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Sound n’ Color Translators Strobe Lites
The now dimension to music pleasure. The electronics you need to create audio- High-intensity bursts of white light from Xenon
EICO All Electronic Solid-State Audio-Color stimulated light displays to your own tube flash in cadence with each beat of audio.
Organs transform sound waves into moving imagination. Actuates: Light Display Units, From $24.95 kit, $39.95 wired.
synchronized color images. Connect easily Strobe Lites, any lamp configuration (Xmas
to speaker leads of hi-fi or radio. From $29.95. !srees, patio lights, etc.). From $24.95 kit,
39.95 wired.

Build the Stereo Kits praised by experts.

All amplifier power ratings according to IHF standards. Cortina® designed and manufactured in U.S.A. and guaranteed by EICO.
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70-Watt AM/FM Stereo Receiver including 150-Watt Silicon Solid-State Stereo FM Stereo Tuner including cabinet.
cabinet. Cortina 3770, $189.95 kit, Amplifier, including cabinet. For the audio Cortina 3200, $99.95 kit, $139.95 wired.
$279.95 wired. perfectionist. Cortina 3150, $149.95 kit,
70-Watt FM Stereo Receiver including $225 wired.
cabinet. Cortina 3570, $169.95 kit, 70-Watt Silicon Solid-State Stereo
$259.95 wired. Amplifier, including cabinet. Cortina 3070,

$99.95 kit, $139.95 wired.

/‘ Build for fun and use with

Eicocraft jiffy project A
The newest excitement in kits. r VBB ET (lo band) $7.95; EC-2800 Aircraft
100% solid-state and professional. HWE.MFI.'?" Converter $7.95; EC-2900 Police & Fire
Expandable,' interconnectable. Excellent PT*™ ™K ==  Converter (hi band) $7.95; EC-3100
as mtroductnlons to electronics. e [ 2-Station Intercom (with cases) $10.95;
No technical experience needed. EC-3200 "'Do-It-Yourself" PC Etching
Finest parts, pre-drilled etched printed Kit $4.95; EC-2300 Audio Preamplitier
circuit boards, step-by-step instructions. $8.95; EC-2400 Builhorn $8.95:
- 36 Kits to select from, $2.50 to $9.95. EC-2500 Fuzzbox $8.95.
£C-1100 ) Just released: EC-2§00 “quer Snoop"
FM WIRELESS MIKE $995 $8.95; EC-2700 Police & Fire Converter

EC-1900 TREASURE FINDER $9.95

Shape up your own car/boat with EICO Engine Analyzer

For all 6V/12V systems; 4, 6, 8-cyl. engines. Completely tests your tofal ignition/electrical

Now you can keep your car or boat engine system. Complete with comprehensive Tune-up &
In tip-top shape with this solid-state, portable, Trouble-shooting Manual. EICO 888, $49.95 kit,
self-powered universal engine analyzer. $69.95 wired.

The first and only solid-state test equipment guaranteed for 5 years.

Only EICO brings you laboratory precision and long life at lowest cost.

EICO 240 Solid-State EICO 379 Solid-State EICO 242 Solid-State EICO 150 Solid-State EICO 330 Solid-State
FET-TVOM Sine/Square Wave Generator Deluxe FET-TVOM Signal Tracer RF Signal Generator
$59.95 kit; $79.95 wired $69.95 kit, $94.50 wired $69.95 kit, $94.50 wired $49.95 kit, $69.95 wired $59.95 kit, $84.50 wired

You save up to 50% with EICO Kils. Since 1945. Best Buys in Electronics. Over 3 Million EiCO Instruments Now jn Use.
.“““““““‘..“‘..““‘“‘“‘.‘.“..“...........9.....0.....‘....‘.......“".........‘....“......g.......““.‘

Send me FREE catalog describing the
FREE 1970 CATALOG full EICO line of 200 best buys, and name

of nearest dealer.

‘Name
[— —— @ EICO Electronic Instrument Co., Inc.
m 283 Malta Streel, Brookiyn, N.Y. 11207 AT -
=== Available In Canada
City - ‘State zZip
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Earn Your DEGREE in Electronics!

This is the “electronics age.” Advancements in electronics
are coming, one on top of another, so rapidly that the aver-
age technician cannot stay abreast of the changes. But
some technicians — those who thoroughly understand fun-
damental principles —are able to stay up with these
changes, and they make top pay because of their special
ability.

Is your electronics knowledge obsolescent? If so, noth-
ing can make you obsolete so quickly as to neglect the
study of basic concepts and fundamental principles.

Upgrade Your Knowledge & Earn Your Degree

Grantham’s strong-foundation curriculum in electronics
leads to non-obsolescent skills —to skills based more on
reasoning than one merely doing — and leads first to the
Associate and then to the Bachelor of Science Degree in
Electronics Engineering.

The Grantham Engineering Degree Curriculum places
heavy stress on fundamental concepts of logic and mathe-
matics rather than on superficial manipulative skills. Since
these fundamental ideas are largely unfamiliar to many
clectronics technicians, it is necessary to develop them in
a systematic manner. Emphasis is on understanding rather
than memorizing.

Get Your FCC License Along The Way

You have heard and read, over and over again, about how
mmportant an FCC license is to your success in electronics.
Itis certainly true that an FCC license is important—some-
times essential — but it’s not enough! Without further edu-
cation, you can’t make it to the top. Get your FCC license
without fail, but don’t stop there. To prepare for the best
jobs, continue your electronics education and get your
degree.

This kind of thinking makes good common sense to
those who want to make more money in eleetronics. It also
makes good sense to prepare for your FCC license with
the School that gives degree credit for your license train-
ing —and with the School that can then take you from the
FCC license level to the DEGREE level. The first two
semesters of the Grantham degree curriculum prepare you
for the first class FCC license and radar endorsement.

Home Study Program Available to
Experienced Technicians Only

If you have at least one year of experience as an electronics
technician, you are qualified for enrollment for the Asso-
ciate Degree (Semesters 1 thru 5) by correspondence. The
accredited ASEE Degree program by home study consists
of a total of 370 lessons, followed by two weeks of resident
classes at the School.

Grantham School of Engineering
o Established in 1951 e

1505 N. Western Ave.
Hollywood, Calif. 90027

Telephone:
(213) 469-7878

TED
) <OV Seo

To the best of our knowledge, Grantham School of
Engineering is the only school in'the United States author-
ized and accredited to grant a degree in an engineering
field, entirely on the basis of home-study instruction except
for the final two weeks. However, this accredited degree
program is available only to experienced technicians who
already know the “hardware” side of electronics.

Accreditation, and G.I. Bill Approval

Grantham School of Engineering (founded in Hollywood
in 1951) is accrediied by the Accrediting Commission of
the National Home Study Council, is approved under the
G.I. Bill to offer home-study and resident programs, and is.
authorized under the laws of the State of California to
grant academic degrees.

The Grantham Engineering Degree Curriculum

The entire Grantham Electronics Engineering Degree Cur-
riculum consists of five semesters leading to the Associate
Degrce, followed by three additional semesters leading to
the Bachelor’s Degree. See the outline below:

Semester 1 — Basic Electronics Technology With Math
(80 lessons by correspondence, or 4 months in resident classes)

Semester 2 — Communications Circuits and Systems
(80 lessons by correspondence, or 4 months in resident classes)

Semester 3 — Engincering Mathematics & Computer Systems
(70 lessons by correspondence, or 4 months in resident classes)

Semester -1 — Classical & Modern Physics, & Technical Writing

(70 lessons by correspondence, or 4 months in resident classes)

Semester 5 — Engineering Calculus, Electrical Networks, and
Solid State Circuit Design
(70 lessons by correspondence, or 4 months in resident classes)

Review & Exam —Two-Weeks of Review and Comprehensive
Examination on Semesters 1 thru 5, for the
Assoclate in Science Degree in LElectronics Engi-
neering

Semester 6 — Advanced Calculus and Network Analysis
(6 months of resident classes, meeting 2 evenings per week)

Semester 7 — Network Synthesis, and Advanced Elcctronics
(6 months of resident classes, meeting 2 evenings per week)

Semester 8 — Computer Scientific Programming, and Control

Systems
(6 months of resident classes, meeting 2 evenings per week)

Transfer Credits — Certain credits in English, Social Studics,
ctc., in addition to Grantham Semesters 1 thru 8,
are required for the Bachelor of Science Degree in
Electronics Engineering,

Mail the coupon below for our free Bulletin.

Grantham School of Engineering
1505 N. Western Ave., Hollywood, Cal. 20027

Gentlemen:

Please mail me your frce Bulletin which explains how the
Grantham educational program can prepare me for my FCC
license and Associate Degree in Elcctronics Engineering. I
understand no salesman or counselor will call,

Name

Address

City State Zip

v — A - E— S E St B S e ———

Circle 9 on reader service card

< Circle 8 on reader service card

www americanradiohistorv. com


www.americanradiohistory.com

NEW & TIMELY

Volume 41 Number 3

RADIO-ELECTRONICS

March 1970

PLANE ANTI-COLLISION
DEVICE IS
DEMONSTRATED

BALTIMORE—AnN anti-col-
lision device for aircraft that
employs radio signals regu-
lated by atomic clocks has
been demonstrated. Airlines
may begin to install the de-
vices in 1971.

Each plane within an op-
erational area would simulta-
neously transmit a digitally
coded message every 3 sec-
onds. Individual planes
would be assigned one of
2000 time slots in a 3-second
time base. Since all planes
transmit at precisely the
same time, each plane could
compute the distance to
other aircraft from the
elapsed time of the trans-
missions.

Altitude information is
contained in each plane’s
coded transmission. Closing
rates fcan be computed from
the Doppler shift in radio fre-

quency.
A small panel is used to
indicate when the plane

should be flown level, climb
or dive. The devices are
made by McDonnell-Douglas,
Bendix Avionics and Wilcox
Electric, and will cost from
$30,000 to $50,000 per plane.

ANTENNA IS TESTED

FOR CANADIAN TV

Orrawa—A  25-foot dish
antenna is undergoing tests
for use with the Canadian Do-
mestic Satellite, scheduled for
launching in 1972. Operating
in the 3.7-4.2 GHz range, the

system is being designed to
provide color TV reception in
remote areas. Station elec-
tronics have been designed for
unattended operation.

2

LUNAR TV ‘SERVICE’
GETS HAMMER AWARD

Astronaut Alan Bean was
presented with a golden ham-
mer mounted on a plaque
for his attempt to repair the
defective Apollo 12 color TV
camera. Gene Ware, presi-
dent of the Fort Worth TV
service association who made
the award, said, “We are
proud of the initiative he dis-
played by trying to make it
possible for the millions of
TV watchers to view the
moon-walk, even though it
didn’t work.”

LOOKING AHEAD

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR

New generation in color

Television set manufacturers are poised for what they
consider the biggest model changeover since the in-
troduction of the rectangular picture tube. The “new gen-
eration” is scheduled to start around midyear 1970, but
some preview models could be forthcoming in the manu-
facturers’ March and April introductions.

Highlighting the new generation will be the “new
look” in picture tubes: squared-off corners and a 4-to-3
aspect ratio which shows more of what the camera sces
than today’s 3-to-2 tubes. Set manufacturers expect the
new 25-inch (viewable diagonal) tube eventually to re-
place the current 23-inch version, the 21-inch to replace
the 20-inch, and the 19-inch, the 18-inch. At first, the new
tubes will be used only in higher-priced sets, but even with
a midyear introduction, set manufacturers expect the new
sizes to represent nearly 20% of 1970’s domestically pro-
duced TV set sales.

At the same time, square-cornered 15-inch color
tubes are being developed in Japan, with an eye to the US
export market. These are expected to reach this country by
fall.

In area, the new tubes are not much different from
those they replace: The 19-incher shows 185 square inches
of picture compared with 180 for the 18-inch; the 21-inch
is 226 square inches vs 227 for the current 20-inch, and
the 25-inch measures 315 square inches as opposed to 295
in the 23-inch tube.

This year will also see the first color tubes with 110°
deflection, shaving at least a couple of inches from the
depth of color sets—starting first, this spring, with a short
18-inch set, and followed, probably toward the end of the
year, with a 19-inch square-cornered version. At present,
there are no active plans for shorter tubes in the larger-
screen sizes.

Another innovation scheduled by some major manu-

facturers this year will be the long-delayed, all-electronic
(Looking Ahead is continued on page 6)
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COLOR TV ALIGNMENT SPEEDED

CHICAGO—A
tion of a
procedure for color TV’s—

demonstra-
new alignment

completed in less than 10
minutes—was held: at a
dealer service seminar spon-
sored here by Taylor Electric
and Dynascan Corp.

A field engineer for Dyna-
scan covered all phases of rf,
i.f. and color-circuit alignment
using the new B&K Sweep/
Marker Generator, Model
415. He used a closed circuit
TV camera so the audience
could view the procedure
easily. Various technicians
used the generator to align

the color set themselves.
(N & T is continued on page 4)

IN THIS ISSUE

¢ Tired of monophonic
FM? It's easy to switch
over to stereo FM with the
$21 miniature multiplex
converter on page 33, In
fact, you may improve
your present stereo tuner
by substituting this one-1C,
3 1-transistor mini-multi-
plexer for your decoder.

*Banish annoying back-
ground noise from your hi-
fi system with a truly linear
dynamic expander. The de-
vice gives linear 15-dB
boost to program material.
Hot carrier diodes and IC
op amps are used. Turn to
page 36.

*Tape recorders are de-
livering better performance
each year. Starting on page
40, audio expert Norman
Crowhurst explains how
improved biasing tech-
niques are helping tape
recorded sound.

RADIO-ELECTRONICS
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in medical electronics. ... see page 61

Linear volume expander can make the
faint background noises in your hi-fi
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ELECTROSTATIC
TRANSDUCER
OUTPUT
e TERMINAL

STYLUS
ASSEMBLY

ACOUSTICAL
IMPEDANCE
TRANSFORMER

AT LAST WE HAVE SOME-
thing absolutely new in phono
pickups! If you’re a hi-fi en-
thusiast, maybe you've heard
that one before. But wait a
minute before you say, “So
what?’ What would vyou
think about a pickup that
converts the vibrations of the
stylus to acoustic signals,
picks them up with a micro-
phone (an clectret micro-
phone yet!) amplifies the sig-
nal from the microphones in
a tiny FET transistor am-
plifier in the cartridge, and
puts out a signal comparable
in level to that from a con-
ventional magnetic cartridge.
Does that sound new?

But why the way-out ap-
proach? Because this new at-
tack on the problem can pro-
duce a pickup with very high

compliance, smooth fre-
quency response, low inter-
modulation  distortion and

high trackability. At least so
says its inventor, Hirotake
Kawakami, of Sony, and the
statement sounds reasonable.

What are the details of
this amazing pickup? If we
start at the stylus, which
looks much like an ordinary

4

FET
PREAMPLIFIER

type, particularly a crystal or
ceramic pickup, we see the
two familiar arms from the
stylus shaft. These form a V,
the ends of which are at-
tached to a yoke. Here the
resemblance ends. At the
ends of the yoke are two bel-
lows-like devices (Fig. 1)
called canaliculi (little chan-
nels) by the inventor. The
stylus vibrations move the
ends of the yoke, pushing
them against the ends of
these bellows and setting up
acoustic waves (sound or

NEW PHONO

PICKUP

Would you believe a pickup that converts the

vibrations of the stylus to acoustic signals,

picks them up with a microphone, amplifies

that signal with an FET transistor amplifier in

the cartridge, and puts out a signal compar-

able in level to that from a conventional mag-

netic phono cartridge.

e e o

by FRED SHUNAMAN

pressure signals) in them.

These canaliculic closed at
one end by the yoke and at
the other by the microphone
diaphragms, are tapered
(cone-shaped—see Fig. 2)
with the ends at the micro-
phones larger than the ends
at the yoke. They thus form
an acoustic transformer (as
does the bell of a horn
speaker). It is a puzzling
principle of physics (Pascal’s
paradox) that if a piston of
a given diameter is coupled
by a gas or liquid to one of

Channel balance.
Frequency response
Channel separation

Stylus force.

SPECIFICATIONS

Output level.......................

Higher order resonance.....
Intermodulation distortion............. .

Vertical tracking angle.. .. ..
Compliance lateral..... ... ..

vertical............
Type of equalization..........
Power supply.....................
Dynamic range...................
*0dB = 1 volt at 5 cm/sec

............. 20x 10~ cm/dyne
iiii Displacement type
............... 1 mA at 24 V dc

—26 dB at 1 kHz*
+ 1dB

.10 Hz to 25 kHz
300 Hz—30 dB

1 kHz—26 dB

10 kHz—25 dB

14x10° *

www americanradiohistorv. com

larger area, the pressure on
the small-area piston will be
transmitted exactly to each
similar area on the large one.

If, for example, we were
to make a bellows (square,
for ease of measurement)
with a small end Imm square
and the large end Smm on a
side, a pressure of I dyne on
the small end would be trans-
formed to a total pressure of
25 dynes at the large end.

To the pickup, this
means that you can have a

Fig. 1

Fig. 2
ACNUSTIC
TRANSFORMERS
(CANALICULI)

ELECTRET
\ DIAPH AGMS

COMMON BACK PLATE
SUPPORT

RADIO-ELECTRONICS
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Give them the world’s most fully equipped
antenna lab ... and what do they do?

They take their work to lunch with them.

Our Engineers are that way ... no matter
where or when they get an idea, they de-
velop it on the spot.

Deciding one day that the Color Vector
could be made even better, they ruined a
perfectly good tablecloth designing changes
that give the antenna new mounting flexi-
bility and increased gain on the VHF, UHF
and FM Bands.

And they gave it greater wind stability,

and made the whole thing easier to handle,
assemble and mount.

Then, with lots of tablecloth left, they went
ahead and designed an entirely new model
for near fringe areas ... just to be sure
there’s a high gain Color Vector for every
specific area.

Don‘t misunderstand ... our Engineers are
perfectly free to do what they want at lunch,
and if they spend it improving products,
that's fine with us. We'll even pay forthe
tablecloths.

THE NEW IMPROVED COLOR VECTOR
syOCHANNEL MASTER -

DIVISION OF AVNET, INC., ELLENVILLE, N.Y. 12428

Circle 10 on reader service card
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(continued from page 4)

very decent pressure on the
microphone diaphragm with
very low pressure at the yoke
end of the caniculus. This re-
sults in high compliance. The
actual pressure ratio between
stylus and diaphragm is 25 to
1, and the resultant com-
pliance 20 x 10 cm/dyne.
Since the exact length or size
of the caniculus is not criti-
cal, mechanical design of the
pickup is made easier.

The next new thing is

further away from the fixed
plate. This changes the ca-
pacitance, lowering and rais-
ing the voltage between the
plates as the capacitance in-
creases or decreases.

The capacitance (con-
denser) microphone is a very
high-quality instrument, but
the high-voltage supply is
bulky, introduces hum, leak-
age and other troubles, so
other microphone types have
become more popular.

The electret is simply a

s ELECTRET

i
] TRANSDUCER

| _—~MONOLITHIC

RIGHT
OUTPUT

the electret capacitor trans-
ducer. If you are not familiar
with the “condenser” or ca-
pacitor mike, it’s simply two
plates (one very flexible)
with a high voltage between
them. Speaking (or otherwise
applying pressure) into the
capacitor mike causes the
flexible “diaphragm” to vi-
brate, moving it closer to or

& b+
LEFT
ouUTPUT

Fig. 3
piece of dielectric material
(often thin plastic) with a
permanent high-voltage posi-
tive charge on one side and a
negative charge on the other.
In the pickup, it is metalized
on one side to serve as a
diaphragm, as well as to sup-
ply the polarizing voltage.

As a pressure wave
forces the diaphragm toward

the backplate, the capaci- of the amplifier transistors

tance increases and the volt- (Fig. 3) and the character-
age drops; as it moves far- istically low output of the ca-
ther away the capacitance  pacitor microphone is
decreases and the voltage brought up to the level of a
rises. These variations in  normal magnetic pickup.

voltage appear at the bases (N & T continued on page 12)

LOOKING AHEAD

(continued from page 2)

varactor tuning. Now in common usc on the European
Continent, it is currently featured in North America by
only one manufacturer—Electrohome of Canada. Varac-
tor tuning will make possible quick and silent channel
changes and, by the elimination of mechanical parts and
contacts, give designers new freedom in the location and
design of tuning control panels.

Electrohome, for example, uses an 18-channel
“touch-tuning” panel that changes channels when a finger
touches a button; bodily resistance keys the channel
change. The tuning panel may be removed from the set
(to which it is connected by a flat cable). It also contains
on—-off, volume, color and tint controls. The latter three
controls activate light bulbs within the sct, with phototran-
sistors substituting for the traditional potentiometers.

New tube type numbers

Ever since Jan. 1, 1967, when the Federal Trade
Commission’s decree that television screen sizes must be
mcasured by viewable (rather than over-all) diagonal went
into effect, service technicians have been putting 25-inch
replacement tubes into 23-inch color sets. This interesting
situation arose because the FTC’s edict applied only to
television scts themselves and not to unhoused picture
tubes. The picture-tube industry continued to use the old
“over-all” measurements to identify their products, while
set manufacturers and retailers were required to use the
new, gencrally smaller, measurements.

The situation has finally been corrected. The Electron

Tube Council of the Joint Electron Device Engineering
(Looking Ahead is continued on page 14)
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Castle, the pioneer of television tuner overhauling, offers the following services to

solve ALL your television tuner problems.

@® OVERHAUL SERVICE — All makes and models.

(1960, or later)

VHF or UHF tuner $9.95
UHF-VHF combination (one piece chassis) $9.95
TRANSISTOR tuner $9.95
COLOR tuner $9.95

(Guaranteed color alignment . . . no additional charge)

Overhaul includes parts, except tubes and transistors.

Simply send us the defective tuner complete; include tubes,
shield cover and any damaged parts with model number
and complaint. Your tuner will be expertly overhauled and
returned promptly, performance restored, aligned to original
standards and warranted for 90 days.

UV combination tuner must be single chassis type; dismantle
tarlldern UHF and VHF tuners and send in the defective unit
only.

And remember—for over a decade Castle has been the leader
in this specialized field . . . your assurance of the best in
TV tuner overhauling.
Remove all accessories . .

® CUSTOM REPLACEMENTS

Exact replacements are available for tuners that our inspec-
tion reveals are unfit for overhaul. As low as $12.95 ex-
change. (Replacements are new or rebuilt.)

CASTLE TV TUNER SERVICE,

@ UNIVERSAL REPLACEMENTS

Prefer to do it yourself?

Castle universal replacement tuners are available with the
following specifications.

. or dismantling charge will apply.

STOCK SHAFT I.F. OUTPUT

No. HEATERS Min.* Max.*  Snd. Pic. PRICE
CR6P  Parallel 63v 134”37 4125 4575 895
CR7S  Series 600mA 134~ 3”7 4125 4575 9.50
CRIS  Series 450mA 13”7 3”7 4125 4575 9.50
CR6XL Parallel 6.3v 2% 12”7 4125 4575 1045
CR7XL Series 600mA 2% 12”7 4125 4575 11.00
CRIXL Series 450mA 2¥%” 12”7 4125 4575 11.00

*Selector shaft length measured from tuner front apron
to extreme tip of shaft.

These Castle replacement tuners are all equipped with memory fine tun-
ing, UHF position with plug input for UHF tuner, rear shaft extension and
switch for remote control motor drive . . . they come complete with hard-
ware and component kit to adapt for use in thousands of popular TV
receivers.

Order universal replacements out of Main Plant (Chicago)
only.

INC.

MAIN PLANT: 5715 N. Western Ave., Chicago, lllinois 60645
EAST: 130-01 89th Rd., Jamaica, N.Y. 11418

Circle 11 on reader service card
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NRI “hands-on” training
in TV-Radio, Electronics
can give you as much as
2 years of on-the-job
experience.

w\ ' 7‘,.,

A

NRI Communications training programs will qualify yvou for a First Class Commercial
Radiotelephone License issued by the FCC. If you fail to pass the FCC examinations
for this license after successfully completing an NRI Communications course we will,
on request, refund in full the tuition you have paid. This agreement is valid for the
period of your active student membership and for six months after completion of your
training. No school offers a more liberal FCC License agreement.

RADIO-ELECTRONICS

www americanradiohistorv . com


www.americanradiohistory.com

Experience is still your best teacher

NRI AChIeVement Klt is educator-ac-
claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and

personalized for you and your training objective. It has one
purpose — to get you started quickly and easily.

; ) =z

I'11

i te = iZ e ” TEX tS average an easily-digested

40 pages of well-illustrated, scientifically prepared subject
matter in the course of your choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

® o ~ P
Designed-For-Learning Equipment

Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.

MARCH 1970

... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He’ll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you’ll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech-
niques that will make you employable in Electronics.

Train with the leader—NR/

NRI lab equipment is designed from chassis up for
effective, fascinating training — not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. It’s suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. . or use the coupon below. No obligation. No
salesman will call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW GI BILL

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

MAIL THIS COUPON IF CARD IS GONE

NATIONAL RADIO INSTITUTE

Washington, D.C. 20016 3-030

Please send me your new NRI Catalog. | understand
no salesman will call and there is no obligation.

|

|

: Name Age

: Address

|

| City State Zip

I {7 Check for facts on new Gl Bill

|L ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

WwWWW.americanradiohistorv.com


www.americanradiohistory.com

clever tap file

Stores 5 reels in one sturdy plastic case with swing-out
compartments. Protects these valuable tapes, keeps them
handy, indexed and orderly. Stacks hori-

37 $2.99
zontally or vertically, comes in three sizes 5/ $4.45
(for 8-, 5-, 7- inch reels) . Handsome two- 7":$4.95

(all prices less reels)

tone beige. (A neat 8-mm film file too!)
{
rye

INDUSBTRIES
T R R Uil

Available through your local distributor, or write to:
RYE INDUSTRIES INC.
123 Spencer Place, Mamaroneck, N.Y. 10543

Circle 12 on reader service card

UNEXCELLED! THE UVM ANTENNA

UHF-VHF-FM : | = S
| COLOR &
; Combination
. UHF-VHF-FM Antennas

ﬁot :w[ﬂe'”."" P

Tuned and engineered featuring a LOG PERIODIC
VHF section incorporating a PATENTED MAGNETIC
WAVE design for UHF. Discriminate between de-
sired signal and unwanted noise. An absence of
minor lobes and extremely high front to back ratio
are characteristics of these antennas. Mechanical
features include all new fittings and special alloy
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 13 on reader service card

New & Timely

(continued from page 6)

NEW DYNAMIC CURVE TRACER
SPOTS BAD TRANSISTORS "IN CIRCUIT"

Long IsLanp City, N. Y.
—A new technique for servic-
ing circuits using semiconduc-
tor devices has been announced
by Jud Williams, Technical
Director of Leader Instru-
ments. It enables uncovering

ciis

{ Q102
" 2N3694
SOV 15T AUDIO AMP
RU7 .[R”G
1500 i
' oy
114V +88V)
GLI2v)
RIIY
#49V>y 390K
+.46V)| 5%
%mzz
oy

L B B

®

i

BOM28 OSTILL OO

Curve family measured from st
audio ampl (Sylvania Gibraltor).

current is applied to the base
in steps. The result (see
photos) is a family of curves
displayed on a monitor scope.

According to Leader, the
procedure can simplify re-
placement problems caused by

HIGH-VOLTAGE METER KIT

A new kit for continuous
monitoring of picture tube
anode voltage of all color
TV chassis has been made by
RCA. The 10J110 kit has
been designed for use with
any of the RCA color test
jigs, and can be adapted for
mounting in other test jigs.

The meter kit enables ser-
vice technicians to precisely

12
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faulty semiconductors in cir-
cuit, rapidly and easily.

The procedure uses a new
dynamic transistor curve trac-
er made by Leader that sweeps
the device under test with 120-
Hz pulsating dc voltage while

R686

330N
5%

+22V
+23v)

= (+36V)

Q608

2N3694
“x" DEMOD

i—)—

—$5%

L 2 B B

eo s i
BO-328 OSCIL ASTMNE

o o e ppooon:

Transistor curves taken from x
demodulator on Sylvania chassis.

the lack of a standard number-
ing system by transistor man-
ufacturers. Universal replace-
ment types may be matched
directly with the tracer, reduc-
ing the number of devices
required as stock.

Ny

*

adjust the high voltage out-
put to manufacturers specifi-
cations, avoiding excessive
voltage and possible abnormal
X-radiation.

Included with the 3%-
inch, 2% accurate meter is a
multiplier and cable assembly
with a resistor calibrated un-
der operating conditions. The
meter reads from 0-35kV. R-E
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ANALYSE THYSELF

So you can analyse fast and simple with the B&K
Model 162 Transistor/ FET Tester with features no-

body else has.

TESTS EVERYTHING: Diodes.
Bipolars. FETs. Unijunctions.
SCR’'S and Triacs.

HIGHER CURRENT CAPA-
BILITIES: Up to 1 ampere. You
need this for power transistors
and FETs.

THREE TRANSISTOR LEAK-
AGE TEST: lcbo-lceo-lces.
Finds failures missed by other
transistor testers. Especially “ava-
lanche mode breakdown®’ failures,
common in horizontal output or
other power stages.

CORRECT BETA READING:
From 1-5000.

SPECIAL BALANCING CIR-
CUIT: Permits balancing-out as
low as 6 ohm circuit impedance
for in-circuit test.

FRONTPANELSOCKETS: For
bipolar and FET transistors.
Especially useful for FET test.
Minimizes damage due to static
charges.

SEPARATE CHECKS: Checks
Gate 1 and Gate 2 of dual gate
FETs separately.

PROGRAMMED INSTRUC-
TION GUIDE: Provides instruc-
tion on Go-no-Go conditions for
Beta and Leakage.

But, the new B&K 762 doesn’t just have the features nobody else has.
It has a// the features they have, too. And has them better.

Which means all the other transistor and field effect transistor testers

are obsolete.

So, if you didn’t just get stuck with
somebody else’s outdated unit, go

see a good analyst. Ours.
At your nearest B&K distributor.

See B&K . .. you'll be better in
your field.

Price: $99.95

B&K puts an end to test
equipment. We've devel-
oped Silent Partners.

Product of DYNASCAN CORPORATION

1801 W. Belle Plamne Chicago, lllinois 60613

Circle 14 on reader service card
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The Motorola
Home Study
Course on Servicing

2Way Radio.

|

|

|

I

I

I

I

|

|

|

|

| If you'd like to get into a top-paying prestige job,
| maybe FM 2.way radio is for you. Each year, more
| and more businesses are buying2-way. That means
I service. And service means money. We can train
| you to get in on the action. Our special home study
| course is the place to start. We teach you FM 2.way
| radio servicing, and prepare you foran FCClicense.
|

|

|

|

|

|

|

|

!

|

I

|

{

O Send me FREE Evaluation Examination.

[0 Send details on Home Study Course on FM 2-way
radio servicing.

[0 Send details on how you can prepare nie for an
FCC license.

Name. - Occupation———

Address.

City.— State—______Zip——

MOTOROLA

TRAINING INSTITUTE
1301 Algonquin Road. Dept. 19, Schaumburg, 1il. 60172

Circle 15 on reader service card

Accuracy like a VTVM...
Convenience like a VOM...

NEW BATTERY-OPERATED FET
SOLID-STATE VOLT-OHMMETER #116

Easy-to-build KIT

52916

Factory-Wired & Tested

*39°% 16w

Now you can get all the benefits of a
VTVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm-up, no bulkiness. New Field
Eftect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for
both bench and field work.

Compare these valuable features: -
e High impedance low loading: 11 meg- cceccccecamoa-.
ohms input on DC, 1 megohm on AC e

[}
500-times more sensitive than a standard | Send FREE catalog of complete EMC line
20,000 ohms-per-volt VOM e Wide-range ;and name of nearest distributor. g3
versatility: 4 P-P AC voitage ranges: 0-3.3, !
33, 330, 1200V; 4 RMS AC voltage ranges: |
0-1.2, 12, 120, 1200v; 4 DC voltage ranges: gName— oo
0-1.2, 12, 120, 1200V; 4 Resistance ranges: :
0-1K, 0-100K, 0-10 meg., 0-1000 meg.; jAddress— — — — ———
4DB ranges: —24 to --56D8. s o
Sensitive easy-to-read 442 200 micro- § C1tY———— —— —
amp meter. Zero center position avail- ! .
able. Comprises FET transistor, 4 sificon | State Zip__

transistors, 2 diodes. Meter and tran-
sistors protected against burnout. Etched
panel for durability. High-impact bake-
lite case with handle useable as instru-
ment stand. Kit has simplified step-by-
step assembly instructions. Both kit and
factory-wired versions shipped complete
with batteries and test leads. 5Va’'H x
63 "'W x 278"'D. 3 Ibs.

14

ELECTRONIC MEASUREMENTS CORP.
625 Broadway, New York, N.Y. 10012

Export: Pan-Mar Corp.. 1270 B 'way. N. Y.. N. Y. 10001

LOOKING AHEAD

(continued from page 12)

Councils (JEDEC), in charge of tube standardization and
type designations, has announced a change in its tube
numbering system that affects every picture tube sold in
the U.S. The new numbering system uses the FTC-pre-
scribed “viewable” diagonal as the key number, adding a
“V” to differentiate it from the old system. Under the new
system, for example, the former 25AP22A (a color tube
with 25-inch over-all diagonal but 23-inch viewable dia-
gonal) now has become the 23VAP22A. It still fits nicely
into a 23-inch set.

TV fire furor

How many television sets catch fire each year? No-
body knows for certain, because no accurate records are
kept, but the Government’s National Commission on
Product Safety estimates that the number could be as high
as 10,000. Although that’s still a small fraction of 1% of
all sets in use, the commission has asked manufacturers to
come up with tighter safety standards for new sets.

In response to the request, the manufacturers filed
proposed new criteria to prevent burning or smoking sets.
These were rejected by the commission as not stringent
enough although a step in the right direction. The com-
mission has urged the industry to adopt standards barring
the use of any flammable components in flyback trans-
formers, capacitors and yokes, and to make all other TV
components either flameproof or self-extinguishing.

Two pictures, one channel

A TV multiplex system, which its inventor claims can
double the number of channnels occupying the TV broad-
cast band, has been patented by Harold Walker. The first
license to “DuoVision” has been granted to Cowles Com-
munications Corp., a publisher and TV broadcaster. A
standard TV set is used to receive the multiplexed pictures,
but an adapter is placed between the antenna and the an-
tenna terminals. By switching the adapter to “A” or “B”
position, the viewer can pick up either of two telecasts on
a single channel. The main program can be color or mono-
chrome; the subsidiary program must be in black-and-white.

The invention has been proposed as one solution to
the pay-TV problem, since the pay-as-you-see channel no
longer would require the blackout of a “free” channnel. It
also is seen as helping to increase the number of educa-
tional stations in big-city areas where no channels are now
available.

A more novel suggested usc is for three-dimensional
TV. Some work has already been done on this by General
Electronics and others, using the DuoVision system.
Slightly different views of the same subject (representing
the images seen by the left and right eyes) are broadcast
simultancously on the “A” and “B” subchanncls and su-
perimposed on the screen. A special lenticular faceplate
covering the viewing screen directs the images to the left
and right eyes.

Holographic 3-D movies

Another “no-glasses” 3-D technique—this one for
movie theaters—has been patented by CBS Laboratories,
which is now negotiating for a major test operation. In-
vented by Dr. Dennis Gabor, often called the “father of
holography,” the movie system uses a concave screen in
which are embedded “holographic mirrors,” designed to
direct the proper image to the viewers’ left or right eyes.
Two projectors are aimed at the screen from different loca-
tions at the rear of the theater. CBS Labs claims the ster-
eoscopic effect is visible from any seat in the theater. R-E

RADIO-ELECTRONICS
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for what you

MARCH
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You pay

don’t get

Like the inaudible rumble. The result of a
motor that runs at approximately 1/6th the
speed of conventional motors to reduce
intensity of motor vibration. And a belt-driven
system that effectively isolates any possible
remaining vibration from the turntabie platter.

Like the absence of distortion, wow and flut-
ter. The result of a servo-control motor that
assures precise speed accuracy and can’tbe
affected by line voltage fluctuation. The elec-
tronic servo and the low-speed DC motor
reduce total wow and flutter to only 0.08%
rms, and rumble to 60dB below the Audible
Rumble Loudness Level (ARLL).

Like no troublesome mechanical linkages
that can cause drag on the arm and result in
distracting sour notes. The remarkable, new
Sony Magnetodiode (SMD) initiates move-
ment of the arm electronically, rather than
mechanically.

Like nothing added to the recording that
isn’t on the recording already.

So, you see, you pay for what you den't get.
On the other hand, so you don't feel cheated,
and don't feel that you are getting nothing

for your money—you do get a superb

playback system. It includes turntable,
precisely balanced tonearm of low mass
design that tracks flawlessly, oil finish wal-
nut base and dust cover. You also get the
convenience of semi-automatic operation
Automatic shut-off after a record has
been played. Automatic shut-off while
the record is in play, by simply push-
ing a button or just returning the

arm to rest.

You pay $200 for what you don’t
get and you enjoy it too. Sony Cor-
poration of America, 47-47 Van Dam
Street, Long Island City, New York, 11101

SONY: PS-1800

Circle 16 on reader service card
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NOW —
CHECK

TRANSISTORS
IN OR_OUT OF CIRCUIT ...

ARkl

Flick function
switch to right
to check any
FET.

Flick function
switch to feft
to. check all
- regular tran-
sistors.

Gm
HILRIMKgg

N BETA
li‘- R

itaoampg

Milliampg

the new (T E —
FIELD EFFECT ‘r 4. LARGE 6" METER
TRANSISTORS .
too! =

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. gpjy $12950

NEW SENCORE TF17 compact in and out of circuit
transistor FET tester. Same as TF151 except in new
Sencore Handi case and with 4-1/2" meter. . .$109.50

SENCORE

NO. 7 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101
Circle 17 on reader service card
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/ 77
orrespondence

ADD 4.5-MHz SIGNAL
TO COLOR GENERATOR

I’d like to add a 4.5-MHz signal out-
put to my version of the color pattern
generator you presented in your January
1970 issue. Can you give me any idea as
to how it might be done?

WiLL1aAM V. GLOMB
Hawthorne, Calif.

Adding a 4.5-MHz signal is quite casy.
The circuit is shown below. While it
cannot be added directly 10 the existing
printed-circuit board (there isn't enough
room) it can be built on a piece of per-
forated phenolic board. There is ample
space for the added circuit above inte-
grated circuits 1C4, ICS, 1C6, IC7, IC8
and 1C9. I will leave the deiails of sup-
porting the hoard containing the added
circuitry 10 your ingenuity.

Missing from the parts list with the
article was the specs for switch S1. It is
a 3-pole, 6-position non-shorting switch.
Mallory 3236J or equivalent.

RaymonDd KosTaNTY

270pF

> TO JUNCTION
RI8, RIS,
R20,
LCl-5 C23

2N3855A

BONGOS SHORT A WIRE

I built the electronic bongos (Radio-
Electronics July 1969) and they work
fine. The schematic is correct, but the
pictorial diagram of the parts layout
needs one more wire—from the junction
of R1 and C! to the junction of R5 and
Ré6.

Vic WILLIAMS

Austin, Tex.

Thanks for the note Vic. We're sure

all the other readers who haven’t yet put

their bongos to work will appreciate it
t0o0.

(continued on page 22)
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"QT"keeps you ahead with the fastest

moving RCA parts.

“QT” is a Quick Turnover Inventory system that
trings you a steady supply of the fastest-moving
RCA Home Instrument replacement parts. It
gractically guarantees you’ll have the parts you
reed for most of your servicing jobs.

This means you get the jobs done, without
tacklogging and last-minute dashes to ycur
distributor for essential “QT"’ parts.

A “QT" inven:ory helps you cut down on those
stacks of dusty boxes and trays of Lnused parts—
end the dollars you have tied up in them.

The entire system is incredibly handy and efficient

... lets you find parts quickly while you're

workirg . . . reminds you to reorder when your
supply is low . .. makes inventorying and reordering
so fast that it’s almost automatic.

Suddenly you'll find yourself with a lot more time
to devote to additional servicing jobs.

Check it out with your RCA “QT" Parts Distributor.
He’ll ciscuss the different “QT" inventory plans
with you and help you select one tailored to

your cperation.

After thet, things go very smoothly.
Parts and Accessories, Deptford, New Jersey.

\
%
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We pack your electronics course with
kits to make your training fast.
You’ll enjoy every minute of it.

e e e

.
————
e
5 x

'-gtl)ﬂﬂﬂl\

i
-

Choose a career in electronics:
Computers. Color TV Servicing.
Automation. Communications.
Whatever the field, NTS has a
complete home-study package to
get you to the top faster. 10 thor-
ough training courses. Each in-
cludes everything to give you the
working knowledge required of
successful technicians.

NTS Project-Method Training is
the practical way to learn elec-

18

tronics. It's a proven combinaticn
of lessons and the best profes-
sional kit equipment available.
NTS provides the biggest selec-
tion of kits ever offered in home-
study . . . all at no extra cost.
You’ll construct these exciting
kits to fully understand electronic
circuits, components, and con-
cepts. Our Project-Method lets
you build skills by putting theory
into practice . . . by working with
your hands, as well as your head.

WwWWwWWw.americanradiohistorv.com

The NTS “learn and practice” ap-
proach makes training at home
really easy. All it takes is a few
hours a week . . . whether you're
starting from scratch or in ad-
vanced courses. This is the all-
inclusive success package that
put thousands of men into the
best paying jobs . .. or into their
own business. If “just a living”
isn’t gcod enough for you, now is
the 1ime to get something better
going for you!

RADIO-ELECTRCONICS
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NTS COMPUTER
ELECTRONICS

This is the future. And it's hap-
pening now. The number of com-
puters will increase many times
inthe next few years,

Exclusive new
Compu-Trainer®

NTS offers a solid grounding in
computer operation, wiring, data
processing and programming.
One of the 10 important kits in-
cluded is our exclusive Compu-
Trainer®, It's a fully operational
computer logic trainer — |oaded
with integrated circuits — the first
ever offered in home study. It in-
troduces you quickly to how,
what, when and why of computers
. .. from theory to practical serv-
icing techniques. This unit is
capable of performing 50,000 op-
erations per second. And it’s sent
at no extra cost.

NTS COLOR TV
SERVICING

This is a broad, easily understood

COLOR TV
295 sQ. IN. PICTURE

program designed to make you a
complete home-entertainment
service technician. Included, at
no extra cost, is a color TV
that has more features than any

MARCH 1970

set on the market. You also learn
all about stereo, hi-fi, multiplex
systems, and become a specialist
in Color TV Servicing. Kits also
include AM-SW radio, solid-state
radio, field-effect transistor volt-
ohmmeter, electronic tube tester,

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

You're trained in the *‘push-but-
ton” electronics that keep indus-
try going and growing . .. from
relay type controls to highly
advanced systems essential to
production. You receive 16 kits in-
cluding a 5” wide band oscillo-
scope, and the new NTS elec-
tronics lab: a
fascinating NTS
exclusive
experi-
mental
laboratory.
A complete
workshop
which
makes you
familiar
with solid-
state,
miniature,
and integrated 5
circuits. Oscilloscope

e QKQ
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NTS ELECTRONIC
COMMUNICATIONS

The use of 2-way radio systems in
private and commercial applica-
tions is skyrocketing. NTS pre-
pares you for the big-money
opportunities in the field of trans-
mitting and receiving equipment.
Your tuition will be refunded in
tull it you cannot pass the FCC
exam for a 1st Class Commercial
Radio-Telephone License within
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5 Watt AM Transmitter & Receiver
Circle 18 on reader service card
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Six months after successfully
completing this course. You build
valuable kits including Amateur-
Phone 6 Meter VHF Transceiver,
solid—state Radio, and a field -
effect transistor volt-ohmmeter.

CLASSROOM TRAINING
AT LOS ANGELES

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

NATIONAL G52 SCHOOLS

World-Wide Tralning Since 1905

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

APPROVED FOR
VETERANS

Accredited Member: National As-
sociation of Trade and Technical

Schools, National Home Study
Council.

r soeces ]
| TODAY, MAIL

NTS GUIDE
| COUPON ELECTRONICS
| FOR FREE
| COLOR
| CATALOG !5“ :
| AND SAMPLE Iﬁn_ :
| LESSON. YT,

| NATIONAL TECHNICAL SCHOOLS

| 4000 s. Figueroa St., Los Angeles, Calif. 90037
| Please rush Free Color Cataiog and
| Sample Lesson, plus information on
field checked below. No obligation.
No salesman will call.

1
|
|
|
|
i
|
|
!
|
|
|
|
|
|

[0 MASTER COURSE IN COLOR :

TV SERVICING |

COLOR TV SERVICING

MASTER COURSE IN TV & I

RADIO SERVICING |

PRACTICAL TV & RADIO [

SERVICING [

MASTER COURSE IN ELEC- I

TRONIC COMMUNICATIONS |

FCC LICENSE COURSE 1

MASTER COURSE IN ELEC- i

TRONICS TECHNOLOGY

INDUSTRIAL AND AUTOMATION |

ELECTRONICS |

COMPUTER ELECTRONICS |

BASIC ELECTRONICS I

|
I
|
I
|
I
I
|

00 O 00 0O a Ood

City ~ State — Zip

[J Check if interested In Veteran Training
under new G.I. Bill.

[J Check it interested ONLY in Classroom

Training at Los Angeles. pept. 206-030
________________ -
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Introducing
the world's only $339
triggered scope.

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

With tubes you could
play hit-or-miss, knowing
the tube would take the
overload. Try the same
thing now, and good-bye
transistors.

For new-era circuitry,
Leader introduces a new-
era troubleshooter. A
triggered scope, just like
the ones the TV designers
use.

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

Before you say $339 is &
lot of bread, look what it
buys: Leader’s LBO-501
S-inch triggered scope,
with a bandwidth of DC to
10MHz and «a solid state
package.

Going like hotcakes at
your Leader distributor,

Seeing is believing.
LEADER INSTRUMENTS

37.97 27th Street, Long Island City, N.Y. 11101, (212) 729-7411

Circle 19 on reader service card

Clever Kieps

Kieps 30

~ Kieps 10

3 \,

AR

‘ .
Kleps 20 ..
NS

AS

22

Kieps 40

Kleps 30

Kleps 1

Cir cle 20 on leader service card

Test probes designed by your needs—

Push to seize, push to release (all Kleps spring
foaded).

Kieps 10. Boathook type clamp grips wires,
lugs, terminals. Accepts banana plug or bare
wire lead. 4% long. $1.19
Kieps 20. Same, but 7 long. $1.39
Kieps 30. Completely flexible. Forked-tongue
gripper. Accepts banana plug or bare lead.
6 long. $1.47
Kleps 40. Completely flexible. 3-segment auto-
matic collet firmly grips wire ends, PC-board
terminals, connector pins. Accepts banana plug
or plain wire. 6%4” long. $2.39
Kleps 1. Economy Kleps for light line work (not
lab quality). Meshing claws. 4%2" long. $ .99
Pruf 10. Versatile test prod. Solder connec-
tion. Molded phenolic. Doubles as scribing
tool. ““Bunch” pin fits banana jack. Phone tip.
54" long. $ .79
| Al in red or black — specify .

For additional information, write for our com-
plete catalog of — test probes plugs, sockets,
connectors, earphones, headsets and minia-
ture components.

Available through your local
distributor, or write to:

RYE INDUSTRIES, INC.

13 Spencer Place, Mamaroneck NY 10543

www americanradiohistorv. com

CORRESPONDENCE
(continued from page 16)

CROSSOVER CROSSUP

I was very much interested in Nor-
man Crowhurst’s article, “Three-Way
Crossover.” However, 1 think that
some points need to be clarified. How
were the values for the capacitors at
the input and output calculated? On
p. 44, Fig. 6, the 200-2,000 Hz band-
pass filter incorporates the 500 ohm
emitter resistor. However, in the 20-
200 channel this resistor is not used.
Why? Finally, what exactly are safe
impedances that can be used with this
circuit? I don’t believe Mr. Crowhurst
was clear on thesc points. I would ap-

preciate this information.
MicHAEL Kucyk
1733 Linden St.
Brooklyn, N. Y. 11227

Michael Kucyk’s letter has drawn
attention to an error that apparently
escaped us all: there should be a 510-
ohm resistor in the position to which
he refers, on Fig. 6, page 44 of the
October issue.

Had the board been assembled as
drawn, a circuit check would quickly
have found the empty space, and a
510-ohm resistor could have been
dropped in and soldered, and then ev-
erything would have been fine. But
one can’t check a drawing quite that
way! I used extra care making sure
the etched circuit was correct and
then, I suppose, became lazy when 1
reached the insertion (by drawing) of
the very last resistor.

On the question about safe imped-
ances, I presume he means from the
viewpoint of achieving correct per-
formance. The input is intended to
work from a source impedance that is
between zero and 500 ohms, while the
output is intended to work into an
impedance from 500 ohms to infinity
(open circuit). Variation in these
ranges will not materially affect per-
formance.

The input and output capacitors,
shown as electrolytics, outside the
feedback loops, must have a reactance
low enough at the lowest frequency
each filter handles not to materially
affect transmission: that is, less than
about 4K on the input and it should
be less than about 500 ohms on the
output.

In the examples shown, the top
two filters used 2 uF, on input and out-
put, which would yield reactances of
400-ohms at 200 Hz and 40 ohms at
2,000 Hz. If full response at 20 Hz
is vital, 50 uF may be substituted as
output capacitor of this filter.

My thanks to Mr. Kucyk for draw-
ing attention to these points.

NorMAN CROWHURST
Gold Beach, Oregon

RADIO-ELECTRONICS
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DELTALERT

Ultra Sonic Silent Sentry System

The all new economical-to-use DELTALERT, is more than a total motion
detection and intrusion alert system. Use it as a convenience item to
turn on lights, ring bells, alarms or monitor any area, indoors or out.
Merely plug the system into any wall socket and plug the light, bell or
alarm into the back of the unit. DELTALERT's Extra Feature variable
sensitivity control and adjustable timing features provide you the most
advanced sentry system on the market. Unit comes in handsome walnut
finish, complete with 110-130V drop ccrd.

SPECIFICATIONS:

A Ultrasonic Frequency: 35 KHZ

A Area Coverage: 10-30 feet (depending on environmental conditions such
as shape of area)

A Controls: On-Off Switch; Built in Timer; Variable Sensitivity Control

A Output: 110-130V at 1 Amp.

A Power Requirements: 110-130V, 60 HzAC ONLY $5995

For Complete Unit, Ready to Use

HIGH VOLT ANALYST

Complete Auto Analyzer

Delta brings you a new concept in automotive tune-up — The High
Volt Analyst. A unique and complete auto analyzer, it provides all
the primary advantages of a scope and yet is completely portable.

SPECIFICATIONS:

A Accuracy — Tachometer = 29% of full scale (all ranges) ¢ Dwell Meter
= 1% (both ranges) ¢ OHMS Scale = 5% e Low Voltage = 2% of full
scale e High Voltage = 5% of full scale

A General — Fully protected meter circuit* e Size: 6172W x 8H x 312D e
Weight: 33 Ibs.

A Ranges — DC Volts 0-15V, 15KV and 45KV e OHMS: 0-1 Meg. (10K center
scale) e Dwell: 4, 6 and 8 cylinders e Tachometer: 0-1500 RPM, 6000
RPM

*Batteries (8 Type AA cells) included. Comes complete with standard lead
set, a special probe, and high tension lead.

$799% e $5090 ..

I, .

DELTA: Please send me literature immediately.

I'am enclosing $_____ for items checked. |
O] DELTALERT ‘
| [J High Volt Analyst, Assembled
[1 High Velt Analyst, Kit form

I Please ship immediately.

ppd.

Name
l Address
City/State

-

Circle 21 on reader service card
MARCH 1970 23
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MODEL
8C6PAX

HOTTEST
MOVER IN THE
PUBLIC ADDRESS

FIELD!

8 inch, 6 oz. ceramic magnet
speaker handles 12 watts.
Dual cone. Frequency
response 50-20000 Hz.
Shallow construction

(3" depth). Transformer
mounting facilities.

ONE OF MANY FINE QUAM
SPEAKERS FOR SOUND
SYSTEM APPLICATIONS

Write for our Sound System Catalog

Quam-Nichols Company
234 East Marquette Road
Chicago, lllinois 60637

Circle 22 on reader service card
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In the Shop .

By JACK DARR
SERVICE EDITOR

. .With Jack

PITFALLS WITH PARALLEL PATHS

This column is for your service
problems—TV, radio, audio or gen-
eral and industrial clectronics. 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.
Wwe'll do our best to help you. Don’t
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
South, New York 10003,

THE SUBJECT WAS A MEDIUM-SIZE,
Japanese color TV portable. One of
my friends lugged it in one morning
with a sad look on his face, and we
set it up on the bench and lit the fire.

The trouble was obvious. The top
2 inches of the screen were blank. Tur-
ning the vertical height and linearity
controls did nothing but make heads
flatten out ludicrously. So, we pulled
the back off and looked for the ver-
tical output tube. To my surprise, there
was a schematic inside the cabinet.
How lucky can you get?

Not very. With the help of a pow-
erful magnifying glass, we discovered
the vertical output/oscillator tube was
a 10GV8. “A 10-GV-what?” T asked.
Without too much hope, we looked on
the tube shelf. Nope. None of the five
tube lists we had even mentioned such
a tube. We looked in the tube substi-
tution book and found the same thing
—nothing.

“Well, let’s peel it out and see
what we can find, “I suggested. After
locating the 10GV8 socket, we identi-
fied the pins of the pentode section
and checked the dc voltages. Looked
o.k., but since they had carefully man-
aged to omit voltages on the original
“bag-of-worms” schematic, this didn’t
help much. Without too much optim-
ism, I looked in my Sams Photofact file.
Lo and behold! There it was. Voltages
and all. Things were looking up.

Screen grid voltage on the pentode
was just a bit low. Grid voltage
seemed to be o.k. Cathode voltage was
+40 instead of the +20 volts called
for. Hmmm. Was this tube good or was
it weak?

WWW americanradiohistorv com

“Look here,” 1 said, “we’ve got
40 volts on the cathode instead of the
+-20 needed. This ought to mean the
tube is drawing mtore than the normal
plate current. If it is, it shouldn’t be
weak. The control grid voltage is close
to normal, and the 55-volt pecak-to-
peak grid drive signal looks o.k., too.
So, what’s wrong?”

We located and removed the cou-
pling capacitor, a 0.1-pF, which
checked good—no leakage, of course.
Then we tried bridging a big electro-
lytic capacitor from cathode to ground,
with no perceptible resulits.

I turned the thing off, and checked
the resistance from cathode to ground.
About 2000 ohms plus. That didn’t look
right. There was also a great deal of
trigger-work in there beside that re-
sistor. In fact, the cathode circuit takes
in quite a lot of territory.

We both looked at that ohmmeter
reading of more than 2000 ohms, and
I let him take out that 820 ohm cath-
ode resistor. You guessed it, the resistor
was wide open.

Since there was still a complete
path to ground through the stuff on
the convergence board, the vertical out-
put tube could still try to make a ras-
ter. However, since it now had quite
a bit more cathode resistance than the
book called for, it was simply biasing
itself off before it could sweep the full
screen.

Putting in a new 820-ohm resis-
tor cured the trouble, and the screen
filled out nicely. The moral of a story
like this, of course, is: “Don’t stop
when you’ve checked only one part of
a circuit. There may be more than one
path.” R-E

4

“Dear, have you seen my
soldering gun?”

>k
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Guns are her business...
SHE'S GOT TO BE TOUGH!

She makes the final inspection of every
tri-mount electron gun we manufacture
for Channel Master Color CRTs ...and
she’s tough about it!

The six different tests for spacing, align-
ment, angle of deflection and convergence
of each gun...hand-crafted to micro-inch
tolerancesin our dusi-free arsenal...guar-
antee precise aiming at the rare earth tar-
get. All of her guns must meet OEM

specs. Any that don’t are fired on the spot.

The tests she makes are just part of the
117 inspections that each Channel Master
Color CRT must pass before it’s final OK
for shipment. Just part of the reason why
there’s no finer color CRT you can recom-
mend. The Rest? We use only the finest
materials, and assemble them to higher-
than-industry specifications.

Color is our specialty...that's why so
many people are watching Channel Master!

At Channel Master YOUR Reputation is OUR Business.

OPTI-CHROME
OPTI-VUE
COLORLUX

CHANNEL MASTER*

DIVISION OF AVNET, INC., ELLENVILLE, NEW YORK 12428

Circle 25 on reader service card
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Second in a series...

Can you solve
these problems
in electronics?

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

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

This one is quite elementary. This one is more advanced.
[ TR »
DOOR BELL U
g SR A
'\4) 120 VOLTS 6 VOLTS 0 a
2uf 2uf
— : — >
In this door bell circuit, which kind of What is the total capacitance in the above
transformer-is T, — step-up or step-down? circuit?
Note: if you had completed only the first iesson of Note: you'd know the solution to the problem if
any of the RCA Institutes Home Study programs, you'd taken only the first two lessons in RCA's new
you'd easily solve this problem. Communications Electronics Program.
These are the lessons that prepare you step-by-
step for an FCC License.
This license is a requirement for servicing all
types of transmitting equipment and can help
open doors to jobs commanding high income in
communications, radio and broadcasting,
aerospace, industrial automation and many others.
For a rewarding career with good pay, take that
17g first step now. Send for complete information—
‘umop-dsig 1siamsuy mail the attached card.

28
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RCA Institutes Autotext learning method

makes problem-solving easier...

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

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

Wide Range of Courses

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

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

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

Plus these new
up-to-the-minute courses

Semiconductor Electronics
Digital Electronics

Solid State Electronics
Communications Electronics

Build and keep this
valuable oscilloscope.

Prepare for good paying
positions in fields like these i
Television Servicing
Telecommunications
Mobile Communications
CATV

Broadcasting

......

Marine Communications in the new program on Solid

State Electronics you will study
the effects of temperature and
teakage characteristics of
transistors.

Nuclear Instrumentation
Industrial Electronics
Automation

Computer Programming
Solid State

Electronics Drafting

MARCH 1970

Variety of Kits—Yours to Keep

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

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

Two Convenient Payment Plans

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

Classroom Training Also Available

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

Job Placement Service, Too!

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

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

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

Accredited Member National Home Study Council.

oo BEEE BN EEEE BN DEEEEaeEanni e —— |
|

| IF REPLY CARD IS DETACHED, SEND THIS COUPON :
| RCA Institutes Inc. |
| Home Study Dept. 758-003-0 |
| 320 West 31 Street l
| New York, N.Y. 10001 |
| Please send me FREE illustrated career calalog. I
I Name. e s Age |
| (please print) i
| Address : S |
| 1

City State Zip

| ]
| e L L e S— — -l
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Every minute is longer up there.

You can save as many as 20 or 30
of those long minutes when you put up
one of our larger antennas, because
they’re pre-assembled. Our snap-joints
take only seconds to fock in place.

Sylvania antennas are equipped with
a double boom (for strength and ri-
gidity).

All have strong, seamless, half-inch
tubular clements (not rolied-over
strips of aluminum).

All aluminum parts are gold-alo-

dized inside and out (not sprayed, but
dipped).

Even more care goes into the elec-
tronics.

Weve peaked our antennas for flat
response over the entire 6 MHz band-
width of cach TV channel. Flat re-
sponsc is absolutely necessary for good
color reception. Otherwise, color ren-
dition may be lost.

You also necd high gain—that’s ob-
vious. But coupled with high directiv-
ity to knock out interference. Polar

patterns from our antennas show al-
most complete rejection of signals from
the rear and sides.

We designed our antennas so you
wouldn’t have to (1) climb back up
there or (2) fiddle around up there.

We know that the fiddler on the roof
is just fiddling his own money away.
For more information on our line of
antennas see your Sylvania distributor.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

Here's where we
can save you time.
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BUILD

NEW IC

MULTIPLEX

One-IC mini-multiplexer
delivers 45 dB separation at
midrange. Twin-T filier

eliminates ‘birdie’ problems

MARCH 1970

by KEN BUEGEL

INTEGRATED CIRCUIT DEVELOPMENTS
often seem to be aimed at exotic ap-
plications which are of little interest
to the general electronic public. But
Motorola’s MC1304 and MC1305 are
different: on one chip is a complete,
advanced-design multiplex decoder.
The MC1305, although identical in
cost to the MC1304, provides for a
separation adjustment and was used in
this project.

The internal circuitry is formid-
able: 10 diodes, 31 transistors and 29

MWW._americanradiohisto om

DETECTO

I -

resistors. Even the block diagram for
the 1305 (Fig. 1) reveals a level of
complexity not often used with dis-
crete-component multiplex adapters.
The IC uses the proven balanced
time-switching technique with its in-
herent SCA rejection without filtering,
and also provides a driver for a stereo
indicator. Two separate additional in-
puts provide for stereo-mono switch-
ing and audio muting. And as if this
weren’t enough, a series of diodes
with emitter followers serve as tem-
perature-compensated voltage regula-

33
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19 kHz | 19kHz 38 kHz
I FILTER TIFILTER TANK
= +I5v ‘
{_—_ 2 T T " To Yz T T ]
COMPOSITE  9kHz
I AMPL AMPL DOUBLER | AMPL
COMPOSITE | 3
SIGNAL
INPUT |
| | | LerT
HL I TWIN-T
' SWITCH < FILTER[°
| swirer - 2o— THER 7’
} ll__ RIGHT
e L {peTECTOR — ——/
I AMPL REGUL- l
LATED
I VOLTAGES ‘
l MCI305 ‘
| INTEGRATED
L 5 4 CIRCUIT
GND TO GND FOR
MUTE MONAURAL STERO
INDICATOR
+15V

Fig. 1—Complex functions performed by 31-transistor MC-
1305 (inside dotted line). Connections to pins 4 and 5 are

optional.

tors for the circuits.

Performance of the chip is phe-
nomenal in comparison to the very
conservative Motorola specifications.
A separation of 45 dB at | kHz is
typical: three units constructed re-
vealed a separation of 55 to 57 dB
at 1 kHz, 44dB at 100 Hz., and 37 to
49 dB at 10 kHz. These figures are on
a par with the very best multiplex
adapters of conventional design. SCA
rejection exceeds 55 dB and no inter-
fering “birdies” have ever been audi-
ble with the device.

Channel balance is within 0.5 dB
and total harmonic distortion is less
than 0.5% at the recommended com-
posite-signal input level.

The only drawback found in the
design is the 19-kHz and 38-kHz re-
jection figures. Although a typical re-
jection is 20 dB at 38 kHz, this is not
enough to prevent possible “birdies”
when beating against a tape recorder
bias oscillator. Therefore a “Twin-T
filter has been added (Fig. 2) to each
output to increase rejection another
20 dB.

Construction & alignment

You can build this project for
under $21. The actual-size PC pattern
for the decoder is included for do-it-
yourselfers, and a complete kit of

All resistors 4W, 5%

R1, R2—20,000 ohms

R3—4700 ohms

R4—500-ohm, %W trimmer (CTS type
X201R50113)

R5, R6—3900 chms

R7, R8, R10, R11—4300 ohms

PARTS LIST

C5-—.0022-uF polystrene (Mallory SX222)
c6, C7—.022-uF, 100V Mylar (Mallory
PVC1122)
C8, €9, C12, C13—.001-uF ceramic (Centralab
CE102)
C10, C11—.002-uF ceramic (Centralab CF202)
Cl14, C15—0.2-uF, 10V ceramic (Centralab

Other parts

L1, L2—J. W. Milter type 1361

L3—J. W, Miller type 1362

IC1—Motorola MC1305P

The following parts may be ordered from
Transitek Co., P.O. Box 98205, Des Moines,
Wash. 98016. All prices include postage. IC1,

R9, R12—2200 ochms UK-10-204) $7.20. L1, L2, L3 (set of three), $5.40. PC
Capacitors C16—0.1-uF, 10V ceramic (Centralab UK-10- board MPX, $2.95. Complete kit of all listed
Cl, C3—5-uF, 50V electrolytic (Mallory MTV 104) parts and drilled PC board, $21.00.
5CB50) C17—60-uF, 15V electrolytic (Mallory MTV
C2, C4—.01-uF polystyrene (Mallory SX110) 60CB15) = e e
{7 _L +— AAA—O I
+ W
350
R2 cs RS R6 I 15V 69 15V |
20K 0022 39K 39KS _[+()7 ] 10% |
F_) 60715
Lz? Coaf S22 022 I ! I L |
GROUND I : 000 L3 ) ) - -
FOR AUDIO 0— o QI—) c RQL_CQ_______J
MUTING 8 | ol 13 - ool 22Kk .00I
5
<:RI CI24
20K i
GROUN i AN A -
el 4 MCI305 R T o~ Yo Gurpur
MONAURAL PLI it co o
cl i E_@_o | 002 4
100K 5/50V +5V!
Y 12
| 12, 22
SEE INPUT 3 =
( ) 2 14 9 7 I cis
TEXT RIO 002 RIl
ci6 5004 S T o '2|_<,R
R3 AAA
A 47K OUTPUT
| SEPERATION
4 3 T
c2 2
H = 50V
Lty
1 i " "y

Fig. 2—Schematic showing components mounted externaily

"

%0 the 1305. Use a 12ES (12V, 40 mA) lamp for the lamp PL1.
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Use the same-size printed circuit pattern above to make
your decoder. Components specified will fit on the board.
Component-side drawing on the right shows where to mount
the parts. Some of the wiring to the unit is optional.

parts and drilled PC board is available.
Please use the components listed, as
the circuit board was laid out for
them.

Construction of the project is
simple, as is the alignment procedure.
A 2.2 x 3.2-inch PC board provides
enough component space without
crowding. Recommended coils for this
circuit are available only in a PC
mounting style.

The best technique is to insert the
IC and then add other parts outwards
from the IC. Don’t bend the leads on
R4, IC1, or the transformers. After all
parts are properly soldered, add the
required external wires. If you do not
plan to use audio muting or mono-
stereo switching, wires are not con-
nected to pins 4 and 5 of IC1.

Although a multiplex generator is
the easiest alignment method, this unit
can be aligned with a broadcast signal.
Input level should be about 0.75 volt
p-p to achieve maximum channel
separation.

Each output should be connected
to a 22K load to provide the proper
terminating impedance to the Twin-T
filters.

Connect an oscilloscope or ac
vtvm to the junction of pin 1 and C4.
Peak L1 and 1.2 for maximum 19 kHz
as seen on the scope. This waveform
should be about 1.6 volts p—p with a
-+15-volt supply. Move the scope
probe to the junction of C5 and pin 4
of L3 and peak L3 for a maximum
38-kHz trace. This should be about
22 volts p—p. Caution: if you do not
use a low-capacitance probe, the cir-
cuit may be slightly detuned when the
probe is removed. This detuning will
be slight and is corrected in the next
step.

Connect the scope or vtvm to the
right output and set up the generator
for a left-only output. Set the wiper of
R4 to midposition. Carefully peak L1,
L2, and L3 for a minimum output on
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the right channel. Then sct R4 for a
minimum output.

Now set the generator for a
right-only output and read the output
level on the right channel. Then set
the generator to a lefr-only output.
The difference in readings is the chan-
nel separation. It will not be as high
as the figures given carlier since the
residual reading also includes 19-kHz
and 38-kHz components. An elaborate
filter can remove these components
for true scparation readings, but the
separation will not be increased.

FM station alignment

If you do not have access to a
multiplex gencrator, connect the input
to your tuner output. First peak LI,
.2 and L3 for maximum output
waveforms as described carlier. Con-
nect the scope vertical input to the
left output and the horizontal input to
the right output. Tune to a monaural
station and set the scope gains until
the trace is a straight line at a 45°
angle (Fig. 3-a).

Tune to a stereo broadcast and
you will probably see something like
Fig. 3-b. This indicates limited separa-
tion. Now, while watching the scope
face, slowly tune L1, L2, L3, and R4
until you get a trace most like Fig.
3-c. If you can connect your amplifier
to the adapter and also hear the out-
put—preferably in headphones—so
much the better.

Some stations have stereo pro-
grams which feature highly directional
microphone pickup, this type of pro-
gram material is the casiest to use for
alignment. When the output looks like
Fig. 3-c, you must identify the chan-
nels. It is possible to tune the unit so
that the output labeled L is actually
the right channel. Careful tests do not
show any difference in separation or
other specifications, however, so if
you wind up with the channels inter-
changed, simply reverse them when
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TWO CONDUCTOR SHIELOED

i SR
a
MONAURAL STEREOQ
SIGNAL LIMITED
SEPARATICN

C
STEREO

EXCELLENT

SEPARATION
Figs. 3-a—c show scope patterns with
vertical sccpe input to left output of
the decoder and horizontal input con-
nected to the decoder right output.

you plug them into your preamp.

Most tube tuners will have more
than 0.75 volt p—p output. This adapt-
er will have decreased separation and
increased distortion at higher input
levels. The input impedance is around
20K so a 100K pot inscrted in series
with the input may be adjusted until
the input is correct.

An interesting feature of this IC
is its 8—22-volt supply specification. If
the adapter is aligned at 15 volts and
the supply voltage decrcased, separa-
tion stays almost unchanged. This is
not true if the adapter is aligned at a
lower voltage which is then increased.
In no event should the supply exceed
+22 volts. Operation at + 15 volts is
highly recommended, since no per-
formance characteristic was improved
at higher voltages. As the supply volt-
age is not critical, a relatively inex-
pensive Zener diode with capacitor
filtering will provide very stable opera-
tion. R-E
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EXPANDER

Improve apparent S/N ratio in your hifi system. Hot carvier diodes and IC’s make it work

by KENNETH E. BUEGEL

THE MUSIC LOVER HAS NEVER HAD
such an excellent range of equipment
to choose from as he has today. Fre-
quency response of the electronics
extends far past the limits required
and distortion levels are almost at the
vanishing point. Signal to noise (S/N)
ratios of 70 db or more are common.
(At least on the specifications!)
These S/N ratios, however, start
deteriorating as soon as the equipment
performs its primary function—music
reproduction. This is caused by the
characteristics of the recorded me-
dium. In tapes it is oxide irregulari-
ties which cause the familiar tape hiss.
In records it is surface blemishes
which continually increase through
the useful life of the vinyl impression.

o]
. INPUT/OUTPUT //
OF SYSTEM
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EXPANSIO}
INPUT/
—201 OUTPUT
WITH
/ DYNAMIC
-0+ EXPANSION

S/N RATIO IS +I0d8/
@ -40dB INPUT/

SYSTEM NOISE
LEVEL IS CONSTANT
WITHOUT EXPANSION

(]
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[}
}e
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SYSTEM NOISE
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Fig. 1—Graph shows shift of input/

To alleviate these surface noises
the recorded signal is artificially com-
pressed when it is recorded. The loud-
ness range experienced by the listener
is thus decreased from what he hears
at a live performance. In fact at least
one major recording studio which
claims to have reduced surface noise
to new lows has only increased the
compression until a solo violin has
almost the same level as the full or-
chestra in a recording.

A device that would linearly ex-
pand the reproduced signal would
more faithfully recreate the original
performance. However, the effect of
this expansion on the listener cannot
be expressed only by electronic mea-
surements of the signal.

In Fig. 1, the long dashed line
shows the fixed linear relationship be-
tween input and output levels on an
amplifying system without expansion.
Note that at some low level near the
—40 dB input point, the output sig-
nal is only 10 dB above the system
output noise. (This noise is from the
recording, tape or disc, and will be
constant.) We hear the output signal,
as it decreases from a high level to
a low level, approaching a fixed back-
ground noise level.

The solid lines represent the per-
formance of the same amplifying sys-
tem with linear dynamic expansion
included. With a +15 dB expansion
characteristic added to our original 40
dB input range our output level now
covers a 55 dB change. Even more
important, the S/N ratio is still + 10
dB at the lower input level.

If we had attempted to get this
range of levels without expansion, our
signal would have been 5 dB less than

output levels with linear expansion.
LOW IMPEDANCE DC CONTROL Fig. 2—Circuit
REPLICA OF INPUT SIGNAL of expander
~\ amplifier gain
INPUT_[EMITTER |7\ |PERFECT LOGARITHMIC to \f)ary diregctly
T ECTIFIER INTEGRATOR g A
X, [FOULEWER = outpur  With the input.
——0
[ PR e
|
% AUDIO
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the noise level. Not easily depicted
on a graph is the subjective response
of the ear. Although the S/N ratio
is still the same +10 dB at the —40
dB input point, the ear interprets this
response as that from a system with
much lower overall noise level, the
same 15 dB that was added to the
dynamic range.

When shopping for tape record-
ers we are continually faced with a
S/N specification which, more or less
truthfully, varies around 50 dB. Im-
agine what it would be like to sce
this read 65 dB. And this is precisely
what it sounds like—with linear dy-
namic expansion.

You can have these benefits with-
out throwing out your entire system
and starting over. This project has
been designed so that the device is
placed between the preamplifier and
power amplifier.

All expanders described in the
literature to date have used a regen-

Expander specifi-

cations are:
Nominal maxi- 1V rms. (This may
mum input and vary from 0.2V to
output levels: 3.0V)
IMand THD @ 1V  0.29, (Decreases
rms output: at lower output
levels)
Frequency
response:
—1 dB points 30 to 20,000 Hz
—6 dB points 20 to 40,000 Hz
Signal/Noise ratio
@ .01V rms input 85 dB
@ 1V rms input 45 dB

Expansion Linearity:

@ +15 dB: less than +=0.5 dB devia-
tion from straight line in
any 10 dB segment be-
tween O to —50 dB input
(OdB =1V rms).

@ -8 dB: less than 0.3 dB devia-
tion from straight line in
any 10 dB segment be-
tween O to —50 input
(Od B =1V rms).
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erative technique—the amplifier out-
put signal has been used to determine
its own input signal. While this type
of device actually can increase the
dynamic range, it is far from linear.

Assembly has been simplified and
the only cquipment nceded to cali-
brate the unit is a dc voltmeter or
scope, an audio generator and an ac
vtvm, or scope. The design of several
earlier models has been thoroughly
evaluated and this version reflects the
stress placed on performance as well
as ease of calibration.

How it works
All signals used in the expander

are derived from the input signal (see
Fig. 2). The input signal is applied
to the high input impedance of an
emitter follower. The follower output
is applied to a pot, used to adjust the
audio level applicd to the variable-
gain amplifier. The total follower out-
put is applied to a “perfect” rectifier
which rectifies signals lower than 1
mV rms. This full-wave rectified sig-
nal is then integrated into a dc voli-
age. The dc voltage varies as the
logarithm of the input signal. (Re-
member that the gain of an amplifier
is expressed in decibels according to
the formula:

€Cout

dB gain =20 log .

This dc control signal is applied
to the control clement in the variable-
gain amplifier so the gain of the
amplifier varics directly with the input
signal. Thus, as the signal input in-
creases, the dc control signal rises and
the output of the variable gain ampli-
fier corresponds to:

€out = €ip + K log Cin

The schematic, Fig. 3 shows how
we get these functions. ICl is the
“perfect” rectifier. Since D1 and D2
are inside the feedback loop of the
op amp, the diode threshold voltage is

PARTS LIST

*T1—26.8VCT fil trans., Triad F90X or equiv.

RECT 1—1A, 50V bridge rectifier

C18, C19—250 uF 25V elecrolytic,
MTV250DN25 or equiv.

C20, C21-—500 uF, 15V electrolytic,
MTV500 DN15

D5, D6—1W, 15V, 5% Zener diodes

R28, R29— LW, 2209, 5%

R30, R31—14,W, 339, 5%

PC board—PS-1, Transitek

Expansion Channel (for stereo, 2 of each are
required)

All resistors are YW, 5%

R1, R2—220,000 ohms

R3—470 ohms

R4-—2500 ohms, %W trimmer, CTS type
X201R252B or equiv.

R5, R7, R9—20,000 ohms

R6—3600 ohms

R8—1800 ohms

R10, R23—10,000 ohms

Mallory

Mallory

R11, R20, R27—1500 ohms

R12, R15, R17—560 ohms

R13-—1000 chms, Y4 W trimmer, CTS type
X201R102B or equiv.

R14, R16—75,000 ohms

R18, R19—2200 ochms

R21, R25-—180 ohms

R22—220 ohms

R24—100,000 chms

R26—6800 ochms

C1—150 uF, 15V electrolytic, Mallory
MTV150CK15 or equiv.

C2—0.1 uF, 10V ceramic, Centralab UK-10-104
or equiv.

C3—25 uF, 35V electrolytic, Mallory
MTV25CB35 or equiv.

C4—68 pF ceramic

C5, C9, C14—22 pF ceramic

C6, C13—470 pF ceramic

C7—100 uF, 15V electrolytic, Mallory
MTA100E15

C8—50 uF, 15V electrolytic, Mallory

MTV60CB15

CHANNEL A

C10—.0012 yxF ceramic

C11—500 nF, 6V electrolytic, Mallory MTV
500DJ6 or equiv.

C12—0.2 uF, 10V ceramic,
204 or equiv.

C15—220 pF ceramic

C16, C17—0.1 uF, 20V ceramic, Centralab
UK20-104 or equiv.

D1, D2—IN4154, G-E

“D3, D4A—Hot carrier diodes, HP5082-2800

Q1—2N3391, G-E

“IC1, I1C2, IC3—709 C Operational Amplifier

*S1, S2, S3—4pdt custom rocker switch

*PC Board—EXP-3

*Items available from Transitek; D3, D4 $1.25;
IC1, 1C2, IC3 $2.65; S1, S2, S3 $1.40; PC
Board EXP-3 $2.75; Board PS1 (pwr),
$1.00; PS1-K (pwr supply board with all
components but T1), $7.00; EXP-3K (all
items for 1 expansion channel), $26.00;
Two EXP-3K's, $48.00
Transitek Co.
P.0. Box 98205
Des Moines, Washington 98016

Centralab UK10-

Ql
(¢]
Gt oN3391 | RS
— . 20K
i e LZK
Jd c3
220K 25735V
C
= 68
2
=
RIO
10K 1.5K

RH

TO

FIN 7

R28 ON ALL IC's
AN\ AN 0
; l 2208 o 330 Ea

Cl6== 75K 75K —=CI7T Ll cis 69 38, ceo

Tt 15V 1+

g 250/ 500/

"::D ::E BL/WH F9OX  GRN |+ | o5y IS\A‘(/O T sy
RECT 1 8
H7v iéfvc MDA °

60Hz 920A-2|_ | | c2l

~ 500/

Fig. 3—One of the two expander channels you'll ESED D 15V
need for a stereo system. The power supply ~
drives two channels. IC1 is the ‘‘perfect recti- — 5
fier,”” IC2 the integrator, IC3 is the variable-gain 2208 TO PIN f1
amplifier working with a hot carrier diode. ON ALL ICs
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reduced by the open loop gain of the
amplifier—typically 7,000 to 15,000.
Capacitor C8, in the feedback loop
of IC2, integrates the rectified signal.
The value of C7 and C8 determines
low-frequency distortion. If the time
constant chosen is extremely short, the
expander tends to increase gain on
the positive and negative peaks of a
low-frequency input signal.

Increasing C7 excessively in-

EXP 3
—
No. |

L.

POWER SUPPLY

38

creases the time constant and causes a
noticeable “pumping” action on the
volume. However, unless you are a
devotee of large pipe organs, for most
music the fast position of S3 is best.
D3 and R18, in another feedback loop
of IC2, provide a modified logarithmic
dc feedback. Diode D3 is a hot carrier
diode with a much lower threshold
voltage than ordinary diodes. The ac
gain of 1C3 is determined by:

se the component placement above to

. Z; + Zy
gain =5
R

where Z, is the impedance of Cil
and D4 and Z. = 6.8k. Capacitor C11
is large so its impedance, even at low
frequencies, is much lower than the
impedance of D4. Thus the gain of
IC3 becomes:

build the power sup-

ply for a stereo unit. One expander channel board is below.
Mount components on the expander like this. Use low-watt-
age iron to solder in the IC’s, or install IC sockets for 709’s.

www. americanradiohistorv. com
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The modified dc control signal
of 1C2 varies the current through D4
and thus the dynamic resistance of
D4. Since CIi1 isolates the dc output
of IC2, IC3 operates with a dc gain
of unity and the output can never
have a dc voltage of more than $§
mYV. Resistor R13 sets the dc voltage
applied to D3 and D4 so even without
an audio input signal these diodes do
not operate at extremely low current
levels where their dc resistances could
show wide variations from unit to
unit. As a result the low-cost hot-
carrier diodes provide nearly ideal re-
sults for the circuit.

The power supply is a full-wave
center-tapped bridge rectifier provid-
ing £15 volts to the operational am-
plifiers. Although the op amps do not
require extremely low ripple supplies,
the base supply of Q1 is sensitive to
ripple and the additional filtering pro-
vided by C1 and R3 reduces the re-
maining ripple to negligible values.

Switch S1 either connects the
expander or completely removes it
from the system. Switch S2 selects ei-
ther a +8 or a +15 dB expansion
range, and S3 selects the fast or slow
time constant.

Now let’s build one

The device built for this article
is in an extruded aluminum cabinet.
The only parts mounted to the front
cabinet panel are the switches. The
power transformer, power supply pc
board, and two expander pc boards
are arranged along the rear cover
plate. Other arrangements are possible
for mounting the parts used to con-
struct a dynamic expander.

Use the circuit boards as tem-
plates to determine the locations of
the mounting holes. The easiest meth-
od of construction is to first place all
the resistors on the boards in the

positions shown on the component
layout sheets, then the ceramic ca-
pacitors, next IC! through IC3 and
QI, and finally the upright electrolytic
capacitors. Add the external wiring to
the expander boards before mounting
them with Ya-inch spacers.

The length of the shielded leads
to S1, 82, and S3 may be 6-feet long,
thus allowing the switches to be
placed on an existing panel with the
expander itself tucked away in some
hidden corner. Use of a 1/16-inch
tiplet in a small 37%2-watt soldering
rron is recommended. A larger tip
may be used in soldering leads to the
ground foil. Note that each expander
board has its own ground return to
the power supply. Arrange your board
mountings so you have access to R4
and R13 for the calibration adjust-
ments. No switch is used in the power
supply line since most systems provide
switched ac line outlets.

Calibration techniques

Follow these steps in sequence to cali-

brate the expander.

I. Check the outputs of the power
supply. These should read plus and
minus 15 volts *=5%.

2. Apply a short to JI on both chan-
nels. Set SI to the expander IN
position and S2 to +15 dB. Set
S3 to the FAST position.

3. Adjust R13 in each channel until
a dc voltmeter or scope reads
—0.2V at the output of IC2. (This
voltage at pin 6 may be read most
easily at one of the contacts of
S2-a.) Adjust slowly, this is an in-
tegrator!

4. Apply a 1 kHz, 1V rms signal to
J1 on both channels and adjust R4
on each channel until the outputs
read 1V rms,

5. Reduce the input to 0.01V rms and
measure the output on each chan-

nel. One channel will probably
have slightly higher output than the
other. Readjust R13 on the lowest
channel until its output is the same
as the highest channel.

6. Repeat steps 4 and step 5.

When calibration is complete the
unit is ready to use. If your preamp
output is low impedance, as virtually
all preamps are, you may run 20 feet
of shielded cable between its output
and J1 on each channel. 40 feet of
cable may be used between J2 and
the power amplifier.

Expansion ratios can be adjusted
by varying the values of R17, R18,
R21, and R22. These particular val-
ues have been chosen so that the out-
put level does not change significantly
when switching S2.

The pot connected between the
IC2 outputs on each channel is of
doubtful use. When it is used it forces
the channel with the lowest input sig-
nal to operate at the gain of the
loudest channel—which brings up the
noise level of the lower channel. Since
noise reduction is one significant ad-
vantage of linear expansion, this type
of connection can only defeat its
purpose.

Listeners report that the music in
the expanded system sounds more like
a live performance, although the rus-
tling of programs is absent! The most
convincing demonstration is to play
a favorite tape or record with the
expander in the circuit, then to re-
move the expander and play the same
music again. In just the few minutes
you have listened to the music with-
out the noise background your ears
will become accustomed. Without ex-
pansion you will immediately notice
the noise which appears during softer
passages. The difference is similar to
going back to black and white after
watching color television. R-E

ACTUAL-SIZE PRINTED
CIRCUIT PATTERNS

Here's how the PC patterns look from
the copper side. Reproduce them pho-
tographically to build your dynamic ex-
pander. You'll need two of the expander
boards (left) for stereo, but only one
power supply (below). Parts placement
for the boards is on the preceding page.

MARCH 1970
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All about tape
recorder bias

Modern biasing techniques continue to improve audio fidelity

by NORMAN H. CROWHURST

THE FACT THAT TAPE SPEEDS AND CORRESPONDING FIDELITY
achieved by off-the-shelf equipment today would have been
considered impossible a decade or so ago testifies that
changes have been occurring in both tape and tape record-
ing. The variety of changes has led to some confusion, and
sometimes to failure to achieve expected performance. To
clarify the whole situation, let’s examine the purpose and
needs of high-frequency bias.

Original need for high-frequency bias

Every text on tape recording explains this. Without
high-frequency bias, the waveform recorded was highly dis-
torted becausc of the inherent nonlinearity of magnetic ma-
terials. The initial effect of high-frequency bias, before con-
sidering all the other factors, is twofold:

1. It saturates the tape at high frequency and virtually
“demagnetizes” the material, leaving the instanta-
neous value of the audio waveform virtually free
of this nonlinear distortion (Fig. 1).

2. It enables a wider recording gap to be used than
would be possible without this high-frequency
bias. This achieves deeper penetration of the
magnetization into the tape, particularly at high
frequencies where gap dimensions are important
(Fig. 2).

Kinds of tape

In the carly days, it was pretty remarkable that we
could put a ferrous oxide onto a plastic base that would
take magnetization at all. In those days, control of mole-
cular size and the magnetic properties of the material was a
long way off. By today’s standards, the product was crude,
although this was not easy to see, because magnetic proper-
ties and molecular size are not visible to the naked eye or
even under any ordinary microscope.

In tnis article, we’ll not get into chemistry and methods
of preparing and applving magnetic material to tape, That’s
a specialist’s job, and it’s enough that we can go out and buy
a whole variety of tapes. But modern techniques permit the
production of material with smaller molecular structure,
enabling more miniscule “magnets” to be formed on the
tape. Also, magnetic properties have been changed, so “bet-
ter” magnets can be made.

The quality of a magnetic material is reflected in its
hysteresis loop, which is what happens as it passes through a
whole cycle of magnetization. Three properties are of im-
portance in any magnetic application: saturation density,
remanence and coercivity. These are illustrated in Fig. 3.

These quantitics are all relative, and vary from mate-
rial to material. But taking the sequence relative to the par-
ameters of one particular material, as magnetization is ap-
plied, the magnetism induced in the material responds
slowly at first (region A). Then it rises much more rapidly
(region B), until it reaches saturation (region C).

When this magnetization is removed, much of the

magnetism remains (point D), and the amount remaining

40

is known as the remanence of the material. At first sight,
this would appear to be what gets left on the tape when
making a recording—or the maximum level, at least. But
this ignores the fact that the tape must leave the magnetiz-
ing head and transfer this magnetism to a playback head
before it can be considered to have done its job.

This mecans that, unless this remanence is accompanied
by another property called coercivity, it won’t do much
good. So modern tapes are rated on their coercivity. Note
that coercivity is also related to the magnetization that has
to be applied in the first place to reach saturation. The steep
rise (region B) approaching saturation is not reached until
the magnetizing force approaching the material’s coercivity
is neared.

So improvements in magnetic material have advanced
through coercivity changes, while at the same time dim-
inishing molecular size, so smaller magnets can be formed
that will hold their magnetization through playback. Satur-
ation density and remanence have both been increascd
somewhat, but coercivity and molecular size have been the
important changes.

Early materials had what today would be called low
coercivity. In turn, this meant that a lower bias current
would push them to saturation. It also meant they were
more subject to precise values of bias current.

At lower frequencies (up to, say, 1000 Hz) increasing
bias current reduced distortion up to a point of diminishing
returns. Actually, the loss that occurs with too much bias
current at these audio frequencies is a loss of output, rather
than an increase in distortion. But at higher frequencies the

AUDIO

HIGH -
FREQUENCY
BIAS

-—TAPE

RECORDING
HEAD
Fig. 1—High frequency bias, superimposed on audio signal,
“demagnetizes’’ tape to instantaneous audio waveform value.

RECORDING HIGH-
FREQUENCY AUDIO
WITHOUT HIGH-
FREQUENCY BIAS

RECORDING HIGH-
FREQUENCY AUDIO
WITH HIGH- FREQUENCY
BIAS

Fig. 2—Another function of high-frequency bias is to improve
high-frequency response, even with a wider recording gap.
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Fig. 5—Hysteresis loops of low- and high-coercivity tapes,
showing the different bias levels needed for magnetization.

TAPE
OXIDE
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Fig. 6—Due to rapid decline of magnetic field strength with
distance, the magnetizing field may not penetrate oxide layer.
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loss of output begins at a much lower bias current.

At the bias frequency and tape speed, combined with
the gap dimensions, several periods of bias oscillation occur
while the tape is passing the gap. Recording occurs as the
tape leaves the gap. At upper audio {requencics to be re-
corded, loss would occur in the absence of high-frequency
bias because gap width is commensurate with the audio
wavelength being recorded.

Thus at the higher audio frequencies, the frecquency
being recorded begins to behave in a manner similar to the
bias magnetization. Because of this, too much bias current
reduces the “hecadroom” for recording these upper audio
frequencies.

So it happens, with low-coercivity tapes, that optimum
bias for reducing distortion at mid-range frequencies does
not coincide with optimum bias for achieving high-fre-
quency response (Fig. 4). As good quality is usually defined
in terms of both low distortion and good high-frequency
response, a comptomisc bias setting was usually chosen
such that neither distortion nor high-frequency response
suffered too much.

Then, came high-coercivity tapes. Larger bias currents
are needed to saturate them and to utilize the higher coer-
civity. For a first-time recording, the quality may be as good
as with low-coercivity tapes, but unless bias current or
crase current is raised from the value that suits the low-
coercivity tapes, it will be impossible to reuse high-coercivity
tapes because they will not fully erase.

This is shown by comparing the properties of the two
kinds of tape (Fig. 5). A bias current that will easily satu-
rate a low-coercivity tape does not even approach satura-
tion in the high-coercivity tape. Conversely, if a head is sel
to saturate high-coercivity tape, it will considerably over-
saturate low-coercivity tape if it should ever be used on the
same recorder, resulting in considerable loss of perfor-
mance.

This means that any good recorder should be adjusted
to work with a specific tape or type of tape (similar types
from different manufacturers could be used) and then al-
ways used with that type. This applies particularly to re-
cording. Playback is not so critical. In fact, once the record-
ing is made, it can be played back on any recorder equipped
for playing the particular track configuration impressed on
the tape.

Using finer playback heads merely insures that a better
rendition of what is on the tape is retrieved. The limitation

||:‘I' ’///,
||I§I'l/; > TAPE
Wl 22— — ~ OXIOE

Fig. 7—Addition of a “back pole” can change shape of mag-
netic field through tape in vicinity of head, aiding penetration.
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Fig. 8—Single assembly combining erase and record heads
boosts field near record gap just as extra crossfield pole does.
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Fig. 9—Typical setup for high-frequency bias adjustment.
Head bias current is first maximized, then set for tape type.

is the quality of recording on the tape, which comes back
to the recording end.

Cross-field heads

The quality and intensity of signal on the tape is a
function, not only of the input signal into the tape, but of
how far into the oxide layer the signal extends. Although the
oxide layer is quite thin, it does have finite thickness. Parti-
cularly at the high-frequency end, this thickness is an im-
portant factor.

Fig. 6 shows the magnetic field in the proximity of a
recording gap. It gets rapidly weaker with distance from
the gap, which is shown tremendously magnified. So, unless
the field is very strong, especially with high-coercivity tape,
magnetization may not extend even all the way through the
oxide layer. Thus the effect is weakened by a magnetic
“short-circuiting effect” of the unmagnetized portion be-
hind the magnetized portion.

To achieve penetration, the important part of the field
is the high-frequency bias. If an extra pole is put behind
the tape (Fig. 7), the field in the proximity of one pole is
strengthened, while the other is correspondingly weakened.
The important cffect—the part used to effect an improve-
ment—is where the field strength is increased by the cross-
field pole.

While the basic concept of an extra head behind the tape
is fairly simple, its application could get quite involved: get-
ting the extra head accurately positioned laterally across
the tape to coincide correctly with track positions, and
longitudinally along the tape so the field takes the correct
shape—which cannot be seen, of course.

The tracks are only hundrediths of an inch wide, the
oxide is only fractions of a thousandth of an inch thick, and
the gap width has similar dimensions. So accurate position-
ing of a head behind the tape requires extremely precise
engineering, along with facility for inserting and removing
the tape that will not disturb this accuracy.

So a further improvement (Fig. 8) achieves the same
purposc by combining the record and erase head in such a
way that a leakage field from the erase gap passes through
the tape and returns to the record-head gap vicinity in the
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same way that a crossfield pole would produce. This puts all
the engincering problems into a single, fixed block of con-
struction. The nceded precision can be built in, and head
adjustment is no more critical than in the conventional re-
corder.

Use of crossfield magnetization does reduce the criti-
calness of bias adjustment. This means that a recorder, ad-
justed for optimum performance with one tape, will not be
so scriously below optimum performance with another tape
as would be the case where ordinary instead of crossfield
heads are used.

Bias adjustments

The foregoing nas discussed adjustment of bias current
for optimum performance in general terms. One more
thing is important in all cases: The waveform of the bias
oscillator should be good, as close to a perfect sine wave as
possible. Tf the oscillator waveform departs from sinusoidal,
it transfers its onlinearity, or departure from sine-wave
form, to the program signal recorded.

So the first thing to do in checking bias adjustment is
to be sure the waveform is good, whatever the current.
Tuning the head inductance with a shunt capacitance will
always improve it, as well as get more bias current by
using more efficient coupling. But the waveform generated
by the oscillator should be good before this improvement is
added. It is not sufficient to rely on this method of improve-
ment.

Having made this adjustment, the next step is to adjust
the actual bias current to achieve optimum performance
with the tape being used (Fig. 9). The method of making
this adjustment will vary, according to the recorder facili-
ties. A recorder that has full playback facilities, head and
electronics, in addition to the record facilities can use the
playback to monitor recording as the adjustments are made.

A recorder which uses the same electronics and/or
head for playback as for record must cmploy a different,
somewhat more protracted method of adjustment, but the
end objective is the same. In the first, the adjustment is
made while watching the playback monitor directly for the
desired indication. In the second, a succession of adjust-
ments are made, carefully noting the settings and using
voice announcements on the tape to identify them. Then
the tape is played back to determine the results. If neces-
sary, a further series is tried, until the optimum is achieved.

Some manufacturers specify a way of adjusting the
bias current in terms of output level at a specified high fre-
quency, such as to adjust for a maximum output, then back
off by a quarter turn on the adjusting screw, or by so many
mA on the bias current reading.

This is a method of approximating ideal overall per-
formance based on sctting for maximum high-frequency
response, and then modifying it to improve distortion prop-
erties.

If you want to actually measure distortion, as well as
high-frequency response, you’ll need to find a way of mak-
ing this kind of mecasurement on tape, which is not so easy
as measuring distortion in amplifiers. Fluctuation in level,
not large enough to matter, due to variation in tape charac-
teristics along the tape, or fluctuation in spced, insufficient
to be significant as flutter or wow, can invalidate conven-
tional distortion measurements that use highly sensitive
frequency-selective circuits to eliminate the fundamental.

A method of measurement that is not sensitive to these
fluctuations but will detect the forms of distortion sought
must be used. The CCIF form of intermodulation distortion
measurement detects only second-harmonic distortion. But
by using the same basic method, with different test frequen-
cies, the method can be adapted to finding the forms of dis-
tortion that are important here, and measuring them inde-
pendently of small fluctutations in speed or amplitude.
These we will describe in a future article. R-E
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Walnut-veneer finish can make a hand-
some extension speaker for any hi-fi.

Build bookshelf speaker system

WHAT 1 WANTED WAS A COMPACT
speaker system with a wide, smooth
frequency response, low distortion
and suflicient power-handling capabil-
ity to fill at least a small room with
realistic sound.

The requirement for smooth re-
sponse and low distortion in a small
cabinet calls for an acoustic suspen-
sion system. Although horn-loaded
speakers provide excellent response
and low distortion, the laws of phys-
ics being what they are. it is impos-
sible to have a “small” horn-loaded
speaker that extends to 50-80 Hz.
That being the case, the choice was
between a bass-reflex system and an
infinite batile.

Bass-reflex speakers

The bass-retlex approach includes
all systems in which the sound ema-
nating from the rear of the speaker is
allowed into the room. Such a system
may go under the name of “bass-
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reflex,” “tuncd-port,” “ducted-port,”
“distributed-port,” “Helmholtz resona-
tor” or some other title. In all cases, a
hole somewhere in the cabinet allows
the rear sound wave from the speaker
to enter into the room. These systems
boast relatively high cfliciecncy and ex-
tended low-frequency response.

In  general, e¢very dynamic
loudspeaker exhibits a primary reso-
nance at the lower end of its fre-
quency response. The frequency at
which the resonance occurs depends
upon the mass of the moving system,
i.c. the cone and voice coil, and the
compliance of the suspension.

For a speaker in free spuace, the
suspension is made up of the flexible
spider, which supports the voice coil
end of the cone, and the rim support
at the large end of the cone. The sys-
tem is analogous to a weight on the
end of a spring. Once the weight is sct
in motion it bobs up and down at a
rate or frequency that depends on the

www.americanradiohistorv.com

by ALEXANDER N. RETSOFF

This compact acoustic suspen-
sion system delivers clean sound
with excellent response. Use it
for main or extension speakers

in your system
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mass of the weight and the com-
pliance of the spring. By increasing
the size of the weight and/or picking
a softer spring, frequency can be low-
cred. The converse is also true.

The point is that a speaker’s out-
put drops off very rapidly below its
resonant frequency. Also, at its reso-
nant frequency the cone likes to move
and does so very readily, resulting in
a peak in the response curve. Just like
the weight on the spring, once in mo-
tion at its resonant frequency, the
speaker tends to keep moving even af-
ter the signal has disappeared. This
“hangover” causes poor transient re-
sponse and muddy sound.

The degree to which the peak ap-
pears in the response curve and the
transient response is impaired is deter-
mined by the “Q” of the resonant sys-
tem. This in turn is controlled by the
damping or friction in the moving
system. The chief causes of damping
are the air loading on the spcaker
cone, the friction in the suspension
system and the damping factor of the
amplifier.

If damping is high, there is only
a mild peak in the response curve,
since the cnergy is rapidly dissipated
in the friction; the cone quickly
comes to rest after the excitation is

will exhibit a large peak and long
“hangover.” Obviously this is to be
avoided.

What has all this to do with the
choice of a speaker enclosure? Well,
the speaker and its enclosure must be
designed for one another. It is the
combination of the two, the speaker
in its enclosure, which must be tested
for resonance, response, etc.

Now, a bass-reflex enclosure is a
box with a hole in it, and a box with
a hole in it is a resonant system itself.
It is called a Helmholtz resonator. A
soda bottle is a Helmholtz resonator
if you blow across its mouth.

The design philosophy behind a
bass-reflex enclosure is to have the
box resonate at the same frequency as
the speaker mounted in it. This can
be accomplished by properly con-
trolling the volume of the box and the
port size and ducting.

When two resonant systems are
coupled together like this an odd
thing happens. Instead of getting
twice as big a resonance as you might
suspect, you get two resonant peaks,
one higher in frequency than the orig-
inal and one lower in frequency. A
dip appears where the original reso-
nance was. The spread between the
two peaks depends on the degree of

removed. An underdamped system coupling between speaker and box.
. 9 SIDE TOP SIDE BOTTOM CABINET 1
24 +
o' SIDE TOP SIDE BOTTOM CABINET 2
" '\ 1 W | n ]
9 l 14 9 i 14 |

l 48"

Fig. 1—Cutting diagram shows you how to cut two speakers from a single board.
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Fig. 2—Use good cabinet assembly techniques when constructing your speaker.
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This in turn depends upon the size of
the box and the amount of damping
material in it. In this way, one can
extend the low-frequency response of
the speaker system to the lower of the
two resonance peaks.

This sounds like a terrific idea,
and indeed the bass-reflex system was
widely used several years ago, and still
is in many smaller enclosures. There
are certain disadvantages to this sys-
tem: (1) increased distortion, espe-
cially near the resonant points, since
the system is somewhat uncontrolled
near resonance; (2) less than opti-
mum transient response, leading to
muddy sound; (3) irregular response
in the bass region formed by the two
resonances and the trough.

Why an infinite baffle?

This leaves us the infinite baffle.
The infinite-baffle enclosure includes
any type which prevents the sound
from the rear of the speaker from
getting into the room. In its simplest
form it is an infinitely large wall in
which the speaker is mounted.

In a more practical form, it is a
completely sealed box filled with fiber-
glass or felt mats to absorb the rear
sound energy. The walls of the box
are strong and rigid enough so they
do not vibrate in sympathy with the
speaker. The infinite baffle performs
the primary function of the speaker
enclosure: preventing the rear sound
wave from blending with the front
wave. Since the two waves are out of
phase, they cancel each other if
allowed to meet. (The sound emanat-
ing from the port of the bass-reflex
enclosure is delayed by the enclosure
design enough to emerge in phase
with the front wave in the bass rein-
forcement region. At Thigher fre-
quencies all rear energy is absorbed
by the damping material in the cabi-
net, and in this region the bass reflex
acts as a sort of infinite baffle.)

Early infinite-baffle enclosures
were made very large. Since the air
trapped in the cabinet acts as a spring
behind the speaker cone, system com-
pliance is reduced and the resonant
frequency of the speaker system is
raised above that of the speaker alone.
Since the output of the system drops
below the resonant frequency, it ap-
peared advantageous to use a very
large cabinet for minimal increase in
the resonant frequency.

The acoustic-suspension system is
basically an infinite baffle in which
the compliance of the trapped air is
counted upon to provide some of the
speaker suspension. Such a system
uses a speaker with a very light (com-
pliant) suspension that has a very low
free-air resonance. It is put in a rela-
tively small sealed enclosure. The
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trapped air decreases system com-
pliance and substantially raises the
resonant frequency by as much as an
octave.

Thus one can see the necessity
for starting with a very-low-resonant-
frequency speaker. The acoustic sus-
pension provided by the trapped air
has one very distinct advantage: it
lowers the harmonic distortion of the
system. The main cause of nonlinear
distortion in a speaker system is the
nonlinearity in the suspension. The
typical spider and rim-surround sus-
pensions do not provide a linear re-
storing force at extreme cone ex-
cursions.

The “spring” provided by the
trapped air, however, is extremely
linear. In a well-designed acoustic-sus-
pension system, the air cushion pro-
vides the majority of the restoring
force. For example, if the resonant
frequency of the system is one octave
above (twice as high) the free-air
resonance of the speaker alone, three-
quarters of the restoring force is pro-
vided by the air cushion and only
one-quarter by the spcaker suspen-
sion. Thus, the cffect of the nonlinear
suspension, that is the distortion, is
reduced three times.

In addition, the air cushion is
provided by making the enclosure
small instead of large. Further, the re-
sponse is relatively smooth—assuming
good damping to an acceptably low
frequencv—if the original speaker is
of the high-compliance type. We pay
for all these advantages with a de-
crease in overall efficiency.

In choosing a speaker for use in
an acoustic-suspension system one
must look for a low resonant fre-
quency. Next, you need a good, pow-
erful magnet, which implies good
damping and the capability of long
speaker excursions. The latter, al-
though they give rise to Doppler dis-
tortion, are unfortunately necessary to
get a reasonable sound-pressure level
from a small cone.

How to build it )
Probably many speakers will fill

the bill. T chose to build the system
around one available for $8.95 from
ILafayette Radio Electronics (cata-
logue No. 99E01554). Tt is a S-inch
unit with a 1%-lb magnet and reso-
nant frequency of 40 Hz. Tt is rated
at 16 watts (pcak). For a tweeter 1T
chose another Lafayette unit (cata-
logue No. 99E01562) at $2.95.

The enclosure is 14 x 9 x 9
inches and is constructed from %-
inch plywood. I chose to construct it
from single-sided walnut-veneered ply-
wood, available from several firms.
Following the cutting diagram of Fig.
I, two speaker enclosures can be
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made from one 24 x 48-inch sheet of
plywood.

Other vencers are also available.
If you like oiled walnut, two or three
coats of boiled linsced oil rubbed in
with cheesecloth and the excess re-
moved will give you a better finish
than you can expect on commercial
cabinets. Let cach coat dry overnight
and rub lightly with the grain using
fine steel wool. The recessed front and
back of the cahinet will not show and
can be made from 3% -inch fir ply-
wood available from any lumber yard.
A two-conductor barrier strip s
mounted on the recessed rear wall.

Fig. 2 shows how the cabinet is
put together. Be sure to make it air-
tight. Seal all cracks with glue, filler
or caulking. The inside of the cabinet
should be loosely filled with Tufflex or
a similar sound-absorbing material.
Such materials are readily available
from most parts decalers.

The wiring diagram is shown in
Fig. 3. A 4-pF, 50-or 100-volt ca-
pacitor is used as a highpass filter to
the tweeter. This capacitor should be
a paper or mylar type. Aluminum or

" o RED
- WOOFER
WHITE
4 pF =l
50V
RED
TWEETER
b WHITE

Fig. 3—Wiring diagram for speakers. Do
not use tantalum electrolytic capacitors.
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Fig. 4—Anechoic chamber curve is
smoothed by placing unit in corner.
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Fig. 5—Impedance curves for the woof-
er in free air and damped in the cabinet.
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other electrolytics should nor be used.

When wiring the speakers be
sure to observe polarity. If you use
the speakers recommended, you will
find one terminal on each insulated
with a red fiber washer and the other
with a white one. Connect the whites
together as the common return and
the reds with the capacitor.

More exotic crossover networks
could be used with this speaker sys-
tem, but they are really unnecessary.
The woofer used in this system han-
dles itself so gracefully at the higher
frequencies that there is no real rea-
son to prevent it from reaching them.

When vou’re through, connect
them to a good amplifier with at least
5 watts per channel capability into 8
ohms and listen. As is true for all
spcaker systems, bass response s
affected by placement of the units in
the listening room. As much as 9 dB
hoost in the low end can be achieved
from corner placement.

Fig. 4 shows the response of the
system., measured in an anechoic
chamber, and the response expected in
a corner placement, the recommended
location for this system. Placed in a
corner, a speaker sees a much reduced
solid angle of radiation at low fre-
quencies. Thus, its efficiency is greatly
increased. This is cspecially important
for small-size systems. You can ex-
periment with various placements in
your home. You will probably be
quite surprised at the difference posi-
tions can make.

Impedance curves of the woofer
in free air and in the damped cabinet
are in Fig. 5. You can see that the
resonant frequency rose from 48 Hz
to 75 Hz. almost an octave. Tn addi-
tion, the height of the peak is sub-
stantially reduced. As explained, the
acoustic response of a speaker system
falls off at about 12 dB per octave
below the resonant frequency. From
Fig. 5, you can sce the resonant fre-
auency is at 75 Hz, and, sure enough,
from Fig. 4, the response starts to fall
off at just about that point.

The results of this little system

will amaze you. The sound is sur-
prisingly clean and live. The in-
struments of the orchestra are well

defined and project into the room.
This is attributable to the smooth
mid-range. Except for a dip and peak
in the response at 4 kHz and 6 kHz,
the response throughout the critical
mid-range is ecxtremely smooth and
well balanced compared with any sys-
tem. Couple this with adequate re-
sponse, again without any sharp vari-
ations, out to the limit of audibility
(16 kHz), and solid bass response
down to 60 Hz or so, and you have a
system to put many of its larger and
more costly brethers to shame.  R-E
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Join “THE TROUBLESHOOTERS”

They get paid fop salaries
n for keeping today’s

elecironic world running

Suddenly the whole wcrld is
going electronic! And behind the
microwave towers, push-button
phones, computers, mobile radio,
television equipment, guided
missiles, etc., stand

THE TROUBLESHOOTERS :
—the men needed to inspect,
install, and service these
modern miracles. They enjoy
their work, and get well paid
for it. Here’s how you can
join their privileged ranks—
without having to quit your jcb
or go to college in order

to get the necessary training.
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UST THINK how much in demand you would be if you
J could prevent a TV station from going off the air by
repairing a transmitter...keep a whole assembly line
moving by fixing automated production controls...pre-
vent a bank, an airline, or your government from making
serious mistakes by servicing a computer.

Today, whole industries depend on Electronics. When
breakdowns or emergencies occur, someone has got to
move in, take over, and keep things running. That calls
for one of a new breed of technicians—The Trouble-
shooters.

Because they prevent expensive mistakes or delays,
they get top pay—and a title to match. At Xerox and
Philco, they're called Technical Representatives. At IBM
they’re Customer Engineers. In radio or TV, they’re the
Broadcast Engineers.

What do you need to break into the ranks of The
Troubleshooters? You might think you need a college
degree, but you don’t. What you need is know-how—the
kind a good TV service technician has—only lots more.

Think With Your Head, Not Your Hands

As one of The Troubleshooters, you’ll have to be ready
to tackle a wide variety of electronic problems. You may
not be able to dismantle what you’re working on-—you
must be able to take it apart “in your head.” You’ll have
to know enough Electronics to understand the engineer-
ing specs, read the wiring diagrams, and calculate how
the circuits should test at any given point.

Learning all this can be much simpler than you think.
In fact, you can master it without setting foot in a class-
room...and without giving up your job!

For over 30 years, the Cleveland Institute of Electron-
ics has specialized in teaching Electronics at home. We've
developed special techniques that make learning easy,
even if you’ve had trouble studying before. Our AuTO-
PROGRAMMED® lessons build your knowledge as easily
and solidly as you’d build a brick wall—one brick at a
time. And our instruction is personal. Your teacher not
only grades your work, he analyzes it to make sure you
are thinking correctly. And he returns it the same day
received, while everything is fresh in your mind.

Always Up-To-Date

To keep up with the latest developments, our courses
are constantly being revised. This year CIE students are

NE WCOLLEGE-LEVEL
COURSE IN
ELECTRONICS
ENGINEERING

for men with prior experience
in Electronics. Covers steady-
state and transient network
theory, solid state physics
and circuitry pulse tech-
niques, computer logic and
mathematics through calcu-
lus. A college-level course for
men already working in Elec-
tronics.

getting new lessons in Laser Theory and Application,
Microminiaturization, Single Sideband Techniques, Pulse
Theory and Application, and Boolean Algebra.

In addition, there is complete material on the latest
troubleshooting techniques including Tandem System,
Localizing through Bracketing, Equal Likelihood and
Halif-Split Division, and In-circuit Transistor Checking.
There are special lessons on servicing two-way mobile
radio equipment, a lucrative field in which many of ou.
students have set up their own businesses.

Your FCC License—or Your Money Back!

Two-way mobile work and many other types of trouble-
shooting call for a Government FCC License, and our
training is designed to get it for you. But even if your
work doesn’t require a license, it’s a good idea to get one.
Your FCC License will be accepted anywhere as proof
of good electronics training.

And no wonder. The licensing exam is so tough that
two out of three non-CIE men who take it fail. But our
training is so eftective that 9 out of 10 CIE graduates
pass. That’s why we can offer this famous warranty with
confidence: If you complete a license preparation course,
you get your FCC License—or your money back.

Mail Card for 2 Free Books

Want to know more? Send for our 44-page catalog de-
scribing our courses and the latest opportunities in Elec-
tronics. We’'ll send a special book on how to get a
Government FCC License. Both are free—just mail the
bound-in postpaid card. If card is missing, use coupon
below.

ENROLL UNDER NEW G.I. BILL

All CIE courses are available under the new G.I. Bill. If
you served on active duty since January 31, 1955, or are
in service now, check box on card or coupon for G.I.

Bill information.

@ -
c. Cleveland Institute
of Electronics

1776 East 17th Street, Cleveland, Ohio 44114

Circle 26 on reader service card
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[ ——— e ————— _}
{ Cleveland Institute of Electronics |
l 1776 East 17th Street, Cleveland, Ohio 44114 l
| Please send me without cost or obligation: {
| 1. Your 44-page book “How to Succeed in Electronics” describing |
| the job opportunities in Electronics today, and how your courses can |
i prepare me for them. |
] 2. Your book on “‘How To Get A Commercial FCC License.” i
I | am especially interested in: |
| [ Electronics [] Broadcast [] First Class |
| Technology Engineering FCC License :
I [] Electronic [ Industrial [ Efectronics )
| Communications Electronics Engineering |
I |
N |

I s (PLEASE PRINT)
' |
: Address |
|
I City State Zip |
i (] check here for G. 1. Bill information. RE-70 ;
(B s S mevemeEees S m Sy [N |
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Under The Dash—
A SHORT-WAVE CONVERTER

Crystal-controlled, double-conversion setup added to your car radio lets you tune in the world

by LARRY LISLE, K9KZT
GETTING A LITTLE TIRED OF THE
sound-alike stations on your car's AM
radio? You're not alone, judging by
the soaring sales of FM radios, tape
players and other electronic gear for
in-car use. If you've been putting off

getting something better for your car,
why not invest $10 and a few hours
this weekend and try the short waves?

The short-wave broadcast bands
are unmatched for variety. You can
hear the details of the latest world
crisis direct from the capitals where

headlines are being made, relax to a
program of light comedy, enjoy Leon-
ard Feather’s latest jazz pick on Voice
of America and match wits with a
quiz program panel—all in a single
evening. And on a long trip, nothing
scems to make the miles pass as

PARTS LIST
Tube Converter
C1—220-pF ceramic-disc capacitor
C2—365-pF variable capacitor
C3—220-pF ceramic disc capacitor
C4—500-.F, 25-volt, electrolytic capacitor
C5—.005-uF ceramic-disc capacitor
C6—220-pF ceramic-disc capacitor
R1—2.2-megohm, 4-watt resistor
R2— 33,000 ohm, l5-watt resistor
L1—13 turns of %-inch diameter, 16 turns per
inch coil stock, (B&W 3011, or Air Dux
616,) or 13 turns of No. 20 solid, ptastic-
covered hookup wire, close wourd on 3%h-
inch form.
RFC1, RFC2—2.5-mH radio frequency choke
RFC 3-10-mH radio frequency choke
S1—spst switch
S2—dpdt switch
V1—12AD6 tube
XTAL—See text and Table |
MISC—Cabinet (Premier CA-1403, etc.) coax-
ial cable, plugs and sockets to match car
radio and antenna, tube socket, crystal
socket, wire, solder, etc.

Fig. 1—Pentagrid converter circuit, with
crystal-controlled oscillator section. C2
and the car receiver's tuning capacitor
are used for tuning international short-
wave broadcasts.
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quickly as an edge-of-the-secat who-
dunit program.

Converters intended for the com-
mercial short-wave broadcast bands
need not be elaborate since many
stations use extremely high power and
have very good directional antennas
beamed at North America

The two converters described
were designed for maximum simplic-
ity and ease of adjustment. T was
pleasantly surprised at their perform-
ance—in spite of their elementary
nature—and regularly use the transis-
torized version instead of an 8-tube
communications receiver for casual
listening at home. The tube version
resides under the dash of the family
car. Both were included to satisfy the
personal preferences of builders.

Operation and construction

The tube model in Fig. 1 is a
conventional pentagrid converter with
a few unusual features. First, the
oscillator portion of the circuit is
crystal controlled. This eliminates one
tuned circuit, and adds tremendously
to the converter’s stability when sub-
jected to varying voltages and vibra-
tion during mobile operation.

With a crystal-controlled oscilla-
tor, the incoming short-wave signal is
beat against the fixed crystal frequency

Capacitor C2 peaks the short-wave
input to the mixer. The mixer’s i.f.
difference signal (840-1250 kHz for
the 19-meter example shown) s
then tuned on the car radio, where
the variable local oscillator signal is
heterodyned with the 840-1250-kHz
variable i.f. signal to produce a fixed
i.f.

Another feature is the rf choke
instcad of a tuned circuit in the out-
put. Several arrangements of coil and
capacitor were tried, but none in-
creased performance enough to justify
the need for retuning when chang-
ing frequency. Components C4, RFC3
and C5 form a filter to reduce clectri-
cal noise from the car’s ignition system;
they are unneccessary if your power
source is lantern batteries or other
noise-free sources. In an exception-
ally noisy car it may be necessary to
add another rf choke and .005-uF
capacitor between this filter and the
electrical system.

Neither parts layout nor com-
ponent values are especially critical,
although mechanical solidity in mount-
ing parts and soldering connections
is a must for mobile equipment.
Good shielding, including coaxial cable
for input, output, and power lcads,
will reduce broadcast feedthrough and
ignition interference.

and the if. is variable (Fig. 2). The transistorized version in Fig.
840-1250 kHz Fig. 2 — Peaked
short-wave signal  ggjig.state  con-
is heterodyned gtryction used by
with selected crys-  the author at
CONVERTER CAR tal frequency. Var-  home. A number
15.040 - MIXER RECEIVER iable i.f. is then ot high-frequency
15.450 MHz tunedd[n on your  transistors are
car radio. suitable. Perform-
14,200 MHz ance may be im-
proved by varying
R1-R3 and other
XTAL component values
for transistor used.
XTAL R3 R2 Ql RI RFCI
» ®
. - & C3
s OUTPUT
®
cqa._ * -
; oo OV BATT
?;-L——»-}—
GND
Cll
‘ Ij!
ANT
APPROX
C2 SETTING
) S—— |
MARCH 1970
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3 functions similar to the tube
model. Transistors found to work
well include International Rectifier’s
TR-20, Motorola’s HEP-3, and RCA’s
SK3007. These transistors are univer-
sal rcplacement types, and should be
readily available. Other transistors
with a sufficiently high cut-off fre-
quency will also work well [Readers
may wish to try JFETS or MOS-
FETS.] '

Since battery drain is low, dry
cell operation is recommended; this
also climinates the need for the filter
described for the tube model. An
antenna switching arrangement has
been omitted from the schematic in
Fig. 3, and can ecasily be included if
desired.

Some increase in performance
may be obtained by substituting dif-
ferent values for bias resistors R1,
R2 and R3, since transistors may vary
somewhat in electrical characteristics.
The tap on L1 may also be adjusted
for maximum performance, as can C1
and C3.

How to tune

Using the converters is easy.
After connnecting antenna, car radio
and applying power, set the broadcast
radio to the portion of the dial into
which the short-wave signals will be
converted with the crystal you're
using.

Adjust C2 until signals are heard,
then rctune the broadcast receiver to
a strong short-wave station and ad-
just C2 for best reception. At first
it may be necessary to perform a bit
of two-handed juggling betwecn the
two controls until the correct position
of C2 is located for cach band. The
best time to tune up the converter is
during the evening hours.

By choosing suitable crystals, the
49-, 31-, 25- and 19-meter broadcast
bands can be covered with just two
crystals as shown in Table 1. Before
buying new crystals, however, check
those already in the junk box, since
many combinations are possible. For
instance, a channel 10 Citizens-band-
crystal (27.075 MHz), when operated
in the converter on its fundamental
frequency of 9.025 MHz, enables you
0 tune most of the 31-meter band.

Since there is only one tuned

TABLE 1
SAMPLE CRYSTAL FREQUENCIES

49 Meter Band (5.950-6.200 MHz)—Crystal
frequency:7.100 MHz, output:1150-900kHz
31 Meter Band (9.400-9.840 MHz—Crystal
frequency:10.7 MHz, output:1300-860 kHz
25 Meter Band (11.700-12.095 Mhz)—
Crystal frequency:10.7 MHz, output:1000-
1395 kHz

19 Meter Band (15.040-15.450 MHz)—
Crystal frequency:7.100 MHz (2nd har-
monic at 14.200 MHz used), output:840-
1250 kHz
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ANTENNA

7
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L
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1.~ EMITTER
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3.- COLLECTOR

4.- CONNECTED
TO CASE

Fig. 3—Transistor version of the converter. Filter is not needed.

circuit resonant on the short-wave
bands. some problems may be en-
countered with “images.” These will
seldom be a scrious problem, how-
ever, because of the high power used
by the broadcast stations. If your

favorite station happens to be on the
weak side, though, shifting the crystal
frequency slightly. or installing a trap
circuit tuned to the image frequency
between the antenna and converter
should reduce the interference.

PARTS LIST
Transistor Converter

C1—220-pF ceramic-disc capacitor

C2—365-pF variable capacitor

C3—100-pF ceramic-disc capacitor

C4—220-pF ceramic-disc capacitor

C5—.005-uF ceramic-disc capacitor

R1—5600-ohm, 4-watt resistor

R2—2700-ohm, 4-watt resistor

R3—1000-ohm, VY;-watt resistor

L1—13 turns of 3-inch diameter, 16 turns per
inch coil stock, (B&W 3011, or Air Dux
616) or 13 turns of No. 20 solid, plastic-
covered hook-up wire, close wound on 3.
inch form, tapped midway between center
and ground end.

RFC1—2.5-mH radio frequency choke

Ql1—See text

B1—9-volt transistor battery

S1—spst switch

XTAL—See text .

MISC.—Cabinet, fiber circuit board, coaxial
cable, plugs and sockets to match those
on car radio and antenna, crystal socket,
battery connector, battery clip, wire,
solder, etc.

Broadcast feedthrough may be a
problem with strong local broadcast
stations, and it is wise to take this into
account when selecting crystal frequen-
cies. The converter may be used to
monitor WWV, the 40 or 20 meter
amateur bands, or other segments of
the short-wave spectrum if suitable
crystals are used. R-E

SMALL-COMPONENT BREADBOARDS

The problem of breadboarding
experimental circuits is becoming
more acute as transistors and other
miniature components shrink towards
the vanishing point. The short leads
on TO-18 type cases and epoxy-bead
transistors admit to one-time only
soldering, if that.

The following system is based
upon Bakelite screw terminals of the
Cinch-Jones variety, and has proved
very satisfactory in conserving leads
and heat-sensitive components. These
terminal strips come in threc sizes:
Series 140, 141, and 142. The first
two, using 5-40 and 6-32 binding head
screws, are the most convenient, and

cost around twenty cents for a three-
terminal unit.

A three-terminal Series 140 strip
uscd to mount small-signal transis-
tors. A white card is cemented to the
bottom of ecach strip, covering the
screw holes against accidental contact

from metal table tops, etc. The emit-
ter, base, and collector terminals are
identified with India ink. The pair of
holes at each end of the strips allow

casy fastening to breadboards or to
metal chassis.

The use of these terminal strips
is by no means limited to transistors,
as shown in the photo. A IN561 rec-
tifier is mounted on a Series 141 strip,
with a 300,000 ohm potentiometer
attached to a 140 strip. The pot is an
Ohmite type AB unit and its leads
conveniently fasten under the 5-40
binding-head screws. A calibrated card
dial gives resistance valucs at a glance.

These handy terminal strips are
available with up to twenty-one ter-
minals in the 140 Series. Whole fami-
lies of transistors can be set up, as
well as decade resistors, condensers,
and multi-tapped  transformers.—
F. W. Chesson R-E

Islip, L.I., N.Y. 11722

by TOM HASKETT

TOOLS FOR ELECTRONICS

This issue, starting on the facing page, is the next part of our new series of articles on tools
for electronics. It starts our description of soldering tools. Next month we will continue the
series with the next section of the article on soldering tools. We believe you will find all
of this material a handy, practical addition to your R-E Reference Manual.

If you wish you can purchase a special hardcover binder to keep your Reference Manual
pages together. It has a dark blue fabric cover and is gold stamped Radio-Electronics Ref-
erence Manual. The cost is $1.00, postpaid. Order from N. Estrada, 17 Slate Lane, Central

i
:
»
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SCREEN SYMPTOMS AS GUIDES
SYMPTOM PIC DESCRIPTION

Pic purple and
monachrome, or
no color if
killer set deep

Color makes
bars across
the screen

No color
regardless of
killer setting

Phase toward
blue end

Use this guide 10 help you find which key voliage or wave-
form to check first, or to guide you to the causes of
symptoms that don’t have voltage or waveform clues.

Study the screen and the action of the Color Killer control.
The most helpful clues to the fault are found at the key
test points indicated.

MARCH 1970

VOLTAGE

Screen-pin-3
Plate-pin-6

plate-pin-1
screen-pin-3

not much help

not any help

6GHS8A reactance-controiled
| color oscillator

WHERE TO CHECK FIRST
WAVEFORM

PART

Cco
R7
R8

not much help

C3
C5
R3

not much help crystal tube

not any help

Make voltage or waveform checks when indicated for
screen symptoms.

Use the Voltage Guide and Waveform Guide to analyze
results of those tests.

For a quick check, test or substitute the parts listed as the
most likely cause of the symptoms.

57

WWW.americanradiohistorv.com



www.americanradiohistory.com

THE CIRCUITS

THE CW OSCILLATOR IN A COLOR SET PROVIDES AN AC-
curate 3.58-MHz subcarrier for reinsertion at the color
demodulators. The chroma sidebands nced something to
beat against.

This 3.58-MHz oscillator is a popular pentode ver-
sion. It’'s a form of clectron-coupled Pierce circuit,
characterized by crystal fcedback from screen to grid.
Although the 3.58-MHz crystal sets approximate fre-
quency, precise frequency and phase are determined by
the reactance-control triode and its plate inductance, L1.
They act as a variable load on the crystal, warping its
frequency to lock it in on the color-sync signal from the
transmitter. The controil stage gets a dc voltage from the
color-sync phase detector whenever any phase error exists
in the oscillator.

SIGNAL BEHAVIOR

The only signal directly involved here is the one generated
by the oscillator stage. The screen grid (pin 3) of the
pentode acts as the plate of the Pierce oscillator. Some of
the signal is fed back through the crystal and C6 to the
pentode grid to sustain oscillation. The feedback path is
frequency selective because of the crystal. So, the stage
oscillates only at 3.58 MHz.

The control stage (sometimes called reactance stage)
is dc operated. Its only effect on signals is through its
loading of the crystal. It varies the apparent value of L1
and “fine tunes” the crystal frequency.

Bypass capacitors C5 and C3 keep L1 and the tubc
decoupled for signals. C1, C2 and RI are an anti-hunt
network. Their time constant keeps the control stage
from being oversensitive to inconscquential variations that
come from the phase detector.

The plate is the output element. That isolates the
output from the oscillator feedback circuit. However, C9
feeds a signal sample back to the phase detector. (There,
it is compared with the color-sync burst; the resulting dc
controls the triode-reactance stage.) Tuned transformer
T1, decoupled by C8, couples the phase-accurate 3.58-
MHz signal to the color demodulators.

The capacitor at screen-pin-3 isn’t for decoupling.
It isn’t large enough. It’s merely part of a signal divider
that holds the amount of feedback down to a stable level
(C6 and the crystal make the other part of that divider)

DC DISTRIBUTION
Both tubes get operating dc from a 320-volt dc line.

Plate voltage for the triode stage comes through R5 and
L1. For the pentode oscillator, plate voltage comes through
R8 and T1 and screen voltage comes through R7.

Bias for the pentode develops through grid-leak action
across R6. The cathode is grounded.

The triode is sclf-biased from current through R3.
Most of that current is what flows through the tube; a
small amount of it comes from R4, which makes a dc
voltage divider with RS and R3.

You can’t seec the dc return for the triode grid. It
is through R2 and thc phase-detector stage; the latter
isn’t shown.

SIGNAL AND CONTROL EFFECTS
The station signal has little measurable effect on dc
voltages and waveform amplitudes in these stages. Of
course, it does affect the phase of the cw signal, but you
can’t see that on your scope.

When a trouble occurs, the color killer has a certain
bearing on what screen symptom you see. Leave the
control turned (usually clockwise) so chroma can get
through to the demodulators. The voltage and wave-
form clues from the charts mean more if you do that.

Sometimes turning the tint control helps you diagnose
a fault from the screen symptom. The main thing to
notice is whether it alters color on the screen.

QUICK TROUBLESHOOTING
Clip a shorting jumper from pin 9 to ground. That
isolates the color oscillator and control stages from the
cffects of the phase detector. Turn the color killer
control down and then up. Try adjusting LI and TL.
Horizontal bars of color should float slowly or stand still
in the picture

Then use your scope to check the output of T1. You
can sync the scope at its TV-horizontal rate (about 5 or
8 kHz) or so it locks in several cycles of 3.58-MHz sine
wave. Output should be 10-15 volts p-p.

If the oscillator is dead, and the only dc clues on
the pentode arc thosc caused by the oscillator’s quitting
(low plate and screen voltage), try a new crystal. It and
the tube are the most likely causes of a dead or inter-
mittent oscillator.

If the color bars are there, but tuning L1 can’t
stablize them, try a new crystal; the old one may be
off frequency. Or, check CS5; it may be open. Or, check
C9 and C10 by substituting good capacitors. Beyond these
hints, use the dc voltage troubleshooting charts; they’re
more helpful in this stage than signal waveforms. R-E

(waveforms on page 60)

DC FROM
PHASE
DET
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DC VOLTAGES AS GUIDES

Voltage change to zero very low low slightly low slightly high high
Plate-pin-1 R5 open C4 leaky R3 low C5 open R3 open, high
Normal 85V C5 shorted C5 leaky R4 open

L1 open C6 leaky R5 low
Cathode-pin-8 triode R5 open R3 low R4 high R4 low R3 open, high
Normal 3V C3 shorted C3 leaky C5 open, C4 leaky R5 low
C5 shorted C5 leaky leaky
L1 open C6 leaky
Grid-pin-2 pentode C4 leaky R2 open R6 low R4 open R5 open R3 open
Normal —2V *C6 leaky R7 open R7 high C5 open
C1 open C6 open
C6 open, XTL dead
leaky
Screen-pin-3 pentode R7 open R2 open C1 open C5 open R7 low
Normal 125V C7 shorted R6 low C4 open,
R7 high leaky
R8 open C6 open
C6 leaky XTL dead
C7 leaky
C8 shorted
T1 pri open
Plate-pin-6 pentode R8 open R7 iow R7 iow R2 open R8 low R7 open, high
Normal 200V C8 shorted R8 high C4 open C7 leaky C7 shorted
T1 pri open C6 open | C6 open
C8 leaky
XTL dead
*or positive

Use this guide to help you pinpoint the faulty part.

Measure each of the five key voltages with a vtvmn.

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

Notice which parts might cause that change.

Finally, notice which parts are repeated in the other volt-

MARCH 1970

age changes you find.

Test those parts individually for the fault described.

NOTE: For more guides to narrow down the faulty part
further, see Waveform Guide.

NOTE: Dc voltages at other points in this stage are mis-
leading for diagnosis, so are not a part of this guide.
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WAVEFORMS AS GUIDES
WF 1 Normal 20 V p-p

This is taken at plate-pin-1 of the control triode. It is the 3.58-MHz sine wave from the
oscillator, with some modulation that comes from the phase detector. The waveform
is locked in with the scope sweep near 500 kHz, which most modern service scopes can
manage. Sometimes, schematics show this waveform as you see it below, with the scope
set at the TV-horizontal rate-near 5 or 8 kHz. The cycles are not distinguishable, but you
can see the “overlap’’ caused by the modulation.

Vp-p low V p-p high V p-p zero
C4 leaky R8 open, R6 v.low
C7 open high R7 open,
C8 shorted high
T1 pri R7 v.low
open C6 open

C7 shorted, Sco'pe at 20 Vp-p 7 Vpp 25 Vp-p

low horizontal Cl open C4 leaky R3 open

XTL dead RO

C4 open

WF 2 Normal 7 V p-p

This is the 3.58-MHz sine wave made by the pentode oscillator, taken at grid-pin-2. As
you can guess from the absence of waveforms with changed shapes, this waveshape
doesn’t alter much when trouble occurs anywhere in either stage. With the scope sweep
at about 500 kHz, the sine waves are clearly defined. At the scope’s TV-horizontal sweep
rate, you see the cw waveform below. For troubleshooting, be more concerned with
amplitude than with shape.

Vp-plow V p-p high V p-p zero
R4 high R3 open R2 open
Cl open R8 open R6 v. low
R8 high R7 open,
C4 open high
C8 open R7 v.low
C8 shorted C4 leaky
T1 pri C6 open Sco‘pe e
open C7 low, horizontal
shorted
XTL dead

WF 3 Normal 5 V p-p

This is the output waveform at plate-pin-6 of the crystal-controlled Pierce oscillator. The
output is electron-coupled. That is, the screen is the true oscillator plate and the tube's
electron stream is modulated by the 3.58-MHz oscillations. This waveform isn’t much of
a troubleshooting aid when there’s trouble. But it does offer a sure clue to an open C7,
as you can see from the strange waveshape below. For other faults, you get more clues
from other waveforms.

V p-p low V p-p high V p-p zero V p-p zero
C7 open R2 open C7 low,
R6 v.low shorted
R7 open, C8 shorted
high T1 priopen
R7 v.low XTL dead
i R8 open, Scope at 18V p-p
I high horizontal C7 open
Cl open
C4 open,
leaky
C6 open,
leaky

Use this guide and the Voltages Guide 10 help you pin down Note amplitude. 1f it’s low or high, check parts under those

fault possibilities.

Use the dircct probe of the scope. Connecting the scope
alters whatever symiptom you see on the screen, but ignore
that when you’re checking waveforins.

Check the three key waveforms. The scope sweep should be
set at about 500 kHz, to show six or seven cycles of the 3.58-
MHz sine wave.

60

columns.

Note waveshape. If there’s a change that matches one shown,
check the parts indicated.

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

NOTE: All waveforms in this guide are taken with a color
program from a local station tuned in.

RADIO-ELECTRONICS
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New patient-monitoring systems
and 3-D X-ray machines may
one day save your life.

by FRED W. HOLDER*

IN 1895, PROF. WILHELM ROENTGEN GAVE THE MEDICAL
profession one of its most valuable diagnostic instruments
when he discovered the “X-ray.” Less than a decade later,
in 1903, Prof. William Einthoven’s experiments with elec-
trical currents in the human heart led to the development
of today’s electrocardiograph (ECG).

Dr. Hans Berger applied the principle of the ECG to
the measurement of brain waves in 1929 when he built the
first electroencephalograph (EEG) and made tracings of
the brain-wave patterns of himself and his family. His in-
vention came befere its time; the medical profession wasn’t
ready to accept the theory that the brain could send out
electrical impulses. As late as 1941, Dr. Berger's machine
was still considered only “a promising tool” for diagnosis
of cerebral diseases.

Although these first machines were hardly €lectronic
in operation, their present-day versions are totally elec-
tronic. They were made possible largely because the human
body is a complex electrochemical machine. The brain, in
operation, generates electrical signals and sends them out
along the telephone lines (nerves) of the body to initiate
complex bodily actions. A tiny nerve shoots electrical im-
pulses into the heart muscle to maintain the rhythmic beat
of the heart. If this nerve is damaged, the heart slows
down or stops.

The transistor and other solid-state devices have
boosted development of complex instrumentation in our
space program, and have had a tremendous impact on
medical electronic instrumentation. Telemetry, used exten-

:Btndix Field Engineering Corp.
MARCH 1970

sively to return data from spacecraft, now transmits data
on a patient’s well-being to distant locations for diagnosis.
Instrumentation techniques developed over the past few
years allow the handling, monitoring and recording of
many vital physiological parameters.

Eefore the doctor can prescribe treatment for a pa-
tient, he must first determine what is wrong. In most cases
this is done with a few simple instruments. In more com:-
plex illnesses, however, the doctor may need information
that can be obtained only in a laboratory or hospital. Let’s
see how some of these electronic devices are helping the
doctor to do his job.

N-ray systems

X-rays are high-frequency electromagnetic radiations
with an extremely short wavelength (less than 1/10,000
of the wavelength of light). They pass through certain
substances more readily than through others. Thus, when
X-rays pass through the human body, they cast shadpws
of its various structures and organs onto a sensitized plate
(generally a photographic negative or fluorescent screen).
These internal bodily structures may then be studied by
the doctor or specialist, known as a radiologist.

X-ray operations fall into three general categories:
(1) radiography in which X-rays expose a phatographic
plate; (2) fluoroscopy in which X-rays activate a fluores-
cent screen: and (3) tomography, or X-raying of selective
sections of the body, in which the X-ray source moves
through a given arc in one direction during exposure while
the film moves in the opposite direction to eliminate shad-
ows of body structures before and behind the section un-
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der scrutiny by the x-ray specialist.

General Electric’s Telegem diagnostic X-ray system
combines fluoroscopy and radiography as well as tomogra-
phy. This system consists of a fully shiclded, pivoting con-
trol console, a 90° to 15° table with powered lateral and
longitudinal patient movement, and a closed-circuit TV
system and monitor for fluoroscopy. The X-ray tube is
mounted over the table on a telescoping stand: the tube
may be tilted with respect to the table to permit radiogra-
phy and fluoroscopy at oblique angles, or angulated for

Triple  exposure
shows how GE's
Telegem X-ray
system moves

through 40° arc
so doctors can
“‘see around”’
bone structures.

Enhancing and
magnifying areas
of X-ray film is
possible with the
GE Explorex radio-
graph, aiding diffi-
cult diagnoses.

electro-
can

Portable
cardiograph
be carried to pa-
tient’'s home. Sol-

id-state circuits
guard against haz-
ardous currents.
This is Hewlett-
Packard's Model
1500A.
Fig. 1—Typical
ECG waveform for
healthy heart. The
R small, rounded

pulse prior to the
dip at Q indicates

auricular contrac-

AL \ Eoy tion, while the
\ y QRS waveform re-

/ lates to wventricu-

Q lar contraction.

The small rise af-
S ter point S corre-
sponds to the end
of the ventricular
systole action.
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tomography. This system is the first remote-control diag-
nostic X-ray system available in the US that incorporates
linear tomography. To accomplish tomography, the X-ray
head passes through an arc of 40°, from - 20° to + 20°
(photo). The radiologist can also select a —5° to + 5
angle; depth range is from O to about 8.6 inches.

Fluoroscopy has an advantage over radiography in
that the radiologist can watch bodily functions in action.
In earlier versions of fluoroscopes, observations had to be
made in a dark room because the shadow images were
too faint for eyes accustomed to daylight.

By applying the techniques of closed-circuit TV to
the Telegem fluoroscopy functions, this problem is largely
eliminated. In this application, X-rays are shot through the
patient to a television camera, available in either standard
525-linc or 875-line scan rate, with a contrast-improving
circuit. The area to be X-rayed can first be viewed through
the fluoroscope and then quickly switched to radiography
for a permanent photograph.

GE’s CFPD (Cine Fluoro Physiological Display) de-
vice permits simultaneous display of both the fluoroscopic
image and patient physiological data on a television moni-
tor. The data may also be recorded on motion-picture film
or video tape.

Physiological data are presented in the lower right-
hand corner of the TV image area and may contain up to
four channels of monitored physiological data such as
ECG, phonocardiograms and differential blood pressure
readings.

Traditional methods of correlating monitored data
with film are difficult and incxact, because it is difficult to
obtain exact synchronization between the film frames and
the physiological data. GE predicts CFPD will find clinical
applications in cardiovascular procedures. In determining
valve damage, for example, differential pressure readings
are directly correlated with specific phases of the heart
cycle, an important aid in identifying the location and ex-
tent of damage. Normal and abnormal patterns of con-
traction are directly compared with film frames.

GE’s new Explorex radiograph intensifier permits a
radiologist to enhance and magnify critical areas of an
X-ray film. With full control of the ecnhancement tech-
niques at his fingertips, the radiologist can now extract in-
formation from film that previously could not be obtained
by other means of illumination or magnification. The new
system can be used to study all types of radiographs,
and may be useful in difficult diagnoses such as detection
of tumors. vascular anomalies. gallstones, kidney stones
and thoracic disorders.

Another form of X-ray photograph cnhancement is
being developed from space program techniques. For sev-
eral years NASA’s Jet Propulsion Laboratory in Pasadena,
Calif., has been using digital computers to enhance the
clarity of pictures returned from spacecraft. Early in 1966,
JPL, in cooperation with the NASA Technology Ultiliza-
tion Division. began investigating the technique to clarify
medical and biological X-rays. The results have been very
promising, enabling doctors to get clearer views of details
that otherwisc might be lost or overlooked.

Electrocardiograph

The electrocardiograph, normally referred to as an
ECG, mecasures bioelectric currents generated by a beating
heart and records them as a graph on moving recording
paper. Information is gathered from clectrodes placed on
various parts of the body and fed into the recording device
where they are combined, amplified and used to drive a
pen-type plot recorder. The plotted output recording is the
electrocardiogram (ECG). Fig. 1 shows a typical QRS
(ventricular contraction) complex ECG waveform of a
healthy heart.

When a patient’s normal ECG is compared with his
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abnormal ECG, the cardiac diagnostician can learn a great
deal about the patient’s heart condition. Even without the
normal ECG, the diagnostician can interpret the tracings
on the ECG and partially diagnose the patient’s heart con-
dition if nccessary.

Early versions of the electrocardiograph were so
bulky they could not easily be moved to a patient’s bed-
side. The transistor has helped to solve this problem by
reducing the size and weight of the units. Small portable
units such as the Hewlett-Packard Model 1500A portable
electrocardiograph (photo) weigh only 22 Ib, and the
physician can take the unit to the patient’s home.

Another member of the ECG family is Hewlett-Pack-
ard’s Cardiotocograph. This unit continuously monitors
and records fetal heart rate to indicate tetal distress during
labor activity. At the same time, the unit records on a
strip chart a second trace that corresponds to labor ac-
tivity, showing the relationship between stresses caused by
uterine contraction and fetal heart rate.

A single 1-Ib transducer capsule, held in place on the
mother’s abdomen by an elastic strap, contains two trans-
ducers: a microphone that picks up fetal heart sounds, and
a spring-loaded plunger that responds to abdominal ten-
sion.

Electrical filters remove most of the interference and
other sounds that often obscurc fetal heart sounds. The
electronic circuits then measure the time intervals between
four successive beats; only beats establishing definite time
relationships are used for the measurement. The inclusion
of an indication of labor activity makes it possible for the
physician to diagnose fetal distress from heart patterns
that may appear normal when considered by themselves,
The new unit may be used as early as the sixth month of
pregnancy to help diagnose potentially critical cases even
before labor begins.

Patient-monitoring instrumentation

Patient-monitoring instrumentation plays its greatest
role in the coronary care unit, the intensive care unit and
the recovery room. Intensive care, aided by electronic
monitoring instruments, does not replace the nurse or any
member of the hospital stafl. Actually, it supplements the
stall and increases the nurse-to-patient ratio.

Also, in terms of patient care, such instrumentation
greatly decreases the mortality rate of patients. No two
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patient-monitoring or data-acquisition centcrs are exactly
alike. Fig. 2 illustrates a typical patient-monitoring and
recording system. A particular installation may have more
or less capability than that shown, since the systems are
generally modular in nature and structured to meet par-
ticular requirements.

For example, one Honeywell patient monitoring sys-
tem is designed to monitor the basic body functions of a
patient such as ECG, heart rate, blood pressure, tempera-
ture respiration and related biomedical information. It dis-
plays this information in several forms (ECG’s on oscillo-
scope and recorder) to permit the medical staff to deter-
mine quickly the condition of the patient.

The complete system consists of one or more bedside
units, a central station and related accessories such as
leads, electrodes and transducers. The basic bedside unit
contains an ECG monitoring channel and oscilloscope for
data display, cardiotachometer to detect beat-to-beat heart
rate, a precision-meter display unit with high and low ad-
justable alarm settings and a kevboard containing indica-
tors and controls.

Alarm circuitry in the bedside unit sets off a visual (or
audible) signal when a patient’s heart rate exceeds preset
high or low limits. An indicator button flashes with each
heartbeat and can be activated to provide an audible beep
with each QRS portion of the ECG waveform. The cen-
tral station of this system consists of one or two large
multitrace oscilloscopes to display data from up to eight
individual bedside units simultaneously, a direct-write re-
corder with automatic selection, and keyboard indicators
and controls identical to those in cach bedside unit.

A recent Honeywell development, the mobile “shock
cart.” contains clectronic monitoring and measuring equip-
ment to gather information vital to treatment of patients
suffering from shock (see photo). The unit consists of
multiple transducers to measure blood flow. intravascular
blood pressure, electrocardiogram and other parameters
associated with shock. Also included are a multichannel
oscillograph for immediate and permanent recording of
the physiological information and a variety of signal-con-
ditioning equipment required for measuring critical data.

Both General Electric and Hewlett-Packard manufac-
ture highly flexible, modular lines of patient life-protection
equipment for cardiac and gencral intensive care units.

(continued on page 94)

.

X-Y GRAPHIC
DISPLAY

b
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Fig. 2—Patient-monitoring systems like
this one are saving many lives by spot-
ting small but critical changes in patient
life functions. System are modular.

Mobile “‘shock cart’’ made by Honeywell

(,‘_’fi'«') can monitor information vital to treat-
ment of patients suffering from shock.
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Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
g0 in a layoff.

But, if you supplement your experience with more
education in electronics, you can become a specialist.
You'll enjoy good income and excellent security. You
won’t have to worry about automation or advances in
technology putting you out of a job.

How can you get the additional education you must
have to protect your future—and the future of those
who depend on you? Going back to school isn't easy
for a man with a job and family obligations.

CREI Home Study Programs offer you a practical way
to get more education without going back to school.
You study at home, at your own pace, on your own
schedule. And you study with the assurance that what
you learn can be applied on the job immediately to
make you worth more money to your employer.

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
below or write: CREI, Dept. 1403A, 3224 Slxteenth
Street, N.W. Washmgton D.C. 20010.

Founded 1927

CRET

Accredited Mamber of the Netionsl Home Study Covacti

EMPLOYED BY

TYPE OF PRESENT WORK__ O G BILL

| am interested in

O Electronic Engineering Technology O Computers

O Space Electronics O Nuclear Engineering Technology
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McGraw-Hill Book Company |

Dept. 1403A, 3224 Sixteenth Street, N.W. |
Washington, D.C. 20010

Please mail me FREE book describing CRE! Programs. | I

am employed in electronics and have a high school education. l

NAME AGE |

ADDRESS :
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These solid-state modules automatically detect and display
body temperature, venous blood pressure, arterial pressure
characteristics and heartbeat rate and rhythm. Therapeutic
treatment can also be automatically performed through
electric stimulation (or pacing) of heart muscles to restore
and maintain normal heartbeat.

A unique feature of the GE system is QRS detection
and display which minimizes “‘false alarms” by filtering out
false signals of both physio'ogical and clectrode origins. It
incorporates a detection circuit which recognizes only the
QRS-complex wavetorm and rejects all other ECG waves.
The detection circuit is tuned to recognize the dominant
frequency of the QRS waveform in much the same way a
radio receiver is tuned to a particular radio station.

A new twist in coronary-patient monitoring has grown
out of our space program. The Schaefers Ambulance Ser-
vice in Los Angeles has adapted for ambulance use NASA’s
technique for measuring heart-rate information of test pi-
lots. If the patient gives permission, attendants attach small
bare wires to the patient’s chest with a special gun that
sprays and drys a silver-glue combination. This process
takes about 2 minutes and eliminates the need to shave the
chest and attach bulky clectrodes.

Mecasurements of the patient’s heartbeat are picked
up by the instrumentation in the ambulance and relayed,
as an audio tone, via short-wave radio and telephone to
the UCL.A Medical Center.

A nurse in the emergency room at the medical center
receives the information and feeds it into a standard ECG
recorder where it is visually displayed for the doctor await-
ing the patient’s arrival. This advance information allows
the doctor to make necessary hospital preparations and
save valuable seconds after the patient arrives.

Cardiac pacemakers

The human heart beats 37 million times a year, or
during a normal activity level 68 to 70 times a minute.
The heartbeat rate is controlled by the brain. A tiny nerve
pulses the heart muscle with an electrical impulsc for each
heartbeat. 1f this nerve is damaged or destroyed, the heart
will slow down or stop completely. The latter case, known
as Stokes-Adams disease, was once inevitably fatal.

These machines
monitor, contro!
and record the
temperature in
the incubator for
infants.

Pacemaker  aids
or substitutes for
heart nerve im-
pulses. This HP

7804A can record
how many pulises

have been de-
manded in a set
time.
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The cardiac pacemaker has enabled life to continue
for many individuals who otherwise would have died. The
pacemaker shoots electrical impulses into the heart to
maintain its proper beat. This electronic signal repiaces the
clectrical signal which the heart-rate nerve normally pro-
duces.

When the patient is in the intensive-care ward, a car-
diac pacemaker such as Hewlett-Packard's 7804A may be
used. This unit not only delivers pace pulses “on demand”
(that is, when the heart nerve fails to provide a pace
pulse), but will keep track of how many pace pulses have
been demanded during a given period of time. The coun-
ter is graduated from i to 15, because clinical experience
has shown that if more than 15 pace pulses are required
within a period of several hours, the patient needs con-
tinued use of the pacemaker.

If the patient requires heart pacing continuously for
the rest of his life, a tiny pacemaker is generaily implanted
in his bodyv. The first such device was installed in a human
in 1960. Since then, as estimated 25,000 units have been
installed in people ranging from a 6-month-old infant to a
94-year-old man. A housewife, who has had a pacemaker
since she was 17, recently gave birth to a normal, healthy
daughter.

The tiny pacemakers. manufactured by GE, consist
of a generator with the necessary electronic circuitry to
produce pulses at the correct ratc and two electrodes
which are attached to the heart muscle. The units. pow-
ered by long-life mercury batteries. arc generally set to
pulse 70 times a minute for older patients; however, GE
also makes a unit which can be adjusted up to 85 puises
per minute for younger or more active heart patients.

Until recently, installation of these units required a
major operation in which the patient’s chest was opened,
electrodes attached directly to the heart muscle, and leads
run under the skin to the generator unit. The generator
usually was located cither in the stomach area or under the
arm. Such an operation can be quite serious if the person
is elderly or very il

A new instaliation technique has been developed
which allows the unit to be installed with only local anes-
thesia and without opening the chest cavity. The electrodes
are now inserted through a vein into the heart cavity and
then connected to a gencrator implanted under the arm
The tiny clectrical pulses from the generator are trans-
mitted through the blood to the heart muscle to stimulate
a regular beat.

According to GE, doctors believe the pacemaker
principle may eventually be applied to regulating such
common ailments as high blood pressure, diabetes and gall
bladder disorders.

Servicing medical electronics equipment

Service on medical electronic equipment is a major
problem. The number of suppliers is large (over 1200)
and the market area covers the entire world. Large com-
panies having an extensive product line can support a ficld
service organization. GE, for example, has a stafl of 600
technicians to service their X-ray equipment. Where such
service is not available locally, hospitals and doctors must
cither attempt repairs themselves. bring in factory techni-
cians with attendant costs and lost time, or return the unit
to the factory. In the first two cases calibration is usually
not accomplished even though the fault is repaired.

Bendix Commercial Service Corp. has opened medi-
cal service centers ncar Beltsville. Md., and Chicago. Thesc
centers offer a three-phasec maintenance program to hospi-
tals: (1) periodic inspection and servicing of equipment to
prevent breakdowns and improve operation, (2) periodic
certification and calibration to manufacturer’s original
snecifications, and (3) 24-hour, short-notice, emergency
repair service. R-E
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by ROBERT L. GOODMAN

IC'S—-THOSE ~ MICROMINI  CIRCUITS
spawned by the space age—are rap-
idly being applied to consumer clec-
tronics. Television manufacturers can
now go directly from tubes to IC’s,
skipping “ordinary” transistor circuits.

For the set owner, this type of
receiver will mean cooler operation,
compact size, more reliability, and
eventually a less expensive product.
But what will this drastic change
mean to the electronic service techni-
cian?

One good “spin off” is that the
days of the tube jerkers and the *“did-
dle stick” jockey will be numbered.
New techniques and troubleshooting
methods will have to be developed
for IC testing.

Testing the IC ‘chip’

Because many components in
devices using IC’s are on the “chip”
fewer tests can be made. Most volt-
age, resistance and capacitance
checks, for example, won’t be effi-
cient or practical.

One way to troubleshoot devices
containing IC’s is to use an oscillo-
scope for signal tracing and a pulse
or square-wave generator for signal
injection. In the modern electronics
shop, the triggered scope and pulse
gencrator replace the voltmeter and
sine-wave oscillator of yesterday as
detector and source. A television
analyst can also be used to inject
pulses into sync stages using IC’s.

IC’s are more reliable than vac-
uum tubes, have no cathodes to wear
out, vacuum to lose (if a plastic
encapsulated unit), or any mechanical
electrode structures to vibrate. How-
cver, even though better processing
and more reliability checks are being
performed, IC’s can and do fail.

IC defects can be caused by both
electrical circuit and mechanical
abuse. Tests on IC’s are unlike those
for other components, because an IC
is not a component but a functionalt
circuit in itself. Manufacturing faults
may become apparent after a few
months of operation. For example,
an internal short may be caused by a
slow chemical reaction or inadequate
activation. Contamination is another
defect that may not show up for
months.

The external electrical circuit
can cause IC failure if some outboard
component defect causes cxcessive

voltages or insufficient bias. Obvious-
ly, IC’s cannot be repaired, so it’s no
use trying to locate the defective in-
ternal component. The technician’s
job is to positively determine that the
IC is defective, and whether the de-
fect was caused by an outboard com-
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TV On A Chip

Servicing receivers with integrated circuits requires special
troubleshooting knowhow and techniques. An expert describes some
current and experimental circuits on a ‘chip’
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Fig. 1—Circuit of the uA737 demodulator used by Zenith. Opposite-phase color
signals are applied to amplifiers Q11-Q12 and Q13-Q14. Q3-Q6 and Q7-Q10
receive the 3.58 MHz reference. Q19, Q20 and Q21 are emitter followers.

Fig. 2—Color demodulator circuitry utilizing the pA737 with its two double-bal-
anced synchronous detectors. Faulty color difference signals at pins 7, 8 and 9
may indicate the IC is faulty. Bad IC may also have incorrect voltages on pins.
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different 1C stages with a triggered
scope. This is a fast and positive
troubleshooting method.

ponent malfunction in the circuit.

IC chips, ficld effect transistors
(FET’s) and unijunction solid-state
devices cannot be accurately tested
and may be damaged by transistor
checkers most service shops now use.
Check out these devices in the oper-
ating circuitry by injecting a test
signal and tracing the pulse through

An IC color demodulator
Fairchild has developed an IC,
designated wA737, for Zenith color
receivers. It contains two double-
balanced synchronous detectors that
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Fig. 3—Audio circuit in RCA CTC 40 color chassis with a single IC for i.f. amplifi-
cation, detection and predriver. Triangles represent functions, respectively.
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Fig. 4—Internal circuitry of the RCA audio IC. See Fig. 3 for pin connections
to each of the three audio functions. D2-D5 are the ratio-detector diodes.

Fig. 5—Basic automatic fine tuning Fig.  6—Discriminator/amplifier of
system used in the RCA CTC 40 chassis. the aft system shown in Fig. 5.
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couple to a matrix in which the de-
sired color difference signals are de-
veloped (Fig. 1). Note in Fig. 2 that
the output of the second color ampli-
fier is coupled to IC2, providing a
stable, double-balanced demodulator
and amplifier for the color signal.
The “chip” is mounted in a case that
plugs into a conventional 9-pin minia-
ture tube socket, and is keyed with pin
numbers accordingly.

Two chroma signals of opposite
polarity (0.2 volt) are coupled to
terminals 2 and 3 of IC2. Color dif-
ference signals of G — Y, R — Y and
B — Y appear at terminals 7, 8 and
9, respectively. Oscillator injection
reference (3.58 MHz) is injected
at terminals 4 and 5. A scope will
tell you if the IC or some outboard
component is defective. Also, if the
IC is faulty, you may find incorrect
voltage readings at the terminals.

Although the chroma output of
second color amplifier Q8 at the col-
lector is approximately 6 volts, the
stepdown for impedance matching of
the second color amplifier transformer
(T34) results in approximately 0.2
volts to terminals 2 and 3 of IC2.
A power input supply of 24 volts is
applied across terminals 6 and 1.

Amplification of the IC is great-
er than 10, providing adequate signal
amplitude at the color difference am-
plifier grids. The operation of the IC
is such that the second harmonic
(7.2 MHz) of the 3.58-MHz signal
is trapped in the output circuit by
coils .39, L45, and L51 in the out-
put circuit, which provide a high im-
pedance at 7.2 MHz. (The 3.58-MHz
fundamental is automatically can-
celled within the IC.) Although a
detailed description of the uxA737
circuitry is unnecessary for servicing,
it is interesting to note the following.
e Chroma signals of opposite phase
are coupled into the parallel connect-
ed inputs of amplifiers Q11, Q12 and
Q13-Q14.
® The color oscillator reference sig-
nals are coupled to the two sets of
“switch” transistors Q3 through Q6
and Q7 through Q10.
® The color difference output volt-
ages from the matrix are coupled
through emitter followers consisting of
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DIODES D5 AND D6 ACT AS CAPACITORS
AND ARE USED TO BALANCE THE DETECTOR
SUBSTRATE CAPACITANCES.

Fig. 7—Internal circuit of the CTC
40 discriminator/amplifier IC.
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transistors Q19, Q20 and Q21.

® Remaining  transistors  provide
voltage division and regulation (Q1
acts as a Zener) for stability of the
IC’s operation.

RCA CTC 40 IC’s

Sound circuitry in RCA’s solid-
state CTC 40 color TV chassis fea-
tures a newly designed integrated cir-
cuit. The integrated circuitry includes
the sound if. amplifiers, demodula-
tors, preamplifiers and audio driver
stages.

The IC may be considered as be-
ing divided into three sections (Fig.
3). The first operation is amplifying
the 4.5-MHz i.f. signal from the sound
detector. The amplified i.f. is then de-
tected by another third of the IC
and applied through the volume and
tone controls to an audio driver sec-
tion, which in turn provides power to
the discrete audio output stage.
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Fig. 8—Portion of the audio circuit in Motorola’s TS 915/917 color chassis
between the 4.5-MHz detector and a three-transistor audio output circuit.
Signal injection techniques tell whether IC is spoiling TV audio.
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Let’s look at the process in more
detail. The output of the i.f. amplifier
is fed to the discriminator transformer
and is next applied to the IC ratio-
detector (D2-D5 in Fig. 4). The re-
sultant audio signal is coupled through
C307 to the tone and volume con-
trols. Capacitor C308 couples the au-
dio from the volume control to the
driver section of the IC. This section
provides the current gain necessary
to drive the output audio stage. A
275-volt Zener diode, D401, protects
the output transistor from high tran-
sient voltage spikes.

Resistor R143 coupled between
the base and emitter of the output
transistor, provides an additional load
for the driver section, minimizing the
undesirable cffects of qutput transis-
tor leakage current.

Automatic-fine-tuning IC
The basic aft system for the

WWW.americanradiohistorv.com

RCA CTC 40 chassis is shown in Fig.
5. An IC discriminator/amplifier pro-
duces a differential voltage propor-
tional to the applied i.f. frequency.
This voltage corrects local oscillator
frequency errors (mistuning), utiliz-
izing a special variable capacitance
transistor in the vhf tuner and a
varicap diode in the uhf tuner.

The IC system used for the aft
(Fig. 6) has an internally regulated
power supply. The circuit requires no
external reference (bias) voltage for
uhf defeat action; automatic degen-
eration of the output amplificrs total-
ly eliminates all aft correction voltage
when the output terminals are shorted
for the defeat action. Fig. 7 is the
schematic diagram of this IC.

Motorola’s audio IC

Part of the audio system for the
Motorola TS 915/917 color chassis
is shown in (Fig. 8). Inside the IC,
12 transistors, 12 diodes and 16 re-
sistors are direct-coupled to perform
the various functions. A short or open
in one of these internal components
will affect total IC current drain.

A dynamic check is the only pos-
itive way to determine if the IC is
operating properly. Feed a frequency-
modulated 4.5-MHz carrier into the
input and measure the recovered
audio at the output.

With this many functions housed
in one device, it’s a sure bet a number
of sound trouble symptoms can be
the fault of the IC; for example: no
audio, audio drift, distorted audio,
noisy audio, weak audio and poor
sound sensitivity. Finally, transform-
ers Tl and T2 play important roles
in IC performance. Here again, the
best check is with signal injection and
the oscilloscope for detection.

Color-processing 1C’s

General Instrument Corp. is now
working on a complete color-process-
ing circuitry using integrated metal-
thick-oxide silicon (MTOS) tech-
niques. The design uses four MTOS
chips to perform the following func-
tions:

1. Chroma-burst separator, am-
plifier, keyer and color killer. 2. Color
demodulator. 3. Color matrix. 4.
Color synchronization.

The system (Fig. 9) is now in-
tegrated into four chips. Further re-
finements combining the functions
into three, two or even one large
chip are possible. The 8103 keyed
chroma and burst amplifier and the
8105 color synchronization chip with
outboard components is in Fig. 10.
The 8105 contains an integrated two-
stage amplifier operating at 3.58
MHz, a locked oscillator and limiter
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Fig. 10 (above)—This IC system could
JoK | CHROMA BP cut color TV circuit components 50%.
X&Z FILTERS Complete color-processing circuits are
¢ DEMOD = - on four chips. The 8103 part pro-
CHROMA N 00l vides keyed chroma and color burst,
W {0.5v P-P) COLOR while the 8105 operates with an ex-
r—— = 10K gl'JDT%%TS ternal crystal as a 3.58-MHz oscillator.
40uH N | = 233K
|:5’:/° | —:[——1 = 001 - Fig. 11—Remaining two IC sections,
| 1 Eaa 8104 and 8102, serve as a dual de-
| | 2-3VP-P modulator and X-y matrix, respectively.
: | T The four separate IC's may be
bined int | ingl ip.
| |6 15 1413 12 1110 9 143312 1110 9 8 combined into & larger gingle Gl
| 8104 8102
I | DEMODULATOR MATRIX oK
| 234567 8 1234567 stage. The 8104 demodulator and
[ 1 l 8102 matrix is shown in Fig. 11. The
I —J e R-Y OUT 8104 is a dual demodulator and an
| T N 33K integrated switching-type demodula-
| o 01 7= & 22MEG tor with built-in bias supplics. The
I L ¢—=B-Y OUT 8102 is an integrated version of the
l = 0001 4 §33K three-triode, cathode-coupled X and
E[L)ﬁng —20| I — Z matrix commonly used in color TV
L — __—zgﬁa’%R?(H'FT BLANKING  receivers. It is designed so that blank-
—glOOK INPUT ing pulses may be added to the chro-
‘ 1000 ma signals for CRT blanking and
Bt-»— s M- B+.20v bias level setting. It is possible that
50V the MTOS approach may reduce com-
= ponent count by 50% . R-E
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The NEW Heathkit’ 1G-28

Color Bar —

Dot Generator...
Advanced IC Design B
Gives 12 Patterns Plus
Clear Raster Display &
Eliminates Divider Chain

HEATMKIT COLOR AR ANG oY SEMEnATOR

MOOBL tGein
Cmovs

o

KUt omg AL LiNg

Y WATYS

S9LEn emig

L™

Instability Forever!

Stable Integrated Circuitry

Circuit Board-Wiring Harness Construction. Note the extremely clean,
open layout — another advantage of integrated circuitry. The Video board is
upper left. the Divider board mounts on the chassis.

Fast Switch Selection 0f Either
Standard 9 x 9 UR Exclusive Heath
Display “3 x 3" Display

(il 65

Shading Bars

- B

Cross Hatch 3x3 Dot

—— 2

3x3 Color Bars

3x3 Shading

Color Bars

Dot Pattern 3x3 Cross Hatch

Vertical Bars

Horizontal Bars

3x3 Horizontal 3x3 Vertical

MARCH 1970

The Most Advanced Instrument
In Color TV Service

e All solid-state construction using Integrated Circuitry e Nc divider
chain adjustments e Stable pattern display — no flicker, bounce or jitter
® Produces 12 patterns plus clear raster o Instant switch selection of all
functions e Exclusive 3x3 display plus standard 9x9 display of all patterns
® Horizontal lines only one raster thick for added accuracy e Variable
front panel tuning for channels 2 through 6 e Variable front panel
positive and negative video output e Front panel negative going sync
output e« Two handy AC outlets on front panel e Built-in gun shorting
circuit with lead piercing connectors e Front panel switchable crystal
controlled sound carrier @ Copper-banded transformer to reduce stray
fields e Safe three-wire line cord e Fast, easy construction with two
circuit boards and two wiring harnesses

The new Heathkit 1G-28 is the ultimate signal source for all Color
and B&W TV servicing. No other instrument at any price will give
you as much stable, versatile TV servicing capability. Here are
the details:

All Solid-State Circuitry produces dots, cross-hatch, vertical and
horizontal lines, color bars and shading bars in the familiar 9x9
display . . . plus the exclusive Heath 3x3 display of alf these patterns
so necessary for static convergence, linearity and color demodulator
phase adjustments . . . plus a clear raster that lets you adjusi purity
without upsetting AGC adjustments. Fifteen J-K Flip-Flops and
associated gates count down from a crystal controlled oscillator,
climinating divider chain instability and adjustments.

Time-Saving Versatility. While many generators only give you one
or two channel capability, the new 1G-28 has variable front panel
tuning for channels 2 through 6. The RF tank coil is actually etched
into the circuit board for extra stability. Plus and minus going video
signals are available at the turn of a front panel control. And for
sync, in-circuit video or chroma problems, there’s a front panel
sync output. Convenient AC outlets are provided lor degaussing
coil, test instruments, TV set etc. Built-in gun shorting circuits and
grid jacks are also included. Add any service type scope (with hori-
zontal input) to the IG-28 and you have vectorscope display capa-
bility too. Other features include a crystal controlled sound carrier
oscillator, a well regulated full wave power supply with dual primary
copper-banded transformer, safe three-wire line cord, and rugged,
compact Heath instrument styling. Two circuit boards and two
wiring harnesses provide easy construction in about ten hours. Start
enjoying the versatility you couldn’t get before . . . put the remark-
able new Heathkit IG-28 on your service bench now.

Kit 1G-28, 8 Ibs..... o 0oao §0P0P 000 0B006E000604 5000006¢ D000000 $79.95*
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Exciting New Kit Ideas from Heath

New Heathkit 100-Watt AM /FM/FM-Stereo Receiver

World’s finest medium power stereo receiver . . . designed in the tradition of
the famous Heathkit AR-15. All Solid-State . . . 65 transistors, 42 diodes plus
4 integrated circuits containing another 56 transistors and 24 diodes. 100 watts
music power output at 8 ohms 7 to 60,000 Hz response. Less than 0.25
distortion at full output. Direct coupled outputs protected by dissipation-
limiting circuitry. Massive power supply. Four individually heat sinked output
transistors. Lincar motion bass, treble, balances and volume controls. Push-
button selected inputs. Qutputs for 2 separate stereo speaker systems. Center
speaker capability. Sterco headphone jack. Assembled, aligned FET FM
tuner has 1.8 uV sensitivity. Two tuning meters. Computer designed 9-pole
L-C filter plus 3 IC’s in IF gives ideally shaped bandpass with greater than
70 dB sclectivity and climinates alignment. IC multiplex section. Three FET's
in AM tuner. AM rod antenna swivels for best pickup. Kit Exclusive: Modular
Plug-In Circuit Boards ... easy to build & service. Kit Exclusive: Built-In
Test Circuitry lets you assemble, test and service your AR-29 without external
test equipment. The AR-29 will please even the most discriminating stereo
listener.

Kit AR-29, (less cabinet), 33 1bs........viiiriniiiniiiieaieanans $285.00°
AE-19, Assembled oiled pecan cabinet, 10lbs...................... $19.95"

New Heathkit 60-Watt AM /FM /FM Stereo Receiver

The AR-19 circuitry reflects many of the advanced concepts of the AR-29,
It uses 108 transistors and 45 diodes including those in § integrated circuits.
It delivers 60 watts music power at 8 ohms. At any power level, Harmonic
and IM Distortion is less than 0.25%. Frequency response ranges from 6 to
35,000 Hz. Direct coupled outputs are protected by dissipation-limiting cir-
cuitry. A massive power supply includes a section of clectronically regulated
power. The assembled, aligned FET FM wner has 2,0 uV sensitivity.

A preassembled and factory aligned FM IF circuit board gives 35 dB sclec-
tivity. The multiplex 1C circuit provides inherent SCA rejection. 1t features
two switched noise muting circuits; linear motion controls for bass, treble,
volume and balance; input level controls; outputs for 2 separate sterco speaker
systems; center speaker capability, two tuning meters; stereo indicator light;
front panel stereo headphone jack. The Modular Plug-in Circuit Board design
speeds assembly. Built-in Test Circuitry aids assembly, simplifies servicing.
“Black Magic” panel lighting, black lower panel, chrome accents. Compare it
with any model in its price range . . . the AR-19 will prove itself the better buy,

Kit AR-19, (less cabinet), 29 1bs........co.vveiirinireerennnnnn. $225.00"
Assembled AE-19, cabinet, 10 1bS.......oiviiiiireeeriirrnneenies $19.95°

New Heathkit Deluxe 18-Watt Solid-State Stereo Phono

Looks and sounds like it should cost much more. Here's why: 16-transistor,
8-diode circuit delivers 9 watts music power per channel to ¢ach 4% high-
compliance speaker. Speaker cabinets swing out or lift off ... can be placed
up to 10’ apart for better sterco. Has Maestro’s best automatic, 4-speed
changer — 16, 33-1/3, 45 & 78 rpm. It plays 6 records, shuts oft automatically.
Ceramic stereo cartridge with diamond/sapphire stylus. Has volume, balance
& tone controls. Changer, cabinet & speaker enclosures come factory built
... you build just one¢ circuit board ... onc evening project. Wood cabinet
has yellow-gold & brown durable plastic coated covering. This is a portable
stereo you can take pride in.

Kit GD~109;,38 DS, anssuc bassma- conoel gomoiosassndfie. o oo iy $74.95°

New Heathkit 80-10 Meter 2 KW Linear Amplifier

Incomparable performance and value, The new SB-220 has 2000 watts PEP
input on SSB & 1000 watts on CW and RTTY. Uses a pair of Eimac 3-500Z’s.
Pretuned broad band pi input coils. Requires only 100 watts PEP drive. Solid-
state power supply operates from 120 or 240 VAC. Circuit breaker protected.
Safety interlocked cover. Zener diode regulated operating bias. Double shiclded
for max. TVI protection. Quict fan — fast, high volume air flow. Also includes
ALC to prevent over-driving. Two meters: one monitors plate current; the
other is switched for relative power, plate voltage and grid current. Styled to
match Heath SB scries. Assembles in about 15 hours.

KO SB-220,-55) 1D5ka 18rcrvrers ot baw ek s 7T S5 BT leTe e aTeTo ) 3.7l $349.95"

New Heathkit Portable Fish-Spotter

Costs half as much as comparable performers. Probes to 200 fi. Spots
individual fish and schools . . . can also be used as depth sounder. Manual
explains typical dial readings. Transducer mounts anywhere on suction
cup bracket. Adjustable Sensitivity Control. Exclusive Heath Noise-Reject
Control stops motor ignition noise. Runs for 80 hrs. on two 6 VDC
lantern batteries (not included). Stop guessing — fish electronically.

Pt B1-295 O 1S .cmroraraanare s o o TonenTe e T BoTortid, slfidie 201 /o0 5. SBAATS 2/t i $84.95*
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Kit AR-29

$28500*

Kit GD-109

$7495*

Kit SB-220

349%°

Kit MI-29

$8495*
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Here's o.w The C
Became Even Better and Lower In Price

Since the very first model was introduced, thousands of owners, clectronic experts, and
testing labs have praised the superior color picture quality and extra features of Heathkit
ColorTV. Now Heath has made improvements that make the 1970 models even better.

oieees

 ADVANCED .
'PERFORMANC

Sharper, More Detailed Pictures. Latest design im-
provement in the circuitry of Heathkit Color TV
video amplifiers has increased their bandpass capa-
bilities. The result is an increasc in the number of
lines of resolution ' . . greater than in any other brand

.\ U P of color TV we have tested. This improvement means

BY HEATHK'T you get sharper, more detailed pictures as shown by
; test pattern measurements. You not only get the su-
DES'GN perior color pictures Heathkit Color TV has always

been noted for, but you also get sharper pictures.

New Brighter Tube. Now all Heathkit Color TV models include the new brighter picture
tube you’ve read so much about. These new tubes produce noticeably brighter pictures
with more life-like, natural colors and better contrast. (We also offer the RCA Hi-Lite
Matrix tube as an extra-cost option for the Heath GR-681 and GR-295 kits.)

New Safety Features. As an added safety precaution, AC interlocks have been added
to all Heathkit Color TV cabincts.

Now The Best Costs Less. How can Heath make improvements in its Color TV Models
and still reduce the prices? We have passed on to you the savings which have accrued
due to reduced picture tube prices. The result is your 1970 Heathkit Color TV will cost
you $20 to $55 less depending upon which model you choose . . . proof that Heathkit
Color TV is a better buy than ever.

All Heathkit Color TV's Have These Superior Features

e New brighter American brand rectangular color tube with bonded-face, etched anti-
glare safety glass & Exclusive built-in self-servicing aids so you can adjust and maintain
the set for best performance always ¢ Automatic degaussing plus mobile degaussing
coile New broader video bandwidth for better resolution e 3-stage video IF e Improved
retrace blanking ¢ Gated automatic gain control for steady pictures ¢ Automatic color
control e Exclusive Magna-Shield surrounds picture tube for better color purity e
Deluxe VHF tuner with “memory’’ fine tuning and precious metal contacts {modeis
with automatic fine tuning also are available in all 3 picture tube sizes) ¢ 2-speed
UHF solid-state tuner ¢ Completely shielded hi-voltage supply e Extra B+ boost for
better definition e 2 hi-fi sound outputs for built-in speaker or your hi-fi system ¢ 300
ochm & 75 ohm antenna inputs e Circuit breaker protection e Optional wireless remote
control can be added anytime e Factory assembled and adjusted tuners, IF section, and
hi-voltage supply ¢ Exclusive 3-way installation capability — in a wall, custom cabinet
or Heath cabinets

Choose Your Heathkit Color TV Now...
It's Better Than Ever in Performance...and A Better Buy Than Ever

HEATH COMPANY, Dept. 20-3
N EW Benton Harbor, Michigan 49022

O Enclosed is §

lor TV That Thousands Call Best

New Lower-Than-Ever Prices
On All Models
Heathkit GR-681

(295°°-AFT)
save $30

Now only $469954

Heathkit GR-681MX
(with Matrix tube)
save $55

Now only $479951
Heathkit GR-295
(295°)
save $30

Now only $41995>'

Heathkit GR-295MX
(with Matrix tube)
save $55

Now only $42995*
cabinets from $65°
Heathkit GR-581

(227'-AFT)
save $20

Now only $39995*

Heathkit GR-227
(227°)
save $20
Now only $35995<
cabinets from $39.95°
Heathkit GR-481

{180°"-AFT)
save $30

Now only $32995‘k
Heathkit GR-180
(180")

save $30

Now only $2995oﬂ<

cabinets from $27.50*

a Schlumberger company
plus shipping.

FREE 1970 CATALOG!

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

Fully describes these along with
over 300 kits for stereo/hi-fi,

O Please send FREE Heathkit Catalog,

O Please send Credit Application.

tar araplifiers, amateur radio, i
Address

marine, educationsi, CB, home
City

Heath Company, Benton Harbor,

State Zip

i
]
color TV, electronic organs, gui- [ Name
[
|
|
AL

& hobby. Mail coupon or write
- Michigan 49022. *Mail order prices; F.0.B. factory.

st van o . J s o

Prices & specifications subject to change without notice.

CL-37
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Circle 27 on reader service card
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AUTOMATIC

STAPLE GUNS

CUT WIRE & GABLE
INSTALLATION COSTS

. without cutting into insulation!

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

D) =

27

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

Uses T-18
staples with 3/16” round crow

A -

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

»)A

rNo. T-25—Fits wires up to
1/4” in diameter.
Same basic construction _.

and fastens same
wires as No. T-18.

D)

n
in 3/8” leg length °"IYJJ

Also used for
RADIANT
HEAT WIRE

Uses T-25 staples = >
with 1/4” round crown in 9/32”, (

3/8”,7/16” and 9/16” leg lengths.) /|

T-18 and T-25 staples alsoavailable in Monel.and
Qith'beige, brown and ivory finish at extra cost.

) I J
0. T-75—Fits wires and cables )
\ up to 1/2” in diameter.

RADIANT HEAT
CABLE,
UF CABLE,
WIRE CONDUIT
COPPER TUBING
or any non-metallic
sheathed cable.
Also used as
DRIVE RINGS
in stringing wires.

= s

e

Uses T-75 staples with 1/2”
flat crown in 9/16”, 5/8”

—J1

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

Ask your Electrical Supply Dealer
or write for further details.

; ARROW FRSTENER COMPANY INC '

r——-l—_—'——e’ -
Saddie Brook. New Jersey 07663 P
"Pioneers and Pacesetters

For Almost A Half Century”
Circle 28 on reader service card

EQUIPMENT REPORT

Heath

1G-28

For manufacturer’s lirerature, circle No. 30 on Reader Service Card.
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by JACK DARR

SERVICE EDITOR

TODAY.

EVERYTHING'S “COMPUTERS”
The integrated circuit, of course, is the
parent of the computer. The last word
in “IC-ization” (I can make up
words, too!) is the Heathkit 1G-28
color bar and dot generator. This ver-
satile instrument uses computer cir-
cuits to generate the complex wave-
forms needed to form the standard
color TV test patterns.

Transistors are ideal for this kind
of work. They can make very sharp,
very short pulses with almost ridic-
ulous ease. The waveforms needed
for dot and line patterns are very
short, sharp pulses. The sharper the

| pulse, the cleaner the line on the

screen. Heath’s engineers have taken
full advantage of this; this instrument
makes some of the cleanest patterns
I've ever seen.

You’re going to have to “buy the
book” to get the full description of
the circuit. Even the btock diagram is
too big to reproduce here! As briefly
as possible, it begins with a crystal-
controlled 190.08-kHz master clock
oscillator.

There are no less than 15 J-K
flip-flops, plus AND gates, NAND
gates, OR gates, NOR gates and a few
odd things such as rf oscillators, clip-
pers, shapers, blankers, etc. There are
12 “regular” transistors and 10 IC’s,
one type with 24 transistors in it. The
whole thing is powered by a Zener-
regulated 3.6-volt dc supply.

The 1G-28 will make all of the
standard TV convergence-test pat-
terns—the ‘“9x9” dot, vertical and
horizontal line and crosshatch. Beside
these, it will make a “3x3” line pat-
tern for any of them. The color-bar
pattern is the stock 10-bar keyed rain-
bow; switching to 3x3 gives you a

76

www americanradiohistorv . com

three-bar color pattern: red, blue and
green. A “clean raster” pattern for
setting purity is provided; also, a
“wide crosshatch” bar pattern in ei-
ther 9 or 3-bar style. This is a very
good simulation of a TV picture, and
is used for making gray-scale tracking
adjustments.

The output of the IG-28 can be
either modulated rf, which is tunable
from channel 2 to 6, with an adjust-
able signal level from a very low level
to 50,000 pV, or composite video at a
level of at least 1 volt p—p. The video
output can be varied, or reversed in
sync polarity, with the VIDEO OUT
control on the panel. There is also a
SYNC oUT jack on the panel, for those
scts having scparate sync and video
demodulators; output is 3.5 volts p—p
at least. A rocker-type switch can be
used to get either rf or video output
on the same output cable.

Also on the front panel are three
jacks for the gun-killer circuit and the
jack switches. Insulation-piercing clips
are used for convenience. With these
hooked up to the grid wires, test leads
can be plugged into the red and blue
grid jacks. Any service-type scope will
then make a “vectorscope” pattern, if
it has a separate horizontal input jack.
You may think your scope is too old,
but try it; you’ll be surprised.

The cHrROMA control on the
panel varies the color level from “0 to
200%” as usual. The VIDEO LEVEL
control works only on the video out-
put. It does not affect the modulation
of the rf output. As a final touch, two
three-wire, safety-type ac outlets are
provided, one on each end, for what-
ever you might want to plug into
them. A 4.5-MHz signal is provided,
for setting up fine tuning when using
the color-bar patterns.

The heart of this instrument, as
might have guessed, is a PC

RADIO-ELECTRONICS
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board. This holds practically all the
working parts—the transistors and
the 10 IC’s, which plug into sockets.

The wiring is alrcady made up,
laced and the ends stripped. All you
do is tuck it in place and wire it in.
Be sure to follow the book when in-
stalling components: solder (then pull
carcfully on the wire to make sure
you did solder!), then trim off the ex-
cess lead under the board with a pair
of wee dykes. Be sure you don’t leave
any wire protruding; it’s casy to make
a “wire bridge”.

In this type of instrument, there
are no adjustments at all in the
counter chain. These were the big
headaches in the early models, if you
remember. as I do. You have a total
of three controls to set—two trim-
mers and one pot. There is a trimmer
on the rf oscillator, but you shouldn’t
need it. since the oscillator is contin-
uously tunable.

The instruction book includes a
very dctailed set of troubleshooting
instructions, plus a chart, voltages
and waveforms, for making any tests
needed for the instrument. There is
also a complete set of basic instruc-
tions for converging color scts, and
aligning color-sync circuits, demod-
ulators, and all sorts of good stuff.
Even included is a section on color
TV basics, which is handy.

The assembly and testing of this
instrument took me about half the
time I thought it would. In fact, it
surpriscd me greatly; it almost worked
the first time T turned it on! It did
make horizontal bars, and after I got
a solder bridge out, it worked on all
functions. A very uscful instrument
indeed, and a necessity in the modern

TV service shop. R-E
COMPLETE N

RADIO TV ELECTRONIC
SUPPLY

mad! He just found out
solid state doesn’t mean Texas.”

“Boy is he
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Clip
the
coupons!

Present one or more to your participating RCA Test Equipment
Distributor for big discounts on these four instruments during
RCA’s big Spring Coupon Carnival. {(Only one coupon will be
accepted per instrument.) Do it today. Offer good only between
February 15th and Aprit 30th, 1970.

e R

Toward Purchase

150

s Toward Purchase

4 of RCA WT-501A of RCA WT-508A |

§ Transistor Tester ] Picture Tube Tester 1

7 B g’

i E
Mr. Distributor, please refer to RCA Mr. Distributor, please refer to RCA cj
1970 Carnival announcement. Void 1970 Carnival announcement. Void f
where prohibited, taxed, or restricted. where prohibited, taxed, or restricted.
Cash value 1/20¢. Offer expires Cash value 1/20¢. Offer expires §
April 30, 1970. April 30, 1970. h

s Toward Purchase TOWafd Purchase
o s of RCA WR-99A

7 50 gfe::grAvV:X;S,S t n 20 00 Crystal Calibrated

2 ve Marker Generator

5

Mr, Distributor, please refer to RCA
1970 Carnival announcement. Void
where prohibited, taxed, or restricted.
Cash value 1/20¢. Offer expires

April 30, 1970.

L 2 R 3 B B ¥ |

% Mr. Distributor, please refer to RCA
1970 Carnival announcement. Void
ﬁ where prohibited, taxed, or restricted.
Cash value 1/20¢. Offer expires

‘ April 30, 1970.

R BN n N aep Wnsmmﬁ! o U

@'mm@mwmmfzﬁsmmmmwmg.

Look to RCA for instruments to test/measure/view/monitor/generate
RCA Electronic Components, Harrison, N. J. 07029

RGN
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eakers

"Hha
Oom
shaped

- t}luls(?

No matter what shape your
room is in, Scott’s new Quad-
rant Q-100 speakers solve your
placement problems. Scott
Quadrants, with two woofers
and four midrange / tweeters
placed around the enclosure’s
four sides, project full-fre-
quency sound in a complete
circle. The sound is both pro-
jected directly at you and re-
flected off your walls, to

FIX CB FAST

Part I1:
Continued from Jan. 1970

Let’s move to the next step which
tells us to inject a signal at the volume
control. This could be done by touch-
ing the top or center terminal of the
control (Fig. 2, page 70, January) with
your finger or by using a signal genera-
tor. No sound.

Now inject a signal at the grid of
the 12AU7 af amplifier. No sound.

Next we inject a signal at the grid
of the second af/squelch tube. Here
we get a healthy tone from the speaker,
proving that the trouble lies in the first
audio stage. Now break out the volt-
meter and check the voltages of the
grid, plate and cathode of the first af
amplifier tube. UnHuh! What do we
find? The plate voltage at pin 6 is +5
volts instead of 45 volts.

Moving the probe down to the
junction of R1, C1, we also read 45
volts. The other ¢nd of R2 reads
370 volts, and we see that R2 is dis-
colored. What part could cause this?

Could it be CI? Let’s get the
ohmmeter.

Measure the resistance from the
junction of R1-Cl to ground. The
ohmmeter reads 50 ohms. Now, meas-
uring the resistance from pin 6 to
ground we find 22K. This indicates
that C1 is shorted. Capacitor Cl1 is re-
moved from the circuit and the ohm-
meter reads infinity across it. When C1

I |

heighten the live stereo effect. No matter
where you place the Quadrant speakers, your
entire listening area becomes a giant stereo
sound chamber. Go anywhere in the room . . .
even sit on a speaker . . . you're surrounded
by rich, full-range stereo sound!
Unbelievable? Hear the Quadrant’s wall-
to-wall stereo, at your Scott dealer’s. You'll

become a believer. $149.95.
For more details, write:

NSCOTT

H.H. Scott, inc.,Dept. 570-03 Maynard, Mass.01754

Circle 100 on reader service card
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is replaced with a new capacitor, the
unit works normally. Although R2 ap-
pears to be OK, it should be replaced
to avoid failure.

Troubleshooting the transmitter

The second case deals with the
transmitter. Here we have a General
Model VS-6 transceiver with no rf out-
put (Fig. 3, Jan.). The receiver op-
erates normally. Turn to the transmitter
servicing chart and proceed.

Turn on the unit and connect it
to a power-output and modulation me-
ter. The first step is to see if ail the
tubes are lighted. If they are not, check
the fuses, wiring, etc. If some of them
light, check the tubes that don’t light
as well as the wiring to the tube
sockets.

When all the tubes are lighted,
press the mike button and observe the
rf output on the output/modulation
meter. When it’s zero, the chart says
to check the TR (transmit-receive)
switch. But since this unit uses “elec-
tronic switching,” we’ll skip this step
and go directly to the radio/bullhorn
switch. This measures OK with the
ohmmeter,

Now check the mike cord and
switch. In this case, both are OK. Next
measure the grid voltage of the PA
(rf power amplifier) section.

NOTE: It is recommended that
you use a vivim here with a I-meg
isolating resistor in the probe. This re-
duces the loading effect of the meter.
See Fig. 4, page 71, January.

This grid voltage should be at least
—5 to — 10 volts.

But the meter reads —0.5 volt!

Now move your vtvm probe to the
control grid of the oscillator. We
should read —S5 volts or more. Our me-
ter reads — 10 volts, so we can con-
clude that the oscillator is working.
Since the oscillator is working nor-
mally, the trouble lies between the
plate of the oscillator and the grid of
the PA tube.

The next test on the chart is to
check the voltage and resistance to
ground of the plate of the oscillator
and grid circuit of the PA tube. These
read normal except at the grid of the
PA, which reads —0.5 volt. What part
could cause this trouble between the
oscillator and the PA section? Could
it be C1? Let’s substitute for it and see
what happens. We do this and the unit
transmits again. In this case, the coupl-
ing capacitor was open, so no rf signal
was applied to the grid of the PA
tube.

Summary

See how simple it is to trouble-
shoot your CB rig? With the help of the
servicing chart, most common troubles
can be easily solved. 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 left and circle the numbers of the new products on which

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

REVERBERATION AMPLIFIER,
Model SR-202. Solid-state double-scat-
ter unit provides additional depth and
three-dimensional sound. Signal input 3

£

volts max at 1 kHz, harmonic distortion
at 1 kHz less than 0.2%, output level

330 mV. Additional features: front-
panel mode and reverberation mode
controls. $95.—Pioneer Electronics

U.S.A. Corp., Farmingdale, N.Y.
Circle 46 on reader service card

WEATHER RADIO, “Talking Barom-
eter”, tunes you into continuous area
weather forecasts over U.S. Government
channel 162.55 MHz. Designed for maxi-

x

1

mum sensitivity; noise rejection. Controls
are pre-set once. Comes in handsome
rosewood and plastic cube cabinet, 3
inches on a side, with pull-out antenna.
Battery operated. $14.95.—Radio Shack
Stores, Boston, Mass.

Circle 47 on reader service card

ANTENNA MOUNT TRIPODS avail-
able in 2, 3 and 5-foot sizes. All have

MARCH 1970

gold baked enamel finish, plus six lag
screws and three tar patches for sealing
mounting holes. 3 and 5-foot towers
have heavy duty 147 diameter legs,
original tilt-up feature for easy antenna
installation. 2-foot tripod carries No.
9064, 3-foot is No. 9146, 5-foot is No.
9145.—GC Electronics, Rockford, Illi-
nois.
Circle 48 on reader service card

PSYCHEDELIC LIGHT CONTROL,
Model X-93, 33/4” x 3 3/4” x G4%”.
Operate on 110 to 120 volts 60 Hz. By
connecting three lights or sets of lights

to the controller, the light intensity is
changed in tempo with the music to
produce psychedelic light patterns on walls
and ceiling. $89.98.—Olson Electronics
Inc., Akron, Ohio

Circle 49 on reader service card

COMMERCIAL SOUND LOUD-
SPEAKER, Model FX-52, 547, 8-ohm
voice coil. This speaker produces super-
low resonance and can use grill screens
as small as 6” diameter. Removable uni-
versal bracket permits end transformer
mounting in shallow spaces or back
transformer mounting for deep spaces
with small diameters. The speaker, with

WwwWw americanradiohistorv com

plastic diaphragin and specially protect-
ed moving system, is completely weath-

erproof, $24.95.—Jensen Mfg. Div.,
Muter Co., Chicago, Il

Circle 50 on reader service card

TRANSISTOR/FET TESTER, Model
TE17, in-or-out-of-circuit tester. Checks
regular transistors for ac beta; loso
leakage. Also checks all FETs-MOS, dual
gate and new enhancement types, in or

out of circuit for gain; out of circuit for
leakage. Provides increased current
check for high power transistors; special
test for critical rf transistors. With
“Handicase” reference book.—Sencore,
Inc., Addison, 1.

Circle 51 on reader service card

AMPLIFIER, LA-750 30-Watt solid-
state stereo. 5 stereo inputs; aux. 250 mV,

tuner sensitivity 500 mV, mag phono
sensitivity 2.3 mV, ceramic phono 30
mV, tape monitor 500 mV. Transistor-
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ON ALL MAKES

OF TV TUNERS

(WE SHIP €.0.D.)
YOU PAY SHIPPING

GEM CITY TUNER
REPAIR SERVICE

Box 6E Dabel Station
2631 Mardon Drive
Dayton, Ohio 45420

Circle 112 on reader service card

COMPLETE SERVICE

Service
Clinic

By JACK DARR
SERVICE EDITOR

Uhf tuner problem

I've got a uhf problem in a Zenith
95MC33 chassis. The picture and sound
are separated. The vhf tuner works fine,
and the uhf tuner works fine on another
chassis! Another uhf tuner (working)
shows the same result on the Zenith.
What's going on here?—F. S., Philadel-
phia, Pa.

This Zenith chassis has the Gold
Video Guard turret tuner. On uhf, a
special strip converts the vhf tuner
into a 40-MHz i.f. amplifier. Since
your uhf tuner works on another set,
and another uhf tuner shows the same
symptoms on the Zenith, this uhf strip
must be out of alignment.

Remove enough strips from the
turret so that you can see the uhf
strip coils while it is switched in. Tune
in a signal and check these coils. Bet-
ter still. feed a 40-MHz swept i.f. sig-
nal into the uhf input jack. and adjust
the uhf strip coils for the proper curve
shape. Last resort is a new uhf strip.

| Replacing scope transformer

The power transformer in my old
Precise 300-C scope is burned out. Can
you tell me where to get a replacement?
Will a radio power transformer work?—

| W. B., Anniston, Ala.

A radio power transformer could
be made to work, but it wouldn’t be
easy. Thordarson-Meissner lists sev-
eral transformers in its catalogue, in-
cluding one which is an exact
replacement for the Heathkit O-12.

This has 400-volt center-tapped
secondary and 650-volt high-voltage
windings and enough filament wind-
ings to handle any typical scope cir-
cuits. The figure shows what this type

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

If youre really stuck, write us.
We'll do our best to help you. Don’t
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
South, New York 10003.

WWW-americanradiohistorv-com

of transformer looks like. This is the
24R178.

HV RECT
IV2 ETC

PRI
nr
v

g ¥
5.0V
i

6.3V

If you can’t get one with the
high-voltage rectifier filament winding,
use a high-voltage silicon rectifier,
such as a boosted-boost rectifier, etc.
from a color TV.

Ten-channel remote
control on tape

I need a unit that will put 10 in-
audible signals on a tape, for controlling
a multiple-function remote-control device.
They’d have to go on the regular sound
track, along with the sound signals. This
should be “wireless,” for maximum use-
fulness.—D. F., La Habra, Calif.

Your best bet, probably, would
be to use one of the ultrasonic control
circuits now found in many remote-
control TV sets. These operate in the
38-40-kHz region. For example, you
could use one of RCA’s 8-channel
remote-control receivers, of the type
used with some color TV’s. If you
need the full 10 channels, a couple
of extras shouldn’t be hard to add.

You will get into one problem,
though, if you plan to record or super-
impose these signals on a standard
tape recorder: You'll probably have
to work the amplifier and heads over
to get enough response up in the ul-
trasonic region around 40 kHz. The
average home tape recorder gets up
to around 20,000 Hz, and even that’s
doing pretty good for some of them!
You might get better results by using
the original transmitter, which has a
set of tuned bars struck by spring-
loaded hammers.

Suggestion: Replace the original
two-track head on the recorder with
one of the four-track types. Use two
of the tracks for sound, and the other
two for control signals. A separate
high-frequency amplifier and speaker
may be necessary.

You might be able to get a com-
plete remote-control unit, microphone
and all, from RCA as an alternative,
look for a used TV set with one on it!

RADIO-ELECTRONICS
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Sticking transformer cores

I've got an old Raytheon chassis in
for repairs, and the core of the sound i f.
coil is stuck. I'm afraid to use force on
it. Any ideas?—S. R. W., Scotland Neck,
N. C.

Usual reason for core sticking is
wax from the coil form or intentional
sealing of the core with wax. Get an
Allen wrench that fits snugly inside
the core’s hex socket. Hold the tip of
a soldering iron against the wrench
until it gets hot enough to melt the
wax.,

With long-nose pliers, carefully
turn the wrench. If the core doesn't
loosen the first time, continue heating
the wrench.

Gate switches under ice

At a local hospital, they use elec-
trically operated gates. A pair of treadles
work them, when a car passes over. The
problem is that they're clogging with snow
and ice! What kind of sensing device
would work here®?—B, I,.. Dencer, Colo.

Any one of several kinds. You
might try the pressure-sensitive,
sealed Tape-switch kind: these are
used in supermarkets, etc, to open
doors when you step on them. Being
sealed, they should not be affected too
much by ice.

Or, try a photo-electric cell device
on the gateposts, set up about 4 feet
off the ground. Becausc you need two
sensors for each gate, proximity
sensor imight give trouble due to hav-
ing the pickup plates so close together.
This would have to be checked ex-
perimentally. The PE-cell devices can
work on very narrow beams.

Horizontal shading in picture

I have a DuMont 758 chassis with
picture shading across the screen. On a
blank raster, it is not visible. I've seen the
same thing in other chassis of this num-
ber. I've tried a lot of things, but they
haven’t  helped. Recommendations? —
C. T, Berlin, N. Y.

Analysis: This is the same thing
as vertical “hum bars,” except that it
goes crosswise instead of up and down!
In other words, you're getting some
kind of “sawtooth” voltage, at the hori-
zontal sweep frequency. into the video
signal! This isn’t in the sweep or B+
circuits, as it could be if you had hum
bars from a leaky electrolytic filter ca-
pacitor. However, it is due to insuffi-
cient filtering somewhere.

The unshaded raster clears the
sweeps from suspicion; so, check the
video signal with a scope. Start at the
6AWS control grid, and follow it to
the CRT cathode. The normal wave
forms and peak-to-peak voltages are
shown on the diagram.

MARCH 1970

Note that the normal signal wave-
forms are flat; they show no slanting
up or down in the video portions. If
the video slants up from left to right,
this will make the picture darker on
the right side. Slanting down left to
right would make it lighter at the
right. (Black is “up” in waveforms with
positive-going sync, as on the CRT

o =
2.0v

in the boost circuit jtself. (The boost
feeds the plate of the 6DT6 audio de-
tector, to eliminate warmup buzz. This
is a possible path for the interfering
sawtooth voltage. (It could “modu-
late” the audio signal on the 6CUS.)

Also, and quite conceivably more
likely (from the clean-raster symp-
tom!) the sawtooth could be getting

"T—

60V

—+

i a0v
4 5 P-P P-P
30Hz 12 50UND 4 +
: TAKE OFF r__’47pF 30 Hz
6AWS-A . . TRV |
VIDEO AMPL\ 1 I 470F & - +135V
' P 30K
CONTRAST
o * 1opF 530uH 268K
L 4 I9DRP4
2.2K ek 180N pF
= B+ B+ 240V 120K
+135v

cathode.)

Possibilities: something like a 15,-
750-Hz sawtooth getting into the -+
135-volt line. In this chassis, this comes
from the cathode of the 6CUS5 audio
output tube. Cause: lack of sufficient
filtering, either at the 6CUS cathode or

500K
BRIGHTNESS =
into the second video if amplifier
stage. This is also fed from that + 135-
volt line. It also fceds the sync sepa-
rator, noise inverter and agc tubes.
Since any of these might have this ef-
fect, I'd recommend this as the “most
likely suspect.” R-E

The brand for | reasons

Every BSR McDonald automatic turntable is
precision made in Great Britain to the

most exacting specifications. Upon their
arrival in the U.S., every model is unpacked
and re-tested under actual playing
conditions. That's why BSR service calls are
the lowest in the industry—and perhaps
that aiso explains why BSR sells more
turntables than anyone else in the world.

@ McDONALD

www americanradiohistorv. com

BSR (USA) LTD.
BLAUVELT, N.Y. 10913
Please send FREE de*ailed literature

Name

1
l Address
\
\\
\

City

State
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CATALOG
ON REQUEST

HOUR
$/16° Digin

ETYME TER't

CLOCK MOVEMENTS

DIGITS RESETTABLE INDIVIDUALLY

Available in 50, 60 cy., all voltoges, AC. UL
opproved motor, cord. One Year Guorontee.

$130....12-HOUR 131, ...24-HOUR

#96 LARGE FIGURE COUNTER
in tenths ‘of seconds, seconds, tenths of
minutes, minutes, tenths of hours, hours

Made in U.5.A,

Complete Line: Delay, Interval
and Cycle Timers, Digital Computers

PENNWOOD NUMECHRON CO.
TYMETER ELECTRONICS

7249 FRANKSTOWN AVE., PITTSBURGH, PA. 15208

Circle 114 on reader service card

U.S. GOV'T ELECTRONIC SURPLUS

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

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

COMPUTER TRANSISTORS ON HEAT SINKS

IBM Computer Quality Units b

® (#22-928) -~ Uuit consists of one 130+
watt  pawer  feausistor tn hewsy. nibhed,
wumisgm  heat  sink.  Many  evperimental

uses. (110.) $1.99

Cost Gov't Over $10.00

o (#22-815) - - Unit cousists of twa 150.
watl power tansistors, 3 pots., sever
diodes, capacltors, resistms, ete. on heavy,
ribbed aluminum heat <inks. bdeal for use as
motar speed contrab. {4 I,

$4.9

Cost Gov't Uver $33.00

RUNNING TIME METER

o { #DX-{04 ) - - U'se 1 record number of op-
eratlng hours of electric lights and electrical
devices such as refrigerators, furnaces, ete,
Records total hours, tenths wnd hundredthe up
(o §.099.9% wours. For 113-volt, Ghcycles. -
Sire #7023 VDA Shupping weight Z Lhs, $5.69 R

- Cost tiver $29.00

EXPANDED SCALE O - 15 DCVM

e (#2-900) - -  Brand new, expensive voltmeter
feads 9.5 to 16-volts DC and 5 Lo 8-volts, Very useful
Jor automolive and alrcraft battery charge indicator,
ete. D' Arsonval movement, black phenclic case.

7 x5 x 2%, (3 1bs.)
a3z $12.95

SENO 25¢ COIN OR STAMPS FOR CATALOGS
All Items FOB Money Back CGuarantes

SURPLUS CENTER |

DEPT. RE-039 LINGOLN, NEBR, 68500

Circle 115 on reader service card

ONE SPEAKER

by FRED SHUNAMAN

STEREO FROM A SINGLE SPEAKER SYS-
tem? Sounds impossible, but Jensen has
done it with the Sterco-1. And believe
it or not, the technique is based on the
same L R-L — R approach that
scparates the sounds in ordinary sterco.
The new system will make sterco fea-
sible in small rooms or apartments
that lack the space needed for two-
speaker sterco to be really etfective.

L{L+RY+ (L—R)2L+R+L-R 2L
2. L+R+ [—(L-R)]=L+R-L+R=2R

Fig. 1—How the right and left signals
are combined in the STEREO-1 system.

The new speaker is built as shown
in Fig. 1. After scparating the signals
—we’ll get to that later—the L+ R
signal is fed to the 8-inch speaker
mounted in the main enclosure, and
the L — R signal to the two speakers
on the vertical vane mounted ahead
of the main speaker and at right angles
to it. Since the outputs from the
front and rear of a spcaker arc not
the same, it is necessary to have two
speakers mounted in opposite direc-
tions to have identical output on cach
side.

How do we matrix the feft and

L+R

pr— -

Fig. 2—A tapped coil helps matrix the
signals into L plus R and L minus R.
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right signals back into L 4 R and
. — R? There must be many ways—
any right and left amplifier connected
in parallel or in series will put out
an L + R signal when connected in
phase and an L — R signal if connected
out of phase.

Possibly the simplest way would
be with a matrix composed of the
output transformer seccondaries, the
speaker voice coils and a tapped coil,
connected as shown in Fig. 2. The
main 8-inch speaker is across the whole
circuit and—if the amplifier terminals
are corrcctly phased—receives the R
+ L signal. The two S-inch speakers
are connccted between the center tap
of the coil and the common terminal
of the two amplifiers. Thus the signal
through them is L — R. If the in-
stantancous signal from the left ampli-
ficr is greater than that in the right, a
current in phase with the left ampli-
ficr signal flows, and cqually  but
oppositely if the right amplifier signal
is greater. On a mono signal, the two
amplifiers should be perfectly balanced
with no current through the 5-inch
speakers.

Now imagine the cone of the
main speaker moving forward and at
the same time the cones of the two
smaller  speakers moving left. The
sound going forward is L + R and that
going left is L — R. The two L’s
add and the two R’s subtract (cancel
cach other) giving an L, or left,
signal toward the left. On the right
side of the speaker, the cones arc
moving away from the right side of
the main speaker. producing the re-
verse of the signal on the left side,
or — (L — R). This without the paren-
theses is — L + R, and the R’s add
while the L’s subtract, producing an
R or right signal toward the right of
the speaker. Looks like pure mathe-
matics, but it works!

Jensen’s actual circuit, a little
harder to understand at first glance,
is roughly similar. The matrix is a
bridgelike circuit, also using a tapped
coil. As shown in Fig. 3 the amplifiers
are in phase in parallel (L and R
both “+ at the same time). The left
and right hot leads are connected
across the L — R spcakers. When the
L and R signals arc identical, no current
bows through thesc spcakers—they
receive only the difference signal.

The right signal flows through
the L + R speaker, one side of the
tapped coil and back through the
common lead. The left signal flows
through the other side of the coil
and back through the common, setting
up a current in the other halt of the

RADIO-ELECTRONICS
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STEREO SOUND

coil by transformer
current, of course, flows

direction to the one that set it up
(Lenz’s law) and aids the right signal.

Thus the signal throu
speaker is L + R.

Furthermore, Jensen states that
the L and R sources of varying magni-

tude and phase are matr
to create a series of

sources all across the stage, an effect
harder to produce in a two-speaker

CoM LEFT

Fig. 3—Jensen uses this matrix system.
system. (We are all aware that stereo

is more than right and
stereo “sounds different

of a long corridor connected to the
listening room by a door on the side
—and it may well be that mixing in
space gives its own special effect.) It
would scem that variations in magni-
tude and phase would be taken into
account in the stereo multiplexcr, in

two-speaker systems, b

the end product has to come from two

points—the right and left

action. This

in the opposite SIMPLIFIED STEREO

AMPLIFIERS?
JENSEN'S  APPROACH TO
 stereo might possibly be ap-
plied to improve or simplify
stereo amplifiers. Since the
L + R and the L — R signals
are used, why not use them
direct and save some complexi-
ties? Just rectify the L — R sig-
nal and amplify it, also ampli-
fying the L -+ R signal, and use
them to operate speakers.

A single amplifier that sepa-
rates the signals and gives L
Rand L — R output was actually
describedinthe December, 1958
issue of RADIO-ELECTRONICS
(Benjamin Bauer et al, “‘2-Way
Amplifier.”” It handled one chan-
nel through an all-pushpull
amplifier, and amplified the
other signal by applying it to
the two input grids in parallel.
There were two output trans-
formers—one the regular push-
pull transformer, the other in
the common lead supplying both
output tubes.

If a Left signal were applied
to one input and a Right signal
to the other, the output would be
L + R across the pushpull trans-
former, and L — R across the
one for parallel use. R-E

gh the main

ixed in the air
virtual sound

o
RIGHT

left signal—
” at the end

ut of course

speakers.R-E

CRYSTAL ORDER
e CERTIFICATE
—

GISIE

Mﬂ“l ;‘-“1-::;0’1:“ CRYSTAL
PURCHASE CEI‘“F\CAT!_ -

o Prowt T e
G =

s e

AIAT!URMF‘—NJ 71 CRYSTAL
PURCHASE CEATIFICATE

-

NOW... vou can
ZIP’ORDER

Amateur, Monitor and CB

CRYSTALS

Your dealer has a new, fast, direct-
factory ZIP Crystal Purchase Certificate
that enables you to get the Amateur
Controlied Quality Crystals you want
mailed direct to you promptly. Ask
about it.

C CRYSTE

formerly Texas Crystals

DIVISION OF
WHITEHALL
ELECTRONICS
CORPORATION

1000 Crystal Drive
4117 W. Jefferson Bivd.
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Fort Myers, Florida 33901
Los Angeles, California 90016
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There's no substitute
for SUCCESS...

~Research € ngineer
Heald Engineering Coitege Graduats

or IN-CLASS INSTRUCTION!

In electronics, it's the training that
makes the difference. Employers
require well-trained men and the
first thing checked is where you
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 a

DRAFTSMAN-—12 months
TECHNICIAN—15 months
ENGINEER (B.S. Deg.)—36 months
ARCHITECT (B.S. Deg.)—42 months
YOU are eligible for HEALD ENGI-
NEERING COLLEGE if you have a high
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 Engineering.

FREE LIFETIME PLACEMENT SERVICE

TERAN
4‘“‘0 VE APPROVED
d q WRITE TODAY FOR DETAILS
--ch,v

HERLD Engineering College

1215 Van Ness Ave., San Francisco, California 94109

Please send me information about:

ARCHITECTURE[]
ENGINEERING: Civil[J Electrical (]
Electronic[J Mechanical [J
TECHNOLOGY: Electronic Engineering
Technician (FCC) ]
Radio Television Technician (FCC) [J
DRAFTING: Mechanical [] ‘Electrical (]
Structural [J
I am interested in Day[J Evening[] courses
Also send an application.[]

NAME

ADDRESS

AGE o

cry

STATE

21p PHONE

e

e
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Why does [e7=To sell

more replacement vidicons

than all other suppliers
comhined?

Because GBC offers top
quality, fully guaranteed,
factory sealed vidicons for
less thanhalf the price you'd
have to pay anywhere else!

HITACHI 7038H .......29.50

HITACHI 7735A
High sensitivity ........... 34.50

HITACHI 7262

{Replacement for Sony

& Panasonic).......... ...34.50
HITACHI 8507
(Separate mesh). ......... 74.50

PART Allvidicons sold i lots of five.
'l Add 10% for lesser quantities.

t

Closed Circuit TV Corp.

74 Fifth Avenue, N.Y.,N.Y. 10011 / (212) 989-4433

Circle 118 on reader service card

Who needs a tuner
wash? Save your
money and use

QUIETROLE

The product that cleans while it
jubricates. Zero effect on capacity
and resistance. Harmiess to plas-
tics and metals. Keeps color and

black and white on the beam.

Non-flammable.

manufactured by

¢ QUIETROLE co.

Spartanburg, South Carolina
Circle 119 on reader service card
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CHECK VDR IN RCA CTC 35 CHASSIS

The VDR (voltage-dependent re-
sistor) in the vertical output circuit
regulates the bias on the vertical out-
put tube to hold the picture height
constant with wide variations in line
voltage. This element is generally
trouble-free but there may be in-
stances when you want to check its
operation.

An open-circuited VDR will
cause vertical over-scan and some loss
of vertical hold due to excessive feed-
back pulses from the output section to
the oscillator. A shorted VDR causes

+405V +270V
\
\
~
~
~
o ~
ISpA \\ 1.5 pA
\

0-50pA
VDR

loss of vertical deflection due to the
loss of feedback from the output to
the oscillator section.

One quick check of a VDR is to
substitute a new part. Another check
is to temporarily replace the VDR
with a 1-megohm resistor. If the VDR
is defective, this resistor will permit
the circuit to operate—but, with ex-
cessive size and without needed volt-
age regulation.

A simple out-of-circuit  test
method is shown in the diagram. It is
based on the diffcrence in current
through the VDR when two different
positive voltages are applied to it. A
voltage difference of approximately
1.5 to 1 (405 and 270 volts) results
in a 10 to | current change. The volt-
ages for the test set-up are readily
available from the TV chassis. This
test illustrates the operating character-
istics of a VDR.—RCA Plain Talk
and Technical Tips

SCOPE FINDS SHORTED

FLYBACKS AND YOKES
This test for shorted turns and
partial shorts in flybacks, yokes and
linearity and width coils is based on
the ability of a tuned circuit to “ring”
when a pulse is applied. The scope is
used as the indicator and source of
the applied pulse. The tests can be
made without removing the com-

www americanradiohistorv. com

ponent from the chassis. This item is
based on material that appeared in
RCA Plain Talk and Technical Tips.

The test pulse is tapped off the
cathode of the scope’s sweep oscillator
through a 680-pF, 600-voit capacitor
and then fed to an insulated binding
post—marked SWEEP—ON the front
panel. The pulse from the SWEEP ter-
minal is applied to the component un-
der test. If the coil is good, the pat-
tern is a damped wave-train as in Fig.
1. If the coil has one or more shorted
turns. the pattern is a highly damped
wave-train as in Fig. 2.

-

FIG. L
NORMAL WAVEFORM
FROM GOOD COIL

FiG. 2
HIGHLY DAMPED
WAVEFORM FROM
DEFECTIVE COIL

Adjust the scope sweep rate to
display a single waveform as in Figs.
1 and 2. Use a sweep rate in the
range of 2500-5000 Hz when testing
width and linearity coils, the
deflection yoke and the horizontal
deflection circuit with yoke attached.
Use a sweep range of 500-1000 Hz
for flyback tests and for the horizon-
tal deflection circuit with the set’s yoke
disconnected.

The complete horizontal output
system, including flyback and yoke,
can be checked by removing the plate
cap from the horizontal output tube
and connecting the SWEEP lead and
the scope probe to the plate-cap lead
on the transformer. Connect the
scope ground lead to the TV chassis.
A single shorted turn will produce the
heavily damped wave in Fig. 2. The
effect of a shorted turn can be seen
when checking a good flyback by
temporarily ~shorting  the filament
winding.

If a yoke checks bad, be sure to
test internal capacitors and other aux-
iliary components before discarding
it.

OLYMPIC CTC19, —20, —21 CHASSIS

Poor horizontal lock, particu-
larly after replacing the 6JW8 hori-
zontal oscillator tube, can be remedied
by shunting a 680-pF capacitor across
C267, a 0.003-,F unit. Do this on the
underside of the board after checking
to see if this 680-pF capacitor has
been installed at the factory or during
prior service.—Olympic Service Bulle-
tin R-E
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COMING
NEXT
MONTH

APRIL 1970

m Match Wits With A Computer
Build an electronic game computer that
predicts what you will pick next (heads or
tails). It also keeps score and has a bad
habit of defeating the player.

m Tune Up Your Car With A VOM

You don’t need a dwell meter to tune up
that V8 under the hood. Find out how to
do it with an instrument you already have
~—your VOM.

m Excess Speed Warning Indicator
If you exceed a preset speed while driv-
ing, an alarm sounds. Spend a few bucks
now and avoid unnecessary speeding
tickets.

m Auto Radio Secrets
Ten solid-state auto radio case histories.
Problem, troubleshooting, solution.

m Plus Kwik-Fix, Service Clinic,
In The Shop and several other
feature articles.

MARCH 1970

HELP

YOUR OPINION IS IMPORTANT
So Radio-Electronics can continue to present the kinds
of articles you want to read we need your answers to the
following questions.
1. If you build something from a construction article, how
many dollars are you willing to invest in the project? Please
check one.

Up to $50 . Up to $75 o
Up to $100 Up to $150
Up to $200 More than $200

2. What kind of construction article do you enjoy most?
Please check one.

Test Equipment Games

Hi-Fi Stereo Automotive A
Photogrcphy R ~ Radio u -
Experimenters ol TV Add Ons -

3. What was the last R-E ;;oiect you built?

4. What project would you like to see published in Radio-
Electronics?

Your reply to this questionnaire will help make Radio-
Electronics even more interesting to you.

Please clip out and mail to: Larry Steckler, Managing
Editor, Radio-Electronics, 200 Park Avenue South, New
York, N. Y. 10003

| It’s yours

[ific
| GIANT 274 PAGE
' 1970
| RADIO-TV
| ELECTRONICS

CATALOG

YOUR BUYING GUIDE FOR . ..

TV’s, Radios, Recorders, Phonos, Amateur and CB equipment,
electronic parts, tubes and test equipment . . . featuring B-A’s
famous big bargain packed section!

Feccccccccnas ||/ (0 ceaaceannnee

: BURSTEIN-APPLEBEE CO.,
1 DEPT. RE-3 3199 MERCIER ST.,
1 KANSAS CITY, MO. 64111

5 s o

State_ - Zip Code

e s csscscscscsrs s cccare s ee e e me e
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SOLVE YOUR TV REPAIR
PROBLEMS WITH

TV TECH AID

A monthly TV publication of actual re-
pairs, and troubles encountered in OUR busi-
ness. The information will be gathered from
technicians, field reps, and all the leading
manufacturers.

TV TECH AID will present up to 40 dif-
ferent trouble shnoting cases each month.
Each manufacturer will have its own page.

Each symptom will have a clearly marked
schematic of the particular faulty stage. The
faulty components, and corrections will be
listed to aid in repair. No guess work.

It will contain current models, older
models, circuit changes and modifications on
various models as they occur.

The davs of “Trial and Substitution™ are
over.

Time means money. Don’t forfeit those
valuable profits.

ONE repair is worth more than four times
the investment.

Each monthly issue will contain a series of
timely sheets and the cost t0 you is only
$7.95 for a full years subscription.

TV TECH AID
P.0. BOX 603
KINGS PARK. L. L.
NEW YORK 11754

ENCLOSED IS A CHECK OR M.O. FOR
$7.95 PLEASE SEND 12 ISSUES OF TV
TECH AID

l I
| I
: I
| |
| |
| TO: :
: |
| |
| I
: |
, |

NAME
ADDRESS
CITY —————— B
STATE —— —
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It takes
a
good

head

to get good sound
from your recorder.

KEEP YOURS CLEAN.
CHECK REGULARLY FOR WEAR.
REPLACE WHEN NECESSARY.

reel, cassette or cartridge type.
ASK FOR FREE HEAD CARE BULLETIN NO. 7260

o~ Hortronics

6140 Wayzata Boulevard
Minneapolis, Minnesota 55416
Phone: {612) 544-0381

Circle 122 on reader service card
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Your Nortronics distributor has the right replacement
for almost any recorder, domestic or imported, open=

NOTEWORTHY
CIRCUITS

PORTABLE SCR TESTER

HERE IS A SIMPLE PORTABLE TESTER FOR
silicon controlled rectifiers (SCR’s) and
silicon diode rectifiers. While not as so-
phisticated as may be necessary for pre-
cise laboratory work and semiconduc-
tor comparative evaluation, its straight-
forward go—no-go operation is ideal
for general troubleshooting and service
work. Tt detects opens and shorts in di-
ode rectifiers and SCR’s and checks for-
ward blocking ability and triggering on
SCR’s. Convenient battery operation is
particularly useful when you work with
automotive, marine, and aircraft equip-
ment. This tester is more objective than
the often-used ohmmeter test because
it applies at least 10 volts to the semi-
conductor under test. Distributor parts
cost is less than $20.

Shown below is the circuit of the
test set. A good rectifier lights the lamp
at cach of the first four positions of
switch S1. No light at one or more
positions means a defective semicon-
ductor. SCR1, which has a scnsitive
gate-triggering characteristic and acts
as a high-gain amplifier, comparcs the
“signal” from the parameter being
tested with its own critical gate-trigger-
ing voltage, and lights the lamp if that
parameter is OK.

Switch S1 has five positions: BAT-
TERY CHECK. FORWARD VOLTAGE DROP
AND TRIGGER (for SCR’s), REVERSE
LEAKAGE, FORWARD LEAKAGE (for SCR’s
only) and OFF.

Figs. a-d show equivalent test cir-
cuits for each position of S1. In the BAT-
TERY CHECK position (a. below), the

) Q

BATT | R1 BATT 2

SCRI

R3,R4

a

gate of SCRI measures a portion of
BATTI1, the measuring battery. If the
voltage is too low, the SCR will not fire
and the lamp will not light. 1f the indi-
cating battery (BATT2) 1s too weak,
again the lamp will fail to light.

In the FORWARD VOLTAGE DROP
test (b, below), the diode or SCR under

+
BATT | X
T_ Rl 3Re BATT 2
(o2 =
SCR!
2R2
<

oH

TEST
UNIT &

RS

b
test is put in series with the measuring
circuit, and a gate signal is applied if
the unit under test is an SCR. If its for-

+ R6-6808 /IW <
BATT I l ——@—6"
67.5V c2[ $r7 BATT 2

3 Ciz.0l RIg22K | [z 200K SCRI 3V

W P IW k- JG.E.
L/ CSU
CALIBRATE 2 R2 CONTROLLED
LEAKAGE C3F PUSHLTO-TEST
CURRENT -To-
YURRENT 1K =i
B~
is2
ISEE TEXT
i
B
-
ANODE
UNIT
UNDER
TEST
caTH[ CATE
3RS
K
W
| l
sl- &

|- BATTERY CHECK ; 2-FORWARD VOLTAGE DROP & GATE TRIGGER (FOR SCR'S); 3-REVERSE LEAKAGE CURRENT}
4- FORWARD LEAKAGE CURRENT (FOR SCR'S ONLY); 5-0OFF
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ward voltage drop is low enough, SCR1
is triggered and the lamp lights.

To measure leakage current, the
rectifier or SCR is connected in parallel
with the divider of the detecting circuit
(circuits ¢, d below). Excessive leakage

+ +
BATT | R BATT 2
T TEST - Jscri
UNIT k-
R2
R3,R4
AAA !
c
+
R BATT 2
) o
SCR1
R2
d

current diverts current from “sensing”
resistor R2, preventing SCR1 from be-
ing triggered and keeping the lamp
dark. The OFF position doesn’t need
much explaining.

In the FORWARD VOLTAGE DRrOP
position, pushbutton S$2 triggers the
gate of the SCR under test when it is
depressed, and resets SCR1 when it is
Teleased between tests. Adjust the push-
button contacts so that the indicating
lamp circuit closes just before the gate
circuit does.

CALIBRATE YOUR VTVM

A vtvm should be checked periodi-
cally. This is easy if you have the usual
balanced-bridge type (Heathkit, RCA,
Eico, etc.).

Check the dc calibration with your
vom, or preferably a 1.35-volt mercury
cell (Mallory RM-640RT2 or equiv-
alent). This has two tabs for easy clip
or solder connection. Shelf life is 2 years
or more; but when voltage does decay, it
goes down rapidly.

Now check the ac calibration with
the circuit shown. Calibrating resistors
R5, R6 can be ordinary 10% carbons,

RI
3K/5W ww.

1o - R2-2w (MIN) W.w.

AC  SEE TEXT
1K MATCHE D=

tAC

: D
PROBE

iDC
;PROBE
ISVAC I

i
@I??.SVDC

matched on your ohmmeter. Select two
of nominal 1,000-ohm value that match
exactly—they can be high, low, or “on
the nose.” After soldering into the cir-
cuit, check that the ac voltage is equal

MARCH 1970

across RS and R6.

Calibration procedure is simple:
Set the vtvm and calibrator to pc, and
adjust R2 for 13.5 volts across R5 plus
R6. Then switch the vtvm and calibrator
to AC. The vtvm should indicate 15 volts
across RS.

For these readings, explanation is
brief: On dc, the vtvm indicates the
arithmetic average of the sine half-wave.
On ac, the vtvm is switched above to in-
dicate the geometric average (root of the
mean square) of half the sine full wave.
The ratio of these average values is 21/2
divided by x, which is .9002, or 13.5 to
15.

Because this ratio holds for sine
waves only, the calibrator must be con-
nected direct to the power line, not
through an isolating transformer. A
Variac (or other autotransformer), how-
ever, can be used, and can even replace
the voltage divider. Accuracy of the ac
calibration then depends on the dc
calibration.

During calibration, note the line
voltage, because dc (and hence ac) indi-
cations may vary with it. For an 8% drop
in line voltage, from 120 to 110, my
Heathkit drops 3% in dc indication,
from 1.35 to 1.31 volts. Likewise, for an
8% rise in line voltage, the dc indication
rises 1.5%.

This calibrator is an improvement
over my previous device (RaDIO-ELEC-
TRONICS, May 1958, page 116) because
the dc reading is brought near full scale
by matched resistors R5, R6.

Your vom can now be checked for
accuracy by comparison to the vtvm,
using the calibrator as a power supply.
Due to loading error, the calibrator can’t
check vom’s directly.—J. H. Sutton R-E

COMING NEXT MONTH

In April we'll show you how to build
a miniature computer that plays a
penny-matching game. Using dozens
of IC’s, it can memorize your plays,
decide what your going to do next
and “‘compute” jts move.

DON'T SETTLE FOR
A HIT AND MISS
IGNITION SYSTEM

Install a
JUDSON:
ELECTRONIC MAGNETO

It offers the combined advantages of
both the standard transistorized and
capacitive discharge systems in one
simplified patented circuit. Provides
better performance, a smoother run-
ning engine and keeps your car in
tune. Installed in twenty minutes,

Write Today for Literature

JUIDSON @

RESEARCH & MFG. CO.
CONSHOHOCKEN, PA. 19428

Circle 123 on reader service card
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“That’s going to cost you points for bad
sportsmanship, Nurdlev.”
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More and More Technicians Say:
"We've tried cheaper
substitutes . . . now
WE'RE BACK TO
DEPENDABLE, RELIABLE

"Nosz

World’s No. 1 TRUSTED NAME BRAND
® VOLUME CONTROL & CONTACT RESTORER
® TUNER-TONIC with PERMA-FILM

@ EC-44 FOR ELECTRICAL CONTACTS

® TAPE-RECO HEAD CLEANER

® FRIGID-AIR CIRCUIT COOLER

All Guaranteed Non-Flammabile,
No Carbon Tet, Non-Toxic, Non-
Drift Tuner Cleaner And Guaran-
teed Not To Affect Plastics.

The Only Brand Perfect For
Color TV and Black & White
FREE extender assembly for pin-

point application supplied with
ALL NO-NOISE PRODUCTS.

Electronic c hemical COrp.
813 Communipaw Ave. / fersey City, N. J. 07304

Circle 124 on reader service card
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MARKET
ENTER

ELECTRONICS

DIAGRAMS, SERVICE INFORMATION, television,
radio, $1.50. Specify model. SUPREME, 1760
Balsam, Highland Park, 1ll. 60035

BARGAIN TRANSISTORS, short leaded, marked
PNP, NPN, classified AF RF, marked; 7 AF $1.00,
15 $2.00, 4 RF $1.00, 9 $2.00 -+ postage 0.25.
ALP. DESLANDES, 334 Murray, Sherbrooke,
Que., Canada

Discharge IGNITION, PHOTOFLASH. Free cata-
log parts, kits. TRANSPARK, Carlisle, Mass.
01741
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

TREASUREPROBES. Patented transistorized de-
tector signals '‘dig’ by earphone ‘“beeping” 5”
search head. PC board, two colpitt oscillators
improve stability. Kit $13.95, assembled $18.88,
with speaker $24.88. 60 day guarantee. Send
for Free bibliography, “Treasure Maps and
Books of U. S.” TREASURE-HOUSE, RB20,
Tennent, N.J. 07763

RADIO & TV TUBES 33¢ each. One year guaran-
teed. Plus many unusual electronic bargains.
Free catalog. CORNELL 4217-E University, San
Diego, California 92105

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.

\;V7ri3te JETCO—Box 132-RE, Huntsville, Texas
40

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jeri-
cho Turnpike, Mineola, N.Y. 11501.

CONVERT any television to sensitive Big-Screen
Oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans $2.00. RELCO-A25, Box 10563, Houston,
Texas 77018

SPECIAL CLEARANCE SALE: Rectifiers, transis-
tors, and many other electronic parts. Lowest
prices. Free catalog. GENERAL SALES COM-
PANY, 254 Main Street, Clute, Texas 77531

ELECTRONIC HARDWARE, mixed bolts, washers,
etecs. 3 Ibs $4.00 postpaid. Wire sleeving,
(spaghetti) bundle assorted lengths, sizes 75¢
post paid. ARDO SALES, BOX 1965, Cedar Rap-
ids, lowa 52406

-----------------------1

0 0 [ |

923
923-923%
925

Im
Circuit at our bargain price I
get the 2nd one
m ONLY 1¢ ...

Fairchild No. : E‘AC? o 21«;. M]Ol:fJ
900 BUuffer  asveriresmmrnno w1 for 1. or 1. ‘
903-903* 2 Input gate Nand/Nor .2 for 1,98 ;fle; 11:“7) Y ‘!
910 Dual Two Innut Gate . .1 for 1,29 e Sl ¥
910-910 Dual Two input Gate <« 2for 1.98 or 70
914 Dual Two Input Gate.. 29 3::: 39
914.914% Dual Two Input Gate ... 2 for 1.98 3t V5o
915 Pual 3 Input Gate Nand/Nor . 1 for 1.49 4-{0}‘ 70 S
915-915 Dual 3 Input Gate Nand/Nor . 2 for 1.69 o

JK-Flip Flop ...
JK Flip Tlop
Dual 2 Input

$100,000 INTEGRATED CIRCUIT i

PENNY SALE!

agine — buy 1 Integrated

for

927 Quad Inverier .
930 Dual 4 Input Gate
933 Dual Input Gate, Expander
944 Dual 4 Input Power Gate ..
945 Clocked Flip Flop .
946 Quad 2 Input Gate Nand/Nor
948 Clocked Flip Flop .
953 2-2-3-Input and Gate
3 CIRCUIT
EPOXY SILICON _ A MPLIFIER!
J TRANSISTORS &| ,AUDIO AM -
] % 8 Transistors 5 Dime
= Y 6 Diocdes Size |
or $1 _ E e
l 5 f $ s Never before offered! Self-contained, integrated C uaranteed! With SDEC'I
Tvoe Sale circuit—size of a DIME! TO-5 case, 8 leads. Use} weica uses: 49
for phono, tape, intercom & s of micromini- ] -ac ameusi
l[j2N706 5 for $1 I ~int & 100’s of mini- | “ac e I
% %:%g%g g ;gr :} ature audio circuits, mike, phono, u\ge.t Output: & A OO e R
r aker. lete with data.
§ H 22751 Stersi 3o 16 ohmsnesker ToRTTE |
2N3396 5 for %1
| F SN i3t 02 AMP sucon ... $W SALE ON % "
= N had RECTIFIERS FAIRCHILD
l 1 2n3638 . s5forsl] B8OOPIV
] 2N3641-3 5 for$l COUNTING ulcsnl
] 2N3645 5 for $1 1 rerms: add postage. Rated: net 30. cod's 25%
l ] 2N3662  5for $1|phone Orders: Wakefeld, Mass. (617) 245-3829 | 3 for $14
[ 2N3683 5 for $1QRetail: 211 Albion. St., Wakefield, Mass. $4_95
I O 283097 Sy CATALOG ON: Parts, Rectifier Guaranteed! I
[J 2N3793 5 for $1 | GIANT SPRING . Parts, ifiers. L
I [J 2N4140.1 5 for $1§[] Transistors, SCRs, 1.C.’s, Equipment. 10¢ No. Description
O 2:4248-9 5 for Si r 0. sox 9a2r | (] 958 Decade Counter
l E]J ot e it POLY PAKS Bty inkis Quad Latch
[] 2N4290-1 5 for $1 01940 1 960 Decoder-Driver
l-----------------------.

el
o
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COLOR ORGAN KIT $7.50. Power supplies $3.98.
Catalog. MURPHY, 204 Roslyn Ave., Carle Place,
N.Y. 11514

SUCCESSFUL TREASURE HUNTERS and pros-
pectors choose White’s ‘“‘Quality engineered"”
metal-mineral detectors, either heat-frequency
or transmitter-receiver, especially designed to
locate coins, caches, relics, jewelry, gold, silver
ores. Budget terms. Free catalog: WHITE'S
ELECTRONICS, INC., Room 70, Sweet Home
Oregon 97386

BURGLAR and FIRE ALARM SYSTEMS and sup-
plies. Instruction manual and catalog $1.00.
Refunded first order. ELECTRONIC SENTRY
SYBSTSEMS. P. O. Box 8023B, Sacramento, Cal.
9581

REPAIR TV TUNERS: free tricks. F. BOCEK, Box
832, Redding, Calif. 96001

AR GaiSldia=r il A R ot cl it Ui itch” 2

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
Blvd., Los Angeles, Calif. 90019.

FABULOUS OLD TIME RADIO ON TAPE. BOX
2511, Denver 80201

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

INTEGRATED CIRCUIT KITS: Computers, audio,
others. 1970 catalog free. KAYE ENGINEERING,
Box 3932-D, Long Beach, California 90803

WRITE for highest discounts on components,
recorders, tapes, from franchised distributors.
Send for FREE monthly specials. CARSTON,
RFD #3, Route 7, Brookfield, Conn. 06804

s GeR s - »

WANTED 4

QUICK CASH . . . tor Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list now!
BARRY, 512 Broadway, New York, N. Y. 10012,
212 WALKER 5-7000.

GENERAL §

JAPANESE NEW PRODUCTS MONTHLY! $1.00.
Refundable. DEERE, 10639 Riverside, North
Hollywood, Calif.

ENJOY THE “MUSIC ONLY” FM PROGRAMS

M. A. D.

MUSIC ASSOCIATED'S DETECTOR

for continuous, commercial-free music
with ANY FM tuner or receiver

¥

Ll
A

Kit $49.50 Wired $75.00 Cover $4.95 List of FM
stations with SCA authorization $1.00. For com-
plete information write or eall:

MUSIC ASSOCIATED
65 Glenwood Rd.,
Upper Montclair, N.J. 07043
phone 201-744-3387
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SPECIAL U
02 fuse, Proge

GIANT 55”7 LIGHT COLUMN!
s Really specacular 4-ehannel
color organ translates every
nate. beut and vibration of
sound inte dazzing. throh-
bing. crisseross patterns of
vibrant  ecolor.  Individual
Zain controls—supersensi-
tive naster adjustahle to
bick up faintest music with
bright response. Easily at-
tached to amplifier. stereo.
1200WV capacity—600 each for Master and identical ‘‘slave’
unit ligted below. Tdeal for Bands. Discotheques. light
shows. Uses reg. house current. 55"I x 19”W x 8”D.
No. 85.188EH (57 1b. Shpg. Wt.) ..$249.50 FOB
“SLAVE’ UNIT-—(Works In Tandem W/Master)
No. 85,189EH (57 1b. Shpg. Wt.) .......... $149.50 FOB

’,

PSYCHEDELIC LIGHTING HANDBOOK

e #reg 100 infornnnion packed

3 G . : pages! Kully explains latest

PR Ay b it psychedelic lighting

o \g‘\\ﬁ“i_,, v equipnient. techniques, de-

X ﬂ\\\\‘“ velopinents. Covers all facets

i ’ v “wﬂ‘“ 22 of psychedelie  light-show

i;- P LW 1 production ineluding strobes.

b > § '2« black  lights.  projectors,

b o i erystals, organie slides. mir-

5 rars. color organs, polarized

m PEIRRCREREIESE color, light  boxes.  Music-

r\){islﬂm ete. 8%7 x 117 looseleaf paper punched for 3 ring

inder.

Stock No. SI00EH ........... ... .. .. . . $3.00 Ppd.
LONG-WAVE BLACK LIGHT FIXTURE

i “% Extremely  versatile, com-

pactly designed. long wave
(3200-1000 ungsiroms) black
light (ultraviolet) fixture—
eliminates  harmful shorter
wave uliraviolet rays. Use to
identify  minerals, fungi,
hacieria—check for surface
faws, 0il and gas leakage—
perfeet for displ with tlu-
a o Z orescent paper, paints. chahe,
crayons, Irace powder. Incl. adjustable aluminum reflector,
push-pull  switch, connecling plug.  Mount vert., horiz.,
ar on corner. 10”7 L., 13" W, 11,” M.
Stock No. 70.364EH ........ . . . . $12.50 Ppd.
No. 60.124EH REPLACEMENT BULB ...... $4.50 Ppd.

A COOL ADVENTURE ... WITH LIGHT!
e niomaag, ‘The almosy hypnotie spell of
ever changing firelight has
heen captured in a cool-
light display bex! With (he
liquid motions of u rising
and euascading fountain hlow-
ing in the wind, psvechedelic
colors  appear, intermingle
and vanish to rise again in
new patterns and drift away.
This  soothing light  show
housed in a handsgme 11%”

square by 7 deep. walnut finished lumia light box is an

offective addition to any reom—your living room, bedroom,
rec-room, doctor’s oftice. Especially effective ainong a wall
picture group. Medern as toworrow—availahle todav!

Stock No. 71.180EH LUMIA LIGHT BOX ...$29.95 Ppd.

TUNE (N AND TURN ON YOUR OWN
e g 3 Psychedelic Light Show

: Pake one  hookshelr  sized
i ovonservalive looking oiled
walnur finished Tlight box

with its buill-in kicker. an
{ indiv, contralled 3-channel
i color organ. Activate hy at-

taching to hi-ti or stereo
P . apesker. Plug in and switch
é S ootibbiei st ] § on! Musie fills the room and
(he prisingiic screen  ieapy Into pulsating life. ['atterns
are wild anl wonderful. or soft and soothing—responding
directly on time and intensity to music. l'erfect hcme en-
tertainment, little theater or combos. lfouse current.
Stock No. 80.126EH (18"Wx12"Hx9"0) ...... $49.95 Ppd.

NEW! PROJECTION KALEIDOSCOPE

7 A loew-cost unit with ecasily
interchanged 97 diam. liguid
wheel. 'rojects variety of
volor patterns whieh do not
repeat.  Specially designed
wheel, 3" projection lens and
Edmund Visual Speeial Ef-
fects I'rejector make i1 all
nessible.  Easily operated.
Large screen image at short
projection  distance perfect
for photo backgrounds, light
shows, parties, dances, etc. Front or rear projection. Incl:

1 RPM 115V Moter, motor bracket, Instructions.

Stock No. ZWI20EH ....... ... ... . .. $94.50 Ppd.
MULTI-COLORED GLASS WHEEL

Stock No. 71,122EH (9”7 diam.) ........... .. $15.00 Ppd.

STEREO MICROSCOPE—Great Buy!
Tz s e = American wmade. High pow-
. ered.  Direct measurement.
Up 1o 3” working distanee—
wide 3-dimensional field. 2
sets of objectives on rotating
turret. Standard pair of wide
field 10X Kellner Eyepieces
aive 23 power and 40 power
clear. sharp, erect Image.
Interpupilliary distance ad-
- = s ososni B justable. 10-day free trial.
Stoek No. 85,056EH ........................$99.50 FOB

WWW.americanradiohistorv.com

1000’s OF UNUSUAL SCIENTIFIC BARGAINS «

MIOUE PYMEIEL,

ORDER BY STOCK NUMBER « SEND CHECK OR MONEY ORDER » MONEY-BACK GUARANTEE

EDMUND SBEN."F": cn- BARRINGTON, NEW JERSEY 08007

Circle 137 on reader service card

'LIGHTING
700NN

-CHANNEL COLOR ORGAN
Create tremendous variety of g s ;
unusual & heautiful lighting
ettects with this low-cost
toD-quality 1500-Watt unit
(500 W. per channel). (om
bare with oihers selling for
twice the price. las pilor
light. plus individual sensi
tivity controls and channel
indicator lights. Can operate
ten 130 W, ‘spets’ or 200
Christmas lights. Uses reg
house curreni—attaches to audio source w/RCA-type phone
Dlug. 5%” x 8%” v 2147 2% Ihs. Thermal setting plastie
case, 6-ft. cord. Ineluding comblete insteuctions.

Stock No. 71,223EH .......... ... ... .. .. $34.95 Ppd.

ASTRONOMICAL TELESCOPE KITS

Grind your own mirror for
powerful  telescopes Kits
contain tine annesled pyrex
mirror  hlank. tool. ubra-
sives. diagonal mirror. and
eyeplece lenses. Instruments
you build range in value from
375 to hundreds of doliars.
4% " DIAMETER—3% " Thick 3
Stock No. 70.003EW ....... . . . $9.75 Ppd.
§” DIAMETER-—1” Thick
Stock Ne. 70.004EH ... ... . .. . . $13.95 Ppd.
8" DIANMETER—~13;4”
Stock No. 70,005EH $21.00 Ppd.
......... $34.25 FOB

10”7 DIAMETLE - ~1%" Thick
Stock No. 70,006EH ™

ROTATING MULTI-COLORED LIGHT
Dazzling colors stream end- @
lessly from eonstantly ratu-
ting light. Facetted. trang-
barent globe has louvered
drum inside with red. green.
Mue & yellow stars. Bulh
heat rotates drum whieh pro-
jeets flickering star points
on walls, ceilings, ete. while
individual giobe fucels pre
sent constantly changing ar
ray of brilliant colors. 93;”
star—approx. 12”7 high on bell-shaped hagse. Surprisingly
light. Kasily placed on table. TV, fireplace. or Xmas tree top.
Stock No. 71.000EH .$6.00 Ppd.

NEW TROUBLE-FREE SUPER STROBE
e

The lest and brightesy we've
seen. Big heavy duty ulira-
brite strobe covers up to
6.000 sy, ft.  Continuous
problem free operation ideal
for professional use. Derfect
for comhos. theaters,
the«ques, Long-life 4
Xenon Tube. Million flaghes
adjustable to  consistent
[-12 per second. Fan cooled. 10" x 5 curved ridge retlec-
tor. Rugged (153" x 514” x 53%") metal case. Wt. 8 Ibs,

BARGAIN!

Stock No. I604EH .. ... ... . . e kb $365 Ppd.

28 FT. REMOTE CONTROL

Stock No. I9I2EH ................ ... .. ... .. $35.00 Ppd.
FIND BURIED TREASURE!

Detect individual  coins.

rings as deep as 12%; hags
of coins. tools 10 3'; metal
chests. snfes to 6 feet! Best,
fully transistorized. induc- §
tion-balance loop :lelector at
moderate  price. Rugged,
lightweight (3% 1bs.) hat
tery powered. ['erfeet  for
treasure, hunters. collectors,
explorers. beacheombers. Has
visual and audible indiea- i
tors. adjustable soil conductivity kneh, on-off switch con-
trol. “*Humisealed™ solid state eircuitry, 327 overall, adj.
11”7 diam. loop. Includes 9 Volt (150 hr.) battery.
Stock No. 80.118EH $147.50 Ppd.
SPECIAL VISUAL EFFECTS PROJECTOR SET
Fantastic variety. Incredihly gusi @ . o=

o *\, .
heautiful. Create Hoating, 7% TES L
esploding. flery bursts of 7% - = Ve
color like “Symphony of Nx& h‘;‘/fi
Spheres™. “‘Chromatic Star- T o
hursts’™, “Crystal Star Y
burst”’. Features 35mm 504 \‘

W. fan cooled projector.
produces big imuage at shor:

distance.  Accepts two 07 -
diam. wheels (Dry Kaleido-

seope & Hexid pe). 2 evlindrical accessories (6” Col-
ored Cloud & 5" Hexidoscope w/six internal mirrored

walls). Complete instructions.
Stock No. 71.212EH .$79.50 Ppd.

M COUPON FOR GIANT FREE CATALOG

148 PAGES—1000's OF BARGAINS
Completely new 1970 edition. New items,
categories. illustrations. Dozens of eleetri-
cal and eleclromagnetic parts. accessories.
Enormous selection of Astronomical Tele-
scopes. Microscopes. Binoculars, Magnifters,
Magnets. Lenses. ’risms. Many war surplus
items: for hobbyists. experimenters. work-
shor, factory. Mail coupon for eatalog
“ELCT

EOMUND SCIENTIFIC CO.
300 EOSCORP BUILOING
BARRINGTON, N.1. 08007
NAME ___
ADDRESS
CITY .
STATE

— zir

300 EDSCORP BUILDING
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D22V

LATEST
ARCTURUS
SPECIALS

e Color focus rectifiers, 14,-
000 P.L.V. at 1 MA, 99¢ each.
6.5 KV—79¢

e Color TV yokes 70° & 90°
types. Fit atmost all sets
$10.95.

e 1700 Transistor types—39¢
e DS-501, 2N278 power tran-
sistor types. Cat. #349, 69¢
e HEP170, Motorola HV/Cur-
rent epoxy silicon rectifiers,
2.5 amps at 1,000 PlV, 49¢

L)
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e Fully transistorized UHF
tuners. Fit most sets. Cat.
#UHF567, $4.95 each.

e UHF tuners, 1 tube type.

Fit most sets. Cat. #UHF3,
$3.95 each.

Complete listings of electronic
items at similar bargain prices
are available. Write for our
latest catalog. Minimum order
$5.00, plus postage.

ARCTURUS ELECTRONICS CORP.

502-22nd St., Union City, N.J. 07087 &

Dept. MRE l:

Phone: 201-864-5568 :;

L SOJTBAAABEVITIIITIAAN
Circle 138 on reader service card

COLOR T.V.

1S TERRIFIC with
TERADO —
VOLTAGE ADJUSTERS

BIJIJIDIVIVIRPVERC VAV VVUR

>
4

ACCURATE
A.C.VOLTMETER

CORRECTS HIGH OR LOW N
VOLTAGE TO NORMAL CAP. 300 to 500 watts
SATURN (shown) Model no. 50-172 List $26.95
POLARIS (w/0 meter) Model no. 50-204 List $16.50

FULL DEALER DISCOUNTS
See your Electronics Parts Jobber. or write

W CORPORATION
1053 Raymond Ave., St. Paul, Minn. 55108

HOBBYISTS, EXPERIMENTERS, TECHNICIANS,
INVENTORS, NOW YOU CAN HAVE YOUR
BLACK AND WHITE TELEVISION CONVERTED TO
COLOR, BY MEANS OF A NEW PATENTED CIR-
CUIT. COMPLETE INSTRUCTIONS AND BLUE
PRINTS, WRITE, BELE ELECTRONICS CORP. 121
S.E. FIRST ST. MIAMI, FLORIDA. 33131

WRITE NOW FOR FREE 1970 CATALOG
McGEE RADIO COMPANY
Y001 BARGAINS IN SPEAKERS—PARTS
TUBES—HIGH FIDELITY COMPONENTS
RECORD CHANGERS—TAPE RECORDERS—KITS
EVERYTHING IN ELECTRONICS
1901 McGee St., Kansas City RE, Missouri 64108

Rebuild Your Own Picture Tubes?

With Lakeside Industries pre-

cision equipment, You can rebulld

any Dicture tubel

For complete details. mall coupon.
|

M Cakeside _ Industries

| 5234 N. Clark St I

| Chicago, Ill. 60640 1

| Phone: 312-271-3399 1
NARLE bl « o orml e o5 Sioio (183

| 1

Il c

L
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MARKET
CENTER

MILITARY TEST SET DIRECTORY, four volumes
cover many commercial, milltary units; 1500
pages. $5.00 plus 78¢ postage. GORDON WHITE,
5716 N. King's Highway, Alexandria, va. 22303

INVENTIONS =
& PATENTS

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-

?OAONI72ATION, 230-U Park Avenue, New York City
17.

INVENTIONS WANTED. Patented; Unpatented.
GLOBAL MARKETING, 2420-AE 77th Ave., Oak-
land, Calif. 94605

| PEP_’$ Dollar Sale
I $1 Money Back guarantee $1

1 Amp Siicon Rectifier

SCR
choice of package Silicon Controlled

Bullet—Minjature Glass- Rectifier
Metal TO-5 Package
| 5-800V units $1.00 7] 5.50v  units $1.00
| 4.1000V units $1.00 | 4-100V units $1.00
7] 3-1200vV units $1.00 [T 3-200V units $1.00 |
31AM1P ERoR PaCI(aga ] 2:400V units $1.25
0-100V units $1.00
5-400v units $1.00| 4 asov unis $1.00 |
2-1000V units $1.00 [D %.mov units z}.gg
] 2-200V  units -
S Y b ock18, [ 1:500V unit  $1.00
6200V units $1.00 ) 1-800V unit $1.50
{J 3-800V units $1.00 20 AMP SCR
[} 2-50v units $1.00
7 1-300V wunit  $1.00

SILICON STUD MOUNT
12 AMP

[]5-100V  units $1.00 T
2800y units $1.00| o™ 't:";',:f,"&s"“""

1-1000V units $1.00 o B For §1.00
SILICON STUD MOUNT | ZENER DIODES
20 AMP

Gen Purpose PNP

Watt
3-100v  units $1.00| 10 Volts

1.1000V unit $1.00/(} 3  units  $1.00
ZENER DIODES 1 Watt

SILICON STUB MOUNT | ) "ga av-6V-8v-10v
3.50v  units $1.00{(J4 _ units  $1.00

| [42700v units $1.00| GERM GLASS DIODES

DO7 GEN PURPOSE
SILICON STUD MOUNT |[7] 20  Units  $1.00 |
60 AMP Replaces IN-34 1N-60
[] 2-50v  units $1.00| 1N-64 1N-295 |
[ 1-1000v unit $1.25 ‘

| Zener Diodes 250 to 400

SILICON GLASS DIODES Millawatt
00.7 |1 EA 2v-av-6v-8V-10V |
[110-100v units $1.00{(J 5  units  $1.00 |

!0 16 Bit Memory Cell
SPECIAL $4.25

INTEGRATED CIRCUITS

Dual 4 Input Nand Gale| pApIATION FREE TUBE

Digital : FOR COLOR TV

Quad 2 Input Nand Bate’ 50,000 " Volts Replaces
] gK Flip Master Slave RCA 3A-3A or Equivalent.
Digita! P $1.75 Guaranteed for life of set
Linear | C Operational ©' 5 years. Eliminates

heat to prolong life of
Amp 709C Type .. $1.75| guor tubes.

POWER TRANSISTOR $8.99 each
85 Watt Similar to 2N- -—

212-1724-1208 NO SALES TAX
£t . $1.00 WE_PAY POSTAGE

PARK ELECTRONIC |
PRODUCTS #

P. 0. Box 78 N. Salem, N. H. 03073
Tel. (603) 893-0276

Circle 139 on reader service card

www americanradiohistorv . com

INVENTORS: protect your ideas! Free ‘rec-
ommended procedure”. WASHINGTON IN-
VENTORS SERVICE, 422X Washington Build-

ing., Washington, D.C. 20005

EDUCATION/
‘ INSTRUCTION

FCC First Class License In six weeks—nation’s
highest success rate—appraved for Veterans
Training. Write ELKINS INSTITUTE, 2603E In.
wood Road, Dallas, Texas 75235

GOVERNMENT
SURPLUS

JEEPS Typically from $53.00 . . . Trucks From
$78.40 . . . Boats, Typewriters, Airplanes,
Multimeters, Oscilloscopes, Transceivers, Elec.
tronics Equipment. Used. 100,000 Bid Bargains
Direct From Government Nationwide. Complete
Sales Directory and Surplus Catalog $1.00 (De-
ductible First $10.00 Oraer). SURPLUS SERVICE,
Box 820-REL, Holland, Michigan 49423

EQUIPMENT
REPORT

Hickok 860 Injecto-Tracer
For more information circle reader
service No. 60

THE AVERAGE SHOP CAN SERVICE
small radios profitably with the
proper “instrumentation.” The

Hickok 860 Injecto-Tracer could be
it. This is a combination signal gener-
ator, signal tracer and power supply,
all in one compact package. The 860
and a vom or vtvm could be all you
need, plus the service data to tell you
where everything is in the radio.

The “son” of the famous Model
155 Traccometer, the 860 provides
several features not in that in-
strument. A transistor-regulated dc
power supply has two output ranges,
0-5 and 0-15 volts, adjustable to a
desired voltage. A panel meter reads
the actual voltage, and can be
switched to read the current drawn by
the radio. Two ranges are provided,
0-10 and 0-100 mA.

The signal generator provides all
necessary frequencies for testing:
audio at 1000 Hz, AM if. signals
from 240 kHz up and rf signals from
50 to 1750 kHz. These can be mod-
ulated or unmodulated. A 10.7-MHz
FM i.f. signal is also included.

The handiest thing in this in-

RADIO-ELECTRONICS
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SCHOOL
DIRECTORY

GET INTO

ELECTRONICS

V.T.l. training leads to success aa
technicians, field engineers, speciallsts

communications, guided missties,
computers, radar and automation. Basic
& advanced courses in theory & labora-
tory. Elecironic Engineering Technol.
ogy & Electronic Technology curricula
both available. Associate degree in 29
mos. B.5. also obtainable. G.I. ap.
proved. Graduates tn all branches of
electronics with major compantes. Start
Sept.. Feb. Dorms, eampus. High
school graduate or equivalent. Catalog.

VALPARAISO TECHNICAL

INSTITUTE
Dept. C, Valparaiso, Indiana 46383

distinguished graduates

hold important engineering and management posts through-
out U.S. Professionally-oriented college with outstanding
Placement record. Four-quarter year permits degree in
three years. Dedicated faculty. Modern labs. Small classes.
400-acre campus. Accredited. Approved for
vets. Moderate total costs. Enter June, Sept.,
Jan., March. For Catalog, write Admissions.

TRI-STATE COLLEGE

2430 College Avenue, Angola, Indiana 46703

strument is the signal tracer. This
covers audio and radio frequencies in
the same range as the signal generator
(same dial is used), and will detect
and amplify any signal in this range.

With  this, stage-by-stage gain
tests can be made through any audio-
or radio-frequency circuit, or the
“place where the signal stops” can be
very rapidly located. The high imped-
ance signal-tracing probe causes little
disturbance to tuned circuits.

The inputs of a sterco amplifier
can be tied together, and a signal fed
into them. Then, with the 860%
probe, you can make A—B checks of
signal levels to corresponding points
in cach channel. This will help to lo-
cate stages with lower-than-normal
gain or distortion, or dead stages. It’s
also invaluable for following signals
through multiple-stage, direct-coupled
(“totem-pole™) transistor output cir-
cuits.

Small transistor auto radios can
be checked with the 860°s built-in
power supply. The variable-voltage
feature of the power supply, along
with the signal tracer, can be used to
check for oscillator dropout, inter-
mittents and such troubles.

Intermittent  troubles can be
monitored by using a load resistor in
place of the set’s speaker and con-
necting the signal-tracing probe to
any point in the circuit. If the signal
drops out there, the probe is moved
to the next test point, and so on. The
instruction book includes a good
“short course” in radio testing tech-
niques using this method.—Jack Darr

R-E
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INTEGRATED CIRCUITS f

RECTIFIERS

SEMICONDUCTORS f TRIACS

TRIACS

PV | 10
__ 100 | 120

200 | 175

300 | 225

400 [ 275

500 | 3.25
20,000 PRV 200 ma rectifiers
$2.75 ea.

ERS00 TRIGGER DIODES. These
biodirectional trigger diodes are
one of the hest and cheapast
methods to trigger SCR's and
triacs

UNIJUNCTIONS!
Similar to 2N2419. RBB of 5.7
stand off ratio of .6 and Ip of 12
with data sheet $1.00

750 milliwatt 7-68V $.40
ZENERS 10 Watt 7-180v $.75

MOUNTING
HARDWARE KITS.
These kits are used to mount our
SCR’s Zeners and Rectifiers etc.
6x32 stud (3, 12 amp rectifiers,
7A SCR’s) 6 sets/$1.00

14x28 stud (30 amp. rectifiers,
20 amps SCR's.) 4 sets/$1.00

OLID

Post Office Box 74D

= Transistor.

|
|
|

[J N-CHANNEL FET'S T0-18 plas-
tic units, low noise, low leakage, 25

volts source to gate, 50 ma gatel 1/32” 2.5 mil. fibers in PVC
0

current Gain to 9000 zmho’s. § .8
NEON LIGHT OR NIXIE TUBE
DRIVERS. An NPN, T0-18, SI
With a VvCBO of 120

3/%1.00

9030 8 BIT MEMORIES ...$3.95

NEW TTL IC SERIES

RE 112 Dual JK Flip Flop . $2.50
MC 415 JK Flip Flop ... . 1.50
MC 400 Dual 4 input
NAND/NOR gate. 1.50
4 Bit Storage

[

Register . . 2.50
DECADE DIVIDER . 5.95
MC 403 Exclusive OR gate
with COMP . 1.50
9301 MSI ONE.OF-TEN
DECODER 4.95
___ Silicon Power Rectifiers
PRV | 3A | 12a | 30A
100 | .09 .30 50
200 | .16 50 | 80| }
400 .20 70 1.20]
600 .30 | 1.00 | 1.50I
| 80 | .40 | 1.25 | 1.80
i 1000 50 | 1.50 | 2.20

Terms: FOB Cambridge, Mass.
Send check or Money Order. Include
Postage, Average Wt. per package
;/z Ib. No C.0.D.’s. Minimum Order

3.00

WE LEAD THE WAY
IN SERVICE AND QUALITY

Send for our latest catalog featuring Transistors and Rectifiers; 325 Elm St.,

Somerville, Mass. 02143

FIBRE OPTICS

packet.

$ .33/ft.

COMPLETE LIGHT GUIDE
BUNDLE

consisting of an 11” length of 1/32”
dia. fiber optics with hound ends.
$2.00 ea.

LINEAR CIRCUITS

CA 3011 FM-IF AMPLIFIER  § .90

709C OPERATIONAL AMPL.
$1.75 ea.

710C HF SPEED DIFF. AMP.

$1.75 ea.
711C DUAL COMPARATOR $1.75 ea.

Controlled Avalanche or
Epoxy Rectitiers 1 AMP.

| PRV PRV |
100 | .07 | 600 | .18
200 | .09 800 [ 22|

| 400 | .11 | 1000 | .35

Silicon Control Rectifiers

PRV | 3A | 7A | 20A | 70A
50| .35| .45| .70 |

100 | .50 | .65 1.00 | 4.00
200 | .70 | .95)1.30] 8.00
300 | .90 [1.25 1.70 | '
400 | 1.20 | 1.60 | 2.10 | 12.00|
500 | 1.50 | 2.00 | 2.50 | |
600 | 1.80 | 2.40 | 3.00 | 16.00|

70012201280 | |

Cambridge, Mass.

Tel. (617) 547-4005

Circle 140 on reader service card

CLASSIFIED COMMERCIAL RATE (for firms or individuals offerin
minimum 10 words.
NON-COMMERCIAL RATE (for individuals who want to bu

vices). 70¢ per word . . .

word . . . no minimum,

Payment

g commercial products or ser-
y or sell personal items) 30¢ per

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 May issue must reach us before March 9.

|
|
|
i 2 3 y) z ;
I
© ’ 8 9 10 I
|
11 12 13 73 1= I
|
16 17 18 15 =5 }
I
21 22 53 53 T J
|
26 27 28 55 35 I
I
31 32 33 53 35 {
I
S { @ .30 Non-Commercial Rates| —3 RAME____ ]
No.of Words | @ .70 Commercial Rate j T¥— P {
Total Enclosed $____ . !
Payment must ac- P
Insert_____ time(s) Icompany o:dgr unli eIty STATE 7 I
ess place
through acecred- SIGNATURE. I
Starting with Issue ited advertising MAIL TO: RADIO-ELECTRONICS, CLASSIFIED AD DEPT., I
agency 28 200 PARK AVE. SOUTH, NEW YORK, N.Y. 10003 |
99

www.americanradiohistorv.com


www.americanradiohistory.com

100

’N’lQ~A
Srite myg

TioNa,
¥ ~

three in one...

INTERNATIONAL'S
6024 FREQUENCY METER

m SECONDARY FREQUENCY STANDARD
m SIGNAL GENERATOR
m POWER METER

The 6024 packs three test instruments into one
small package for fast, professional servicing on all
makes of Citizens Radio transceivers. You have at
the flick of a switch, a SECONDARY FREQUENCY
STANDARD, range 26.965 to 27.255 MHz with
Counter Circuit, zero to 2500 Hz; SIGNAL GEN-
ERATOR, 26.965 to 27.555 MHz and DUMMY LOAD/
POWER METER, up to 5 watts.

Order your International 6024 today!

Complete with connecting cable, dummy 534500
load, rechargeable battery and charger.

27 25
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PRACTICAL

CB RADIO

SERVICING

A reference
manual for CB'rs,
servicemen and students

This book covers virtually every
servicing problem faced by CB
radio enthusiasts, technicians,
servicemen, and students. It pro-
vides all the theory and detailed
procedures needed to repair and
maintain equipment in a profes-
sional manner. ldeal tool for spot-
testing and trouble shooting.
Complete with tables and charts.

$4.75 postpaid

N - g

WRITE FOR CATALOG

AR

INTERNATIONAL

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

Circle 141 on reader service card

Circle 142 on reader service card >
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“These capacitors practically sell

themselves, like in a supermarket!”

Says Alexander Wellington,
owner of Sylvan-Wellington, Inc.,
New York City, in speaking about
The Re-Place, Cornell-Dubilier’s
new capacitor replacement cen-
ter. ‘'l am amazed at the in-
crease in turnover, and the ease
of selling.”

A pioneer in electronic servic-
ing, Mr. Wellington was also one
of the first of those alert distributors who have ‘in-
stalled The Re-Place in their stores.

The Re-Place is bcth a showcase and a self-service

store withim a store, al 'n a compact 5’ x 2’ area. It
organizes capacitor irventory and makes it easy for
customers 1o select anc to buy from a complete stock
of twist-prong aluminum electrolytics, tubular elec-
trolytics, minizture elactrolytics, ceramic discs and
mica capacitors.

Ycu can provide instant service 1o your customers
with The Re-Place—and profitably increase your turn-
over, too. Call your CDE Reoresentative today. Or
write for full informaticn about The Re-Place.™

2 CORNELL-
S5 DUBILIER

g ~W.americanradiohistorv.com
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The brilliance of our new color
replacement tube is matched only
by the sharpness of its pictures

Now it's easier to sell up to the best. RCA
has added brightness without sacrificing
sharpnessl Here's how and why:

To produce the brightest color picture tube in
RCA’s history, we developed a new phosphor-dot
screening process that incorporates a jet-black
matrix. Bul we didn’t stop there. We wanted a tube
that could deliver sharp, vivid pictures even in
strong room light. So, we added the brilliance of
new phosphors and deposited each red, green and
btue phosphor-dot within the black matrix. Result:
brighter pictures with no loss of contrast. Thanks to
the matrix technique, combined with our new high
resolution gun and greatly improved phosphors, the
Matrix is also the sharpest color picture tube in

GA MATRIX

RCA's history. Matrix owners can turn up brightness
without “turning down" color!

Will your customers see the difference? You bet!
What's more, they'll be pre-sold on the difference—
every time they see the 1970 big-screen color sets
people are talking about! So when they need a re-
placement tube, satisfy their appetite for brighter,
sharper pictures. Don’t replace their old tubes with
another “old” tube. Give their se*s new brilliance
and more vividly detailed pictures with RCA Matrix.
The Matrix Tube is 100% brighter than any previous
color picture tube manufactured by RCA.

For complete details, call your RCA Distributor.

RCA Electronic Components, m@m

Harrison, New Jersey

The RCA 25BCP22 Matrix Tube can directly replace 25XP22, 25EAP22 and also the following types: 25ABP22, 25AFP22, 25AMP22, 25AP22, 25AP22A,
25AQP22, 25BMP22, 25CP22, 25CP22A, 25GP22, 25GP22A, 255P22, 25WP22, 25XP22/25AP22A and 25ZP22.
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