R.. The error amplifier tries to
balance the circuit so its inputs have
zero voltage difference. Selecting a
value for Ry that produces a voltage
drop from I, equal to the reference
voltage keeps amplifier input voltage
at zero—resistor voltage drop is op-
nosite to reference polarity but equal
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in value. This balance holds only if
the supply output voltage is equal to
the reference-current voltage drop
in Rg. By making the reference volt-
age and R, fixed, output veitage is
proportional to R,.

Output voltage can be varied
from zero to nearly raw-dc value
with a linear change of voltage equal
to lincar change of resistance.

A constant-current  regalator
(Fig. 1-c) can usc the same system.
Here, load current produces a volt-
age drop In current range resistor
R.. Again, I, times R, is kept equal
to the reference voltage. The circuit
balances when the reference current
drop through R, is equal to load
current drop through R Variation
of R, is linearly proportional te out-
put current.  Unfortunately, under
conditions of low current and high
resistance in the load, some reference
current will flow through R. and
produce an error—reference current
in opposite direction to load currant.
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The upper limit of the output
current is established by dissipation
in R« and error-amplifier voltage
swing. Several values of R. can be
selected by a range switch. Poten-
tiometer then controls current from
zero to 100% of any range.

Both circuits (Figs. 1-b and
I-c) can be combined into one (Fig.
2-a). Reference currents are made
equal. If the raw-dc supply voltage is
greater than the sum of each refer-
ence voltage, the reference current
bypasses R.« and eliminates this error
possibility.

The CONTROL SELECTOR switch
can be made automatic. It would use
the positive-going oversetting ampli-
fier signal. The differential-input
emitter follower of Fig. 2-b is our
“automatic switch.” Its transistors
must be complements of all other tran-
sistors: npn if all others are pnp. Reg-
ulator base drive is controlled by
whichever input is the most positive.

Automatic switching is possible,
thanks to the sharp-cutoff character-
istic of silicon transistors when the
base is less than +0.6 volt compared
to the emitter. The conducting tran-
sistor of the pair in Fig. 2-b will
establish an emitter-to-common volt-
age—by  common-resistor  voltage
drop—that is 0.6 volt less than the
controlling base input. The other
transistor will not conduct until its
base-to-common voltage is equal to
or greater than the first transistor’s
base-to-common voltage. When the
second transistor conducts, its base
establishes a new emitter-to-common
voltage and the first transistor’s Vg
will be insufficient for conduction.

Both error amplifiers must have
considerable voltage gain. There must
always be some negative voltage on
the output for series transistor con-
duction, so there will always be some
input error. Amplifier gain must be
at least 10,000 for millivolt regula-
tion errors.

One common integrated-circuit
(IC) amplifier is very good for this
application. This is the 709. It is stable,
not fussy about supply voltages, and
has a minimum voltage gain of 15.-
000. Best of all it is available from
several manufacturers.

Theory into hardware

The complete power supply cir-
cuit is in Fig. 3. Circuitry inside the
dotted lines is on the printed-circuit
“regulator board.” Circuitry outside
of this area. except for the PC board
supply transformer, deliberately does
not have values or type numbers. All
these values can be selected to fit any
voltage or current range, any control
configuration desired. The same regu-
lator board will work with any com-
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Fig 1-a—A common constant-voltage regulator arrangement. b—Fully adjustable con-
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bination. Selection and design rules
are given later.

Voltage and current control cir-
cuits are symmetrical except for input
polarity. Two additional circuits are
included: emitter follower QS for
greater serics-transistor base drive,
and lamp drivers Q2 and Q4 for con-
trol-in-oneration indication.

Reference supply “Zeners” Q6
and Q7 are reverse-connected 2N3-
638 transistors with bases open. The
reversed-bias collector—emitter  junc-
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— SUPPLY
b

tion of a 2N3638 delivers excellent
temperature-compensated Zener ac-
tion at 6 mA and about 6.5 volts. A
conventional Zener diode can be used
but costs two to five times as much.

Reference current is I mA for
control-resistance  values of 1000-
ohms-per-volt. Trimmer potentiome-
ters Rl and R6 allow calibration to
exact current. Voltage-reference
Zener Q6 has an added bypass capa-
citor to filter out regulator supply
ripple voltage.
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Fig. 3—Complete schematic for the IC, lab-quality power supply. Vol-
tage/current capabilities can be varied with parts selected.
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Components marked with * have alternates
and are described in the text.

R1, R6—5000 ohms (PCB-mounting trimmer
potentiometer, Bourns type 3067-P ‘E-Z
Trim"” or equivalent)*

R2, R7—1.2K*

R3, R8-—3.9K*

R4, R9, R17—1.5K

R5, R10—10K

R11, R13, R16—1.0K

R12, R14, R15—2.7K

R18—100 ohms

R19—220 ohms, 1 Watt

R20—12K*

Rz, Ry, Ry, Ry—Depend on voltage and cur-
rent ranges chosen*

+10%, YiWatt.

C3—.01 uF, 25 V or greater, disc ceramic
C4—39 pF, 25 V or greater, disc ceramic
C6—500 uF, 25 V, electrolytic

500 mF, 15V, electrolytic

C,u depend on voltage and current ranges
chosen*

D2—Any small-signal diode with high
back resistance, 1N456 or equivalent
thru D6—Any rectifier with 200 mA lpy;,
and 50 piV or greater, 1N536 or equiva-
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2.RESISTORS *10%, I/4W UNLESS NOTED. + SEE TABLE |
3.SEE TEXT NOTES FOR VALUES NOT INDICATED.
4.BASES NOT CONNECTED ON Q6 & Q7
PARTS LIST FOR FIGURE 3 Unless otherwise specified, resistors are Q1l, Q3—2N3394 for PNP series transistor,

2N3702 for NPN series transistor,
their equivalents*

Q2, Q4, Q5—2N3638 for PNP series trarsis.
tor, 2N3708 for NPN series transistor

Q6, Q7—2N3638

Q—Depends on voltage and current -znge
selected®

Tl1—Transformer: 24 to 26 V rms, ct, 200 maA,
Triad F-45X or equivalent.

TS1—Terminal strip, 6 terminals (H. H. Smith
3006)

TS2—Terminal strip, 3 terminals (H. H. Smith
3003)

LM1, LM2—subminiature lamps, 28 V, 40 mA,
(No. 334 or 327)

or
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Capacitors Ci1-C2-R4 and
C3-C4-R9Y ecstablish frequency and
phase response of the IC amplifiers.
R5 and RI10 limit amplifier output
current and aid control switching ac-
tion.

“Base-catcher”™ diodes DI and
D2 limit negative excursions of the
control switch bases to prevent re-
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verse base—emitter breakdown. Di-
vider R15-R16 establishes clamping
level.

Lamp driver turn-on is supplied
by the voltage drop of RI1 or RI3
from the conducting switch tran-
sistor. Output current to the lamps
is limited via series base resistors R12
and R14.
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Transistor Q5 permits up to 50
mA of series-regulator transistor base
drive. Resistor RI19 reduces dissioa-
tion within QS by lowering V. on
high-current  conditions.  Resistors
R18 and R20 provide I..o compensa-
tion for the series transistor. Valaes
are fairly typical but an I.,, check is
detailed later. Collector—base leakage
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current increases with temperature
and acts the same as drive current
from Q5-—R20 shunts most of the
leakage current to +15-volt supply.

Any supply transformer with a
secondary voltage rating from 24 to
26 volts rms, center-tapped, is suit-
able.

Flexibility within the regulator
board circuitry is also possible. All
transistor types are shown for a pnp
series transistor. With an npn series
transistor, all polarities. voltages, di-
odes and transistor types are re-
versed. However, 709 supply voltage
and input connections must remain
the same. The board layout drawing
in Fig. 4 shows both arrangements.

Conventional Zener diode instal-
lation and an option for fixed cali-
bration resistors are also in Fig. 4.
Calibration is done only once but
trimmers are recommended for easy
adjustment.

Many transistors will fit the cir-
cuit, and any units with breakdown
voltages of at least 18 volts and fre-
quency response exceeding 10 MHz
can be used. Transistors Q2. Q4 and
QS5 must have 250 mW dissipation
and current gain minimum of 20
while Q1 and Q3 must have an hy,
minimum of 30 at 10 maA.

Any Zener diode of 5 to 9 volts
can be used but the associated re-
sistors must be sclected for proper
Zener current and 1-mA reference
current.

External circuit design

Because of the great variety of
ranges possible, only design rules are
given. A listing of suitable compo-
nents for various voltage and current
ranges is in Table 1. But any com-
ponents meeting design specifications
will work.

Maximum output voltage is es-
tablished by the raw-dc supply
transformer secondary voltage. This
is computed by:

Voue (max) = 1.23E — 2.5

(Note: In this and following cal-
culations, E is transformer secondary
voltage in ac rms and I is maximum
dc amperes desired from completed
power supply.)

If output voltage is known and the
transformer is to be selected, its
minimum voltage is:

E = 081V,,, (max) + 2.0

Rectifier forward current should
be equal or greater than maximum
dc output. The piv rating for a bridge
circuit must exceed 0.7E, and 1.4E
for full-wave, center-tapped or half-
wave circuits.

The filter capacitor is computed
from:
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Author’s 14-volt, 2-amp supply set for 3.6V, 5.5 mA (55% of the 10-mA range).

Table I—Suitable Components and Values for Various
Voltage and Current Ranges

Any equivalent part or parts meeting specifications called out in text may be substi-
tuted for those Jisted. Other ranges may be used with appropriate components.
! mark beside current range indicates maximum controlable current with hre of
listed transistor. Other maximum current ranges determine transistor power dissi-
pation and heat sink size.

MAXIMUM
DISSIPATION
(WATTS) & TEMP.

TRANSFORMER RISE (°C) WITH
MAXIMUM SECONDARY BRIDGE FILTER SERIES WAKEFIELD ENGR.
RANGE RATING RECTIFIERS CAPACITOR TRANSISTOR | HEAT SINK NO.
5V, 2 Amp 63V @ 3A IN253 8200 «F, 10 V 2N555 12 w, 28°/NC403A
T s V, 4 Amp!| 6.3V @ 6A IN1612 | 18,000 xF, 10V 2N2156 | 24 w, 32°/NC421B
13V, 2 Amp [12.6 V @ 3A IN253 4000 uF, 25 V 2N555 29 w, 30°/NC423A
13V, 3 Amp!|12.6 V @ 5A 1IN253 6000 uF, 25 V 2N3613 44 w, 39°/NC423A
13V, 4 Amp!|12.6 V @ 5A IN1612 8500 «F, 25 V 2N2156 58 w, 33°/NC441K
T 20V, 1Amp| 18V @ 3A IN253 2100 #F, 30 V 2N555 22 w, 30°/NC421A
T 20V, 3Amp!| 18V @ 6A IN253 5500 #F, 40 V 2N3312 65 w, 38°/NC441K
45V, 1 Amp | 36V @ 3A IN253 950 uF, 75V 2N3442 48 w, 56°/NC421A
96 V, 500mA| 80V @ 1.2A IN253 200 »F, 150 V 2N3442 53 w, 58°/NC421A
*155V, 162mA[ 50 VA 1:1 1N4364 150 #F, 250 V 2N3583 25 w, 58°/NC403K
*200 V, 120mA | 150 V 750 mA 1IN4365 100 #F, 250 V 2N3584 | 25w, 50°/NC403K
*250 V, 100mA| 184 V @ 260mA| 1N4365 100 #F, 350 V 2N3585 25 w, 50°/NC403K

*Filter capacitance increased to reduce ripple and increase maximum avail. output

volit.

All germanium transistor case-temperature-rise-above-ambient values held to 40°

C maximum.
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Fig. 4—Circuit
alternate drawings show how

FIXED RESISTORS RESISTORS
= ; =
152 2 | | 12 2| I;G
ﬁ% RS ) o 7 J A
COMMON—Ly" | | ¢ " (12 L7 ©
‘ L <™ COMMON ':"I:JULAP LS
1 p i IR IS S, o =
SENSE ‘ T D 1 SENSE *[f [5! 3D
i == f— - ® 4
E SENSE ——- E E SeNsE-TH T "'I?{:‘ o
) oS . T s8eed Bl
T S
2> @ 3D
N ‘
A
SLEEVED R'5 mg
JUMPERS
FROM
BOARD TO f
~ TERM. STRIPS—

25,0001
C b)) =—"%—

This is a minimum value for 12%
maximum ripple. full-wave rectifica-

tion, and 60-Hz line frequency. For
half-wave rectification, double the
value. Increase each value by 20%

for 50-Hz line frequency. Working
voltage rating must be at least 1 4E.

Series transistor current gain
hyry must be cnough to meet maxi-
mum dc output current with 50-mA
base drive. For example, a 2-amp
output requires a minimum h,,; of
40. Be careful of manufacturers’ ra-
ting sheets. Minimum h,, given does
not necessarily occur at maximum
collector current.

An extra emitter follower can
be inserted between the regulator
board and the series transistor to
boost drive. Power dissipation for the
extra transistor must be within ra-
tings, and lcn, compensation must be
made.

Power dissipation in series regu-
lator transistor Q, will be maximum
at zero voltage and maximum current
settings. This determines the degree
of heat sinking required and is com-

board parts
“Zeners”
COMPONENT LAYOUT
FOR
PNP SERIES TRANSISTOR

REPLAEES Q6 REPLACES Q7
/

ALTERNATE , SHOWING ZENER DIODES AND
BOTH TRIMMER POTS REPLACED BY

puted by:
Dissipation (Watts) =
1(1.32E — 2.1)

Transistor case temperature must be
kept within maximum ratings. Dissi-
pation and heat-sink area determine
case temperature rise above ambient
temperature. Allowable dissipation
decreases as temperaturc increases.
Most TO-3 diamond-case transistors
must be derated 1 watt per ©C above
25°C. For example. 20 watts dissipa-
tion from a transistor rated at 50
watts at 25°C requires a heat sink
large enough to limit case tempera-
ture to S55°C. R-E

NEXT MONTH

Next month, the tolerances and
accuracy of the control and sens-
ing circuitry will be described.
Also, detailed calibration and test
procedures for power supply are
outlined.

tayouts for pnp and npn
06 and Q7 can be replaced by standurd types.

regulator transistors. The

COMPONENT LAYOUT
FOR
NPN SERIES TRANSISTOR

REPLAC\ES Q6 REPLACES Q7
L

ALTERNATE , SHOWING ZENER DIODES AND
Rb TRIMMER POT REPLACED BY FIXED

25V TRANS SECONDARY
COMMON & XFRMR CT

AUGUST

E LAMP I LAMP
OUTPUT

1969

25V TRANS SECONDARY/ ' E LAMP I LAMP
COMMON & TRANSFORMER CT. OUTPUT

www.americanradiohistorv.com

REPAIRING
FERRITE RODS

One common casualty in a dropped
transistor portable is the brittle ferrite
core of the antenna. Replacement cin
be a serious problem. If you're stuck,
you can rejoin the broken pieces with
almost any good adhesive. Perform-
ance is not noticeably affected.

Best for the job are the &poxy-
resin cements, but ordinary zcetate
service cement will do. Even “white
glue” (like Elmer's) has been used
successfully.

About the only way to apply
pressure along the rod to keep the
two pieces together while the glue
dries. and at the same time apply lat-
eral force to keep the joint from buck-
ling. is to whip up a little jig like that
in the photos. Drive small bracs into
a scrap of board—two rows, spaced
the width (or diameter) of the ferrite
rod, and cach nail spaced abcut an

inch. Leave room on the boa-d for
another set of brads, to accommodate
a core size that won't fit the rst.
Bring the two glue-coated ends
together and lay the rod betwezn the

rows of brads. Now stretch a sturdy
rubber band around the rod and nails.
Lay the whole thing aside out of the
way to dry.

For high curing temperatures,
you will have to fabricate a jig out of
metal. Follow the glue manufacturer’s
directions about setting and curing
time and temperatures.

When the repair is dry. =mooth
off bits of dried cement with a fle and
sandpaper. Be careful not to stress
the joint too much, or it may come
apart again.

Hollow ferrite cores usually have
too little surface exposed to make a
strong glued joint. To repair those,
shape a plastic or wooden dowel to
fit the hollow core. Coat it with glue;
it will act as a splint and streagthen
the joint tremendously. Dont use a
metal rod.

Much of this material comes
from Werkstatt Praxis, a servicz pub-
lication of Siemens-Electrogerate AG,
Berlin and Munich.—Peter E. Sut-
heim
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The Cleveland Institute of Electronics hereby warrants that

upon completion of the Electronics Technology, Bloadcast o'y

] Engineering, or First-Class FCC License course, you will be

| able to pass the FCC examination for a First Class Com-
‘mercial Radie Telephone License (with Radar Endorsement) ;

| ~OR “upon_eompletionof the Electronic Commumcatlons
' : ou - \\xl} -be- ableﬁ :*pass the FCC exammatmn for a

1: ',',,‘ = : : "‘

¢ first try ymi'm}l re-
cene a FULL REFUND ﬁi 2l tmi;mpa} ments.

This-warranty is valid for the entire period of the com—
pletma hme -allowed for the conrse selected.

Y Q.

% : S N
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You can earn more money

Ef you get an FCC License

...and here’s our famous CIE warranty that
you will get your license if you study with us at home

OT SATISFIED with your present income?

The most practical thing you can do
about it is “bone up” on your electronics,
pass the FCC exam, and get your Govern-
ment license.

The demand for licensed men is enor-
mous. Ten years ago there were about
100,000 licensed communications stations,
including those for police and fire depart-
ments, airlines, the merchant marine, pipe-
lines, telephone companies, taxicabs, rail-
roads, trucking firms, delivery services, and
so on.

Today there are over a million such sta-
tions on the air, and the number is growing
constantly. And according to Federal law,
no one is permitted to operate or service
such equipment without a Commercial FCC
License or without being under the direct
supervision of a licensed operator.

This has resulted in a gold mine of new
business for licensed service technicians. A
typical mobile radio service contract pays
an average of about $100 a month. It's pos-
sible for one trained technician to maintain
cight to ten such mobile systems. Some men
cover as many as fifteen systems, each with
perhaps a dozen units.

Coming Impact of UHF

This demand for licensed operators and serv-
ice technicians will be boosted again in the
next 5 years by the mushrooming of UHF
television. To the 500 or so VHF television
stations now in operation, several times that
many UHF stations may be added by the
licensing of UHF channels and the sale of
10 million all-channel sets per year.

Opportunities in Plants

And there are other exciting opportunities
in aerospace industries, electronics manufac-
turers. telephone companies, and plants op-
erated by electronic automation. Inside in-
dustrial plants like these, it's the licensed
technician who is always considered first for
promotion and in-plant training programs.
The reason is simple. Passing the Federal
government's FCC exam and getting your
license is widely accepted proof that you
know the fundamentals of electronics.

So why doesn’t everybody who “tinkers”
with electronic components get an FCC Li-
cense and start cleaning up?

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

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

CIE courses are so effective that better
than 9 out of every 10 CIE-trained graduates
who take the exam pass it. That’s why we can
afford to back our courses with the iron-clad
Warranty shown on the facing page: you get
your FCC License or your money back.

There's a reason for this remarkable rec-
ord. From the beginning, CIE has specialized
in electronics courses designed for home
study. We have developed techniques that
make learning at home easy, even if you've
had trouble studying before.

In a Class by Yourself

Your CIE instructor gives his undivided per-
sonal attention to the lessons and questions
you send in. It's like being the only student
in his “class.” He not only grades your work,
he analyzes it. Even your correct answers
can reveal misunderstandings he will help
you clear up. And he mails back his correc-
tions and comments the same day he re-
ceives your assignment, so you can read his
notations while everything is still fresh in
your mind.

It Really Works

Our files are crammed with success stories
of men whose CIE training has gained them
their FCC “tickets” and admission to a higher
income bracket.

Mark Newland of Santa Maria, Calif.,
boosted his earnings by $120 a month after
getting his FCC License. He says: “Of 11
different correspondence courses I've taken,
CIlE’s was the best prepared, most interest-
ing, and easiest to understand.”

Once he could show his FCC License, CIE
graduate Calvin Smith of Salinas, California,
landed the mobile phone job he'd been after
for over a year.

Mail Card for Two Free Books

Want to know more? The postpaid reply card
bound-in here will bring you free copies of
our school catalog describing opportunities
in electronics, our teaching methods, and our
courses, together with our special booklet,
“How to Get a Commercial FCC License.”
If card has been removed, just mail the cou-
pon at right.

2 NEW
CIE CAREER
COURSES

1. BROADCAST (Radio and TV) ENGINEERING...now includes
Video Systems, Monitors, FM Stereo Multiplex, Color Trans-
mitter Operation and CATV.

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

Cleveland Institute of Electronics

ci

AUGUST 1969

1778 East 17th Street, Cleveland, Ohio 4411g &4/

Circle 25 on reader service card

wWwWWwW. americanradiohistorv.com

THESE CIE MEN PASSED THE FCC
LICENSE EXAM ... NOW THEY
HAVE GOOD JOBS

Matt Stuczynski,
Senior Transmitter
Operator, Radio
Station WBOE

“I give Cleveland In-
stitute credit for my
First Class Commercial
FCC License. Even
though I had only six
weeks of high school
algebra, CIE's AUTO-

PROGRAMMED® lessons make elec-
tronics theory and fundamentals easy. I
now have a good job in studio operation,
transmitting, proof of performance, eJuip-
ment servicing. Believe me, CIE livzs up
(o its promises.”

Chuck Hawkins,
Chief Radio
Technician, Division
12, Ohio Dept.
of Highways

“My CIE Course en-
abled me to pass both
the 2nd and 1st Class
License Exams on my
first attempt...I had no
prior eclectronics train-
ing either. I'm now in charge of Division
Communications. We service 119 mobile
units and six base stations. It's an interest-
ing, challenging and rewarding job. And
incidentally, I got it through CIE’s Job
Placement Service.”

ENROLL UNDER NEW G.lI. BILL: Afl CIE
courses are available under the new G.1.
Bill. If you served on active duty since
January 31, 1955, OR are in service now,
check box on reply card for G.I. Bill
information.

Cleveland Institute of Electronics
1776 E. 17th St., Cleveland, O, 44114

Please send me without cost or obligation:

Your 40-page book “How To Succeed In
Electronics’ describing the job opportuni.
ties in Electronics today, and how your
courses can prepare me for them.

Your book on “How To Get A Commercial
FCC License.”

| am especially interested in:
[ Electronics [ Electronic

Technology Communicatisns
Broadcast Industrial
o Engineering a Electronics
[J First Class [ Electronics
FCC License Engineering
Name
(PLEASE PRINT)}
Address
City

State Zip
O cCheck here for G.I. Bill information
RE-53
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BUILD ANOD—
AN AUDIBLE NOISE OVERRIDE

Have peace and quiet in the midst of distracting noise

By RICHARD W. BAILEY

HERE IS A SIMPLE DEVICE THAT ALLOWS
a person to work or relax in an area that
has a considerable amount of ambient
random noise. Its principle is based on
the assumption that a person is able to
concentrate in a high-noise area if the
noise is constant or monotonous. For
example, a person easily can become
accustomed to the noise from an elec-
tric motor running under a constant
load, although the sound may be quite
loud. However, a television or radio set
with its random noise may be very both-
ersome. The circuit is fairly simple.
enabling you to build a small and in-
expensive device that can significantly
reduce this problem of random noise.
The device generates a monotone signal
in a headset at a volume sufficient to
drown out any random noise present.
The frequency of the signal as well as
the volume are adjusted to individual
tastes.

Fig. | is the schematic diagram of
“ANOD” (Audible Noisc Override De-
vice). A variable-frequency blocking
oscillator drives a crystal headset. To
understand the operation of the circuit,
refer to the timing chart of Fig. 2 along
with Fig. 1

Assume capacitor Cl is initially
charged at time tl. The plate of C1 that
is connected to the base of transistor Q
is assumed to be positive with respect to

Fig. 1—A variable-frequency oscillator
is used to drive a headset at level needed.

58
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Ohio State University

ground so that Q is cut off. Shortly after
time tl, C1 begins to discharge. The dis-
charge paths are through RI-R2, R3,
base-emitter diode Q and the battery.

These rather complicated discharge
paths make calculating discharge time
C1 rather involved. Qualitatively, how-
ever, at time t2, Cl has discharged
enough so that the base of Q becomes
slightly negative owing to current flow
in R1-R2. At this instant, Q turns on.
The collector current in Q increases and
the potential at the collector starts
downward.

The heart of the blocking oscillator

GND
COLLECTOR
oF Q
9v : ]
| i | 1
| ' 2ND HALF OF
—igy- ' PRIMARY OF
I Y{POINT A)
+2.5v :
|
| { BASE OF Q
i !
‘ |
GND
-2V t3

Fig. 2—Waveforms show timing relation-
ship between the collector and base of
transistor Q and the transformer primary.

www.americanradiohistorv.com

is a subminiature driver transformer
(T) with a 10,000-ohm primary and
2,000-ohm center-tapped secondary. In
this application, T is connected back-
wards so the 2,000-ohm center-tapped
winding is used as the primary.

The collector load is one half of the
primary of audio transformer T. As the
current increases in this half of the
primary of T, a voltage is induced in the
other half of the primary. That voltage
is coupled via C1 back to the base of Q.
This voltage is 180° out of phase with
the collector voltage and thus is of such
phase as to forward-bias Q. This regen-
erative action continues until C1 charges
enough to cut off Q (time t3). The cycle
then repeats itself,

The secondary of T is used to drive
the headsct. Resistors R4 and RS along
with capacitor C2 form an integrating
network that smooths the pulse wave-
form generated by the oscillator, and
thus produces a more pleasant tone. R2
is the tone control which varies the fre-
quency of oscillation. RS is the volume
control. R-E

COMING NEXT MONTH

Begin a regular feature of special
tear-out articles that you can clip and
insert in a handy binder to start com-
piling your new R-E Reference Annual.
Next month you'll get an 8-page tear-
out on pliers and cutters.

PARTS LIST

R1, R4—10,000 ohms, 14 watt

R2—Pot, 500,000 ohms, 0.2-watt (Clarostat
44-500K-W, or equiv.)

R3—100,000 ohms, V4 watt

R5—Pot, 500,000 ohms with spst switch
(Clarostat 44S-500K-W or equiv.)

C1—.05 uF, 30 volts, ceramic

C2—~0.1 pF, 30 volts, ceramic

T—Miniature driver transformer, Sec. 2,000
ohms ct, Pri. 10,000 ohms (Lafayette
99 T 6126 or equiv.)

Q—2N404

D~—1N90 diode

S—spst on RS

BATT—9 volts, NEDA No. 1604 or equiv.

J—Miniature phone jack to match plug on
headphones

Printed or perforated board, knobs,
laneous hardware.

miscel-
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NEW R-E EXCLUSIVE

Kwik-Fix"picture and waveform charts

by Forest H. Belt & Associates™

SCREEN SYMPTOMS AS GUIDES

AUGUST

1969

DESCRIPTION

Washed out pic,
without other
symptoms.
Simple lack of
contrast.

Ringing; grainy;
very poor sync;
jitter and

wave; possible

phase ghost.

Screen black. No
video, no raster.
May only be
almost dark.

Blank raster. No
video. Screen
just white,

Too much
contrast. Control
can'tturn it
down.

Blank raster.
No video.
Scalloped right
edge; vertical
shading.

Smear. Plenty of
contrast. Sync
okay.

Washout. But
looks silvery, like
agc overload.
Some video may
be slightly
visible.

Smear, poor
contrast. Sync
may be poor,
too.

Overload and
washout. Sound
noisy. Slight
video, some-
times.

WHERE TO CHECK FIRST

VOLTAGE

plate pin 9

not
much
help

CRT pin2

plate pin 9
screen pin 8

CRT pin2

grid pin 7
screen pin 8

grid pin 7

screen pin 8

grid pin 7
plate pin @

not
much
help

WAVEFORM

WF3
WF4

WF2
WF3

not
much
help

check
all
five

not
much
help

not
much
help

not
much
help

WF5

WF2
WF3

WF4

wWWW . americanradiohistorv.com

dc restored

R5
R9
c8

R3

c7
R8
R10

almost
any
part

Ccé6
c7

R3

R7
R9

c2

R3
R4

C5

PART
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Use this guide to help you find which key voltage or
waveforin to check f[irst.

Study the screen and the action of contrast and bright-
ness controls.

Most helpful clues to fault are found at key test points
listed.

Vertical lines in
ERLEEIRIgNy o screen pin 8
straight. Sync
touchy.
‘S‘ouqd ”tgat or hot

grain. ears ieh
up—almost— help
with fine tuning.
Ringing and low key point A
contrast. grid pin7

WF5 c2
not
much L4-Cc4
help

R1
WF2 R2

Make voltage or waveform checks as suggested for screen
symiptoin.

Use voltage or waveform guide to analyze results of
checks.

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

IN THE MOST POPULAR VIDEO STAGE IN BIACK-AND-
white TV sets nowadays. input is dc-coupled from the
video detector. Usually there are two sync takeofls—one
high-level for feed to svnc stage, one low-level for the
noise-canceling feature of sync/age. Alternate sound
takcoffs are shown. A sound-beat (4.5-MHz) trap is
sometimes in the grid circuit.

Video signal comes from detector. Tt is peaked by
L1 and 1.2; R2 keeps L2 from overpeaking. L3-R3 is the
grid load for V1. Cl improves low-frequency response in
the stage to avoid overpeaking.

L4-C4 is tuned to 4.5 MHz to trap out the sound
intercarrier. In some sets, an extra winding on L4 couples

sound i.f. to sound stages. L5 and RS are the plate load
for video signals. Sync remains with video through V1.
1.5 and other components in the sync feed line (not
shown) pass amplified sync along and attenuate video to
some extent. A similar arrangement feeds unamplified
sync from the grid circuit. C2 is the screen decoupling
capacitor for high-frequency video signals (any that es-
cape the B filter capacitor).

Output of V1 is across R7 and R9, the contrast con-
trol. C3 and C6 arc peaking capacitors, which boost high-
frequency response. C5 helps low-end response by de-
coupling R7 at high video frequencies. L6—R6 is the pecak-
ing circuit: the resistor prevents overpeaking.

wr2 f Wwr4 |

/ SOUND ~ ALTERNATE \ |

TAKEOFF  SOUND TO. \ -

| ; |

1 4.5MHz \ cé |

SouND TO. | Lo S2LLL TRAP \|IOpF \

VIDEO
DETECTOR

60

2 30V, TO CRT
CATHODE
R7
47pF 10K
T % L

= | 470K
SYNC RIOS

ZOOKjBRIGHTNESS L cs
1

CONTRAST Re6
3.9K

esv = =
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DC VOLTAGES AS GUIDES
Voltage change to zero very low low slightly low slightly high high

Key point A R4V high R4 high R9 open R3 open R1 open
OSHEL R5 open RS low C2 leaky R3 high
—3V C8 short L3 open C5 leaky
Varies from L1 open
—0.5 without L5 open
signal to —4
with. Value
changes with
video content of
program scenes.

Cathode pin 6 C5 leaky C2 leaky R3 open R5 open R4 open, hi
Normal C8 short L3 open L5 open R5 low
0.5V
Varies hardly at
all with signal
strength.

Grid-pin-7 R1 open R4 high R7 open R3 open, hi
Normal R4V high R5 low R9 open C2 leaky
—25V RS open C5 leaky
Varies from Cc8 short L3 open
—0.5V without L1 open
signal to -3V L5 open
with strong
signal,
Screen pin 8 C8 short C8 leaky R1 open R5 low R3 open, hi
Normal R5 open C5 leaky R4 open, hi
125V C2 leaky L3 open
L1 open
L5 open
Plate pin 9 R5 open R1 open R3 high R3 open
Normal L5 open L1 open R4 high R4 open, V hi
RO R5 low
Vg ries with C2 leaky
signal strength. 5 leaky
From 110V o
without, to 150 V C8 shor:
with strong L3 open
signal.
gg:ﬁ;? 2 R5 open R5 low C7 leaky C7 leaky, short
30V C8 short R8 open
For viewable L5 open R10 open
picture. Varies
from 20 V to
115V with
Brightness
control.
Use this guide to help you pinpoint the fanlty part. Finally. notice which parts are repeated in the coinbination of
Measure cacl of the six kex voltaces with a yvivm, changes you found.

For cach, look across to the colummn that deseribes any change

you find, Test those parts individually for the fault described.,

NOTE: For more guides to narrow down the faulty part

Notice which parts are shown as possible causes of that change. L
further. see wavetorm guide.

AUGUST 1969 61
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WAVEFORMS AS GUIDES

V p-p low V p-p high V p-p zero

WF1 Normal 3 V p-p

Taken at output of video detector and input of this stage, at key point A. Total amplitude
depends on white content in picture, but amplitude of sync tips is steady. Normal V p-p
voltage depends on station signal strong enough to build up some agc (see ‘‘Quick
Troubleshooting”). Only clues in this waveform are from reaction of agc stage (not shown
here) to sync signals (or lack of them) coming from this video stage. No noticeable
changes in waveshape from any fault in video stage.

C2 leaky R4 high R4 V high

C5 leaky R5 low R5 open
C8 short
L5 open

WF2 Normal 3 V p-p

Taken at grid pin 7, waveshape is essentially same as WF1. Amplitude is also unchanged.
Input components are merely for peaking video response, and have little noticeable
effect on sync-pulse shape. This, and all other waveforms in this guide, are taken with
scope set for about 5 kHz. That shows three cycles of 15.75-kHz horizontal sync. Hori-
zontal-rate video waveforms are much more informative for troubleshooting than vertical-
rate (60-Hz) waveforms; also easier to synchronize on scope. Set scope sync control for
4" or “="", whichever direction sync-pulse tips point.

R1 high C2 leaky R1 open
R4 high C5 leaky R3 open
R5 low R4 open, V high
RS open
R9 open R1 high R3 low
C8 short
L1 open
L3 open
L5 open

WF3 Normal 60 V p-p

Taken at top of contrast control, with low-capacitance probe. Direct probe usually distorts
waveshape here. Amplitude is good measure of gain in video amplifier tube. In this
chassis, with 90° picture tube, 20X is normal amplification. In chassis with 110° CRT’s,
30 and 40X are more common. Naturally, higher-gain tube is used in them. Shape of
WF3 is essentially same as WF1 and WF2, but polarity is reversed. Sync pedestal and tip
may be more squarely defined, due to additional peaking in tube's output circuit.

R1 open

R3 open

R4 open, V hi
RS open
C2V leaky
C5 leaky R1 high R3 low R3 high
C8 short
L1 open
L3 open
L5 open

R1 high
R4 low
RS low

WF4 Normal 40 V p-p

Taken at CRT pin 2 (in this chassis), with low-capacitance probe, this waveform offers
most clues for troubleshooting. Evidence is number of “‘shape-changed'’ symptoms be-
low. Sync tips are slightly sharper than in WF3, because of added peaking from C3, C6,
L6 and C7. Polarity is same as WF3, with sync tips pointing upward (on scopes that don’t
have reversing switch set wrong). Amplitude is double or triple this p-p voltage in chassis
that use high-gain video amplifier tube and 110°-114° picture tubes.

62 RADIO-ELECTRONICS
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R4 high
R5 low

R1 open

R3 open

R4 open, V hi
R5 open
C2V leaky
C8 short

L1 open

L3 open

L5 open

C5 leaky

WF5 Normal 0.4 V p-p

Taken at cathode pin 6,
not to bypassing by C1.
proves low-frequency res
shape of sync pedestal,
shooting clue, but does ¢

low amplitude is due mainly to low value of cathode resistor,
Capacitor C1 primarily prevents overpeaking in the stage; im-
ponse. Opening C1 doesn’t reduce amplitude—merely changes
almost imperceptibly. WF5 isn't especially helpful as trouble-
lue some symptoms,

R4 low R1 open
R5 low R3 open
C1 leaky R4 open, V hi
C2 leaky RS open
C5 leaky C8 short
L1 open
L3 open
L5 open

Use this guide and the voltage guide ro help pin down
fault possibilities.

Using probe indicated in cach waveform description,

check the five key waveforms, Set scope at H or ar about
5 kHz.

Note amplitude of each. If it's low or high. check parts

Signal is coupled to the CRT by C7. (The CRT
cathode pin may be 2, 3, 7, 11, or whatever the CRT
manufacturer decided on.) Decoupling  capacitor C8§
keeps video out of the brightness-control circuit.

Grid pin 7 is in the de path from the detector
through L1,-R1, 12, L3 and R3. Judging by negative
grid voltage, output of video dcetector diode is from
anode end. Current through the tube and R4 develops
slight positive bias at the cathode, adding to grid voltage
for tube bias.

Chief plate-current path for V1 is up through R4,
through tube, L4, 15 and RS to high B+-. There’s a dc
path through R9 and R7 to low B4 voltage, but resistor
values are so much higher than those in the main plate
circuit that they have no noticeable effect on voltage at
plate pin 9. The bottom of R7 returns to the 125-volt line
mainly to use the B+ filter capacitor as a ground return
for compensation network C3-C6-R9-C5-R7.

The brightness control and its slider arc the divider
for dc voltage from low B+ line. Biasing voltage for the
CRT cathode finds a path through RS. When the CRT
cathode is driven more positive, the screen goes dark
because that increases CRT bias and cuts down beam
current.

Station signals have considerable effect on de volt-
ages in this stage, and some effect on amplitude of video

AUGUST 1969

and interconnection metalization.

AUGUST 1969

listed in those columns.

Note waveshapes. If there’s a change in one, check part
or parts indicated.

NOTE: Only waveforms that help most with diagnosis
are included in this guide.

waveforms. Increasing station-signal strength drives dc
voltage on VI's grid more ncgative. By the same token,
setting age control (not shown) can affect de grid voltage.
More negative grid means less plate current, so voltages
at cathode pin 6 and at plate pin 9 shift somewhat,

The brightness control sets the voltage on cathode
pin 2 of the CRT, but has little effect on any other por-
tion of the stage.

A good way to start is by making sure the signal fed
into receiver is steady and of known strength. Waveforms
and dc  voltages in speedi-guide schematic ‘ere
taken with just enough station signal to develop about 4
volts of age (the amount recommended for clamping
during alignment). With this “standard” signal, vou can
best evaluate results of troubleshooting steps. If you have
a video test-pattern gencrator, it’s even better because
waveform patterns stay the same.

A scope helps most, because the majority of tough-
dog symptoms are signal problems. Signal-trace with a
scope. Waveforms on the schematic are best clues, but
you can trace at circuit points between other parts. For
example, an okay WF1 and bad WF2 means trouble
between. Check at the junctions of L1-R1 and R1-L2.
Also at L3-R3 junction, at plate pin 9, at L5-RS junc-
tion, at R9-C5-R7 junction, at slider of R9, at L.6-C7
junction,
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Circle 28 on reader service card
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MOST ADVANCED IGNITION

SYSTEM ON THE MARKET

JUDSON’S
ELEGTRONIC MAGNETO

Provides Better Perform-
ance. Reduces Fuel Con-
sumption. Increases Plug
and Point Life. Prevents High
Speed Miss and Plug Foul-
ing. You'll feel the differ-
ence right from the start.
@M The accepted
standard in
electronic
ignition,

COSTS ONLY

$4.950

EASILY
INSTALLED

For Free
Literature

RESEARCH & MFG. CO.
CONSHOHOCKEN, PA. 19428

Circle 29 on reader scrvice card

“Enjoy Relaxing Background
Music at Home with . . .
NO COMMERCIALS!

Size: 62 x 5 x 22

Our SCA-1 Decoder makes possible reception of
this “private’’ musical programming, transmitted
by nearly 400 FM stations around the country.
YOUR FM tuner or receiver can recover this "hid-
den’ music with the simple addition of an SCA-T.
Hook-up in minutes—full instructions supplied.
SCA-1 is self powered . . . uses all solid-state
circuitry (FET’s, 1C’s, NPN’s). Works with any
quality FM Tuner or receiver.

Send check or m.o. for either . . .

SCA-1 (Wired, ready touse) .......... $64.50
SCA-1K (Kit, all needed parts) ........ $49.95
Etched, drilled P.C. Board plus special IC

plus full construction plans .......... $12.50

One year parts guarantee
Free national SCA station list supplied with every order.
SOLD FOR HOME USE ONLY
SCA Services Co., Inc.
Box 601 Port Washington, N.Y. 11050
Circle 31 on reader service card

the width (into the paper) about 6 mils.

At this stage slice processing is com-
plete. A complected slice is shown in Fig.
5. The 1.25-inch diameter slice con-
tains approximately 300 complete inte-
grated circuits. An enlarged view of one
circuit is in Fig. 6. On this particular
slice. each circuit is 60 mils square, and
contains § transistors, 12 diodes, and 12
resistors.

Slice probe testing

While still in slices all individual
IC's are probe-tested. A typical probe
testing machine has up to 20 pointed
probes which can be accurately posi-
tioned to make electrical contact to the
terminal contact pads on the IC. On a
typical circuit wafer S0 mils square,
there may be 12 terminal pads. After the
probes have been aligned to the first
circuit, they must be raised, the slice
stepped one circuit along in sequence
and the probe head lowered each time
so the probes contact with the pads of
each circuit in turn.

Mainly dc tests are performed. A
few ac measurements are made, but
switching speed and high frequency tests
are limited by the capacitance and in-
ductance of the probe head and the con-
nections between the probe head and
the measuring circuit. Despite these limi-
tations, it is possible to sclect good
circuits with a probability of about 80%.
Any circuits failing to meet the test
standards are automatically marked with
an ink spot so that they can be readily
identified and rejected after the slice has
been cut into individual chips.

Individual circuit chips

Now the silicon slice is separated
into individual IC chips. The most com-
mon method is scribing and breaking, a
process similar to glass cutting. Lines are
scribed across the slice between the cir-
cuits using a fine diamond point (Fig.
7). Then the slice is placed on a rubber
pad and stressed by running a roller over
it. The slice breaks into the individual
chips. The chips are sorted, and rejected
units marked with the ink spot during
the probe test are thrown out.

Assembly processes

Each IC chip is now assembled into
a package, sealed and tested. Two main
forms of packaging are used, a hermeti-
cally sealed package called a “flip-pack”
because of its thin rectangular configura-
tion, and a “dual-in-line™ plastic molded
package. A dual-in-line is shown in
Fig. 8. In each case, the chip must first
be mounted into position in the package.
It can be mounted either by soldering
down to the base with a suitable metal
alloy or, since electrical contact to the
bottom of the chip is not required, a low-
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melting-point glass frit can be used to
“cement” the chip down.

With the chip firmly mounted in the
package. the electrical connections from
the circuit terminal pads on the chip to
the package leads are made. The most
widely used method is thermal compres-
sion bonding. Gold wire about 1 mil in
cdiameter is used with a process called
“ball-bonding.” Thke gold wire is fed
through a capillary needle as in Fig.
9-a. Then a minute hydrogen flame is
passed across the wire. melting it and
forming a tall on the end.

)

550

e R

Fig. 7—A Jdiamond-point scribe cuts each
IC from the slice, similar to cutzing glass,

RADIO-ELECTRONICS
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The package with the mounted chip
is heated to about 300°C and the capil-
lary lowered so that the ball on the end
of the wire contacts the terminal pad on
the chip (Fig. 9-b). Pressure is applied
to flatten the gold ball. and the combina-
tion of pressure and temperature welds
the wire to the circuit pad (Fig. 9-c).
Then the capillary is raised up the wire,
moved horizontally until it is over the
package terminal, and lowered to weld
the wire onto the terminal (Fig. 9-d).
After this second weld, the capillary is
raised again and the wire “cut” by pass-

Shating cotngmand afteses foond bl candoctienty

il te bads vt o wnife; camgaund kg

emstake g " weperate 6 of packagy

o5 19T ® B g
wereag st

Wiy Pl vend
i gt ¥ packns
o 2R o

Fig. 8—A dual-in-line IC plastic case.

]’I CAPILLARY
I MIL r/‘f,r"NEEDLE

GOLD WIRE o

-j TORCH

BALL FORMED /FLAME
BY FLAME Lo il 4

i1 CHIP: ~HEADER

/”’///ﬂ A

Fig. 9—Steps a—e show bonding process.
Gold wire is heated and melted ball is
pressed to weld wire to pad. Capillary is
raised and process repeated for the second
(pin connection) weld point.
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ing the flame across the wire. This also
forms a new ball on the end of the wire,
ready to repeat the sequence for the next
connection (Fig. 9-¢).

After all connections have been
made, the assembly is ready for finish-
ing. Flat-packs and TO-5 packages call
for welding on a lid to give a hermetic
enclosure. With the plastic unit, the as-
sembly is placed in a mold and the
plastic body molded around it. A “leak™
test after sealing checks that the units
are completely airtight.

The last step in the manufacture is a
series of electrical measurcments to de-
termine whether the performance of the
circuit is up to the required standard.
The nature of the final test depends upon
the type of circuit, but is a combination
of dc and ac measurements and functional
performance of the complete circuit.

Yield considerations

Many sequential steps go into mak-
ing an IC. The majority cause some loss.
Such yield losses occur at each of the
oxide removal and diffusion steps due to
causes such as imperfections in the origi-
nal silicon, incomplete cleaning of the
slices. uneven photoresist application
and removal. the presence of dust parti-
cles and unwanted impurities contami-
nating the diffused areas, incomplete
control over the etching processes. me-
chanical breakage of the slices and so on.

Although the loss at each operation
is small. only 1% or 2%. there are so
many sequential operations that the
cumulative good vyield after scribing the
slice into chips and sorting can be quite
low—Dbetween 10% and 40% depending
on the circuit. After this. additional good
units may be damaged during assembly.
And there will be a further loss at final
test due to units not meeting specification.
Therefore. the overall yield can be as
low as 5% or perhaps as good as 20%,
depending on the type of circuit.

A 5% vyield appears extremely Jow
compared to discrete component clec-
tronic assembly, but as 500 circuits are
fabricated simultaneously on a slice a
5% overall yield giving 25 good circuits
from one slice can be profitable. R-E

NEXT MONTH

Some months back, we promised
R-E readers detailed plans for an
IC digital clock if they'd write us.
You did! So we picked the best—
and least expensive—version
available for our September issue.
You'll find complete plans for
building a digital clock that winks
off hours, minutes and, if you've
got the cash, seconds! There'll be
photos showing several ways to
mount the IC circuitry.

www.americanradiohistorv.com

COMMUNICATE

s the word
with SONAR products

ELECTRO-MEG

Model S1-1910
Voice wit1 Siren

Model wA-1911
| [ Voice wiz1 Whistle

fm $799

comrplete
e with
bat<zries

fdeal for Police & Fire Deots., Ship to Shix Talk &
Industrial, School & Camp Use. Absolute ci-rity and
crowd control is assured with this powerful 10 watt
solid state ELECTRO-MEG. Self powered loud
speaker. Adjustable volume control. Press 4 button
and utilize either a piercing continuous wtistle or
continuous siren depending on the model "hat can
be heard for long distances. Horn is 8” in wameter,
13%2” in length

—_— Madel FR-104/105
VHF-FM MONITOR RECEIVERS

Perfect for Police, Fire, Tow Trucks. Fits tre small-
est auto yet powerful enough to deiwer a clear
signal. Solid State, operates on 6 crystal-cantrolled
frequencies, dual conversion, dual limite:. Quad-
rupled tuned RF stage for greater image -2jection.
Noise Free Squelch. PLUG IN

crystals for instant frequency
change. Operates on 117VAC and
12vDC. Neg. or Pos. ground.

Complete with AC and DC power
cables, Mounting Bracket, less
crystals. Crystals $5.00 ea

FR-104
(@550 MHz)  § 00
FR-105 ,

(150-175 MHz

VHF-FM TRANSCEIVER
(132-174 MHz) for all Business,
Industrial, Police & Fire Com-
munications. FCC Type Accepted
and DOT Accepted.

Provides instant voice contact
with base stations, mobile units
and other portable transceivers o use witk all VHF
narfow band systems = sensitive, noise immune
squelch o 1.6 watt output.

Model 2301 — Single Model 2301R-— Dual
Channel, 1 Pair Crystals Channel, 1 Pair Crystals
and AA Batteries. and AA Batter.ss.*

$319%  S41%"

Continuous tone squelch at additional rost.

SONAR SENTRY VHF MINITOR
(NARROW BAND) REC:IVERS
WITH ADJUSTABLE SGJELCH.

Compact, fits a shirt po:xet, yet
powerful to deliver a clear clean
signal. Operates on twc crystal
controlled VHF Channe's plus
broadcast band. Solid Stite. Bat.
tery test meter. Built-in &ntenna
Perfect for Police, f re,
Aircraft & Weather reports.

FR-"03S
s4995 (150-175 MHz)
FR-106S

with Battery, Earphone, {30-5) MH2)
and less Crystals Crystals $5.00 ea.

FR-103/FR-106 without Adjustable squelch $39.95

| SONAR RADIO CORPORATION 1?
73 Wortman Ave., Bklyn, N.Y. 11207 Dept. 250 I

l‘ Please send me information on j

! O eLectro-mec O Model 2301 2301A

i [0 Model 104/105 [J Model FR-103%7106/S i

| Name RO 1

| Address 1

| City .. State .. Zip ..

Circle 30 on reader service cad
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Convergence Problem

I have just finished putting a
Heathkit color set together, and 1
have some probleins. With the service
switch in “service” position, 1 can’t
get the lines to overlap.

The raster won't go out when I
move the brightness control all the
way to “off” (CCW). Contrast control
doesn’t have enough effect. Pictures
are pale. What to do?>—J. H., Ed-
monton, Alberta. Canada.

You're making a couple of small
mistakes. Don't try convergence with
the switch in “service™ position. This
is merely for setting your screens. Pay
no attention to the position of these
lines, just their brightness.

Set the switch to “service™ and
adjust each screen control until the
line is barely extinguished. If it won’t
go out on any of them. turn your CRT
bias control down a little. If the
screens controls are set too high, you
can't get enough bias on the CRT to
cut it off and make the raster go out.
Too much brightness will look a lot
like too little contrast.

Check the agc sctting. If you're
in a remote area, it may not be high
ecnough—a possible cause of pale pic-
tures. This also affects color, making
it appear washed out.

U.S. GOV'T ELECTRONIC SURPLUS

& Nationally Xnown-World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic units and
components at a fraction of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

COMPUTER TRANSISTORS ON HEAT SINKS
18M Computer Quality Units yy WPT |

® (#22-928) -- Unlt consists of one 150-
watt power transistor nn  heavy, ribhed,
aluminum  heat  sink, Many experimental
uses. (11b,)

Cost Gov*t Over $10.00 sl'99

® {#22-815) = . Unit consists of two 150+
watt  power transistors 3 pots,, several
diodes, capacitors, resistors, etc. on heavy,
ribbed aluminum heat sinks. Ideal for use as
motor speed control, (4 1bs )

Cost Govet ver $33.00  $4.91

RUNNING TIME METER T
® {HDX-104) - Use to record number of op- | ] | ¢

erating hours of eleciric lights and clectrical P b

devices such as refrigerators, lumaces, elc. TR |

Records (0lal hours . tenths and hundredths up b

to 9.999.99 hours. For 113wvalt, h0<ycles. A ]

Slze #4" x3**x 25", Shipping weight 2 Jbs, it
$5.69 cost over s20.00

12 and 24-VOLT TRANSFORMER S

o (#15-8920) - .General Flectric 115-volt, i
60-cyele to 1% and 24-volts & 750-walls.
Capaclly 42-amps. (@ 2d-volts, 6i-amps. at
12-volts, Vselul for baltery chargers, mnning
DC motors, etc, 7' x 3" x 3. (18 Ibs.}

Cost Gov*t Over $33.00 $16.72

EXPANDED SCALE 0 - 15 DCVM

e (#21-800) - - Brand new, expensive volimeter
reads 9.5 to 16-volts DC and 3 {o 8-volts. Very useful
for automotive and awcraft battery charge indicator,
elc. D'Arsonval movement, black phenolic case.
T=A3” a2 (3ibs)

ust sz $712.95

SILICON DIODES DIGITAL E _f"=l_'i
B » READ-OUT ,{-:ﬁg’

E UNIT .

$5.90 Cost Gov't $230.00 5?" T

$3.97 -

® (HREC-3) - -New, pere 7
fect, Weslinghouse #770-A, @ (HEE-1T) « - Sopbisticated
27%amp,, 30.voll. ¥IN3044, elecironic Bnit contains S-digit *'reade
Fine foc hi-current rectilier, out*, electric motor, gear train, relays,
[{§I'%) List Over $13.00 ete, 37 x 6" x 7. (101b8)

iz SEND 25¢ COIN OR STAMPS FOR CATALOGS
SeE All Items FOB Meney Back Guarantes

SURPLUS CENTER

DEPT. RE 089 LINCOLN, NEBA. $850¢

COMING
NEXT
MONTH

SEPTEMBER 1969

m TV Antenna Tests
Lowdown on the latest color models. Don’'t miss

the results of R-E’s tests.

m IC's in TV Circuits
An expert describes how integrated circuits are

used in TV and how to trouble shoot them.

m Build a 15-Watt IC Hi-Fi

Details on a new hybrid IC that delivers power and
performance. Just add a power supply and a few
components.

m IC Digital Clock

Complete details for building a Nixie-readout clock
that can show seconds.

m Tools for Electronics
There's more to everyday and specialized tools

than you'd imagine. A new series shows how to
select and use them.

m Kwik-Fix™
Learn how to troubleshoot B and the i.f. stages
in this continuing pictorial series.

e e e S—

RADIO-ELECTRONICS
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TRY
THIS
ONE

COMPONENT CONSERVATION HINTS

When wiring up a temporary or
experimental circuit. it is desirable to
avoid cutting component leads. Leaving
the leads full length preserves the
maximum usefulness of the compo-
nents for future projects. However,
wiring with maximum lecad lengths

does not make a necat assembly. This
problem can be avoided by shortening
a lead by bending it back upon itself.

as shown in the first photo. When
pressed together (see sccond photo)
the lead will be almost as compact as
a cut lead. When wiring to a terminal,
just tack the lead to the terminal or

slip the fattened bend through the
hole. Do not hook the bent-over end
through the hole. as that will make
disassembly very difficult.

When the circuit is  disassembled,
it is very casy to remove the solder
and straighten the lead to its original
length.—Charles Erwin Cohn R-E

s WORLD'S
« FINEST

ERSIN

MULTICOR

oNLY ' 69¢

BUY IT AT RADIO-TV PARTS STORES

MULTICORE SALES CORP. WESTBURY, N.Y. 11590

Circle 32 on reader service card

give | I B |
so more will live

HEART FUND

Why Do You
Have A Poor Memory?

A noted publisher in Chicago reports
there is a simple technique for acquir-
ing a powerful memory which can pay
you real dividends in both business and
social advancement and works like
magic to give you added poise, neces-
sary self-confidence and greater popu-
larity.

According to this publisher, many
people do not realize how much they
could influence others simply by re-
membering accurately everything they
see, hear, or read. Whether in business,
at social funections or even in casual
conversations with new acquaintances,
there are ways in which you can domi-

nate each situation by your ability to
remember.

To acquaint the readers of this pub-
lication with the easy-to-follow rules
for developing skill in remembering
anything vou choose to remember, the
publishers have printed full details of
their self-training method in a new
booklet, “Adventures in Memory,”
which will be mailed free to anyone
who requests it. No obligation. Send
your name, address, and zip code to:
Memory Studies, 835 Diversey Park-
way, Dept. 684-018, Chicago, 11l. 60614.
A posteard will do.

Circle 26 on reader service card
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CATALOG
ON REQUEST

CLOCK MOVEMENTS

DIGITS RESETTABLE INDIVIDUALLY

Available in 50, 60 cy., all voltage',
approved motor, card. One Year Guarontze

...24-HoOuP
Made in U.S.A,

AC, UL

£130 .. 12-HOUR z13

#no

SECOND BY SECOND 12 and 24 Hour
READ CUT DIGITAL CLOCK

Complete Line: Deloy, Interval
and Cycle Timers, Digitai Computers

PENNWOOD NUMECHRON CO.

TYMETER ELECTRONICS

TI4% FRANNSTOWMN AVE.. PITTSBURGH, FA. 15708

Circle 33 on reader service card
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NEW TUBES AND SEMICONDUCTORS

MONOLITHIC TV SOUND IC

The MCI1351P is a monolithic IC
tor TV sound circuits. It consists of a
3-stage high-gain amplificr/limiter. a
full-wave FM quadrature detector and
a 3-stage audio preamp/driver. This
Motorola IC is also useful for FM
radio i.f.

The if.

amplifiers.
amplifier/limiter

has

three single-ended differential ampli-
fiers connected by emitter followers
for level shifting and broadbanding.
Typical voltage gain is 65 dB at 4.5
MHz. Input voltages as low as 80 pV
provide 3 dB of limiting.

The quadrature detector consists
of three balanced transistor pairs
(gates). The first pair is driven by the
emitter of the limiting amplifier, while
the other two gates are controlled by

the output voltage of the quadrature
tank circuit. Only one RCL phase-shift
network is needed to set the 90° refer-
ence angle for the detector.

The audio preamp/driver has
three transistor stages providing an
output voltage swing of 3.5 volts rms.

A T7-volt Zener diode provides
internal voltage regulation and has a
built-in limiting resistor in the preamp
section for short-circuit protection.
Housed in a [4-lead, dual-in-line TO-
116 package. the MCI351P costs
$2.75 in 100-up quantities.

HIGH-Q VVC DIODES

The IN5461-A. -B. -C through
IN5476-A, -B. -C make up a new
series of high-Q. premium voltage-
variable capacitance diodes from Mo-
torola. They operate over a 30-volt
range and are available with a nomi-

nal capacitance tolerance of 2%
(designated by the “C” suffix). This
high uniformity is essential where

stage-to-stage tracking in tuning is re-
quired or where minimum circuit-to-
circuit alignment is a consideration.
Units with “B” and "A" suffixes have
5% and 10% tolerances, respectively.

These VVC diodes have nominal
capacitance (measured at 4 volts re-

verse bias) ranges running from 6.8
to 100 pF. The minimum Q (at 4
volts reverse bias and 50 MHz) is 600
for the IN5461-A (6.8 pF) and 200
for the IN5476-A (100 pF). The mini-
mum tuning ratio (capacitance at 2
volts/capacitance at 30 volts) is 2.7

for the 1IN5461 and 2.9 for the
IN5476-A.
These abrupt-junction epitaxial

DIODE CAPACITANCE
vs REVERSE VOLTAGE

t
o

Cy. DIODE CAPACITANCE {pF)

5.0 0
Vg, REVERSE VOLTAGE (VOLTS)

2.0

devices are packaged in DO-7 glass.
The 100-and-up prices are $4.50,
$5.80 and $8.00 each for the A, B
and C types, respectively. The indus-
trial version of this line (I1N5441-A,
-B, -C through INS5456-A, -B, -C)

FOR THE THRIFT-WISE SHOPPER

Our TREMENDOUS BUYING POWER & PURCHASING EXPERIENCE make is possible. We invest Thousands of Dol-
lars (in just a single item) to create a good DOLLAR BUY, resulting in the AMAZING & EXCITING OFFERS that follow:

FREE $1 BUY WITH EVERY 10 YOU ORDER

Only applies
to “'$1” Buys

FREE GIFT WITH EVERY ORDER

—MOTOROLA HEP-170 RECTI- 100—ASST Y4 WATT RESISTORS § TRANSISTOR RADIO asst type §4 50
D EIE:‘OM? ANMPS 'lnd 1000VPIV) D stand. choice ohmages, some in 5C0 1 D goad, had. hroken, as-is, potluck 51 MARKET SCOOP COI_UMN
Covers all GOOMA to 2500MA Units TAPE RECORDER — assorted types 12" OXFORD SPEAKER. Top §
Votue rangime trom Goriv 1o sq (7] 1007ASST V2 WATT RESISTORS 89 |[] 08 RC OO Ll S Qe D e Nt 4
]0()0 PIV . , Y
50 — ASSORTED TRANSISTORS $9|[] 70 — ASST 1 WATT RESISTORS 59 [ SIS IMERODRWIRER $q (] 10" PHILCO SPEAKER .. $2:¢7
D g factory sconp sold as-is . stand. choice ohmages, some in 509 HEARING AI.D NN e $ i CONOMY SPEAKER T 59 .69
O N op "
IS M vt SJ“,“‘E gg:{ 35 — ASST 2 WATT RESISTORS $9 [0 Rl s Tnee, M LIFER o .. SA|T] SSECONQMY SPEAKER Tor 1
rotects eler maovements L4 stand. choice chmages, some in 5%
. L OWER  TRAN ”
e i Swien. 50 — PRECISION RESISTORS  $q (] Fommer TOMRE orimen 5G9 (7 35, UNIVERSAL | TWEETER 5729
[ 15 - Asst. ROTARY swirches s§\[] 30 05000 e oade o o e UNIVERSAL 512" PM SPEAKER §
D s TUBES ORTED WIREWOUND $q [[ ] 19 ~ STANDARD TRANSISTORS $9|[ | Zinico 5 muiet. auality tone. - - 1
D 3 — TOP BRAND 35W4 TUBES 51 D ?zgSI_STAOSRSS Hes bl 1 NPN & PNP 2N404. 2N414, ete. . . =Sy
" 5. 10, 20 watt .. ... iy N IVE A .
D 1‘5 — (G{E' ,I#Ng.z‘_ TU|B()E|S; o $1 j 4 — TolGUQFLEl ?¥|Tfr§? s1 D 1'1345158&1’ l\%!)QQE&RYESJALS 51 t] Alnico 5 magnet, quality tone .. 79
Neon Glow Lamp for 1Se8 .. . SPPST, SP . Ps WPDT vt e v n ” "
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15—BATTERIES C-cell similar 935 .... $1 [] makes, including Tubes ........ D $15.00 TELEVISION PARTS $1 300 — ASST. V2 W RESISTORS
10—BATTERIES D-cell similar 950 . ... $1 WESTINGHOUSE STANDARD JACKPOT! best buy ever ..... Top Brand, Short Leads, Excellent 51
5—BATTERIES (Transistor) similar 216 $1 TUNER #470V1201101 — (3GKS $4 D :’?N-JA%EI:SS RPJ/{\O‘SJ‘S PI.UGS & 51 SETRETION - v e ee e ee e
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IMMEDIATE DELIVERY . . . Scientific light packing for safe delivery at minimum cost. Name zo:d."“_.“““_.'
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, placg Ie.ner Address «..... e, eeeteessesessee  Shippiog
F in box for Free $1 BUY. Enciose with check or money order, add extra for shipping. ::(;11-_1:‘-;-:

Tearsheets will be returned as packing slips in your order, plus lists of new offers.

Minimum Order $3.00

Please specify refund on shipping overpayment desired:

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024
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has slightly broader tolerances and is
priced at $2.50, $3.00 and $3.80.

Further technical  information
and specifications can be obtained
from the Technical Information Cen-
ter, Motorola Semiconductor Prod-
ucts, PO Box 20924, Phoenix, Ariz.
35036.

FOUR NEW FET FAMILIES

3N160 and 3IN161. These 25-volt
p-channe! MOSFET’s feature low
leakage and high input impedance,
minimizing drift in opamps and pro-
viding high accuracy in clectron meter
circuits. Other applications include use
in shift registers, timers, proximity de-
tectors and in other arcas requiring
interface between MOS and bipolar
logic.

Pertinent characteristics (at 25°
C) include maximum drain current
(Inss) of —10 uA, tvpical gate cur-
rent (lue) less than I pA; low thres-
hold voltage of — 1.5 to —35 volts and
transconductance us high as 6500
pmho. The 3NI161 features a Zencr-
protected gate to reduce the possibility
of damage from static charges.

2N25545, -46, -47. Dual FET’s
with improved matching and tracking
characteristics. Maximum gate-source
differential for the 2N25545, for ex-

10 pV/°C. Output admittance is
matched within 1 gmho.

2N5549 Switching FET. N-chan-
nel FET for choppers, logic switches,
multiplexers, rf and vhf amplifiers and
high-current source followers. Trans-
conductance above 6000 umhos, feed-
back capacitance less than 2 pF and
on-resistance below 100 ohms result in
a gain of around 15 dB and 3.5 dB at
100 MHz.

2N5543 and 2N5544. Serve as
replacements  for vacuum tubes in
high-voltage switching and amplifying
circuits. Minimum drain—gate break-
down voltage is 300 volts for the 2N-
5543 and 200 volts for the 2N-
5544, Maximum on-resistance is 2000
ohms, transconductance is 750 pmhos
minimum and maximum input capaci-
tance is 10 pF.

Additional technical information
on these transistors cian be obtained by
writing to “FETs”, Texas Instruments
Inc., Inquiry Answering Service, PO
Box 35012-MS/308, Dallas, Texas
75222. R-E

NEXT MONTH

September is a special color TV
antenna issue. Find out how the
latest antennas perform at the
RADIO-ELECTRONICS test site.

ALL FAMOUS
BRANDS

ALL NEW & BOXED

TV

RECEIVING

TUBES

- I5%

OFF LIST

STOCK UP NOW!

SEND FOR LATEST
PRICE SCHEDULE

: T SALES CO.)

4802 AVENUE K
BROOKLYN, N. Y. 11224
Phone: (212) 241-2848

ample, is 5 mV and tracking with Don’t miss this special.
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NOTEWORTHY

Getting Started in
ELECTRONIC ORGAN SERVICING

Learn the ABC’s of a booming new repair field

By Donald A. John

*National service manager, Thomas Organ Co.

WITH WELL OVER A MILLION INSTRU-
ments in operation. the electronic or-
gan industry is onc of the fastest grow-
ing businesses in the home entertain-
ment field.

Recent engineering and manu-
facturing advances have resulted in a
number of excellent. low cost instru-
ments in the $500 to $1000 price
range. This has brought the clectronic
organ into the reach of many thou-
sands of new families.

To the clectronic technician, or-
gan servicing offers a profitable new .
source of business and income. A

shortage of qualified servicemen exists
in every arca of the countrv. Major
markets such as New York and Chi-
cago have few firms servicing clec-
tronic organs, and consequently there
is a ready market for this service.

Many dealers, especially those in
smaller communities. do not maintain
a service department. There may be
several recasons for this: sales volume
may not justify this expense. or the
volume of service work may not war-
rant the cost of muaintaining a shop.
cquipment and personnel.

A phone call to a few organ deal-
ers should indicate whether a poten-
tial market for this service exists in
your community. This could result in

the new

Jo0

Wl Al

an arrangement with one or more deal-

ers to handle all or part of their
service work. [n this way valuable ex-
perience can be gained in organ
servicing.

Technical background

A musical background is definitely
not a prerequisite to oragn servicing.
[t can be helpful. but basic information
covering music fundamentals is all
that’s really necessary.

There are several ways in which
this may be obtained. A few hours
with a music instructor or organ dealer
can be invaluable. or it might be ad-
vantageous to take two or three organ
lessons. The ability to play a few bars
of “long. Long Ago™ can provide a
definite psychological advantage in
gaining the customer’s confidence.

Another mecans of learning aboul
electronic organs is to assecmble one of
the kit instruments. In this way much
can be learned about the general de-
sign, construction. adjustment and
maintenance of organs.

History and terminology

Organs have a long and colorful
musijcal history dating back to 300-
250 B.C. Today's instruments are.
however, more the electronic counter-
part of the nostalgic pipe organs of
the silent movie era. While they may
never replace the pipe organ. they
have succeeded in reproducing manv
realistic instrumental voices within the
confines of a spinet cabinet and the
average family budget.

Much of the classic pipe organ
terminology is still used to describe

The AUS5S by Sansui is an outstanding, professional control ampli-
fier. 60 watts (IHF) of music power, bandwidth from 20 to 30,000 Hz
and a distortion factor of less than 0.5% assure you of clean sound
reproduction. The Sansui AU555 offers almost unlimited versatility
with its pre- and main amplifier sections designed for independent
usage, 2-adjustable speaker damping factors, 4-position speaker
selector switch, 4-outputs and 7-inputs, and much, much more . ..
At your franchised Sansui dealer. $159.95.

the voices, keyboards. action and oth-
er features of today's instruments.
Thercfore the electronics technician
may find himself acquiring an entirely
new vocabulary. There are a number
of good books on electronic organ
servicing. which contain glossaries of
terms explaining such words as “pre-
sets & pistons.” “vibrato and tremolo.”
“couplers,” and so on. An understand-
ing of these and other organ terms
will enable the serviceman to ac-
curately interpret and diagnose a ser-

arnsur

SANSUI ELECTRONICS CORP. woodside. New York. 11377 e L os Angeles, California. 90007
SANSUI Electric Co., Ltd., Tokyo, Japan * European Office Frankfurt a.M., West Germany
Circle 40 on reader service card
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A. UPPER KEYBOARD—
That keybcard on which the solo
part is normally played. Also re-
ferred to as: Swell Keyboard, Swell
Manual, Solo Manual, etc.

B. LOWER KEYBOARD—

The keyboard on which the accom-
paniment is normally played. Also
referred to as: Great Keyboard,
Great Manual, Accompaniment
Manual, etc.

C. CHEEKBLOCKS—

The areas immediately adjacent to
both ends of the keyboards. The
voicing tabs or stops are located on
these panels in many instruments.

D. EXPRESSION PEDAL—

A foot operated volume control that
allows the crganist to vary the over-
all volume of sound produced. Also
referred to as: Swell Pedal, cr Swell
Shoe.

E. PEDAL KEYBOARD—

The keys of the organ that are
played using the feet. Also referred
to as: Pedal Clavier, Pedalboard,
etc.

F. VOICING TABS—

The switches that enable the orga-
nist to select the voices desired, in
playing the instrument. Also re-
ferred ta as: Stops, Stop Tablets,
Draw Bars, Drawknobs, etc.

G. FUNCTIONAL CONTROLS—
The switches and controls that
operate circuits other than for voic-
ing. Such as: On-off switch, Percus-
sion tabs, etc.

H. ORGAN CONSOLE—

All of the instrument contained
within the main cakinet. Example:
The pedalboards, speakers, or
amplifier/speaker combination are
often detachable and not a part of
the main console on large instru-
ments.

vice problem described by the cus-
tomer.

The parts of a small organ are
shown (Fig. 1, above). In some cases
more than one term may be used to
describe the same section of an in-
strument, depending upon the manu-
facturer and specific organ type.

Basic circuitry
Electronic organs are basically

AUGUST 1969

alike and consist of: tone generators,
keyboards (keyswitching), voicing cir-
cuits, an amplifier and speaker system.
However. most instruments differ con-
siderably in their methods of attaining
the desired musical result.

For example, there are several
types of tcne generators employed: in-
dividual oscillators (for each note),
or a master-oscillator/ frequency-divid-
er system. Tubes or transistors, tone

77
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‘‘Invent’’ a whole new sound
system ... fast 'n easy ...
with new BELL P/A
MODULAR AMPS

Bell P/A's "stacking” principlz
gives you unusual design
flexibility. Place up to 8 input
modules in different positions
... get thousands of possible
input configurations.

FET's are located up front
for true Hi Z input (or bal. lo 2
with trans.). Units have 20, 45, 90
or 200-watt output (RMS ratings)!
All silicon solid state design.

Exclusive, fully automatic
output circuit protection
(with signal light) saves time,
labor, components . ..
eliminates guesswork. See your
local electronics distributor,
or send for full specs.

BELLD

professional appeal

BELL P/A PRODUCTS CORPORATION
1209 North Fifth St., Columbus, Ohio 42201

Circle 39 on reader service card
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TONE VOICING CIRCUITS
GENERATORS KEYBOARDS . (FILTERS)
c > DIAPASON
ok — FLUTE
SWELL >
D > VIOLIN -
0¥ }—v > OBOE
E >
F DIAPASON -
F# |—> F T i
LUTE —]
> GREAT =
G > CELLO i
i
c# > SAXOPHONE {—
A !
A¥ > DIAPASON >
PEDAL >
B BOURDON
AMPL .|
SPEAKER

Fig. 2—Block diagram of basic electronic organ system.

TONE GENERATORS

Every organ has at least 12 tone
generators, one for each note of
the musical scale. Most organs
produce from 3 to 6 octaves of tone
on each generator, or 3672 tones
in ‘‘separate oscillator’’ systems.

KEYBOARDS
Organs normally have two or three
keyboards plus a pedalboard.

VOICING CIRCUITS (FILTERS)
Number and type of voicing cir-
cuits, and the type of oscillator
signal vary from organ to organ.

AMPLIFIER

May be monaural or stereo, driving
one or more speakers. Has a con-
ventional design, with good low-
frequency response.

wheels or neon bulbs. even optical,
taped or electrically recorded systems
are used.

Does this business require more
study than it's worth? Actually, an
clectronic organ uses a few circuits
duplicated many times. Once these
basic circuits are understood. servicing
becomes a matter of isolating the trou-

78

ble to a relatively simple circuit. The
block diagram in Fig. 2 illustrates a
basic organ system. These basic organ
circuits are normally identical in all
models of the same manufacture. The
differences between models and prices
are usually in the number of keys on
each keyboard. the number of tones
generated and the number of voices

www.americanradiohistorv.com

available. Of course there may also be
additional features or special-cffects
sections in the larger instruments.

Test equipment

Organ circuits are not unlike
those in TV. radio and hi-fi sets, and
most of the same test equipment can
be used in their servicing. A vacuum-
tube voltmeter (or vom) is the most
useful single picce of test equipment.
Since organ circuits are repeated many
times over. comparison voltage read-
ings may be taken between a good
oscillator and the faulty one to locate
the defective component. In addition,
there are often hundreds of switches
and interconnecting wires. o an ohm-
meter is very useful in tracing circuits
and locating broken connections. An
oscilloscope is helpful in tracing audio
signals through voicing circuits, etc..
to pinpoint the trouble source.

The only e:sential  specialized
cquipment required in organ servicing
is a tuning instrumenrt. A substantial
part of this business consists of tuning
organs. and unless the serviceman has
received specialized training. an elec-
tronic organ cannot be tuned ade-
quately by ear. The “beat method” of
organ tuning is based on counting the
number of beats within a given in-
terval of time and is an approximate
method requiring practice and experi-
ence.

The beginner would do wel!l to in-
vest in an electronic tuner.

Tuning instruments can be pur-
chased at prices ranging from about
$40 to several hundred dollars.

Since electronic organs deal pri-
marily with the generation. switching,
and modification of audio signals. a
bypass capacitor connected to a jump-
er wire can be a useful servicing aid.
It can be used to bypass voicing cir-
cuits. locate broken leads or open
components and as a means of inject-
ing oscillator signals at various circuit

locations to pinpoint a source of
troub'e.
Technical information

Today most organ manufacturers
will supply service manuals at a reas-
onable cost. One of the reasons in
charging for this material is to dis-
courage unqualified individuals from
obtaining it. Several companies offer a
subscription  service which includes
both service manuals and technical
bulletins that are re'eased during a
specified period of time.

The electronic technician serious-
ly interested in entering the organ ser-
vice business should visit a few organ
dealers, find out about the products
and write the manufacturer of those
instruments he is interested in ser-
vicing, R-E
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NEW PRODUCTS

More information on new products is available from the manufacturers

of items identified by a Reader Service number.

Use the Reader Service

Card at the lefr and circle the numbers of the new products on which

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

TREASURE LO-
CATOR KIT, Mod-
el TRI-1, powered

by 9 V battery,
/ consists of 3 FET's
! and 2 silicon tran-
sistors. Handle

folds in the middle
for convenient stor-
age. 67 ctehed cir-
cuit “search™ coil
is adjustable to any
angle. Unit weighs
only 21 oz. $29.95,
comiplete with wire,
solder and  head-
phone. —Caringella
Electronics Inc.,
Upland, Calif.

Circle 46 on reader service card

SPEAKER SYSTEMS come in two 8-
ohms models; Model NS-135. 15 watts,
includes a 137 x 177 speuker plus a 27
conc; Model NS-10, 10-watt, 117 x 15~
speaker. Speakers are irregularly shaped

and “flat.” Edge of speaker cone is
locked into an aluminum casting which
permits  tull range vibrations through
hending motions.—Yamaha International
Corp., Los Angeles, Calif.

Circle 47 on reader service card

FM/AM STEREO RECEIVER, Model
KR-77, solid-state, power output THF of
75 watts at 4 ohms and 56 watts at 8
ohms. Includes 2 ICs, 2 FET's and 4-

gang tuning capacitor front end. Sensi-

tivity: 1.9 uV. Selectivity: 45 dB. Cap-
ture ratio: 2.5 dB. Front-pancl keyhoard

controls for interstation muting, loudness,

AUGUST 1969

low /high filter plus (lul)l)in"/tapv record-
ing jack and headphone jack. $239.95.—
I\cn\mod Electronics Inc., Los Angeles,

Calif.

Circle 48 on reader service card

ELECTRONIC MULTIMETER, Model
LV-77, has 7 de/ac ranges from 0.5V—
1,500V, Resistance: 10 ohms—10 meg-
ohms. Power levels from —10 dB to 16

1 Ly vl
m-rmmc WLmem

Bission

,.,;G .

"’“"w Eonno s rmN 1

&fmea E-L

4

dB may be measured  directly.  Input
impedance: 11 megohms. Frequency re-
sponse: 25 Hz-1 MHz. Accuracy: +3%.
Only one test probe is used for all meas-
urements.  $89.50.—Leader Instruments
Corp., Long Island City, N.Y.

Circle 49 on reader service card

FM/VIIF PORTABLE RADIO, stock
No. 99-3563L, solid-state, 4-band, oper-
ates on batteries or with ac adapter.
Receives sound portion of TV broadcasts

from channels 2-13, standard FM broad-
casts and fire, police and weather broad-
casts in the 146—175-MHz band. Unit
includes 14 transistors, 3 diodes and 1
thermistor, built-in telescopic whip an-
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tenna and 3” speaker. $39.95, with 4 C-

batteries  and mrphonc.—L‘lfa)ette Ra-

dio Electronics Corp., Syosset, N.1.
Circle 50 on reader service card

LOOP MAKER, Lid-L-Looper, formis a
loop in the lid of any jar or Dottle from
I-0z to I-gal size when it is placed be-
tween the two handles and squedzed.
Jur can then be hung on a wall or peg-

. “e o . .
T b
;—wf-. I e
K i%g I-Elﬁ% i ¥ (8 5tk
- w@ »,@ =3 '
0,426 3 TRLE e rf gf' -

i . T At
R &5 - - %;_é;,__if*
wre oo 4 el

board. Peghoard hooks or ordinary fin-
ishing nails can be used to support the
jars and their contents. $3.95.—P.L. To
Compton. Calif.

Circle 51 on reader service card

WOW AND FLUTTER METERS,
Model ME 102B (illus.) and Modol \E
104, feature separate instruments indi-
cating drift and contain a 3150-Hz os-
cillator which permits recording the rest
signal as well as calibration of the meter-
ing section. Input cireuitry above 30 mV.

Model ME-102B, metering  between
1-315 Hz, has a relay to prevent ciro-

neous readings from insufficient sigmal
level and provides switching between
3000/3150 11z for international and US
frequency  standards.—Gotham  Audio
Corp.. New York, N.Y. 10036

Circle 52 on reader service card

SWEEP/MARKER GENERATOR,
Model 415, solid-state, with dual-g.te
MOSFETS'. Provides crystal-controlied
rf on channels 4 and 10. Sweep rfre-

B1
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queney: 10.7 MHz for FM, 4.5 MIIz for
TV audio. Output impedance: 72 ohms,
300 ohms for rf output to antenna. Avail-
able outputs: sweep chroma and band-

pass, TV if. and FM if. Includes 10
crystal-controlled if. markers, standard
and 100-KHz markers to align aft dis-

B & K Div., Chicago, Il
Circle 53 on reader service card

AM/FM TUNER, Model TX-300, solid-
state, uses low-noise silicon transistors

with multiplex circuitry providing wide
channel separation. Noise filter rednces

criminators.  8349.95.—Dynascan Corp., undesirable multiplex broadcast

Ins gnd Outs

of FET.

B&K has done it again! We've made
the ins and outs of transistor analysis
the fastest, most streamlined oper-.
ations ever,

Now, for the first time, you can accu-
rately check both bi-polar and FET
transistors in-circuit or out-of-circuit.
using the same simple testing pro-
cedure. It's like having an entire elec-
tronics laboratory in one compact
package!

The Model 162 checks DC Beta from
1 to 5,000! Gm readings to 50,000
umhos. It checks FET's for Gm, lgss,
and Ipss leakage. And tests gates 1
and 2 separately. Regular transistors
are checked for Beta gain, Icgo, lces
and Iceo leakage. Unique DC injection
provides more accurate in-circuit tests
in low-impedance circuits. A flick of
the switch tells you if an unknown

New Silent Partner Model 162
FET Transistor Analyst...Fastest
Method of Checking Transistors
In-Circuit/Out-Of-Circuit,

transistor is NPN or PNP type. Speciatl
safety circuits protect the Model 162
from internal damage even if wrong
settings or leads are used.

All this comes complete with a con-
cealed-handle compartment with stor-
age and protection for test leads. A
flip-top, programmed guide speeds
and simplifies testing with B&K’s ex-
clusive step-by-step instructions.
Why not contact your nearest B&K
distributor for complete details on
how the 162 can show you the ins and
outs of transistor servicing. In time
and work saved, the Silent Partner
Model 162 will be a real profit booster!
FET Transistor Analyst

Model #162. Net: $99.95.

Product of Dynascan Corporation
1801 W. Belle Plaine
Chicago, lllinois 60613

B&K puts an end to test equipment. EK

We've developed Silent Partners.

Circle 106 on reader service card
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Front-panel controls for manual on/off
noise-filter sclection. Sensitivity: 2.5 uV.
Signal to noise: 30 dB. $99.95.—Pioueer
Electronics USA Corp., Farningdale,
L.I., N.Y.

Circle 54 on reader service card

RECORDER/PLAYER, Viking Model
B811-R, 8-track, operates on ac with ex-
ternal  sterco music system. Turns  on
automatically when cartridge is inserted.,
Has automatic and pushbutton track se-

lection and numerical program indicator.
4 logic circuits allow choice of auto-stop
at end of any single track or completion
of all 4 tracks. $189.95—Telex Commu-
nications Div., Minncapolis. Minn.
Circle 55 on reader service card

AUDIO GENERATOR. AMinigen 4110,
solid-state, provides three tones—100Hz,
1KHz and 10KHz—which can be con-
verted ta 5 KHz by slight internal modi-
fication. Output: 0-2.3V. Meusures 23"

-,

x 47 x 1% and weighs 7% oz. $14.95

w8

' F
wﬂmﬁ AN

Carivscy Geveant Minigan 4110 w ‘
!

complete with probe and standard 9V
transistor  batterv.—Century  General
Corp., New York, N.Y.

Circle 56 on reader service card

SOLDER GUN, Model 6760, solid-state
and transformerless, provides two tip

temperature ranges—approximately 500°
or 900°F. User simply slides a thumb

RADIO-ELECTRONICS
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switch oo handle to 1.0 or . Tips are
indepencent of heating clement for re-
placement purposes. A knurled nuat locks

heat carzridee into gun barrel. Toosen-
ing nut cotates entire cartridyge to orient
the thread-on tips.—Ungar, Div. of El-

don Industries. 233 Fast NManville St

Compton. Calif., 90220
Cir le 57 on reader service card

QUADRANT SPEAKER  SYSTEM,
Model (-1000, 80 watts, produces a 3-
dimensional sterco effect from 87 woof-
ers on sides one and three of system and

a 3" midrange/tweeters on all four sides.
Frequencs range, 38=20.000 Iz, Imped-
ance, 6-8& ohms. $149.95.—H. . Scott
Ine.. Moy nard, Mass,

Circle 58 on reader service card

Write direct to the manufacturers for in-
formation on items listed helow:

CASSETTE STORAGE ALBUM  of
black styviene is 107 x and securely
holds 6 irdlividual cassette cartridges and

‘o

the cartridge casily and quickly

. o
pop
releases them at a finger touch. Pressing

cither side of the stored cassette will

AUGUST 1969

adjustable  current  at  0.05-1.3
Power input: 30—100 Hz. Pipple

into the uvser’s hand. Cassette hubs are
antomatically locked when placed in the
albumm and their surfaces are protected
from ountside  damage.—$2.98,—Record-
imgs Unlimited, 64 5. Van Buren, Chi-
caco, HIL

LOUDSPEAKER. Poly-Sonie, features a
power capacity of 20 watts peak; input
impedance 8 ohms,  Punch-out  screw

mps.
put:

holes on molded plastic baffle simplify

S

0.2 mV at 1.5A. Impedance output: 0.04
ohm/100 Hz. 84" x 4% « 847 74 1h,
$145.—Spar Electronies Inc.. 7969 I ngi-
neer R, San Diego, Calif, 92111

EXTENSION PHONES. Ericofon Stvle
29, Cowplete with hottom dial, cert and
plng. Lift to get dial tone. Turn over to
dial. Set down to disconnect. Avadaqike in

cdge mounting or hunging, Model weighs
less than <4 b, $19.93, with mounting
hardware, stand and 8 of audio wire.—
Magitran Div., ERA Acousties Corp.. 311
Fast Park St.. Moonachie, N.J.

DC POWER SUPPLY. Model 1500-1,
fully metered,  features  an adjustable
voltage of 0-17TV or 0-34V dual and

all standard colors. Plugs into standard
phone jack. $39.95. H buzzer ¢led
$10.00 additional.—Retail Phone Coro.. 66
W, 35 St., New York, N. Y. 10018, R-E

LOOK! A NEW
ELECTRONICS
SLIDE RULE

with complete
instruction program

all kinds of reactance, resonance, inductance,
AC and DC circuitry problems in s2conds .. .
become a whiz at conventional ccmputations

Here's a great new way to solve electronic
problems accurately, casily . . . a useful tool
for technicians, engineers, students, radio-TV

servicemen and hobbyists. The Cleveland
Institute Electronics Slide Rule is the only
rule designed specifically for the exacting
requirements of electronics computation. It
comes complete with an illustrated Instruc-
tion Course. You get four AUTO-PRO-
GRAMMED lessons . . . cach with a short
quiz you can send in for grading and con-
sultation by CIE's expert instructors,

See foryourself.Learnhow to \\'hip through

too!

This all-metal 107 rule is made 1o o 1r rigid
spees by Pickett, Inc. . .. comes complete with
top grain leather carrying case and Instruction
Course. A $50 value for less than $23 Send
coupon for FREE illustrated buck et and
FREE heavy vinyl Pocket Electrarics Data
Guide. Cleveland Institute of Electronics,
1776 E. 17th St., Dept, RE-167, Cleyeland,
Ohio 44114,

R R R — ___._.
|
| GET BOTH FREE! Cleveland Instltute |
[ of Electronics |
| 1776 E. 17th St., Dept. RE-167, Cleveland, Ohio 43114 |
I Send FREE Electronics Slide Rule Booklet. Special Eonss Mail |
| promptly and get FREE Pocket Electronics Data Guide toa! |
| ! |
| NAME |
I (Please Printy l
| ADDRESS.__ _COUNTY_ _ —
i coupon |
Y. _ STATE 2P |
L_ tOday A leader in Electronics Training...since 1934 |
i e e e i e s e s e e o o o . e e e e e o e e e e e e e e e —————
Circle 107 on reader service card
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NO COMPETITORS

Nobody else but EMC designs in so much value

Compact, fight-
weight portabil.
ity. Use it on the
bench or in the
tield.

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

ity (ndications. Full comple-

ment of sturdy
sackets accepts
compactron (12«
pin), nuvistor,
novar, {0-pin,
9.pin, octal,
loctal, and
miniatucre
Three heavy.duty tubes.
controls for quick
set-up of all tests.
Check a fistful of
tubes in the time
it often takes to
test one.

Precise pro-
gramming.
Only one socket
per tube-base
configuration
prevents accie
dental plug-in,

12 slide switches for
individuat selection of
tube pins provides
versatility in testing.
prevents obsolescence.

Tube Tester Madaf 2131

THE MODEL 313 saves you time, energy, money I Checks for shorts, leakage, intermittents, and quality |l Tests
all tube types including magic eye, regulator, and hi-fi tubes B Checks each section of multi-purpose tubes
separately [ Gives long, trouble-free life through heavy-duty components, including permanently etched panel
B Keeps you up to date with FREE, periodic listings on new tubes as they come out I8 Your best dollar value
in a tube tester. Available in high-impact bakelite case with strap: $31.40 wired; $20.40 in kit form. Wood
carrying case (illustrated) slightly higher.

o = = = e e

| EMC, 625 Broadway, New York 12, N.Y.
i Rush me FREE catalog describing all EMC
i value-loaded test instruments and name of \
i local distributor.
I NAME i
I
ELECTRONIC dMEASUREMENIig %onan:ﬂou | ADDRESS % |
625 Broadway, New York 12, New Yor I ZONE___STATE w
Export:Pan-Mar Gorp. 1270 Bway,N. Y. 1, N. Y. 1 ST-—————ZONE_STATE —)

NEW LITERATURE

All booklets, catalogs, charts, data sheets and other literature listed here

with a Reader’s Service number are free for the asking. Turn to the Read-
er Service Card facing page 79 and circle the numbers of the items you
want. Then detach and mail the card. No postage required!

DIGITAL VOLTMETER SYSTEM, Model 2700,
solid-state, measures voltage from 0.0001 to
9999V on 4 digital readouts; an accuracy of
+0.05% of reading, =1 digit over temperature
range of =20 to 30°C: and an input impedance
of 10.2 megohms, is described in a 2-page cata-
log, T-1020A4.—Simpson Electric Co., Chicago,

formation on items listed below:

MATV PLANNING MANUAL, 30 pages. de-
scribes MATV systems products and the funda-
mentals of system design and design calcula-
tions. Sample vhf and all-channel systems, a
dB-to-voltage multiplier chart, coax cable and
transmission-line guide, TV channel assignments
and a glossary of the most used MATV terms
are also given. $1 each. Write to Finney Co.,

Circle 60 on reader service card

MICROPHONES described in Catalog 2520, 20
pages. are for professional mobile and transistor-

ized mobile and base station, paging. public 34 W, Interstate St., Bedford, Ohio 44146
address and tape recording purposes. Micro-

phone cartridges, stands and accessories also FM TRANSMITTERS in the range of 250-20,-
covered. Specs. technical data and details of 000 watts plus stereo generator, Model 2202, alt

manufacture are provided.—Turner Co., Subsidi-  qjid-state, are described with details and specs
ary of Conrac Corp.. Cedar Rapids, Towa. in various brochures. Transmitter Models FM-
11l SHB and FM-1KB both have one tube design
and Model FM-20KB, 2 tubes. Model FM-5HB
may be equipped with Model 2202 which features
distortion of less than 0.19%: power output, 10
watt; channel separation, 40 dB min.. audio
distortion, 100-15.000 Hz.—American Electronic
Laboratories, Lansdale, Pa.

Circle 61 on reader service card

PROGRAM-CENTER BROCHURE [2-1030, 8
pages. provides specs for each of 12 program-
center home-distribution amplifiers for city/
suburban/weak-signal areas. Also illustrated are
several new kits which expand a 4-outlet coaxial
cable system or a 4-outlet 300-ohm system into
f-outlet systems.—JFI) Electronics Co., Brook-
lyn, N.Y.

MID-1969 CATALOG containing information
on 9800 obsolete tubes, circa 1925-1930, plus
listings and prices of many other items is avail-
able from Avcturus Electronics Corp., Union

Circle 62 on reader service card City, N.J.

ELECTRONIC INSTRUMENTS including SEMICONDUCTOR DEVICES ranging from a
FET vom. SCR ignition systems. computerized single-chip transistor rated at 250 amps to
tachometer and a high-voltage analyzer are de- rectifier assemblies are described with specs,
scribed with complete technical details and charts and dimensional diagrams in 20-page

specs plus schematics in a literature package.—
Delta Products Inc., Grand Junction, Colo. 81501

Catalog 54-000. Rectifier and thyristor assem-
blies for a wide range of circuit applications
are also discussed.—Westingbouse Electric,

Circle 63 on reader service card P. O. Box 868, Pitisburgh, Pa. 15230 R-E
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Write direct to the manufacturers for in-

&

NEW
BOOKS

99 WAYS TO USE YOUR OSCILLOSCOPE, by
Albert C. W. Sanders. Tab Books, Blue Ridge
Summit, Pa. 17214. 5%"” x 8%", 191 pp. Cloth-
bound $6.95; paperbound $4.95.

A well-illustrated step-by-step guide
to using an oscilloscope for waveform and
frequency measurements, making circuit
gain and distortion measurements, and for
testing many types of components and
circuits. A must for the beginner and very
useful for the most experienced hand in
scope techniques.

MOST-OFTEN-NEEDED 1969 TELEVISION SERV-
ICE INFORMATION. Compiled by M. N. Beit-
man. Supreme Publications, 1760 Balsam Road,
Highland Park, . 60035. 812" x 103", 191 pp.
Paper, $4.

Vol. TV-28 is the latest in the long
line of service manuals featuring reprints
of original set makers’ circuit diagrams
and service data on tube and solid-state
b-w TV sets. Although books in this se-
ries are valuable additions to any service
technician's library. we feel that the pub-
lishers should either include color TV data
in the TV series or perhaps bring out a
new series devoted entirely to color sets.

TRANSISTOR AND DIODE LABORATORY
COURSE, by Harry E. Stockman. Hayden Book
Co. Inc., 116 W. 14 St., New York, N. Y. 10011,
72" x 10”, 128 pp. Softcover, $3.95.

The experiments presented provide a
basic ground-work in transistor technol-
ogy. Some of the areas covered are: plot-
ting characteristic curves; measuring
parameters of the three basic transistor
connections; and investigating the audio
amplifier, the phase splitter and the out-
put stages. Answers to questions posed in
the text are at the end of the book.

CLOSED-CIRCUIT TV FOR ENGINEERS & TECH.
NICIANS, by Leonard C. Showalter. Howard
W. Sams & Co. Inc., 4300 W, 62 St., Indian.
apolis, Ind. 46206. 5% x 8%", 272 pp.
Hardcover, $7.95; softcover, $4.95.

This book is intended as both a ref-
erence and a text for those who operate,
maintain, and design closed circuit TV
systems. The reader should have a fun-
damental knowledge of electronics, but
no advanced mathematics is needed. This
1s a practical discussion of circuits and
applications, not a book on theory.

104 EASY TRANSISTOR PROJECTS YOU CAN
BUILD, by Bob Brown. TAB Boocks, Blue Ridge

Summit, Pa. 17214, 5%" x 8%", 224 pp. Hard-
cover, $6.95; softcover, $3.95.

A new circuit/projects book for
hobbyists, experimenters, hams, audio-
philes and technicians. Includes a high-
gain telephone pickup, wireless mike,
electronic megaphone, CB receiver, light
dimmer, fence charger and more. All
projects use 4 ftransistors or less and
each includes schematic, parts list and
description of circuit operation. R-E
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CB Troubleshooter’s
Casebook ..."".

Andrew J. Mueller*

Case 1: Distorted receive function and inoperative
squelch. Transmit function OK.

Common to: Hallicrafters CB-12

g AGC AMPL
~——OPEN i
" N . FROM LE
R32 AMPL.
5.6K X7
c4s IN295
1 AGC RECT
1OmF -106v = =
L
SQUELCH =
AMVN———» RF &
R35 SQUELCH AMPL 1F. AMPL
47K
10K 7.5V
Q7
-10.6V —rev 100xF
*)
3304
125, F 27K
1 c TO 1ST
IN746 AF AMPL
- |REGULATOR L2
RECEIVE S
1
SUY = AF AMPL
9 EMITTER
10

TRANSMIT Toi
-loev

Remedy: Replace Q1.

Reasoning: Q1 is the agc amplifier transistor. its function
is to amplify the agc voltage from the detector
and feed it to the controlled stages and the
squelch gate. In this case Q1 is open. Therefore
no agc voltage is applied to the proper stages.
The receiver runs at maximum gain, which dis-
torts the incoming signal while the squelch cir-
cuit will not open.

Case 2: Unit does not transmit. Receives OK.

Common to: E.C.I. Courier 1 and 1M

.00l
LA b
T0
RFC f ANT
6EM5 @ !
FROM ARSI [CHOKE LEAD
TRANSMIT OPEN HERE)
0sc
> 3300 =
51pF TO 220pF

15K

= TOT/R SWITCH -

AUGUST 1969

Remedy: Resolder rf choke at point A.

Reasoning: There is a bad solder joint at point A. The
enamel was not completely removed from the
wire where it was soldered to the iead on the
rf choke. The B-plus lead to the plate of the
6EM5 opened causing no rf output. A careful
tinning and resoldering of the wire to the lead
restored the radio to normal operaticn.

Case 3: Receive is weak when the radio is hot. Transmit
OK.

Common to:

Knight C-27

6CB6
RF AMPL

12 6U8
[5T MIXER

C28 OPENS
WHEN HOT

Remedy: Replace capacitor C28.

C1 opened up when it became warm. This de-
tuned the rf amplifier plate circuit Hence very
little signal is transferred to the mixer stage.
When replacing C28, be sure to use a high-
quality ceramic or silver mica capacitor. R-E

Reasoning:

*Service manager, Tel-Air Communications, Inc.,, Pewaukee, Wis.

UNEXCELLED! THE UVM ANTENNA

<
LAE
R

UHF-VHF-FM " Aﬁ‘&i’vh,
COLOR =
{
Combination
UHF-VHF-FM Antennas
ﬁﬂ 4u,ge'uot /m'zé'o

Tuned and engineered featuring a LOG PERIODIC
VHF section incorporating a PATENTED MAGNETIC
WAVE design for UHF. Discriminate betwzen de-
sired signal and unwanted noise. An absencs of
minor lobes and extremely high front to back -atio
are characteristics of these antennas. Mechanical
features include all new fittings and special clloy
aluminum tubing for added strength. Six models
available.

Write or phone for complete information,

S & A ELECTRONICS, INC.

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

Circle 109 on reader service card
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In the Shop . .. With Jack

by JACK DARR

SERVICE EDITOR

THE ENGINEERING APPROACH TO SERVICE

British TV technicians are called
“service engineers.” This isn't just a
“glory title”. US or UK, we do engi-
neering work—diagnosing and repair-
ing faults in an immensely compli-
cated picce of electronic equipment.

We need to use the ‘“engineer-
ing approach.” When we run into a
problem, the first thing to do is to
state the problem in our minds. Then.
we use a logical method of analysis to
locate the cause. Once we know what
we're looking for we can tell how to
find it.

Step 1: Locate the major symp-
tom. Dark screen, for instance. As
you know and I know, there’s no such
thing in electronics work as a prob-
lem with only one answer. So, we
have a list of possible causes in our
mind. We simply go through this list, in
the order of maxinuun probability.

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
CitY

GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also.

OLSON ELECTRONICS

Circle 110 on reader service card

STATE
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Step 2: We test to find out what
conditions exist in the circuit. Some
of these tests arc almost instantane-
ous. We've made one already—
looked at the CRT screen and saw
that it wasn't lit. This is an abnormal
reaction, so the cause of this symptom
is what we have to find. Next, we
make more of this type of test. We
look at the neck of the picture tube,
and at the horizontal output, oscilla-
tor and damper tubes, to see if their
filaments are lit (normal) and if the
horizontal output tube plate is glow-
ing red (abnormal). So, there are
several tests, all useful, and all made
in about 5 scconds.

From circuit knowledge, we
know that any circuit must have the
right operating power supply, or it
can't work. So we read the dc supply
voltage with a meter. Now we're past
the visual-observation stage and must
use instruments from here on. The
success of this method does not de-
pend on the instruments themselves,
but on our interpretation of the
meaning of their readings.

Finding +100 volts at a certain
point means absolutely nothing. Not
unless we know what the voltage
should be at that point! Thus. -+ 100
volts on an audio preamp plate is ok,
but - 100 volts on the control grid of a
horizontal output tube means trouble.

From this we can make up a
list of “Normal Operating Condi-
tions.” It might be something like
this:

1. Tubes lit.

2. Dc  voltages
rated value.

3. Cathode current flowing at
rated value.

4. High-voltage dc  output
present at rated value.

Now go down this list one pa-
tient step at a time until you find one
item that is abnormal. This list must
be worked out in the order of a maxi-
mum probability. In plain words,
which one of these things is the rnost
likely to cause trouble?

Tubes cause a lot of this kind of
trouble so try a new tube. If this fails,
we have eliminated one of the items
on the list! A negative test result is as
useful as a positive one. We know

present at
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that there are so many items on the
list, and we must be prepared to go
through the whole list if we have to.

If new tubes won't cure it then
we know that it must be a supply
voltage problem. This can be caused
by a failure of the supply itself, fail-
ure of a part in the supply network,
or something in that section. (Notice
how the new list is forming?) The
logical test would be to measure the
supply voltage.

If the supply is ok, check the
network of parts which feeds the
voltage to our circuit next. We can

have open circuits or short circuits—
this makes no difference to our basic
method. They’re both faults, no mat-
ter what has caused them. This ap-
proach is not limited to dc supply
voltages, incidentally. In this section,
the high-voltage ac drive signal to the
horizontal output tube is a part of
the “supply”—one of the things which
must be there if the stage is going to
work normally. To the picture tube,
the high-voltage dc supply is “nor-
mal.” If it isn’t present, the picture
tube can't work: so, we make up an-
other list of things which could cause
the HV to fail, and check them.

There’s the method: its key
words are ‘“process of elimination.”
By a patient, methodical process of
elimination, we went down the list,
checking each item off. When we
found one that showed an abnormal
response, that was it. Now, we
stopped and subdivided the list, and
started a new list of possibilities. We
checked these out one at a time.
When we got to the end of that list,
we had found the trouble.

The most valuable single asset
you can have is a completely open
mind. Don't “play favorites.” Don't
begin the diagnosis thinking, “This has
to be a bad tube; it was the Ilast
time!” Be completely impartial; after
all. what do you care what it is? The
idea is to find the trouble and get the
set working again in the shortest
possible time, and the heck with what
caused it!

Don’t even try to form an opin-
ion until you have enough data.
anything before this isn’t an engi-
neering opinion, it’s a pure guess. All
diagnoses must be based on facts,
facts which you have discovered
while making tests.

This is the “enginecering method”
of making diagnoses. Get some facts
and then make a tentative diagnosis
of the cause. If this doesn’t work out
when confronted with the facts,
throw it out without hesitation and
make a fresh diagnosis based on the
new facts (one of which is that the
original diagnosis wasn’t correct!).
Don’t hang on to it! R-E
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Service
Clinic

By JACK DARR
SERVICE EDITOR

Generator alignment

I'm having trouble setting up a
har-dot generator with u scope. I get
a stable pattern on one stage, bhut
when I go on to the next it’s unstable.
Happens  mostly  around the 4500-
to 31.500-hertz stages. What's caus-
ing this>—O0. H., Ripon, Wis.

I think this is a case of making
the same mistake twice. (You made it
once and | made it once!) From vour
description, the stage will set up and
lock while the scope probe’s hooked
to it. but when vou go to the next
one (that is, when you unhook the
scope probe), it becomes unstable. So,
this is exactly the trouble T got into

in a similar case: vou're tuning up the
circuit, plus the scope capacitance!
The scope input capacitance is a part
of the tuned circuit. So. when you
take this much capacitance ofl. the
circuit changes frequency enough to

become unstable, and won't lock
properly.
The solution is to use much

smaller series capacitors on the scope
probe. thus reducing the capacitive
effect on the circuit. In the one I had,
3.0 pF was about right. In the 4500-
31.500-Hz stages, you ought to get a
waveform with 7 small pips between
the major ones. as in the diagram.
This waveform is seen on the output

This column is for vour 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 yvou. Don't
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
South, New York 10003.
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of the 4.5-kHz multivibrator.

There's another method. suggest-
ed to me by a test equipment com-
pany engincer: Keep a TV set hooked
to the bar-dot generator’'s output
while you are setting it up. In a case
such as you had. where the pattern
was almost stable enough. watch the
TV screen. and very carefully “fid-
die™ the setup control until the pat-
tern stabilizes! This will work in
many cases. Of course. you don't
want to move it too much.

Transformer replacement

I've got a Stromberg-Carlson
Model 1121 PL radio; the power
transformer is burnt out. This secmns
to he a special transformer; there are
wo extra wires going to a socket on
the back. and another going to the
6V6 cathodes. Whar's the number of
a good replacement?>—S. 0., Chester
Depot, Vi,

Actually, this isn’t a special
transformer, in the sense that it can't

PRI

TV AC -EJ

5U4

63V,4.0a OMIT THIS
' WINDING IN
REPLACEMENT

10 6V6
CATHODES

be replaced. The extra wires you
see go to a wire-recorder input plug:
they are probably for a motor or the
recorder heater circuit: the connec-
tion to the 6V6 output-tube cathodes
is evidently to put a dc bias on these
leads. They can be omitted when
putting in a replacement transformer.
You'll need high voltage of 312-
0-312 volts ac at 200 mA; 5.0 volts at
2.0 amps for the 5U4, and 6.3 volts
ac at 4.0 amps for the filaments.

Vtvimm test batteries

I like to use a dry battery to
clieck my vivm. How can I tell wheth-
er I have a fresh battery?—L. B., Los
Angeles, Calif.

Use a mercury battery. You can
get these with several voltages, and
their shelf life is very long. Also. they
hold their open-circuit voltage almost
until they are dead. R-E
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/ N
There's no substitute
for SUCCESS. -

JAMES WONG--Resserch E rgiseer
Heald Engineering Coliege Craduate

or [N-CLASS INSTRUCTION!

In electronics, it's the training that
makes the difference. Emplovers
require well-trained men and the
first thing checked is where vou
gained your knowledge,

HEALD GRADUATES have many job
offers with starting salaries often in ex-

cess of $10,000 per year. AND advance-
ment is rapid.

GET STARTED NOW. Be a2

DRAFTSMAN—12 months
TECHNICIAN—15 months
ENGINEER (B.S. Deg.)—36 months
ARCHITECT (B.S. Deg.)—42 manths

YOU are eligible for HEALD ENGI-
NEERING COLLEGE if you have a Figh
school education or the equivalent.

Increased income starts with success---
success starts with your move to Heald,
Send now for FREE brochures with
more information on Heald in San Fran-
cisco and your future in E ngineering.

FREE LIFETIME PLACEMENT SERVICE

VETERAN APPROYED
S5,

LR

o v WRITE TODAY FOR OETAILS

T

HERLD Engineering College

1215 Van Ness Ave., San Francisco, California 94109

Please send me information about:
ARCHITECTURE O
ENGINEERING: Civil(J ElectricalC
Electronic[ ] Mechanical []
TECHNOLOGY: Electronic Engineering
Technician (FCC)
Radio Tetevision Technician (FCC]
DRAFTING: Mechanical (] Electrical
Structural [J
I am interested in Day[] Eveningd courses
Also send an application.[J

NAME ACE
ADDRESS

ciry

STATE

ne PHONE ,‘

Circle 111 on reader service card
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Discharge IGNITION, PHOTOFLASH. Free cata-
log parts, kits. TRANSPARK, Carlisle, Mass.
01741

LOWEST PRICES Japanese electronic products
information $1.00 refundable. PRENTZAS, 406
Crestland, Greensboro, N.C. 27401

Ultra-sensitive and powerful METAL DETEC-
TORS join the many who are finding buried
coins, minerals, relics and artifacts. Don’t buy
till you see our free catalog of new models.
Write JETCO—Box 132-RE, Huntsville, Texas
77340
TUBES—LOWEST PRICES in the world. Hard to
get British, German, foreign and American
obsolete and present day special purpose trans-
mitting tubes. Send for giant tube and parts
catalog. UNITED RADIO CO., Dept. R-56, Ferry
St.,, Newark, N.J. 07105

Display Allowance.

Company.

Independent News Company, Inc. is pleased to announce a Retail Display Plan which in-

cludes Radio-Electronics as part of a group of magazines available for the earning of a

To obtain details and a copy of the formal contract please write to Marketing Depart-
ment, Independent News Co.,, Inc., 575 Lexington Avenue, New York 10022 (Attention Mr.
Paul Hendershott). Under the Retail Display Plan in consideration of your acceptance and
fulfillment of the terms of formal contract to be sent to you upon request, you will receive
a Display Allowance of 10% of the cover price per copy of each magazine in the group sold
by you. This plan will become effective with all issues of the magazine group delivered to
you subsequent to the date your written acceptance is received and accepted by our

 PEP’S Dollar Sale
$1 Money Back guarantee $1

1 Amp Silicon Rectifier SCR
choice of package Silicon Controlled
Bullet—Miniature Glass- Rectifier
Metat TO-S Package
{1 5-800V  units $1.00|[]5-40v units $1.00
7] 4-1000V units $1.00 | []4-100V units $1.00
{1 3-1200V units $1.00 |[]3-200V units $1.00
— [J2-400V units $1.00
[?1%"1':)05”“ Package 7 AMP SCR
- units $1.00) 3 4.50vy  units $1.00
[J 5-400V units $1.00 ga-wov units $1.00
{7 2-1000V units $1.00 3 2.200V units $1.00
5 AMP Epoxy Package {7 1-1000V units $1.00
8-100V  units $1.00 20 AMP SCR
6-200V units $1.00|[]2-50V ~ units $1.00
[J 3-800V units $1.00) [ 1-300V  unit  $1.00

T —— Gen Purpose PNP
SILICOqZSTAl:dl’PMOUNT Germ Transistor Similar

2N404
Es-loov units $1.00| g S

2-800V  units $1.00 Skoel
1-1000V units $1.00 ZENER_DIODES
A 1 Watt
SILICON STUD MOUNT |1 ea 4V - 6V - 8V . 10V
20 AMP 004  units __ $1.00
3-100v  units $1.00| ZENER DIODES 10 Watt
1-1000v unit $1.00{ | EA 4V-6V.8V-10V
a3 units $1.00
ount |3 units 31
snucorwrﬂmm GERM GLASS DIODES
[]3-50v  units $1.00| DO7 GEN PURPOSE
[12-100V units $1.00{[J 20  Units  $1.00
DU Replaces 1N-34 1N-60
SILICON STUD MOUNT ; IN-64 1N-295
60 AMP

{77 2-50V  units $1.00 Zener Diodes 250 to 400
{7 1-1000V unit $1.00 Millawatt
1 EA 2V-4V-6V-8V-10V

SILICON GLASS DIODES |15 units $1.00

DO-7 Power Transistors
[]10-100V units $1.00 2N-155
units  $1.00

0 3
NO SALES TAX | 2N-176
WE PAY POSTAGE (]2  units  $1.00

PARK ELECTRONIC

PRODUCTS
P. 0. Box 78 N. Salem, N. H. 03073

RCTURUS SALE

® (700 transistor types at 39¢ each.

= 40 watt germanium power transistor. same as
Deleo 501, 2N278 (etc.). Cat. #349, 59¢ each.

# Color TV cartridge focus rectifier 6.5 kv. Used
in every color TV, Cat. #CFR-20, 79¢ each.

® Motorola 2500 ma. at 1000 piv, high voltage/
current epoxy silicon rectifier, axial leads. Cat
*HEP-170, 49¢ cach,

® 2 Printed circuit I.F. transformers, 4 lug. 455
ke input and output, cat. =1909P4, 99¢ each.

® RCA UHF transistor type TV tuners, KRK-120
(long-shaft) cat. =UMF-20; KRK-120 (short-
shaft}, cat. =UHF-21, each $4.98

® RCA VHF transistor type TV tuners. KRK-146,
cat. ¥ VHF-74. $9.99 each

® Transistorized U.H.F. tuners used in 1965 to
1967 TV sets made by Admiral, RCA, Motorola, etc.
Removable gearing may vary from one make to an.
other. Need anly 12 vaolts d.c. to function. No fila.
ment voltage needed. Easy replacement units. Cat.
ZUHF-567. $4.95.

® U.H.F. Tuner-original nnits as used in TV sets |
such as RCA. Admiral. etc. covering channels 14
through 82, as part 294D 173-2. Complete with tube.
Drive gearing is removable. Can he used in most |
sets. Cat. *UHF.3, $3.95

® Color ynkes. 70° for all round color CRT's_ Cat,
#XRC-70. $12.95. 90° for all rectangular 19 to 25+ |
color CRT's. Cat. =XRC-90, $12.95.

® Kit of 30 tested germanium diodes. Cat. #100

99¢

e Silicon rectifier. octal based replacement for 5U4,

5Y3, 5A84, SAW4, 5T4. 5V4. 5Z4. With diagram

Cat. # Rect-1, 99¢ each

I ® 7. 90° TV bench test picture tube with adapter.
No ion trap needed. Cat. =7BP7, $7.99.

® Tube cartons GAUG etc. size, 3$2.15 per 100.

6SN7 etc. size, $2.55 per 100. 5U4GB size, $2.95

per 100. 5U4G size. 3¢ each,

Send for complete free catalog. Include 49, of dollar

value of order for postage. $5 MINIMUM ORDER.

Canadian check, 8% dollar differential

ARCTURUS ELECTRONICS CORP.

502-22nd 5t., Union City, N.J. 07087
Dept. MRE

l Phone: 201-864-5568
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$100.000 “EYE SEE” INTEGRATED CIRCUIT
HIGH-AMPERAGE low voltage 750VAll;r/azr£so- . E
former 24/12 volts 36/60 amps from
$10.00. Nicklecad batteries 4AH $1.95 'BAH BONANZA BY POLY PAK
2.50. Free catalog with order. ARROW SALES,
2534 S. Michigan, Chicago. Ill. 60616 By far the higgest Integrated Circuit Sal\e ,dou,.
is ;. N “' That's rig NOBODY r-
RADIO & TV TUBES 33¢ each. One year guaran- hi ‘(o.l_\. I\l(_)li()ll);‘j‘ '!’l‘nunt s l:l:thll et r:'cfxit
teed. Plus many unusual electronic b_argams. sel -Ur- ‘\" 'k,, = ol e e A
Free catalog. CORNELL 4217-E University, San Py 1)1\"1‘"\! )».\n,..l n l(htn‘t' : e T IV
Diego, California 92105 - PIMIT R TFEM S Jvery item suarantesd as
INTEGRATED CIRCUIT KITS: YCOEané.I]l:‘rE.E%IiIg‘Ig. sdvertised. Al include data on Interated Cikcuits,
others. New catalog free. KA . : . I s
Box 3932.D. Long Beach, California 90803. ’ Foirchild No. * Two identical 1€ in one packare EACH . ;: M‘ORSE
' . 1 for 1.4 or 1,
POWER SUPPLIES $3.98. Nixies $5.00. Coun- % e Pl v 1 Teias 2 %arni50
ter $2.00. $1.00 component packages. Catalog. ¢ 353 2 In. Gate Nand/Nor 1 for 1.49 2 for 1.50
MURPHY, 204 Roslyn Ave., N.Y. 11514 904.904¢ Diun Lialr aliler : :a, :;3 %;ar llg(o)
N hl PR - ST or 1. ar 1.
CONVERT any television to sensitive Big-Screen 910 Dual "Two llmmll (-(Jll"“ 1for1.29 2 #ar 1.30
Oscilloscope. Only minor changes required. No 914 Dual ‘l\lvn "l;\_{ ‘\_.md/\,m_- 1 for1.490 2 for 1.50
electronic experience necessary. lllustrated fNs Dual _.! nlplut sate N B i 2 for 1.50
plans $2.00. RELCO-A25, Box 10563, Houston, 923 A J 1\-1"”[' l';]ﬂl' T po . T\ fer 198 2#r 199
Texas 77018 923.923* Dual IR B_E00 e Vioriide  Ier1.50
925 Dual Input Gate, Expander 1 e 2 for 1,98
RECEIVING & INDUSTRIAL T!.JBES, TRANSIS_- 927 Quad Inverter i K iNiar O 1:49 2 fer 1.50
TORS, All Brands—Biggest Discounts. Techni- 930 Lrual 4 Input Gate l"‘m.- NS Vil 2for150
cians, Hobbyists, Experimenters—Request FREE 933 Dual Input (.:}m-.‘ Expande: A e 2 fer 150
Giant Catalog and SAVE! ZALYTRON, 469 JSeri- i 944 Dual 1 Input Power Gate . Lol ke Eo
cho Turnpike, Mineola, N.Y. 11501. v} 946 Quad 2 Input (‘.I:m- N:|x||l({.‘n|. e S il 5+
952 Dual 1nput nverter Gate . 3
EPOXY SILICON ey 1 953 2.2.3.Input and Gate 1‘ ":,' :g: g;.:: l‘ '.;g
fJuwd 4 Input and Gate . i
TRANSISTORS ’ :i: ‘ul;\put u::ul Giate w 2 output . 1 for ‘-1: ;:"' ::g
F 1 for 1.4 or 1.
GOVERN MENT 5 for $1 y, :z; l]):;;l k) ‘l;’r‘\‘r:'ul Gate w /gxx‘-»-.uﬂen = ':: 149 2fer 150
SU R pLU S Type Sale 1] Opera‘ional
2N706  S5for$l DIGITAL = -
sn2szs  3ior31 |LOWEST PRICES ON |0 DIGITAL ) AMPLIZIERS
2N2368  Sfor 31 || INEAR AMPLIFIERS . ‘ it
JEEPS Typically F $53.90 T ks F 2N2711 S for $1 8 Bit memory cell 114 e*
ypically From g .« « Trucks From < 1 - d
$78.40 Boats, Typewriters, Airplanes, a g:ggzg g :g: d Guarar“eed cets! . | TO5 case g
Multimeters, Oscilloscopes. Transceivers, Elec- 2N3568 5 for $1 opec: sh with Spec. s 95 Widh
tronics Equipment, Used. 100,000 Bid Bargains 2N3638 5 for $1 with 5P " - o
girect From Governrgent Na(iconwide.stl:o(;gp(lle)te 2N3641-3 5 for $1 i / eets! - 2
ales Directory and Surplus Catalog $1. e- 22 [ — tarc. Rated: net 30, cod’s 256h
ductible| Firstid1'0.00/0xdey) SURPLU S/ SERVICE, IN3662  Sforsl e Grders: Wakefienl, Mass. (517) 215.3829
Box 820-REL. Holland, Michigan 49423 2N3683 5 for $1 of &0 Retail: 211 Albion. St., Wakefield. Mass
St ;’:”:} = [:m & GIANT SUMMERCATALOG ON: Parts, Rectifiers.
X o ] or ype Sie j i 6.3 ipment.
2N4140.1 5 for 31 | 702 D.C. Ampiifier Transistors, SCRs, 1.C.'s, E:“:’“Bo‘ :“0:
wW 2ZN4248.9 5 tor $1 709 Operational Amp '
ANTED 2N4284-5 5for$l §[ 1710 Differential Comparator POLY Ks LYNNFIELD MASS
2N4288.9 Sfor$1 [[]711 Sense Amplifier 01940
2N4290-1 5 for 31
QUICK CASH . . . for Electronic EQUIPMENT, Circle 122 on reader service card
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N. Y. 10012,
]
TECHNICAL WRITERS needed. FregLaErg:_ic;E;‘e'% BARGAINS CATALOCG *
tronics: opics. cSen resume. BY MAIL A selection of products available by mail for readers ot Radio Electronics. 148 — PAGLS
LV;J:EPZS,;":YED]II&%S' INC. P.O. Box 504, New All merchandise sold on money-back guarantee. Order by No. Send check or M.O.

=y A——

INVENTION
& PATENTS

i Q?Fy

v ;

FREE ‘'‘Directory of 500 Corporations Seeking
New Products.” For information regarding de-
velopments, sale, licensing of your patented/un-
patented invention. Write: RAYMOND LEE OR-
GANIZATION, 230-U Park Avenue, New York City
10017.

INVENTORS: protect your ideas! Free ‘‘rec-
ommended procedure”. WASHINGTON IN-
VENTORS SERVICE, 422X Washington Build-
ing. Washington, D.C. 20005

INVENTIONS WANTED. Patented; Unpatented.
GLOBAL MARKETING, 2420-AE 77th Ave., Oak-
land, Calif. 94605

AUDIO — HI-FI

Tapemates makes available to you ALL 4-TRACK
STEREO TAPES. All labels—postpaid to your
door—at tremendous savings. For free brochure
write: TAPEMATES CLUB, 5280 RE West Pico
Bivd., Los Angeles, Calif. 90019.

TAPE RECORDER SALE. Brand new nationally
advertised brands, $10.00 above cost. Amazing
discounts on stereo components. ARKAY
ELECTRONICS, 1028-E Commonwealth Avenue,
Boston. Mass. 02215

RECORDS, Stereo, Hi-Fi. LP's $1.25, 5 for $5.
45's five $1, 30 for $5. All new, never played,
name brands. Sample one LP and one 45 for
$1.50. WARREN ROY, 24 Straw La., Hicksville,
N. Y. 11801
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SEE MUSIC IN DAZZLING ACTION

WM’D DRAMATIC

BREAKTHROUGH
IN AUDIOVISUAL ENJOYMENT

See your favorlie musie tramslated
into fantasically colorful patterns
each note ereating its own uniaue
everchanging Image in perfect time
wi the wusie. RHasily attached to
. radio. tape recorder. Nend
20¢ for 16-p. hooklet  z909%iEH
T

No. 85,181EH

$99.50 FOB

ROTATING MULT1.COLORED LIGHT

Imzzling  colors  siream  cemilessly
frot onstantiy  rotating  light
Facetted.  iranspareny  glohe  has

louvered drun  Inside  with e

green. blue & yellow stars. Bulb
heat rotates alrum whi projects
fickering  star  point el

ceiling
facets preser

while individual globe
constantly changing
array of brilbiang colors, 7 star-
approx. 12" high on  bell-shahed
base. Place on table, TV. fire
place—top of Chiristmas tree or

Ixplay
Stock No. 7{.000EH ..$6.00 Ppd.

CATCH THAT STROBE ACTION!
Its wild. Rpectacniar stop-action
lighting ctYeets will make a barty.

creale a4 light  show. turn 1he
swinger Inte nsychedelle per
farmers.  Top quality. low-cos

solld state electronic strohe. Ad
justable flash rate from 2 to I¢
fashes per <ecomd. Clear lucite lens
protects long life Xenon lamp-uh to
10.000.009 Hashes. &0° high lustre
retlector covers 2.000 sq. ft. area

even In dark of night-club. Rugred
hut _compact (#"sq.) & lightwelght
(31 Wrinkle-tflnfshed metai
case.
Stock No. 71.174EH .

110-120 V.AC. UL, approved.
$89.95 Ppd.

LONG-WAVE
BLACK LIGHT FIXTURE
Extremcely versatile, compactly (e
signed, Ion}z wave (3200- Inoe ang

stroms ) light  tultraviolel
fixture.  llas A\ 110-V  lanyg
witl Mlt-in tilter. 1'se 1o identify

minerals.  fung
for surfuce fHaw

age—perfect  for
tlnorescent  paper.
Crayons.  trac

hacterin—check
olt and gas leak

disnla¥s  with

paints,  chalk
awder.  Inel !
Justahle at retlector. pust
pull wile connecting  plug
Mount vert.. horr.. or on corner.
107 1. 187 W W
Stock No. 70.3
No. 60.124EH.

64EH . .$9.95 Pnd.
.(Bulb) $3.25 Ppd.

Lo
Ni-Cd BATTERY BARGAIN

Terrifie value—slightly used gew't
surplus. Lightwelght 5 cell. ¢ 1t,
4 Amp-hour battery with almost wn-
limited life. Extremely high r.
rent output. Recharfes in ur
with Edmund kit. Won't deterinrte
when left dlscharged. Minim m
maintenance — few drops o® waer
per year. Rugged. shock-and.v ~a-
tion resistant nylon ease. Di- >red
partially charged. filled with slece
trolyte. 3ty” x 2" x 6°* 2 .
BATTERY

Stock No. 70.942EH $15.00 Pid.
CHARGER KIT

Stock No. 70.807EH $ 8.00 Ppd.
41.108EH. CELL 33 95

GIANT FREE CATALOG

Edmund. 300 Edscorp Buildiag,
Barrington. New Jersey 08007
148 PAGES -
1000's OF
BARGAINS

Completely new
1969 edhilon. hoe-
ens of electrica¥f

sories.
selectinn of As
tronomical Tele
scopes,  Microseopes, Rinocu.
Iars, Magnifiers, Magnets
lLenses. Prisms. Many war sur-
Piur. Items for hobhyists ex-
perimenters. workshnps.  fa>.
tory. Mail coupon for
ecatalog “"FH"

NAME. ...
ADDRESS
ary..
STATE.

ORDER BY STOCK NUMBER » SEND CHECK OR MONEY ORDER » MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC C

Circle 123 on reader service card
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s BARRINGTON. NEW JERSEY 08007
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MR. SCA OPERATOR

NEED A RELIABLIE SOURCE I'OR
HIGH QUALITY, LOW COST SCA
RECEIVERS, OR SCA DEMODUILATOR
UNITS?

A new and proven sub-carrier demodula-
tion scheme using old established principles
is now pructical due to recent component
developments and mass production. The

resultant reduction in cost is passed on to
you.

a3 Tressvas

¥

MODEL SCA-6137 SINGLE
RECEIVER. Size: 12”7 x 5
$69.95 (Quantity 1-9)
SCA-6137 FM Receiver Features:

FREQUENCY FM
w7 x 4%"”. Price:

® Rance: 88 to 108 MHz e Frequency Field
Adjustable ® All Solid State Devices ® RF Stage
e 3 IF Stages ®

Automatic Frequency Control
® Two 67 Kiiz Amplifier Stages ® 67 KHz Ratio
Detector ® Adjustable Muting ® Main/Sub-Car-
rier Switch ® One Watt Audio Output ® 4” Mon-
itor Spcaker @ Provision for Fxternal Speaker o
117 Volt AC Operated.

Also available: SCA-3 sub-carrier demodulator
PC Card with muting control. Size: 2% " x x
3% ”. Operates on 6 to 12 Volts DC at 6 ma. Avail-
able from stock. Price: $39.95 (Quantity 1-9)

37

GENERAL -

S i e o A R A A ! -

TREASURE HUNTERS! PROSPECTORS! Relco's
new instruments detect

coins. Kits, assembied models. Transistorized.
Weighs 2 pounds. $19.95 up. Free catalog. REL-
CO-A25, Box 10839, Houston, Texas 77018

RENT 4-track open reel tapes—all major labels
—3,000 different—free brochure. STEREO-
gg‘:?Tll, 55 St. James Drive, Santa Rosa, Ca.

0

WRITE for highest discounts on components,
recorders, tapes, from franchised distributors.
Send for FREE monthly specials. CARSTON,
RFD #3, Route 7, Brookfield, Conn. 06804

PHOTOFACTS, 221 sets, $49.50 for all. Supreme
radio diagram manuals, 14 volumes, $14.95,
postpaid. Mixed television-radio diagrams, 20

pound carton, $9.95. BEITMAN, 1760 Balsam,
Highland Park, 1Il. 60035.

buried gold, silver,

Quantity discounts and detailed specifications are
availuble o SCA operators.

Send orders and inquiries to:
JanZac Company; P.O. Box 177;
Stamford Conn. 06904
KenZac Company; P.O. Box 66251;
Houston, Texas 77006

MAGNETS. All types. Specials-20 disc magnets,

or 2 stick magnets, or 10 small bar magnets,
or

$1.00. MARYLAND
MAGNET COMPANY, 5412-G Gist,
Maryland 21215.

250 EACH—Letterheads, statements, envelopes
and business cards. Send copy (up to 5 lines)

8 assorted magnets,

Baltimore,

and $17.75 to THE WRIGHTWAY, 404 East
Green, Champaign,

VIARKET
CENTER

HEARING AIDS below wholesale. Smallest, most
powerful. Free home trial. No salesman will

call. Free details. Write PRESTIGE C-43, Box
10880, Houston, Texas 77018

JAPANESE NEW PRODUCTS MONTHLY! $1.00.

Refundable. DEERE, 10639 Riverside, North
Hollywood, Calif.

FCC First Class License in six weeks—nation’s
highest success rate—approved for Veterans

Training. Write ELKINS INSTITUTE, 2€03E In-
wood Road, Dallas, Texas 75235

RECHARGEABLE EVEREADY

NI-CAD BATTERIES

9V (8.75V) Y2 amp. hr. cap., size 2%"” long x 1%"”
diam. Made of 7-N38 or BH 500 button cells. Suita-
ble to power cameras, elect. flash, phonos, radios,
exp. power supplies, many other uses. Retail value
$12.00 ea. A fortunate purchase permits selling
these life time batteries on a money back guarantee
basis at a fraction of cost. Pospaid at $2.95 ea.
(6 for $15.00)

Miniature Swiss (precision motor) escap 1-6 Volts

D C with reduction gear 50 r p m. High torque
$1.95 ea.

TECHNICAL MATERIALS COMPANY
769 Inwood Roud — Union, N.J. 07083

lllinois 61820

Phone 201-687-9172 — 201-687-5171

AR GUARANT

TUBES!

-
CORNELL

DEPT.Rt 8 4217 UNIVERSITY
SAN DIEGO. CALIFORNIA 92105

EE!

Prestige & Success as an

ELECTRONICS

EXPERT!
€\

0%

o

NO SUBSTITUTIONS W
YOUR ORDER FREE IF N

Terms: Orders ove
and avoid C.O.D.

bine varied orders

Circle 124 on reader service card
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orders.
Orders under $5.00: Add 3¢ per tube plus 50¢ handling. Canadian
and Foreign Orders: add approx. postage. No C.

6AU4 6X4
6D6 014
6X8 Br
4 183 6AUS and Ney
6%:(, 1HS  6AUS TB6 UBE g‘z}eﬂf Glass! A
s0Q6 113/1K3 6AVE ;257 Yrg;‘f DEPD TUBE
AWS 4 . PRY
cEA7 114 6 21amp 3.00 Ce
sems 174 GAXA TYR 21CBpy 1.00 21.95
gr 44 GBAG 10087 stuoy counses fif 2/cers J% 52
2 6BCS 4 : :
st e eace 12AT7 v servicing il 21Fip2; S 52
:ﬁ: 30G4 686 12AV7 $3.50 G2z oo
o5 SU4  esw7 1IAX7 RADIO SERVICING
616 5VB 6BN4 :;::e $3.00
5v4  6BNS
:':: 5Y3  6BN8 12BH7 BOTH COURSES $6.00 poo depos orde
6sa7 6AG  6BQS nc57 ’)’OTJ':Jo“r';'” be returneq ,:ﬁrr?:j ‘rje
esH7 6AB  68Q7 ‘1';:‘6 2 STATION No ”f‘;"a'd return of gy
6 duds rat,..> 97 Picture ;
)7 6AB4  6BL uds rety tubes. Ay
:SSK7 6ACT  6C4 2516 INTERCOM under 1uu’::gu’l?r’nrerund Must be
cB6
6SN7 6AG5 6
614
6sq7 6AKS  6CDE Ba/T RED & BLACK TUBE CARTONS
U7 6ALS  6CG 6350 High Gloss, Clay Coated, Built in Diag. Partitions
6Us G6ANB  6CGB = TUBE 10 100
ev6 6AQS 6CMT 64“ A.C. 110 VOLT SIZE SIZE CARTONS CARTONS
owa 6ATE  6CI3 * TRANSISTORIZED g Sk o g
6A | ' . o
R INTERCOM! 1G.GT 5U4GB .59 5.29
New or Used 2 .
Eﬁnda[iabt;ﬂ‘ed- Ind. Boxed. 5U4G .89 7.99
Branded & Code Dated

ITHOUT YOUR PERMISSION!
OT SHIPPED WITHIN 24 HRS.

r $5.00: Add 3¢ per tube shipping. Prepay o full
charges. Send $3 00 deposit on C.O.D.

.D. orders. Com-
to bring order over $5.00.
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LA

EDUCATION/
INSTRUCTION

ELECTRONICS ENGINEERING. Day or evening
classes. Bachelor of Science Program evenings.
Associate in Science Program day or night. If
you are married or if you must work for a
living while obtaining your education, this is
the coliege for you. Approved for Veterans.
WESTERN STATES COLLEGE OF ENGINEERING,
970 West Manchester Avenue, Inglewood, Cali-
fornia 90301.

REPAIR YOUR OWN TV TUNERS—Color—
Transistor—VHF—UHF. Earn to $1.70C, month-
ly. No customer headaches. Simple, com-
plete course. First of its kind. Copyrighted.
Years in preparation. Six sections. 33 chap-
ters. All field-tested. Jigs—Fixtures—Adapters
—"Setting-up’’. Special probes. Quick-checks.
How alter and use test sets. Repairs WITHOUT

EQUIPMENT. Unigue power supplies. Fast-fix
luxuries. Equipment you can build. Profes.
sional tricks. lflustrated schematics, pictures,

drawings, sketches, Plans for all items. Trou-
bleshooting. Alignment. All tests and adjust-
ments. Common mistakes. How and where to
buy parts. Specific repairs common problems.
Index of all tuners. Much, much more. Pro-
grammed teaching. Introduction, plus two sam-
ple lessons $1.00. Optional condensed courses
(complete in themselves): VHF $9.50, UHF
$4.50, Transistor tuners $4.50. Details of major
course, introduction, plus two sample lessons,
$1., Refundable. FRANK BOCEK, Box 3236R,
Reddmg, Calif., 96001

PSYCHEDELIC LIGHT MODULATOR
Easy to connect to any
—— Hi-Fi. Makes lights flash
% #
dimension te your listen-
ing enjoyment. 500 watt
load capacity. Sensitivity and background controls. Regu-

and dance in perfect tem-

po with music. Adds a new
lar price $24.95. Special sale $17.88. Dealer inquiries in-
vited.

HAZELTON SCIENTIFIC COMPANY
Box 163 Hazel Park, Michigan 48030

TREASURE & COIM DETECTOR = }“ﬂ
N
10-DAY FREE TRIAL ™

New circuit guaranteed to give at least v 2
twice the detection ability of any de-
tector in this price range or return
in 10 days for refund. Find buried
gold, silver, coms, treasure. More
power for more depth. Not a
“probe” type but a fully electronic
1968 model detector. Uses ordi-
nary 9V battery, weighs 2 and pay postman

pounds. tfully transistorized. / $26.95 plus small

i

95
POST
Faio

Send $29.95
check, cash or
M.O. tor postpaid
shipment or $3.00

Gives loud. clear signal when .
object is detected. NOTHING C.0.D when delivered.

ELsk TO BUY. . VIKING DETECTORS
: ) N
Complete, reudy to & Dept. V-39 |, Box 10880

operate. Houston, Texas 77018

CLASSIFIED COMMERCIAL RATE (for firms or
individuals offering commercial
services). 70¢ per
words,

NON-COMMERCIAL RATE (for individuals who
want to buy or sell personal items) 30¢ per
word . . .

products or

word . ., . minimum 10

no minimum.

Payment must accompany all ads except those
placed by accredited advertising agencies.
10% discount on 12 consecutive insertions, if
paid in advance. Misleading or objectionable
ads not accepted. Copy for October issue
must reach us before July 11,

WORD COUNT: Include name and address.
Name of city (Des Moines), or state (New
York) counts as one word each. Zone or Zip
Code numbers not counted. (We reserve the
right to omit Zip Code if space does not per-
mit.) Count each abbreviation, initial, single
figure or group of figures or letters as a
word. Symbols or groups such as 8-10, COD,
AC, etc., count as one word. Hyphenated
words count as two words. Minor over-word-
age will be edited to match advance payment.

AUGUST 1969

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR

commercial-free music

for continuous,

with ANY FM tuner or receiver

iy

Kit $49.50 Wired $75,00 Cover $4.95 List of FM
stations with SCA author:zahon $1.00. For com-

plete information write or call

MUSIC ASSOCIATED

65 Gienwood Rd.,

L

Upper Montclair, N.J, 07043

phone 201-744-3387

GARDNER-DENVER

14F-15x15x.125-A&C
Auto. “Wire-Wrap” Machines

4 Each

At 10°% Of Original Cost

DENVER

ELECTRONIC SURPLUS

1333 11th Street

Denver, Colorado 80204

(303) 222.0677

SCHOOL
DIRECTORY

distinguished graduates

hold important engineering and busine:s administration
posts throughout T.R. I’rofessionally-oriea:el college with
outstanding placement record. Four-quamer year permits
degree in three years. Fine faculty. Mwmismn labs, Small

3 classes. 300-acra campus. Arevw [Ited. ApDroved
for vets. Moderate costs. Fntes Sept., Jan.,
March. huie. for Catalog, wrig2 Adm. Director.

TRI-STATE COLLEGE

2480 College Avenue. Anpola. Indiana 46703

GET INTO

ELECTRONICS

V.T.l. training leads to success as
technictans, tield engineers, specialists
in communications, guided missiles,
computers, radar and automaiion. Baswe
& advanced coursef in theory & llborl-
tory. Electronic Engineering Techn

ogy & Electronic Technology currlcu\m
both available. Associate degree in

mog. B.S. also obtainable. G.I. ap-
proved. Graduates in all branches ot
electronics with major companies. Start
Sept., Feb. Dorms. campPus. High
school graduate or equivalent. Catalog.

VALPARAISO TECHNICAL

INSTITUTE
Dept. C, Valparaiso, Indiana 46383

e .
FREE Catalog r u':;'rwg%s:
| SURPLUS ELECTRONIC BARGAINS

Now BIGGER and
BETTER Thor Ever!

== =MAIL THIS COUPON NOW = —

1
| NamE: - I
| ADDRESS - _ }
: cITy STATE: P I
—— e —_—— ]

For your FREE copy, fill out coupon cmd rail. Dept. RE

FAIR RADID SALES
1014 E. EUREKA - Box 1105 - LIMA, QHIO - 45802

INTEGRATED CIRCUITS f
SEMICONDUCTORS f

ER 900 TRIGGER DIODES These
bidirectional trigger diodes are one
of the best and cheapest methods of
triggering SCR's and triacs.
3/%$1.00

MOUNTING HDWE KITS
These kits are used to mount our
SCR’s, zeners, & rectifiers etc.

6 x 32 (3, 12 Amp rectifiers, 7 Amp
SCR's) 6 sets/$1.00
'/4 x 28 (20 40 Amp rectifiers, 20
's) 4 sets/$1.00

PRV | AMP |
_100] .07 | gpoxy AND
200, .09 | CONTROLLED
400 | .12 | AVA i
600 .18 | REGTIUERS
800 | .22
| 1000 .35

N-CHANNEL PLASTIC TO-18
FET'S. Low noise, low leakage,
gate current, gain to 9000
mhos. $ .80

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St., Cambridze, Mass.

ALES

Post OFice Box 74D

LINEAR CIRCUITS
TRlACS, FM IF AMPLIFIERS. ... ..
PRV | 5A | 10A  702C WIDE BAND D& AMPL. $2.75
ST 709C OPERATIONAL AMP. . $2.75
100 90 | 1.20 7|g%hrlAsRPAETEODRmFF - 5|
__200 140 | 175 711C DUAL COMPARATOR | §2.75
300 175 | 225 DIGITAL RTL CIRCUITS
o S R T
S 200 L 260 1225 | iaeouicn o s Tue
DRI P
SQ—10A DISCRETE ... o vith a vite of 20, 0;
OPER, AMPL' MODUI'.E Silicon Controi Rectifiers
Voltage Gain 60,000 Min. T0-66 pack Studs
$4.95 each |\ 5oy 3a | 7A 1 20A | 70A
Silicon Power Rectifiers 50| .35| .45| .70
PRV | 3A | 12A | 40A||100] .50 | .65 1.0 4.00
100 | .09 | .30 | .75 | 200 .70| .951.30] 8.00
200 | .16 | .50 | 125 |300| .90 |1.25]1.70
400 | .20 | .70 | 1.50|| 400 1.20 | 1.60 ( 2.10 | 12.00
600 | .30 | 1.00 | 1.80| 500 | 1.50 [ 2.00 [ 2.50
800 | .40 | 1.25 | 600 [ 1.80 | 2.40 | 3.00 | 16.00
1000 | .55 | 1.50 | 700 | 2.20 | 2.80 | 5.¢0 |

RECTIFIERS
TRIACS

Somerville, Mass, 02143

Tel. (617) 547-4005
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The FM-2400C provides an accurate standard
frequency signal for testing and adjustment
of mobile transmitters and receivers at pre-
determined frequencies between 25 and 500
MHz. Up to 24 crystals may be inserted into
the meter. The frequencies can be those of
the radio frequency channels of operation,
and/or of the intermediate frequencies of the
receivers between 5 MHz and 40 MHz. Fre-
quency stability (standard) +.001% from 32
to 122 F. Frequency stability with built-in
thermometer, calibrated crystals and tempera-
ture corrected charts, .00025% from +25°F

@&

to +125°F. (.000125% special 450 MHz
crystals available)

FM 2400C (Meter Only).....ccceccvenen. $445.00
RF Crystals
Hi Band.........ccocovvvivieeee . ......$24.00 ea.
LoBand. .. ..., e 15.00 ea.
IFCrystals. ... e 8.00 ea

Write for free catalog.

Vi .~ N
INTERNATIONAL

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

s Completely Portable

s Tests Predetermined Frequencies
25 MHz-500 MHz

Circle 129 on reader service card
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NEW KENWOOD
QUARTET

....variations on a theme of excellence

Whether you go lavish or low-budget, one of
KENWOOD's superb new stereo receivers is
waiting to enrich your listening pleasure. And
whatever the price, you'll find that KENWOOD
has a krack for adding the extra touches that
make the difference between the ordinary and
the excellent! Check the specs. Check the per-
formance. Then pamper yourself with a KEN-
WOOD fcr the greatest stereo you've ever heard!

FOUR NEW KENWOOD
STEREC RECEIVERS TO CHOOSE FROM:

KENWOOD KRS-44 . . . 48-Watt, FET, IC,
SOLID STATE FM.'/AM RECEIVER and
TWO MATCHING SPEAKERS

Complete with its own duo of compatible stereo
speakers, the KRS-44 brings “‘Instant Stereo' to
the budget-minded who want to play now, add-to
laters mem 22 apten o 3. w wEie 3.2 .. $239.95¢

Stereo Receiver KR-44, also availabie separately,
provides ample tape, phono, and other inputs for
a complete stereo system . ..terminals for second
speakerset . ... ... ... ... ... $179.95*

KENWOOD KR-70 . .. 75-Watt, FET, IC,
SOLID STATE FM STEREO RECEIVER

For the FM buff, this excellent and economical
FM receiver with great sensitivity of 1.9 uV IHF ...
excellent stereo separation...alternate channel
selectivity of 45 dB...and a raft of professional
convenierce features that will keep any FM devo-
tee devoted to KENWOOD. ... .. .. . $199.95%

KENWOOD KR-77 . .. 75-Watt, FET, IC,
SOLID STATE FM. AM STEREO RECEIVER

A multitude of professional features not generally
found in the medium-price range make the KR-77
an extremely popular model. Inputs for 2 record
players, left-and -right channel output and main
amp input, allow the greatest flexibility in creat-
ing a diversified stereo system. . .. . $239.95*

KENWOOD KR-100 . .. 140-Watt, FET, IC,
SOLID STATE FM 'AM STEREO RECEIVER

Featuring a particularly efficient silicon power
transistor amplifier and an extremely sensitive
front-end, the KR-100 is a truly deluxe stereo
receiver with superior broadcast reception and
controls to accommodate the most sophisticated
stereo system . ... ... ... ... . $299.95*

“Including cabinets

3700 S. Broadway Pl Los Argelas, Calif. 9007
69-41 Calamus Ave., Waodsid2, N, 7. 11377
Exclusive Canadian Dist . — P2rfect l4f3. & Suoaplizs Ccrp. L d.

]
oomare= |
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How do you

install” confidence

when you install an RCA
color plcture tube?

The surest way to compliment a
customer is to agree with his
opinion. This is pretty easy to do
when it comes to deciding which
brand of replacement color pic-
ture tube to install in his set.

Here both set owner and

v service technician agree—and by

a wude margln on RCA' And for one very good reason:
RCA's reputation...for experience, quality, and proven per-
formance...over the years. More years than anyone else in
the business.

Place your confidence in the company that perfected the

~=color TV system in use today. Introduced more technical

-+ innovations than any other company. Stays on top of the
W state-of-the-art notjustin technology, butin tube sizes as well.

Whether it's an all-new RCA HI-LITE or the popular priced

- quality rebuilt RCA Colorama—when you recommend

RCA—you'll not only flatter your customer, you'll also be pro-
tecting your own hard-earned service reputation. That's
because RCA picture tubes are designed to protect the
biggest reputation in the COLOR TV industry.

RCA Electronic Components, Harrison, N.J.

www americanradiohicetorv com
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