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ICO Makes It Possible

Uncompromising engineering—for value does it!
You save up to 50% with Eico Kits and Wired Equipment.

-u - THE VERDICT IS IN.High fidelity authorities agree:
Cortina's engineering excellence, 100% capability, and

compact dramatic esthetics ali add up to Total

Stereo Performance at lowest cost.

A Silicon Solid-State 70-Watt Stereo Amplifier for $99.95 kit,

$139.95 wired, including cabinet. Cortina 3070

A Solid-State FM Stereo Tuner for $99.95 kit, $139.95 wired,
including cabinet. Cortina 3200.
A 70-Watt Solid-State FM Stereo Receiver for $169.95 kit, $259.95 wired,
including cabinet. Cortina 3570.
NEW Silicon Solid State 150-Watt Stereo Amplifier designed for audio
_ . perfectionists. Less than 0.1% harmonic distortion, IM distortion.

r Less than 0.6% at full output. Controls and inputs for every music
source. $149.95 kit, $225.00 wired including cabinet. Cortina 3150.

MBI DANINA NG ¢ o nNew7owatt Solid State AM/FM Stereo Receiver for $189.95 kit,
$279.95 wired including cabinet. Cortina 3770.

-
Elcocraft The newest excitement in kits.
100% solid-state and professional.
Fun to build and use. Expandable, interconnectable. Great as “jiffy” projects

and as introductions to electronics. No technical experience needed. Finest parts,
pre-drilled etched printed circuit boards, step-by-step instructions.

EC-100 Electronic Siren $4.95, EC-101 Electronic Burglar Alarm $6.95, EICOCRAFT-o- D
EC-102 Electronic Fire Alarm $6.95, EC-200 Electronic Intercom $5.95 S o

EC-300 Audio Power Amplifier $5.95, EC-400 Electronic Metronome $3.95, it
EC-500 Tremolo $9.95, EC-600 Electronic Light Flasher $3.95,

EC-700 Electronic ““Mystifier” $4.95, EC-800 Photo Cell Nite Lite $4.95,
EC-900 Power Supply $8.95. EC-1000 Code Osciilator $2.50,

EC-1100 FM Wireless Mike $9.95, EC-1200 AM Wireless Mike $9.95,
EC-1300 Electronic VOX $8.95, EC-1400 Solid State FM Radio $9.95,
EC-1500 Solid State AM Radio $8.95, EC-1600 Electronic Bongos $7.95

Colorn’S d

oun -
Add a new dimension to your AutomOtlve
music system. Introducing

6 EXCITING NEW PROJECTS

EC-1700 Ham/CB Vox $8.95,
EC-1800 Electronic “TOX" $8.95,
EC-1900 “Treasure Finder" $9.95,
EC-2000 Electronic Organ $9.95,
EC-2100 Electronic “Eye’ $9.95,

EC-2200 *'Magic Switch’ $9.95

the first inexpensive solid-state E1CO 888—Car/Boat
electronic system which Engine Analyzer.
provides true synchronization For all 6V/12V
of color with sound. Watch systems; 4, 6, 8-cyl.
the music you love spring CREImesy
to life as a vibrant, ever Now you can keep
shifting interplay of colors. ggtégnceairnotrigct)g‘t) shape )
Simply connect to speaker leads of your A . 2 .
: . ; with this solid-state, portable, self-powered universal
e e = |

ignition/electrical system.

Complete with a Tune-up & Trouble-shooting Manual. N
Model 888; $49.95 kit, $69.95 wired,

Test EquipmentTziziL

100 best buys to choose from.

experience necessary. Kit $49.95, Wired $79.95.

“The Professienals’’

[y []
ot e : _ —laboratory precision at lowest cost. 1 FREE 1969 CATALOG i
e ‘ i i HS led 8 EICO Electronic Instrument Co., Inc. H
o o 83 N ypgg'cmggc\g")%?tggg.ggid OUPIEE % 283 Malta Street, Brooklyn, N.v. 11207 :
. _(_’_ g for color and B&W TV service H Send me FREE catalog describing the full EICO &
Y - Q - -.h‘ﬁ-e_.‘-\ and lab use. Push-pull DC vertical E line of 200 best buys, and name of nearest dealer. 3
Y @' ~ 3554 amp., bal. or unbal. input. Automatic i Name o o
‘ ﬂ ‘@ - . sync limiter and amp. . s
- ) $99.95 kit, $149.95 wired. ! Address S . s

.
Model 232 Peak-to-Peak VTVM. A must for color or B&W TV and industrial use. 1 City. E
7 non-skip ranges on all 4 functions. With exclusive Uni-Probe.® ¢ :
$34.95 kit, $49.95 wired. ¢ State____ - Zip H
: !

Circle 7 on reader’s service card
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What Does electronics Mean To You?

This is the “electronics age.” Advancements in
electronics are coming, one on top of another, so
rapidly that the average technician cannot stay
abreast of the changes. But some technicians —
those who thoroughly understand fundamental
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, nothing can make you obsolete so quickly as to
neglect the study of basic concepts and fundamental
principles.

Upgrade Your Knowledge and Earn Your
Degree

Grantham’s strong-foundation educational pro-
gram in electronics leads to non-obsolescent skills
— to skills based more on reasoning than on mere-
ly doing — and leads to the Degree of Associate in
Science in Electronics Engineering.

As many as five semesters of the entire six-
semester program are available by correspondence.
And technicians who have had at least one full year
of practical experience may obtain credit for the
resident semester, based on that experience. Thus,
such technicians may qualify for the ASEE degree
in only five semesters, all by correspondence.

Get Your FCC License Along The Way

You have heard and read, over and over again,
about how important an FCC license is to your suc-
cess in electronics. It is certainly true that an FCC
license is important — sometimes essential —
but it’s not enough! Without further education,
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
electronics. It also makes good common sense to
prepare for your FCC license with the School that
gives degree credit for your license training — and
with the School that can then take you from the
FCC license level to the DEGREE level. The first
two semesters of the six-semester Grantham degree
curriculum prepare you for the first class FCC
license and radar endorsement.

Grantham School of Electronics

1505 N. Western Ave. 818 18th Street, N.W.
Hollywood, Calif. 90027 or Washington, D.C. 20006

Telephone:
(213) 469-7878

Telephone:
(202) 298-7460

Accreditation, and G.1. Bill Approval

Grantham School of Electronics is accredited by
the Accrediting Commission of NHSC, and 1s ap-
proved under the G.1. Bill. For seventeen years,
Grantham has been preparing men for successful
electronics careers. Our current electronics curric-
ulum is as follows:

Semester 1—Basic Electronics Technology

Semester 2 — Communications Circuits & Systems
Semester 3 —Electronics Laboratory

Semester 4 — Engineering Analysis & Computer Systems
Semester 5 — Report Writing & Engineering Mathematics

Semester 6 — Atomic Physics; Circuit Analysis & Design

A Four-Step Program to Success
It's your move, and the move you make today can
shape your future. Begin now with a step in the
right direction — Step =1 — and then follow
through with Steps #2, #3 and #4.

Step =1 is a simple request for full information
on the Grantham Associate Degree Program in
Electronics. You take this step by filling out and
mailing the coupon shown below. We'll send full
information by return mail. No salesman will call.

Step #2 is earning your FCC first class radiotele-
phone LICENSE and radar endorsement. You
complete this step in the first two semesters of
the Grantham educational program (by corres-
pondence, or Washington resident classes).

Step #3 is earning your ASEE DEGREE. This
degree is conferred when you have earned credit
for the Grantham course, one semester of which
must be taken in residence if you have less than
one year of practical experience in electronics.

Step #4 is getting a better job, greater prestige,
higher pay on the basis of your extensive knowledge
of electronics.

It’s your move! Why not begin now with Step #1.

Grantham School of Electronics
1505 N. Western Ave., Hollywood, Calif. 20027

Please mail me your free catalog, which explains how
Grantham training can prepare me for my FCC License

and Associate Degree in electronics. I understand no
salesman will call.

Name — Age

Address

g — — et S ot it S S o — b
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LOOKING AHEAD

By DAVID LACHENBRUCH
CONTRIBUTING EDITOR

Ready, Cassette, Go

1969 will be the year of the cassette. The tiny two-
reel tape cartridge concept promoted by Philips of Hol-
land (and Norelco in the U.S.) has swept through the
Amnerican consumer electronics industry like a forest
fire, and it now appears to be the catalyst which will
convert tape recording into a true mass consumer market.

Cassette recorders and players are now being mer-
chandised under at least 100 brand names—most of
them imported from Japan or the Netherlands. While
1968 cassette recorder/player sales are expected to total
close to 2 million out of perhaps 6 million of all types of
tape instruments, cassette units may well account for the
majority of tape instrument sales next year.

Admittedly no substitute for the high-fidelity reel-
to-reel recorder, the cas-
sette apparently isn’t cutting
into that market at all—but
rather winning new con-
verts to tape from among
those who have never owned
a recorder hefore. The cas-
sette is capitalizing on the
simplicity and flexibility
which make it adaptable to
a wide variety of uses and
formats. Not the least of its
flexibility is its mono-stereo
compatibility. Any stereo
cassette may be played on a
mono cassette recorder; any
mono cassette will play on a stereo unit.

This fall and winter, cassette machines will be
available at retail prices varying from $9.50 for a play-
back-only portable to more than $400 for a deluxe
stereo component system. The variety of devices which
will be on the market seems almost endless, including—
but not limited to—battery and ac portable players and
recorders, both mono and sterco; portable recorders com-
bined with 'M-AM radio; home stereo decks and players,
with or without AM and FM stereo and/or phone turn-
tables; automatic changers which can accommodate up
to six casscttes; automobile cassette players and recorders.

Evaluating the Trinitron

Sony's single-gun, three-beam Trinitron color tube,
which uses a vertically slitted “aperture grill” in place of
the conventional shadow mask (R-E, July 1968), is
under intensive study by American picture-tube manu-
facturers. On the basis of still-scanty technical informa-
tion, most tube makers are trving to duplicate the Sony
tube for study and evaluation.

One major tube manufacturer studied all available
information and came up with this summary of the Tri-
nitron’s apparent advantages and disadvantages:

Single three-beam gun: Advantages—Theoretically
better focus. Claimed 50% increase in brightness. Dis-
advantages—Electron beam is bent from its path twice,
not once as in conventional tubes; bending of the beam
creates detrimental effects. Gun is highly complex and
may be difficult toe manufacture.

Electrostatic convergence system: Advantage—
lower circuit cost. Disadvantages—Neck contact button

2

required, adding to cost of glass and creating manufac-
turing problems. No vertical convergence control. Elec-
tron gun is longer, resulting in longer tube.

Common Grid 1 and Grid 2 construction: Advan-
tages—Scparate grid assemblies not required for each
beam. Disadvantages—Tube can’t be used for signal
matrixing. Linearity of video amplifiers must be better
than currently available or color tracking problems will
resuit.

Vertical grid-type shadow mask: Advantage—Theo-
retical 30% increase in beam transmission (brightness).
Disadvantages—Vertical stripes (“pin-striping”) in pic-
ture. Because grill apparently can’t be made in the
spherical contour used in American color tubes, the pic-
ture tube face probably must be cylindrical. This would
limit picture tube size to 14 inches (diagonal) or less,
because spherical faceplates are required in larger tubes
to provide proper structural strength.

The tube maker concedes that too little is currently
known for a complete evaluation, but calls Trinitron “a
skillful combination of concepts that have been singly
investigated by many color picture tube development
organizations.”

The Transistor That ‘Isn’t There’

When is a transistor not a transistor? When it’s
not “improving performance capabilities,” says the Fed-
eral Trade Commission in a new rule aimed at ending
inflated transistor-content claims for radios and walkie-
talkies. Effective next Dec. 10, the FTC makes it an
unfair trade practice to include in advertising and on
radio cases and boxes such identification as “15 transis-
tors,” when this count includes transistors which don’t
aid in “detection, amplification and reception of radio
signals.”

Designed as a clampdown on the use of “dummy”
transistors, or transistors used as diodes, to inflate the
transistor content of a radio, the ruling actually goes a
little further—perhaps further than the FTC really in-
tended. It also is construed as banning the counting of
transistors wired in parallel or cascade if they don’t im-
prove performance. In addition, it may exclude from the
count transistors used in FM multiplex or afc circuits,
since, strictly speaking, these may not have “detection,
amplification or reception” functions.

Phone Gadgets Coming

A little-noted decision by the FCC could open the
way for a whole new category of electronic devices in
this country. The Commission has voided AT&T’s long-
standing rule which prohibited the use of “foreign” at-
tachments to Bell System telephones (unless these were
supplied by the phone company). FCC said AT&T may
set reasonable standards for attachments, to protect the
quality of telephone service. The ruling was made in the
Carterfone case, involving a device connected into the
telephone system to permit remote phone conversations
by radio. Previously, the only “foreign” gadgets permit-
ted with AT&T telephones were those which had no
physical connection to the system. The FCC's new deci-
sion could lead to hundreds of new devices, with vary-
ing degrees of sophistication, designed to be wired direct-
ly into telephone instruments or lines. R-E
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Radio-Electronics

September 1968 - Over 60 Years of Electronics Publishing

TOOLS AND TEST EQGUIPMENT

New Tools Save Time And Dollars .. .... .. 32 .... Byron G. Wels
Discover what they are and how they work
Hi-Fi Testing On A Budget ................ 36 ... Peter E. Sutheim
You don’t have to have a lot of test equipment
Newcomer’'s Guide To New Radio

And TV Test Gear ..................... 40 ... Matthew Mandl
What to look for before you buy your first instruments
Two-Way Radio Test Equipment .......... 44 ... len Buckwalter

Here’s what you've got to nave

How To Buy Tools .......... WA+ e ma roye e 89

BUILD ONE OF THESE

Computerize Your Car Lights—Part 1l ...... 59 .... R. M. Marston
Electronic “Brain’ takes over

IC Guitar Amplifier ................... ... 69 ........ Herb Gill
Battery portable unit is easy to build

SERVICING
In The Shop ... With Jack ................ 22 . walen Jack Darr
(E=IR) = Ohms Law
Unscrambling Color TV Brightness
Problems .k s fababic . on ba i a sds v 62 ........ Jay Shane
Learn how to fix them fast
Service CliniC ... ... .. ciiiriiinainsn 88 ........ Jack Darr

GENERAL ELECTRONICSE

Looking Ahead ............ ... ... a. 2 David Lachenbruch
Current happenings with future overtones

Automatic Diplexers For Voice
Communications ...................... 48 L. Ceorge Lawrence
Get rid of the push-to-talk switch—today

Build 3-Way Scope Calibrator ............. 51 .. James R. Squires
The “ultimate” for your scope

IC music maker converts any guitar into an elec-
tronic guitar. Take a few hours and build a minia-
ture amplifier for yourself. It's easy to build and fun
to use indoors or out.

see page 69

Know what this is? It’s the latest in blind-riveting
tools. There are lots of other new tools around too.
Find out what's new in hand and power tools.

see page 32
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Getting started in TV repair? Then you’ve just got
to know about the latest TV and radio test gear.
We'd like to bring you up to date on what's avail-
able and what it can do.

see page 40
DEPARTMENTS
CB Troubleshooter's Casebook ................ 94 New Literature ..o 87 Readers SErvice ...oooiiiviiivniioins R e 74
New Products
Correspondence ..........oovevenineccierciniens 14 . , Technotes ovoicneicvnicinie R 91
P New Semiconductors and IC's
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NEWS BRIEFS

Instant aircraft display—a new
control system operating at New
York's JFK airport. It is an important
step toward nationwide computer
control of dense air traffic at term-
inals. The system’s two UNIVAC
1219 computers “watch™ instrument
aircraft traffic at JFK, LaGuardia
and Newark airports. One computer
processes radar or beacon tracking
data from aircraft, while the other
generates information to constantly
update large- and small-screen dis-
plays in a centralized control room.
The displays, like the 9 x 12 ft screen
in the composite picture above, show

radar blips indicating aircraft loca-
tion and letter-number blocks that
provide identity and altitude. Up to
250 aircraft can be handled simul-
taneously. Photo (below left) shows
flight progress panel with flight plans
for controllers, teletype and program-
ming equipment.

COMPUTER-TAUGHT TYPING

A device originally developed to
teach Morse Code to Armed Forcces
personnel has been adopted into a
compact computer system to help
students learn typing faster. The sys-
tem allows each student to develop
typing skills at a speed matching their
ability. The student’s console has a
keyboard similar to that of a standard

electric typewriter. The front panel
consists of a colored-light display,
each light corresponding to a key-
board key. The bottom portion of the
panel includes a letter-and-number
unit that can display numbers, letters
or words. When a student’s perform-
ance indicates failure, the computer
back tracks.

THREE-YEAR TUBE WARRANTY

Owners of new Admiral color
TV sets now don’t have to worry
about picture-tube replacement for 3
years. In addition to an extended
warranty, the company is offering a
2-vear add-on warranty to owners,
of 55 models introduced in Decem-
ber 1967. Improved quality control
and greater automation at Admiral’s
Chicago tube plant helped make the
warranty possible.

WEATHER WATCHER

Newest member of the “space
ham” family is Rex L. Smith, a sen-
ior Westinghouse technician. Using
borrowed and second-hand equip-

ment, Smith records weather-satel-
lite signals with a home-built antenna
that leans against a basement work-
shop wall. Signals are decoded,
taped on a home recorder, fed to an
electronic storage tube and photo-
graphed. Weather-satellite photog-
raphy is becoming popular with
skilled do-it-yourselfers.

ELECTRONIC COMMUTING

Dial-a-buses and clectronically
guided personal vehicles for com-
muters of the future were among the
proposals recently sent to Congress
by the Johnson Administration. The
buses proposed could be summoned
by telephone through a computer

(continued on page 6)
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Would you pay %99 to earn
5200 and more a week?

Then read how, in just a few months,
this new ICS course can put you right in
the middle of the wide-open, big-paying
TV servicing field!

If you've had your TV set serviced lately,
you know repairs come high. The average
job runs $14, $15, even more—and a big
part is for labor. Someone is being paid
well for his knowledge and skill. And that
someone can be you—in just a few months
—with the help of ICS’s brand-new TV
Servicing/Repair Course.

For half the cost of other courses, you
can actually get started on a new career,
full or part-time. Within just a few
months, if you read six pages of this ex-
traordinary course in your spare time
every day, you'll know how to cope with
every type of disorder that plagues color
or black and white TV's. Your chances are
excellent of earning $200 a week— maybe
even more!

What it has taken others a lifetime to
learn, you can learn quickly and easily.
TV Servicing/Repair has 329 illustrations
that show you how to identify and recog-
nize TV disorders using the unique *1-2-
3-4" trouble-shooting method developed
for this course. 936 pages of easy-to-follow
instruction tell you how to fix each trouble.
Complicated electronics terms are ex-

- ¥ F . R R R B B R R R PR R B B B |
ICS, Scranton, Pa. 18515

e s

plained in everyday language. Self-exami-
nations let you check the progress you're
making. And the final exam wins you the
coveted ICS diploma—and is an important
step toward certification by National Elec-
tronic Associations.

The course pays for itself. A dozen ser-
vice calls in your spare time should more
than pay the $99 this course costs. And
you’ll be able to start making calls almost
immediately. By the time you've finished
the first two lessons, you'll be able to
handle the simple but costly “bugs” that
account for 70% of all TV troubles, and
will be ready to start repairing friends’
and neighbors’ sets.

Order now —you’'ll receive the complete
course—six big, beautifully bound and il-
lustrated textbooks—in a handsome li-
brary case. And for a limited time only,
we're able to inciude a big illustrated
dictionary of electronics terms, specially
keyed to text material. This will prove
invaluable as you start referring to manu-
facturers' service manuals.

You take absolutely no risk. Examine
TV Servicing/Repair for 10 days. Read
sections of text. See how easily you grasp
the subject. Then, if you're not fully satis-
fied this new program can do all we say
it can, send it back to us for a complete

Dept. PO393H

portfolio of schematics)

Name ——

Street

Occupation

Employed by

SEPTEMBER, 1968

Please rush me your TV Servicing/Repair Course.
| understand | may return it within 10 days—

and you will return my money—if not completely
satisfied. Enclosed is check or money order for:

D $99 plus state tax (full price includes

D $15 (bill me at the rate of $14 a month, plus state tax.
for six months until total price of $99 is paid)

City State JZip

Course approved by National Eiectronic Associations
for apprentice training

www.americanradiohistorv.com

refund, no questions asked. The important
thing is to actually sample this extraordi-
nary new course and see for yourself how
it can start you on an exciting, high-pay-
Ing electronics career.

Just $15 gets you started. Send us your
check or money order, along with the ap-
plication coupon on this ad. By return
mail, we'll rush your TV Servicing/Repair
program. If you elect to keep the course,
you pay just $14 a month, plus your state
tax, for six months. By that time, you'll
be well on your way to the high pay your
new skills will command. Or you may
pay for the whole course now—just $99
plus your state tax—and we’ll send you a
portfolio of schematic diagrams of the
nation’s most popular model TV's at no
extra charge. Either way, the 10-day
money-back guarantee applies.

You CAN succeed in this field. The ICS
files are full of testimonials of former
students who, with specialized training,
have commanded excellent pay in the TV
servicing field, in their own shops, or
working for someone else. This new, no-
risk course is designed to give you that
capability—in the shortest possible period
of time. Don’t wait another minute to get
started. Use the handy coupon, enclose
your check or money order today!
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One of a series of brief discussions
by Electro-Voice engineers

TWO WAYS
T0 MORE

P.A. POWER

JOHN R. GILLIOM
Chief Engineer,
Loudspeakers

In recent years, there has heen a tendency toward
increased power ratings for P.A. drivers. While
the implication of a higher rating is an ability to
deliver higher sound levels, in all too many cases,
the gain in power handling has been at the ex-
pense of efficiency. More significant to the sound
engineer is the attempt to increase the net ellici-
ency of the driver mechanism so that an increase
in acoustic output can be achlieved without in-
creasing electrical input.

A casual look at the interior of the latest series of
E-V P.A. drivers might lead one to believe their
design was typical of units rated at half the power
just a few years ago. Close examination, however,
reveals a striking increase in the effectiveness ot
materials in handling higher power levels and
providing higher efficiency.

Polyester-impregnated glass coil forms are not
new of themselves, but recent improvements in
the polyester material have increased the tensile
strength of this material despite the higher tem-
peratures reached at full power output. In addi-
tion, the coil itself can now be held to a degree
of concentricity impossible to achieve just a few
years ago. This leads to smaller gap tolerances
and an increase in elficiency and power handling
without loss of reliability. Heat transfer within
the coil has also been improved to better dissipate
the heat generated by continuous high power
operatiom

Since ceramic magnet material is limited in effec-
tiveness by the lowest temperature to which it is
exposed, recent improvements in the low tem-
perature performance of this material have also
provided a net gain in efliciency.

These refinements in P.A. driver result in nore
acoustic watts per dollar at every power rating.
In many cases, today’s 30 or 40 watt drivers
will outperform older designs rated at 50 or 60
watts.

In comparing efficiency, the most meaningful
available figure is the on-axis Sound Pressure
Level (SPL). Great care should he evercised in
comparing ratings to be certain the SPL was de-
rived in identical circumstances (i.e. same dis-
tance, frequency range, electrical input, and
identical horn configuration ).

It would be misleading to compare SPL rating for
a driver mounted on a reentrant horn vs. one on
a wide-angle horn, for instance, since the same
driver measured on these two horns would show
significantly less SPL on the wide-angle unit due
to greater dispersion of the total energy.

One other point should be touched on. Even
though a driver is correctly rated at 50 or 60 watts
power handling, its useful sound output may be
limited by distortion created in the horn at high
sound pressures. If horn design is fixed and is the
limiting factor, a higher efliciency driver with a
lower power rating may provide the same sound
coverage at considerably lower unit cost.

For reprints of other discussions in this series,
or technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 983E
613 Cecil St., Buchanan, Michigan 49107

EleilioYbres

A SUBSIDIARY OF GULTON INDUSTRIES, INC.,

Circle 10 on reader’s service card

NEWS BRIEFS
(continued from page 4)

that would record the number of
potential passengers, the availability
of vehicles and then dispatch a bus.
Small personal vehicles for rapid
transportation could be electronical-
ly guided over separate roadways in
low- to medium-density urban areas.
Private and public development costs
over the next 5 to 10 years will be
about $1 billion.

ROBERT H. HAINES

Winner of the annual Hugo

Gernsback  Scholarship  Award s
Robert H. Haines, 26, of Forest Hills,
N.Y. The $1000 grant is presented

cach vear to a New York University
student seclected by the College of
Engincering faculty. After attending
college for 2 years, Haines worked
for 5 years as an clectronic technician.
He returned to college at New York
University in 1965, and for the last
four semesters has been on the dean’s
list. Haines is a member of Eta Kappa
Nu, electrical engineering honor so-
ciety, Pi Lamda Phi and is treasurer
of the NYU student chapter of
1EEE.

PORTABLE TEACHING MACHINE
Thirty New York City school

children are using a new desk-top
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(continued on page 12)
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The best TV deserves

the best antenna!l

Install a Zenith Quality-Engineered Antenna!

Model 973-94
designed for far fringe areas

These features help a Zenith outdoor antenna pro-
vide the sup=rior reception that makes for satisfied
customers:

e Capacitor coupled cap-electronic VHF dipoles.
e Tapered UHF grid driver.

» Staggered square UHF directors.

¢ Low-impedance, triple boom construction.

Exciting Surprises You can choose from twelve all-new Zenith VHF/

for You—
end Your Family! UHF/FM or VHF/FM antennas. All are gold color
{ Fun for all! alodized aluminum for better conductivity, greater
g Get the details corrosion resistance and longer service.
at your Zenith .
Distributor’s Ask your Zenith distributor for a free technical man-
Parts Department. i ual. He has charted the reception characteristics of
; your area, so he can recommend the best antenna
] for each installation.

/&8 %%, BEST YEAR YET TO SELL THE BEST

)
o 1918 577 1968 =
A

% T | g
%, k | >/
% > X
6 W &/
2 oS
Depsme W

The quality goes in before
the name goes on

—
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make learning
Electronics at home
fast and fascinating —
give you priceless
confidence.

&®
Some NRiI i I‘QtS in training equment

f]PSt to give you Color Television training

equipment engineered specifically for education —
built to fit NRI instructional material, not a do-it-
yourself hobby kit. The end product is a superb
Color TV receiver that will give you and your family
years of pleasure. You “open up and explore” the
functions of each color circuit as you build.

8

twg[ to give you transmission lines and

antenna systems that include experiments not
otherwise attempted outside of college physics
laboratories. The experience gained with this kind
of Communications training equipment is matched
only by months — sometimes years — of on-the-job
experience.

RADIO-ELECTRONICS

www.americanradiohistorv.com
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NRI's “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “hands-on’’ experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit sent the day you enroll, to “bite-size” well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or quality quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a
more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016

APPROVED UNDER NEW Gl BILL 1f you have served since January 31, 1955,

or are in service, check Gl line on postage-free card.

[ 1]

first .. o exper

L to give you true-to-life experiences as a
communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

1968

De
first. o al

| Ny to give you completely specialized
training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,

solid-state multi-vibrators, and problem-solving
digital computer circuits are also included in your
course.

11
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Delta Launches the

COMPUTACH

*KAn exclusive computer-
tachometer for precise RPM
measurement in easy-to-
build Kit form!

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

used in the computer, coupled with the
finest precision meter in the world. Works
on all 2, 3, 4, and 6 cylinder 2 cycle and
with 4-6-8 cylinder—4 cycle 12 volt engines,

A 0-8000 RPM range

A Perfect linearity — zero paralax
A Adjustable set pointer

A Wide angle needle sweep

A Translucent illuminated dial

A Chrome plated die-cast housing
A All-angle ball & socket mounting
A Use it with ANY ignition system
A Meter: 3%3” dia. X 3%” deep

A Calibration kit included, no test eqpt.
needed.

Orders shipped promptly.
Satisfaction guaranteed.

DP 8-2

/. \DELTA PRODUCTS,

Send check today!
P.0. Box 1147 RE / Grand Junction, Colo. 81501

Enclosed is $ [ Ship ppd. {7 Ship C.0.D.

Please send:

[0 COMPUTACH® Kits @ $29.95 ppd
Sold in Kit Form ONLY!

Name

Address L

City/State.~~ Zip.

o ———— et et = ———
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NEWS BRIEFS
(continued from page 6)

device that combines sight and sound
on a 5-inch program cartridge to help
them improve their reading skills.
The Viewlex system developed by
CBS Labs presents words and pic-
tures on a 5”7 x 8” viewing screen
while a prerecorded voice reinforces
the sclection of the proper answers.
Should the student select a wrong
answer the machine remains silent,
flashes a red light and waits for him
to try again. Results to date show a
steady improvement in reading. The
average time in learning to read
words is less than 25 hours.

RADAR PENETRATES
CLOUD COVER

Panama’s Darien Province, one
of several regions in the world poorly
mapped or unmapped because of
perpetual

cloud cover, has been

photographed by the US Army using
Westinghouse-developed  side-look-
ing radar. Radar image composite is
a mosaic made from continuous strips
produced during several passes over
the area. North is at top of picture.

CIRCULATING-LIQUID LASER

An experimental laser system
developed by General Telephone &
Electronics may be a significant step
toward continuously operating lig-
uid lasers for future communications
and optical display systems. The de-

vice can produce at least 2 pulses

per second because the liquid is cir-
culated continuously through cooling
equipment that carries off the heat.
Stationary liquids used in earlier
lasers were affected by the intense
heat from the bright “pumping”
lamps that stimulated the fluids into
producing light. The heat altered the
liquids’ “index of refraction” and
caused the laser light pulses to stray
from their desngnated paths, making
it difficult to aim and focus the beam
reliably.

ELECTRONIC TECHNICIAN
CERTIFICATES

A 75% grade on a multiple-
choice test, proof of 4 years electron-
ics schooling and/or experience and
a $5 fee can earn certification as an
clectronic technician from National
Electronic Assns., Inc. Chairman of
the NEA certification committee is
Howard L. Bonar, 108 N. Center St.,
Marshalltown, Iowa 50158,

AIRBORNE STEREO

Passengers on  Lockheed's

L1011 trijet in the 1970’s will be able
to enjoy stereophonic music without

headphones. Loudspeaker systems
built by JBL (dotted lines) will span
the 345-passenger cabins. Bass re-
sponse of the 8” L75 speakers is
effectively doubled by a matching
passive radiator. R-E
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MODEL 488 SONO-BAR

1968

NOISE CANCELLING MICROPHONES

When the chips are down, and noise levels are high, Shure Noise Cancelling
microphones with their exclusive Controlled Magnetic cartridges, distance-
discrimination design, and specially tailored response get the message through

even when noise level is so high the operator cannot hear himself! They
have been field-tested and proved in such ear-shattering environments as: drop
forges, helicopters, police power boats, “hard surface” gyms among cheering
crowds, motorcycles, jets revving up, fire engines, etc.

SHURE MODEL 488 SONO-BAR SHURE MODEL 419 RANGER i
Rugged, impact resistant “Armo-Dur New small size. Only about half the
case. Four types: High or low impedance; ize and weight of conventional mobile
transistorized for direct replacement of communications microphones. Unsur-
carbon microphone; and FAA Certified passed for use with portable or miniatur-
Transistorized Aircraft version. ized equipment.

send for complete literature:
Shure Brothers, Inc., 222 Hartrey Ave., Evanston, i1. 60204

1968 Shure Brothers, [nc.

Circle 13 on reader’s service card
13

www americanradiohistorv com


www.americanradiohistory.com

'AEROVOX

HAS EVERY
EXACT
REPLACEMENT
TWIST PRONG AFH

ELECTROLYTIC

Why fool with ‘‘jerry-rigged’’ electrolytics
when there’s an Aerovox exact replace-
ment to give you the right rating and the
right size? Aerovox actually stocks all
twist prong AFH electrolytics—this means
off-the-shelf availability...not ‘“‘we’ll
build it for you if you order it delivery.

Available in singles, doubles, tripies and
quads, these popular types are now man-
ufactured in new values for filter bypass
applications in color TV as well as radio,
black and white TV and amplifier equip-
ment. Many values are now being used
for industrial applications.

Aerovox AFH Twist Prong Electrolytics
feature ruggedized prongs and mounting
terminals, high purity aluminum foil con-
struction, improved moisture resistant
seal and 85°C operation. Here is the
quality you need to protect your profes-
sional reputation.

Go to your Aerovox Dis-
tributor for a perfect elec-
trolytic fit—he will deliver
exactly what you want in
less time than it takes
to tell. Ask him for the
new Aerovox Service-
men’s Catalog #SE-567
or ask us. We'll be happy
to send one your way.

®

220y AEROVOX

CORPORATION
DISTRIBUTOR SALES, NEW BEDFORD, MASS.
Technical Leadership— Manufacturing Excellence

Circle 14 on reader’s service card
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GREMLINS EXIST l/

It seems a Gremlin inserted itself
into my manuscript “Recipe for a
Preamp” (June 1968). The solution of
formula 21 should be:

= (1.5 X 10%) (4.07 X 10%)
= 0.06.

B. E. JoHNSON
Portland, Ore.

ALARM CIRCUIT IS PATENTED v

All of us at Heath appreciatc the
articlc on our Heathkit Home Protec-
tion System which appeared in the
June issue of Rapio-ELECTRONICS.

As usual, the reporting is techni-
cally very accurate. However, one
important detail was omitted: the ba-
sic signaling method used in the Heath-

| kit Home Protection System is the
basis of two patent applications (Nos.
504, 918 and 44952) filed by Berkeley
Scientific Laboratorics of Berkeley,
Calif., who have named Heath Com-

pany as exclusive licensee.
EArL F. BROIHIER, MGR.

Advertising & Sales Promotion

Heath Company
Benron Harbor, Mich.

GIVE US MORE

RADIO-ELECTRONICS is already
my favorite magazine, but please give
us more articles like “Recipe for a
Preamp,” which appeared in the June
issue. You can’t guess how many books
1 have bought searching for exactly
this information.

Can you suggest a good book that
has transistor and/or FET circuit de-
sign explained this closely?

EAarRL M. LoLLEY

Andalusia, Ala.

Several good rexts are available. But

one of the newest is called “Transistor

Circuits and Applications” by Lau-

rence G. Cowles, and is published by
Prentice-Hall.

ing building this test instrument, but
am completely bailled by the drawing
of the meter scale. I just can’t repro-
duce it. Can you supply me witha
better copy?
ALEXANDER KARMAN
New York, N.Y.
Sorry to have caused so much trouble,
Alex, but our printer forgot to drop
out the color background. A copy of
the meter dial is already on its way
10 you. For any other readers who had
a similar problem we are reproducing
the meter dial at foot of this column,

I LIKED JUNE

You guys have done it again. I
am referring to the June issue. That
article on unijunction transistors was
great! Let’s have more of them in the
future. And the programed course in
semiconductor fundamentals on page
52 is just too much.

I have a question about the Poor
Man’s Power Supply in the same issue.
Could a stereo power amplifier be run
off it? Or a power amplificr for an
electric guitar?

JiM PERILBERG

Racine, Wis.

Thanks for the kind words, Jim. We'll

keep those high-interest stories com-

ing. As to your question, thar's a low-

power supply and will hardly handle

the requirements of high-wattage am-
plifiers.

MORE COLOR TROUBLES

Jack Darr’s column on “Station
Color Troubles” in your June issue
omitted one of the chief causes of
color variation from station to station
—differential gain and differential
phase errors in transmission. These
effects are basically due to intermodu-
lation between the luminance and
chrominance components of the color
signal and are caused by incorrect
gamma correction and band-shaping
at the transmitter and by multiple
transmission paths between transmit-
ter and recciver.

European receivers, operating on
the PAL system, are not subject to the
errors in transmission. In fact, these
receivers do not have a tint control as
the lack of standardization of levels
between program sources, mentioned

RPM X 100
3 6

20 30
m:_GREE}So OWE(

L0 " 20
TACH-DWELL REVISITED ‘/ W o
. 5 VOLTS D¢ % o
In the June 1968 issue I o \ 2 %
read the article “Build Low Cost 15 cr <o Y 6 ’ %%
Solid-State Tach-Dwell o FoRAC O A
ENGINES (N o

' Meter.” I am contemplat-

| 14
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strip amplifier...
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connector
or any one of
over 200 items/ M-110
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Hi-Q Single Carrier
Trap, 60 dB
Attenuation

Matched Line Drop

Tap — Outdoor Cast C
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lllustrations represent a cross section o

USE FINCO MATV ANTENNA SYSTEMS FOR NOTELS - MOTELS - SCHOOLS Send for FINCO'S

HOSPITALS « STORES  OFFICE BUILDINGS - APARTMENTS « HOMES

THE FINNEY COMPANY

™,
FINICO is the maker of the world famous Color Spectrum Antennas

73 OF THE WOirp
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State
Units

Transistorized Field
Strength Meter VHF

over 200 ATV items

FREE 45-page

illustrated MATY catalogue
and layout information forms.
THE FINNEY COMPANY

34 W. Interstate Street « Dept. O
Bedford, Ohio 44146
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NOW! Solve Electronics Problems

12 = e g .
o} Crr 3 i

fast with New Patented Qlti &Ie.

A

Ll

That's right! This amazing new Electronics
Slide Rule will save you time the very first
day you use it. I’s a patented, all-metal 107
rule that features special scales for solving
reactance, resonance, inductance and’ cir-
cuitry problems . . . an exclusive ‘“fast-

of four AUTO-PROGRAMMED " lessons. You'll quickly
learn how to whip through tough problems
in a jiffy while others plod along the old-
fashioned “pad and pencil” way.

Electronics Slide Rule, Instruction Course,

ol

and handsome, top-grain leather carrying
case . .. a $50 value for less than $25. Send
coupon for FREE illustrated booklet de-
scribing this Electronics Slide Rule and
Instruction Course and FREE Pocket Elec-
tronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St., Dept. RE-
156, Cleveland, Ohio 44114,
*TRADEMAR

e e e e e e e e e e e e ———— ———— —— ———— — —————— —_—
!

|
GET BOTH FREE!

finder” decimal point locater . . . widely-
used formulas and conversion factors for
instant reference. And there’s all the stand-
ard scales you nced to do multiplication,
division, square roots, logs, ctc.

Best of all, the CIE Electronics Slide Rule
comcs complete with an Instruction Course

Cleveland Institute;
of Electronics |

1776 E. 17th St., Dept. RE-156, Cleveland, Ohio 44114

Send FREE Electronics Slide Rule Bookiet. Special Bonus: Mail
promptly and get FREE Pocket Electropics Data Guide too!

ELECTRONICS

e

SLIDE RULE

| NAME (Please Print)
Send |
| ADDRESS COUNTY.
coupon |
) ciry. STATE 2P
today A leader in Electronics Training...since 1934

|
[
|
]
Iv
|
[
[
!
|

You don’t really hammer any nails in assembling
a Schober Organ, but the electronic work you do
is very nearly that simple. With the clear, non-
technical, step-by-step instructions for which Scho-
ber is famous, anryone can do the simple, enjoyable
printed-circuit soldering and screw-and-nut fasten-
ing that make up one of the world's finest musical
instruments. Every part, bit, and piece you will
need is included in the kits. Every component—
and the finished organ itself—is the kind of musical
and technical quality you would pay twice as much
for (or more) in a store. The pride and pleasure
of doing it all yourself is something you couldn’t
buy elsewhere for any price!

The Schober Theatre Organ left, costing only
$1550 if you use your own amplifier and speaker
system, is unbelievably pipelike—sounds just like
the old-time cinema theatre organ, with 35 voices,
5-octave pipe-organ keyboards, and everything else
you would normally pay over $1,000 more for.
There are four Schober Organ models, starting at
$645. Handsome walnut consoles are included—
but you can save cven more if you prefer to build
your own. You don’t have to buy the kits all at
once either; you can pay as you build and spread
out the expenditure.

FREE INFORMATION AND DEMONSTRATION RECORDING
Send today for your free copy of Schober’'s 16-
page, full color booklet, plus 7” free recording.

If you can hammer

a nail, and miss your
thumb, you can
assemble

a magnificent

 ——
. AWRARBARNR
> g s

o e ——— e o =y
The Schober Organ Corp., Dept. RE-58 |
43 West 61st Street, New York, N. Y. 10023

{J Plecase send me Schober Organ Catalog and
free 7-inch “‘sample” record.

{J Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

and save
over $1,000!

ADDRESS .. I
. CITY.. STATE......... ZIP NO........ I
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by Jack Darr, is not tolerated in Euro-
pean studios.

These effects, the differential er-
rors due to poor broadcasting tech-
nique and the wide differences in color
quality due to careless studio practice,
make color TV viewing a continual
parade to the tint control and certainly
do not help the image of the color TV
industry.

NorRMAN P. DoYLE
Communications Systerns and
Applications

Fairchild Semiconductor
Mountain View, Calif.

Thanks for filling in the gaps. But ler’s
not hint at changing the system
of color TV in the US because the
PAL system has some advantages. In-
stead, ler’s work roward eliminating
the problems in the system we use.

IT'S NOT PERPETUAL MOTION

E. Mitch mentioned in the June
1968 letters column he has a perpetual-
motion problem. This result is quite
common with capacitor discharge in-
stallations. Besides dieseling, the cause
can be a faulty ignition switch, voltage
regulator or the generator or alterna-
tor. One cheap and easy remedy is to
place a 25-ohm 15-watt resistor or a
parking lamp bulb between 12 volts
and ground at the ignition system.

E. W. HaLAYKO
Ottawa, Ontario, Canada

Mr. Mitch’s problem is not
dieseling and his unit is likely hooked
up properly. He was on the right track
though—something is shunted, prob-
ably the generator light.

The generator light is connected
between the co'd side of the ignition
switch and the generator or alternator
output. When the ignition switch is
turned off, a small current can flow
from the generator to the ignition cir-
cuit via this lamp. With a standard
ignition system the engine stops and
this flow ceases. But with some C-D
systems it is enough to idle the engine.
The cure is to replace the generator
lamp with a lower-wattage type.

F. L. WINTERBURN

Captain, Canadian Armed Forces
CFB Bagotville, P. Q., Canada
In some cases when an idiot Tight

s used in place of an ammeter, the

engine may not always stop when the

ignition is turned off. This can be cor-

rected by installing a 50-PIV, l-amp

diode (Motorola IN4001 or equiva-

lent) in series with the lamp. Check to

make sure diode polarity connection
will permit the lamp to light.

ROBERT C. METIVIER

Keene, N. H.

R-E
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And you have to go back and fix your repair job one week
after you’ve fixed the set. It’s your fault, and your money.

Replacement parts ought to last longer than that.

Like capacitors. They should be able to meet the require-
ments of high-reliability computer and missile systems, hold
their rating at 125° C continuous operation.

Like Elmenco dipped Mylar® paper capacitors do.

Yet you can buy them at regular TV set prices. In any
value you need from .001 mfd. to 1.0 mfd. In TV rated
voltages from 400V through 1600V. Or in 100V values for

transistorized circuitry.

Elmenco distributors can sell you the other Elmenco
capacitors: padders and trimmers, high voltage dipped
micas. And Arcolytic capacitors, also.

So you’ll only have to do your repair jobs once. Then if
the lady in the set looks the same once you've finished, it’s
her mother’s fault.

| Loral Distributor Products

E. A DIVISION OF LORAL CORPORATION
Pond Hill Industrial Park, Great Neck, New York 11022
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50 functions in a single chip. The functions of 50 separate tran-
sistors, diodes, resistors and capacitors can now be forined by the
tiny dot in the center of the integrated circuit held by the tweezers.

The"“"Chip”

...will it make or break
vour job future?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY
is the dawn of a new age of electronic miracles. It
means that many of today’s job skills soon will be
no longer needed. At the same time it opens the
door to thousands of exciting new job opportuni-
ties for technicians solidly grounded in electronics
fundamentals. Read here what you need to know
to cash in on the gigantic coming boom, and how
you can learn it right at home.

INY ELECTRONIC “CHIPS,” each no bigger than the

head of a pin, are bringing about a fantastic new
Industrial Revolution. The time is near at hand
when “chips” may save your life, balance your
checkbook, and land a man on the moon.

Chips may also put you out of a job,..or into a
better one.

“One thing is certain,” said The New York Times
recently. Chips “will unalterably change our lives
and the lives of our children probably far beyond
recognition.”

A single chip or miniature integrated circuit can

18

perform the function of 20 transistors, 18 resistors,
and 2 capacitors. Yet it is so small that a thimbleful
can hold enough circuitry for a dozen computers or
a thousand radios.

Miniature Miracles of Today and Tomorrow

Already, as a result, a two-way radio can now be
fitted inside a signet ring. A complete hearing aid
can be worn entirely inside the ear. There is a new
desk-top computer, no bigger than a typewriter yet
capable of 166,000 operations per second. And it is
almost possible to put the entire circuitry of a color
television set inside a man’s wrist-watch case.

And this is only the beginning!

Soon kitchen computers may keep the housewife’s
refrigerator stocked, her menus planned, and her
calories counted. Her vacuum cleaner may creep out
at night and vacuum the floor all by itself.

Money may become obsolete. Instead you will
simply carry an electronic charge account card. Your
employer will credit your account after each week’s
work and merchants will charge each of your pur-
chases against it.

i
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When your telephone rings and nobody’s home,
your call will automatically be switched to the phone
where you can be reached.

Doctors will be able to examine you internally by
watching a TV screen while a pill-size camera passes
through your digestive tract.

New Opportunities for Trained Men

What does all this mean to someone working in elec-
tronics who never went beyond high school? It
means the opportunity of a lifetime—if you take ad-
vantage of it.

IUs true that the “chip™ may make a lot of manual
skills no longer necessary.

But at the same time the booming sales of articles
and equipment using integrated circuitry has cre-
ated a tremendous demand for trained electronics
personnel to help design, manufacture, test, operate,
and service all these marvels.

There simply aren’t enough college-trained engi-
neers to go around. So men with a high school edu-
cation who have mastered the fundamentals of elec-
tronics theory are being begged to accept really
interesting, high-pay jobs as engineering aides, jun-
ior engineers, and field engineers.

How To Get The Training You Need

You can get the up-to-date training in electronics
fundamentals that you need through a carefully
chosen home study course. In fact, some authorities
feel that a home study course is the best way. “By
its very nature,” stated one electronics publication
recently, “home study develops your ability to an-
alyze and extract information as well as to strength-
en your sense of responsibility and initiative.” These
are qualities every employer is always looking for.

If you do decide to advance your career through
spare-time study at home, it makes sense to pick an
electronics school that specializes in the home study
method. Electronics is complicated enough without
trying to learn it from texts and lessons that were
designed for the classroom instead of correspon-
dence training.

The Cleveland Institute of Electronics has every-
thing you’re looking for. We teach only electronics
—no other subjects. And our courses are designed
especially for home study. We have spent over 30
years perfecting techniques that make learning elec-
tronics at home easy, even for those who previously
had trouble studying.

Your instructor gives your assignments his un-
divided personal attention—it’s like being the only
student in his “class” He not only grades your work,
he analyzes it. And he mails back his corrections
and comments the same day he gets your lessons, so
you read his notations while everything is still fresh
in your mind.

Always Up-To-Date

Because of rapid developments in electronics, CIE
courses are constantly being revised. Students re-

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 hox on

Tiny TV camera
for space and mili-
tary use is one of
the miracles of in-
tegrared circuitry.
This one weighs 27
ounces, uses d one-
inch vidicon cam-
era tube, and re-
quiresonly four
waits of power.

ceive the most recent revised material as they pro-
gress through their course. This year, for example,
CIE students are receiving exclusive up-to-the-min-
ute lessons in Microminiaturization, Logical Trou-
bleshooting, Laser Theory and Application, Single
Sideband Techniques, Pulse Theory and Applica-
tion, and Boolean Algebra. For this reason CIE
courses are invaluable not only to newcomers in
Electronics but also for “old timers” who need a
refresher course in current developments.

Praised by Students Who’ve Compared

Students who have taken other courses often com-
ment on how much more they learn from CIE.
Mark E. Newland of Santa Maria, California, re-
cently wrote: “Of 11 different correspondence
courses I've taken, CIE’s was the best prepared,
most interesting, and easiest to understand. I passed
my Ist Class FCC exam after completing my course,
and have increased my earnings $120 a month?”’

Get FCC License or Money Back

No matter what kind of job you want in electronics,
you ought to have your Government FCC License.
IU’s accepted everywhere as proof of your education
in electronics. And no wonder—the Government li-
censing exam is tough. So tough, in fact, that with-
out CIE training, two out of every three men who
take the exam fail.

But better than 9 out of every 10 CIE-trained
men who take the exam pass it.

This has made it possible to back our FCC Li-
cense courses with this famous Warranty: you must
pass your FCC exam upon completion of the course
or your tuition is refunded in full.

Mail Card For Two Free Books

Want to know more? The postpaid reply card bound
in here will bring you a free copy of our school cata-
log describing today’s opportunities in electronics,
our teaching methods, and our courses, together with
our special booklet on how to get a commercial FCC
License. If card has been removed, just send us your
name and address.

@
CIE

Cleveland Institute of Electronics

1776 E. 17th St., Dept. RE-52. Cleveland, Ohio 44114

-

=k | Accredited Member National Home Study Council ; g5y
reply card for G.I. Bill information. Aleaderin Electronics Training...Since 1934 % ]
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Automatic
STAPLE GUN TACKERS

Specially designed for
SAFE — FAST — SECURE

WIRE & CABLE FASTENING

e \ : -.‘

‘)' \\_, ‘l For wires up to
NG i) 3/16” in dia.

S P o Uses round crown

! staples in

= ‘“v, / A %7 leg only.

i
\.' I
2

INTERCOM, BURGLAR
ALARM and other
low voltage
wiring.

| No. T-25
For wires up to

1" in dia.
Uses round crown &3

staples in 9/32" Fastens same wires.

as No. T-18

%", 7/16", and Also
~ 9/16” leg. used for — Thcr
RADIANT =

HEATING

For wires and
cables up to
2" in dia.
Uses tack-pointed
staples in 9/16”,
%" and 74" leg.

SHEATHED CABLE, RADIANT
HEATING CABLE, WIRE
CONDUIT, COPPER
TUBING, DRIVE
RINGS, ETC.

e All-steel,
chrome finish.
o Jam-proof mechanism
for trouble-free operation

SAFE! Driving blade automatically
haits staple at right depth of penetration!
Can't cut or injure wires and cables.

FAST! powertul single stroke action
shoots staples in 1/1000 of a second!
Saves 70% in time, effort and efficiency!

HOLDS! Staple points diverge to

imbed firmly in wood. Rosin-coated for
tremendous holding power!

Write for catalog and information.

RRrRROW FASTENER - OMPAMY INC.
Saddie Brook. New Jerscy 076863

“Pjoneers and Pacesetters
For Almost A Half Century”

Circle 20 on reader’s service card

In the Shop .

By JACK DARR

SERVICE EDITOR

.. With Jack

f(E IR})

DON’'T KEEP OHMS LAW LOCKED UP IN
a desk drawer (I've got it pinned up
over my bench!) and don’t let it get
“locked up” in the dark recesses of our
hard heads, cither. Time after time, I
have run down some ‘‘very obscure
and complicated trouble’” only to find
that it could have been done about an
hour faster if I'd remembered that
B=alR:

In other words, watch those volt-
age drops. Use Ohm’s Law! It was
important in tube-servicing, and still is.
In transistor work, it’s even more im-
portant. Look at any transistor circuit,
and you’ll see fixed resistors that set
the bias on a stage; voltage dividers
connected from B+ (V,..) to ground
which also set bias; transistors them-
selves used as parts of voltage divid-
ers; and a lot of others. All of these
can be checked out very quickly with
a couple of voltage measurementis and
a quick swipe at Ohm’s Law.

Current measurements can be
made without unsoldering a single
joint, IF you read the voltage drop
across any resistor in series with the
circuit. A 1.0 volt drop across 1,000

VCC

e -
)
SIGNAL SIGNAL
INPUT OUTPUT

=)

EMITTER
RESISTOR
L
Fig. 1—Voltage across the emitter re-
sistor shows the circuit conditions.
:l
Bee—=sl SIGNAL
SIGNAL OUTPUT
INPUT v =
GROUNDED
COLLECTOR
RESISTOR
v, V, =

{1+ cc

Fig. 2—No collector tvoltage drop, no
current flowing. It’s as simple as that.
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“Ohms, watts, volts, amplifiers, capacitors

and audio frequency he understands. Fau-

cets and drains are too complicated!”

ohms means that 1.0 mA is flowing.
One of the most frequently needed
tests in all transistor circuits tells you
whether there is any current flowing,
which is what you want to know.

Just measure the voltage on the
emitter. In common-emitter circuits
(the most often-used) this will be the
voltage-drop across the emitter re-
sistor (see Fig. 1). If the voltage here
is close to that shown on the sche-
matic, the transistor is drawing cur-
rent. Since this voltage is developed
by both collector and base currents,
the chances are that this stage is ok if
this voltage is ok.

Collector currents? Same thing.
Look at the circuit of Fig. 2, with the
“grounded” collector. No voltage is
applied to the collector, but! There is
a load-resistor. If the transistor is
drawing the proper collector current,
the output signal voltage is developed
across this resistor. So, just read the
collector voltage and there you are.

If there is no voltage the transis-
tor is open, or it is biased to cutoff.
Either way you have found some
trouble, and it must be fixed before you
go any farther.

You’ll run into some real wowsers
in certain circuits; AGC in transistor
TV’s, for example. These generally
look like quite a bag of worms at first
glance, but if you break ’em down,
you’ll see that they’re nothing but a
bunch of simple stages tied together.

RADIO-ELECTRONICS
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We set out to give

you the industry’s
outstanding VOM value.

Only the B & K Model 175 VTVM
has a built-in battery eliminator
—no ohmmeter battery re-
quired! B & K Model 175 fea-
tures Transit-Carry — reducing
possibility of a bent meter in-
dicator. In addition, B&K built
into this VTVM a totally reliable
protection system. The meter
movement cannot be damaged
from application of a wrong in-

SEPTEMBER, 1968

We succeeded.

Leave it to B & K engineering
know-how to create a Volt-
Ohm-Milliammeter that puts
you a jump ahead of your com-
petition—helps make your job
more rewarding and profitable.
Only B & K Model 120 VOM
offers a 2 ohm center scale,
burnout-proof meter movement,
a polished mirrored scale plus a
total of 61 ranges! Model 120
VOM ranges start lower . . . and
go higher than other instruments
of similar size and type, making
transistor servicing far easier. It's

put voltage. Looking for the in-
dustry’s outstanding value in
VTVM application? Look to B&K
Model 175, only $59.95, net.

B3

Where Electronic Innovation
/s A Way Of Life

Circle 21 on reader’s service card
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true. B&K brings you the indus-
try’s outstanding VOM value—
Model 120 VOM, and prices it
right! Only $59.50, net.

B

Division of Dynascan Corporation
1801 W. Belle Plaine
Chicago, lllinois 60613

Canada: Atlas Radio Corp., 50 Wingo!d, Toronto 19, Ont,
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A,
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give your

COLOR-TV
HI-FI STERED

heat problems

install a DELWYN

Aigoon far.

Everyday, everywhere, fans are at work cooling billions of dollars worth of
electronic equipment in computers, missite and airborne electronics. Now,
you can have this same kind of proven protection in your home electronic
equipment. You need never miss your favorite TV program or the music
you want because of heat-caused part failures.

Quickly and easily installed, no extra hardware needed, the Delwyn Whisper
Fan keeps a steady stream of fresh cool air circulating over all heat gener-
ating components.

Use a Delwyn Whisper Fan in your Color-TV, Hi-Fi Stereo, electronic organ,
tape recorder and other home electronic equipment. Guard against costly
repair bills — add years of service-free life to your home entertainment
equipment.

See your local dealer for a convincing demonstration. The Delwyn Whisper
Fan is aerodynamically designed by Rotron, the world’s leading supplier of
cooling devices for electronic equipment.

: ™
Box 195 B, Route 28
& D E L-WYN Kingston, Nev«c/)uYork 12401

Circle 22 on reader’s service card
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$14,85

complete

Ohm’s Law and the voltages on the
schematic will help you pin the trouble
down in the shortest possible time.

Some of the “unusual” things you
will find are AGc or sync-clipper tran-
sistors with zero-bias. In transistor
circuits, “zero-bias” means base and
emitter at the same voltage. A tran-
sistor is cut off, under these condi-
tions. There can be no collector-cur-
rent flow, and thus, no signal output.
So, what? If this is the voltage shown
on the schematic, ok. It simply means
that this is the no-signal voltage, and
that this stage is meant to be a sync-
clipper—its operating bias is devel-
oped by the input signal! If this sounds
exactly like a tube sync-clipper, you're
right—it is.

In the output transformerless
output stages you'll find the same
thing. No-signal voltages will be quite

+80vV

SIGNAL
INPUT

478

2000pF
-’ fir 1t
- LAY
+40V
SPKR
SIGNAL
INPUT
- 4
4

Fig. 3—Two indentical transistors should
have identical voltage drops unless some-
thing’s wrong. (The 40 volts in the mid-
dle is developed by the drop across the
transistor in the top half of the circuit.)

different from those under full load. In
this type of output stage, the tran-
sistors themselves make up a voltage
divider (see Fig. 3). Note that the
two transistors divide the output volt-
age supply equally. If one of them
should get selfish and want more than
his fair share, then we get trouble.
Here, we’re getting back to one
of the first applications of Ohm’s Law.
Two identical transistor “in series”
should have identical voltage drops,
just like two identical resistors. If onc
of the transistors has too much leak-
age, its bias will be upset, and it will
take more than its share of the voltage.
(Ohm’s Law says that the current
through both transistors has to be the
same.) So, any unbalance in a circuit
like this has to be caused by some “im-
balance” in the transistor characteris-
tics. Active or passive elements, tran-
sistor or resistor, Ohm's Law still
works! R-E
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The New 1968 Improved Model 257 A R[ VOLUTIONAR y N[ w

UBE TESTING OUTFIT

COMPLETE WITH ALL

ADAPTERS AND ACCESSORIES,
NO 'EXTRAS”

STANDARD TUBES:

”* Tests the new Novars, Nuvistors, 10 Pins, Magnovals,
Compactrons and Decals.

¥ More than 2,500 tube listings.

1” Tests each section of multi-section tubes individually
for shorts, leakage and Cathode emission.

W Ultra sensitive circuit will indicate leakage up to 5
Megohms.

# Employs new improved 4Y” dual scale meter with a
unique sealed damping chamber to assure accurate,
vibration-less readings.

Complete set of tube straighteners mounted on front

panel.

The Model 257 is housed in a handsome, sturdy, portable case. Comes complete with all
adapters and accessories, ready to plug in and use. No ‘‘extras’” to buy.Only .........

¢ Tests all modern tubes including
Novars, Nuvistors, Compactrons and Decals.

e All Picture Tubes, Black and White
and Color

ANNOUNCING... for the first time

A complete TV Tube Testing Outfit designed specifi-

cally to test all TV tubes, color as well as standard.

Don’t confuse the Model 257 picture tube accessory
components with mass produced ‘““picture tube adap-
ters”” designed to work in conjunction with all com-
petitive tube testers. The basic Model 257 circuit was
modified to work compatibly with our picture tube ac-
cessories and those components are not sold by us to
be used with other competitive tube testers or even
tube testers previously produced by us. They were
custom designed and produced to work specifically in
conjunction with the Model 257.

BLACK AND WHITE PICTURE TUBES:

# Single cable used for testing all Black and White Picture

Tubes with deflection angles 50 to 114 degrees.

” The Model 257 tests all Black and White Picture Tubes

for emission, inter-element shorts and leakage.

COLOR PICTURE TUBES:

# The Red, Green and Blue Color guns are tested individ-

ually for cathode emission quality, and each gun is
tested separately for shorts or leakage between control
grid, cathode and heater. Employment of a newly per-
fected dual socket cable enables accomplishments of all

tests in the shortest possible time. s

NOTICE

period of 32 years.

Accurate has been producing radio, TV and electronic test equipment since 1935, which means they were making
Tube Testers at a time when there were relatively few tubes on the market, 'way before the advent of TV. The
model 257 employs every design improvement and every technique learned over an uninterrupted production

Maxon Electronics, Inc.

SEND NO MONEY WITH ORDER

Try it for 10 days before you buy.
If completely satisfied then send
$10.00 and pay the balance at the
rate of $10.00 per month until the
total price of $47.50 (plus P.P,,

| Name

| MAXON ELECTRONICS, INC.
| Dept. D-101

2435 White Plains Road, Bronx, N. Y. 10467

I Please rush me one Model 257. If satisfactory 1 agree to pay $10.00 within 10 days

and budget charge) is paid. If not satisfactory, | may return for cancellation of account.

handling and budget charge) is

| Address

paid. If not completely satisfied, | city

o
|
|
|

| and balance at rate of $10.00 per month until total price of $47.50 (plus P.P., handling I
i
|
|
|

return to us, no explanation
necessary.

. Zone State
I [J Save Money! Check here and enclose $47.50 with this coupon and we will pay all shipping |
| charges. You still retain the privilege of returning after 10 day trial for full refund. |
e e e e e e e e e e e —— — — o — — T e e e s b
Circle 23 on reader’s service card
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Opena

Savings Account
with Sylvania.

supply your deposits.

We've minted our own kind of currency.
Now you can save up for a color TV, a movie
camera, a set of golf clubs, or even a new
wardrobe, without putting away a dime.

Every time you buy 50 Sylvania receiv-
ing tubes, we give you our special mint called
“Bright On Target’ award checks. The more
receiving tubes you buy, the more checks

you get. And the more of Sylvania-currency
you can spend.

Unlike other award programs our plan
is not only for big savers. If your needs are
small and you can only save a couple of
checks, you still get a chance to make many
choices from our award catalog.

The next time you’re stocking up on
receiving tubes, open a savings account with
a participating Sylvania distributor. It’s like
putting money in the bank without putting

money in the bank. SYL\ Y\l\T L%

GENERAL TELEPHONE & ELECTRONICS

Circle 24 on reader’s service card
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important news from HOWARD W. SAMS

HOME CARTRIDGE TAPE PLAYERS

now covered in the famous PHUTUFAGT®
Specialized Service Data Series!

iy

e o ol L vh s A vuenr . ST

Prepares you to cash in
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Home Cartridge Tape Players

Volumes in the Home Cartridge Tape
Player pHOTOFACT Series will now be issued as required to
cover the appearance of new models in all makes. Each
volume includes incomparable PHOTOFACT service data
for an average of 12 to 14 units. You get a wealth of com-
plete, authoritative, exclusive information: Standard No-
tation® schematics, CircuiTrace®, chassis photos, trou-
bleshooting clues, replacement parts lists—everything
you need for time-saving, profitable repair work!

Regular price per volume $3.95—
only $3.65 when purchased on a yearly
subscription—you save 30¢ per volume!

See your local SAMS Distributor for a money-saving
subscription to the HOME CARTRIDGE TAPE PLAYER
Series (latest addition to the famous PHOTOFACT
Specialized Service Data Series which now covers Tape
Recorders, Auto Radios, CB Radios, and Transistor
Radios). Get in on the profit potential of specialized
equipment servicing!

A HOWARD W.SAMS & CO., INC.

4300 W. 62nd St Indianapolis, Ind. 46268 i
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) TRANSISTOR

FUNDAMENTALS
SERIES

T ¥

Here is the authoritative, complete 4-volume
study and reference work on transistors. The
text is brilliantly programmed for easy under-
standing. The series begins with a description
of transistors and how they work; later volumes
explain their applications in a wide variety of
circuits. All volumes, 514 x 815",

Vol. 1 Basic Semiconductor & Circuit Principles

by Robert J. Brite. A carefully planned programmed
introduction to semiconductors and the basic elec-
trical circuits. Describes transistors; gives a detailed
explanation of transistor principles. To provide a
background for understanding, there are explanations
of voltage, current, resistance, and Ohm’s and Kirch-
hoff’s Laws; sheds light also on the factors of induct-
ance, capacitance, and resistance in ac circuits.

240 pages. Order 2064), 0nly . ... ... ... ... $4.50

Vol. 2. Basic Transistor Circuits

by Charles A. Pike. Describes how transistors are used
in semiconductor circuits. Simple circuits illustrate
the basic principles involved; the more complicated
circuits, such as those used in amplifiers and oscilla-
tors, help to show how the basic operations are applied.
Also presents recent semiconductor developments and
devices. 208 pages. Order 20642, only. ... ... $4.50

Vol. 3. Electronic Equipment Circuits

by Martin Gersten. Covers circuits used in audio,
radio, and television equipment. Gives basic explana-
tion of block and schematic diagrams, and operating
principles of input and output devices. Covers the
uses of basic test equipment; teaches how to recog-
nize trouble symptoms in circuits, and how to track
them down to specific stages or points. 192 pages.

Order 20643, 0nly. ... ................... $4.50

Vol. 4. Digital and Special Circuits

by Reginald H. Peniston & Louis Schweitzer. Explains
how transistorized digital circuits operate. Describes
the binary number system so that its application in
digital circuits can be understood. Covers the basic
principles of various digital circuits; once these cir-
cuits are understood, their application in computers,
test equipment, and tracking and sensing devices,
can be easily mastered. 208 pages.

Order 20644, 0nly. ... ... ... .. ........ ..%$4.50

4-volume Set In Siipcase.
Order 20645, only .. . $15.95

These and over 300 other SAMS
Books are available from your local
Electronics Parts Distributor.
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There’s more thanoneroad
to success.

RCA Institutes can help find the one best for you!

Are you trying to find your way through a maze of career possibili-
ties? Find out how RCA Institutes can start you on your way to-
ward a well paying job in electronics. Send the attached card today!

28 RADIO-ELECTRONICS
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Learn electronics at home

faster, easier,

almost automatically—
with RCA AUTOTEXT

Are you just a beginner with an interest
in the exciting field of electronics? Or,
are you already earning a living in elec-
tronics and want to brush-up or expand
your knowledge in a more rewarding
field of clectronics? In either case,
AUTOTEXT, RCA Institutes’ own
method of Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods. in
the past.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED

IN ELECTRONICS!

Thousands of well paid jobs in elec-
tronics go unfilled every year because
not enough men have taken the oppor-
tunity to train themselves for these
openings. RCA Institutes has done
something positive to help men with an
aptitude and interest in clectronics to
qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES
To help fill the “manpower gap” in the
electronics field, RCA Institutes has de-
veloped a broad scope of Home Train-
ing courses, all designed to lead to a
well paying career in electronics in the
least possible time. You also have the
opportunity to enroll in an RCA
“Career Program” exclusively created
to train you quickly for the job you
want! Each “Career Program” starts
with the amazing AUTOTEXT Pro-
grammed Instruction Method. And, all
along the way, your program is super-
vised by RCA Institutes experts who
become personally involved in your
training and help you over any “rough
spots” that may develop.

VARIETY OF KITS ARE YOURS TO KEEP
To give practical application to your
studies, a variety of valuable RCA
Institutes enginecred kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless ex-
periments, including building a work-

SEPTEMBER, 1968

ing signal generator, multimeter, and a
fully transistorized superheterodyne
AM receiver.

ONLY FROM RCA INSTITUTES —
TRANSISTORIZED TV KIT—

VALUABLE OSCILLOSCOPE

All students receive a valuable oscillo-
scope. Those enrolled in the Television
program receive the all-new transistor-
ized TV Kit. Both at no extra cost and
only from RCA Institutes.

CHOOSE THE “CAREER PROGRAM”™
THAT APPEALS MOST TO YOU

Start today on the electronics career of
your choice. Pick the one that suits
you best and mark it off on the attached.
card.

Television Servicing
Telecommunications
FCC License Preparation
Automation Electronics
Automatic Controls
Digital Techniques
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

ADVANCED TRAINING

For those already working in electron-
ics, RCA Institutes offers advanced
courses. You can start on a higher level
without wasting time on work you al-
ready know.

UNIQUE TUITION PLAN

With RCA Institutes Training, you pro-
gress at your own pace. You only pay
for lessons as you order them. You
don’t sign a long-term contract. There's

no large down-payment to lose if you
decide not to continue. You're never
badgered for monthly payments. Even
if you decide to interrupt your training
at any time, you don’t pay a single cent
more.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training” on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like I1BM, Bell Telephone
Labs, GE, RCA, Xerox, Honcywell,
Grumman, Westinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.
SEND ATTACHED POSTAGE PAID
CARD TODAY. FREE DESCRIPTIVE
BOOK YOURS WITHOUT OBLIGATION.
NO SALESMAN WILL CALL.

r All RCA Institutes courses and
| programs are approved for veter-
‘ ans under the New G.l. Bill.

RCA INSTITUTES, DEPT. RE-98
320 West 31st Street,
New York, N.Y. 10001

Accredited Member National Home Study Council
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New Tools Save

Having the right tool for the job is especially im-

portant in electronics. Find out why

By BYRON G. WELS

UNLESS YOU'VE GOT A FANCY SHOP AND A WIDE ASSORT-
ment of tools at your disposal, you use a minimum group
of hand tools. As a result you are probably doubling up,
making one tool do some second job for which it wasn’t
intended. A typical example is the guy who can’t see a
15" nut driver because he doesn’t use one that often, and
when the nced does come up, he attempts to tighten
those big switch nuts with gas pliers. Result? Scarred and
scratched panels at the least and bruised knuckles when
the tool slips.

It secems like there are always new and better tools to
choose from. Being practical, you don’t need them all.
Still, a little variety in your tools will make your work or
hobby that much more enjoyable, and casier.

Electronic hand tools fall into several major categories.
Let’s run through these one at a time.

Metalworking tools for building a chassis

Your biggest problem in metalworking is undoubtedly
making holes in a chassis or cabinet. While you can prob-
ably make a sort-of round hole by scribing a circle and drill-
ing out a series of small holes in the perimeter, you're going
to save a lot of time and work by using socket punches.
You can get round ones, square ones, D-holes and keyed
holes. Simply mark the center of your circle, drill a pilot
hole to pass the punch screw, and tighten the nut.

To drill the starter hole, you will need a 38" drill. If
you have only a ¥4” chuck on your drill, don’t despair. You
can get a ¥8” drill with a ¥4” shank to fit your drill chuck.
Another way out is to drill a ¥2” hole and use a tapered
hand reamer to enlarge the hole to the needed diameter.
Reamers are handy to have around the shop anyway, for
even a hole as small as ¥8” can be casily and quickly ex-
panded to %2” or more.

Drop a nutdriver set
into your pocket. Xce-
lite makes this one.
Oversize handle
boosts turning torque.

Chassis can be

riveted from
one side with
special tools

like Vaco’s Pow-
’Riveter. Prices
start at $4.95
for rivet tool.

Mounting fiat-head screws requires a countersink, and
that’s another accessory for your drill. It will enable you to
use flat-head screws on outside chassis work, and do away
with protruding screw heads completely.

1f you can, get hold of a 1” twist drill. While you won’t
use it to make 1” holes, it’s a delight to insert the point of
this drill into a hole and give it a half-turn. It neatly deburrs
the holes, leaving them clean and ready, even with a slight
chamfer around the perimeter!

In this day of etched circuits, you may require an odd-
shaped cutout in your chassis, and nothing does this job
better than a hand nibbler. I like to start by using a chassis
punch on all four corners of such holes, and then I run
the nibbler from hole to hole. The result is a straight-line
cut with neatly rounded corners.

Chassis layout is an important aspect of electronics
work. You should have the basic tools to accomplish it prop-
erly. Using a square and a scribe, mark off all the holes you
need. Where holes are to be made, center-punch the marks.
You can use a center punch and hammer or an automatic
center punch. With the automatic device, you place the
point of the punch on the mark, and press down. A spring
releases under sufficient pressure to make a dimple in the
chassis.

Many chassis are ruined by improper drilling. Let’s
assume you have a bunch of holes to drill, and the smallest
is a No. 24 hole. Drill all the holes with that drill first.
Those that must be enlarged can be enlarged later, the No.
24 hole serving as a pilot for the larger drill. By progres-
sively drilling the larger holes, you’ll find that you have to
hog out less metal with each succeeding pass, making the
work that much easier and neater. Your larger drills will
last longer between sharpenings too.

Assembly tools make mounting easier

Now that you’ve put all the required holes in your
chassis, you have to mechanically mount various compo-
nents to the chassis. The basic assembly tool is the screw-
driver, and you’ll need an assortment of these. If ever a
tool was misused, the screwdriver is it. Naturally, you’ll
want a flat-bladed driver for slotted-head screws. But if you

Automatic nutdriver
takes 15 standard sizes

of nuts and screws and locks
into position. Stanley Hex-a-
Matic, Price: $10.50.
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use one too small for a large screw, all you're going to do
is chew up the blade. Get a small driver, with a 8" blade
for installing and tightening setscrews in knobs. and one
with a %" blade for larger work. A ¥4” blade “stubby”
will give you additional leverage for snubbing screws down
tight. Starting screws is always easier if you use screw-
drivers that grip the screw until you release it.

Trying to drive a Phillips-head screw with a flat-
bladed driver is another mistake. Frankly, it can’t be done
properly, with the emphasis on the “properly.” To drive
a Phillips-head screw properly, you nced a Phillips type
driver. Again, you'll need an assortment, for the larger
sizes just won’t grip a small screw and the small ones will
just turn in a large screw until the blade gets chewed up.

You'll also nced a set of Allen wrenches. You know,
those hexagonal L-shaped tools required to tighten some
setscrews. While the most frequently used size is %s” across
the flats, price is so low that you ought to buy the entire
set and, at the same time, get a set of splined wrenches
just to have them around.

Holding a nut in place while you tighten the screw is
usually the job of the lockwasher. However, you can do a
far better job with a set of nut drivers, which look like
screwdrivers with sockets on the end. A good set will con-
tain the most often used sizes, including 8”7, 47, %¢”,
3” and Y2”. Spend about another six bits, and round out
your collection with a 38” and maybe a 34”7 for those large
switch-retainer nuts.

The ring nuts used on some switches often pose a
problem, but there is a ring-nut wrench available that holds
and secures these nuts professionally.

Finally, make sure you've got slip-joint pliers for your
assembly work. This rugged tool is the one to use for
bending back those electrolytic capacitor tabs when you're
mounting them to the chassis.

Aids for faster wiring

Wiring tools? Sure! A long-nose pliers and a diagonal
wire cutter! Yes indeed, that's an excellent start, but it’s
far from a finish! Take the pliers, for example. You can

get them in a variety of types and sizes, some with built-in
springs to open them after you close them. Others come
with right-angle noses for ecasier wiring; still others are
available with side cutters or end cutters. You can get them
with short, square, or necdle noses.

Cutters? An equally endless variety! One of the latest
in wire cutters is a special cutting jaw that makes a cut and
then flattens the end of the wire. It’s an ideal tool for etched-
circuit work, for the flattened lead wire can’t drop out of
the hole. You can get all these tools, incidentally, with an
insulated, cushioning handle.

Shortly after World War II, surplus medical supplics
made their way into the field, and the most popular among
these was a device called a hemostat, or forceps, or medi-
cal clamp. Now these units are being manufactured ex-
pressly for the clectronic trade and make a handy wiring
tool, for they act as a third hand. Clamp something into
place, and it stays there until you release the clamp.

Wire strippers arc another tool that come in goodly
assortment. Oh sure, you can use a knife or an old razor
blade, but a good wire stripper soon pays back its cost in
time saved, not to mention blood.

A crimping pliers is another great time-saver when it
comes to mounting connecting lugs on wires. The pressure
exerted by this tool is so great that tests have shown an
actual dendritic seal between the wire and the connector,
at least as good a connection as you could get by soldering.

Soldering doesn’t have to be hard

The purpose of a soldering device is to heat a joint
sufliciently to melt the solder through the joint. By far the
most convenient tool toward this end is the soldering gun.
Even the soldering gun, however, has undergone a number
of drastic changes. You can get them in variable-heat or
controlled-heat models. Modern soldering-gun accessories
include a solder feeder that applies solder to the tip when
you press a trigger mechanism. An assortment of tips is
available for every type of soldering job.

Soldering irons are available in a wide variety of types,
wattages and sizes. The advent of printed circuitry has pro-
duced a family of soldering tools that are a breed unto

Vacuum created by spring-loaded piston

on Edsyn’s Soldapullt draws in solder,

A “third hand” for small assembly work,
the X-Acto Lock-Griplier also serves as a
wrench, stripper, wire cutter and pliers.

Self-feeding soldering
guns leave one hand free

to hold work in place. Squeeze
trigger on this Skil Model 340 .
to advance up to 3/16” of solder and
heat tip. Dispenser holds 10’ of solder.

33


www.americanradiohistory.com

Miniature pliers are handy in tight corners. Here 4%-in.
long-nose with side cutters is being used to bend component
leads for printed circuit board mounting. X-Acto No. 54, $4.75.

Wire stripping is easier when you use the proper tool. This
unit, made by Ideal Industries handles six different 1wire
gages. It also has a slim nose for getting into tight corners.

Batiery-nowered soldering iron makes il easy to solder outdoors.
Clamps onto 12-volt car battery terminals. Temperature con-
trolled with 700°F, 3/16 in. tip. Weller Model TCP-12,

themselves, including a wide disc-type tip used for melting
the entire circuit at a time, essential for removing i.f. trans-
formers or tube sockets from a circuit board.

Recent innovations in soldering tools include solder
suckers, an aluminum tube with a flexible bulb at the end.
You dip the tube into the molten solder, and release the
bulb. The liquified solder is drawn up the tube and away
from the circuit. Aluminum brushes are available to help
sweep away melted solder, too. Why aluminum? Solder
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Curved handle on longnose
pliers (above) makes it easier to
use. Spring action keeps jaws
open. Mathias Klien & Sons.

Self-adjusting wire stripper (top
right) takes any wire from AWG
No. 8 to AWG No. 24. Plas-
tic grips. Telvac Model T-52.

Desoldering iron (right) makes
for fast removal of solder on

miniature circuit hoards. One-
Endeco 300.

hand operation.

doesn't easily adhere to aluminum. If it did the tool would
be ruined.

Special coatings on soldering tools have all but elimi-
nated the nced for periodic tinning. But to keep your sol-
dering tools in good shape, you ought to have a wire brush
for removing oxidation, and perhaps a file for dressing
down the tip occasionally.

Another change has taken place in recent years, and
that is the trend away from electrical soldering tools, espe-
cially for heavy-duty work or outdoor soldering. I've
noticed a growing interest in the use of flame-type soldering
tools. Miniature blow torches using compressed gases such
as liquid propane and oxygen are coming on the scene.
These tools place a highly concentrated pinpoint of heat on
a joint and, while it seems drastic, users claim that they
never get cold solder joints.

No one soldering tool can do every job. For work in
the ficld, the soldering gun is ideal. It heats quickly and
cools equally fast, ready to go back in the kit. Some
people prefer an iron or soldering pencil for a few hours
of bench work, however, for the absence of a transformer
makes the tool lighter and easier to handle. But soldering
takes many forms. You’ll be working on delicate etched
circuit boards one minute, and then trying to solder a No.
12 wire to a ground formed by a slot in a massive chassis.
An iron large enough to make that ground will burn up a
circuit board, and the little pencil iron for the circuit board
won’t even flow the solder on the ground. The answer? At
least two soldering tools.

Circuit alignment requires the right tools

Now we come to an area that can easily fill your tool
kit. However, only a few basic tools are needed if you
select them wisely and in the field of your own interests.
Again, be surc to consider these tools in the light of the
work vou will expect them to do.

Alignment tools are gencrally used to adjust circuit
elements, often in inaccessible places. How inaccessible and
what sort of adjustments are the factors that control your
decision here. One essential is a small mirror, preferably
illuminated. For if you can’t see it, you can’t adjust it.

More often needed is a small plastic or phenolic screw-
driver for adjusting ferrite cores in coils and i.f. cans. These
tools must be nonferrous and nonmagnetic. That’s why
plastic is so common. Some slugs are rather brittle, and

RADIO-ELECTRONICS
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When if’s wood that needs cutting this pair of power saws
can handle just about any task. The WEN Model 510 is a
high-speed jig saw. The Model 511 is a 2-speed jig saw.

the wrong tool can cost you a new coil. Other slugs have
hexagonal sockets for Allen-wrench alignment tools, and
these are also available in plastic. Many can be obtained
with two or more sizes on the one tool.

Many military electronic devices use a system in which
a hexagonal nut locks an adjusting screw in position. To
tune these units, a special alignment tool is available, which
is constructed coaxially. An outer shell is fitted with a
hexagonal socket and inside this shell a plastic screwdriver
turns freely.

Anybody wheo has ever adjusted the slugs in a TV
tuner knows that you’re going to have to buy a special
screwdriver with about a foot-long blade to reach them in
some sets.

Power does it easier

Just about any tool you can get in hand-operated form
is available powered these days. Thesc work-savers go a
long way toward simplifying the dog work that used to be
required in electronic metal forming. Most popular, of
course, are the electrically powered tools, although many
are also available with air power. The old standby, the ¥4”
electric drill, now boasts a series of attachments that include
powered screwdrivers, sanders, saws, and buffers.

New features are springing up all the time, and the
very latest units ofl the assembly line have electronic con-
trols that provide you with infinitely variable drill speeds,
depending on the pressure you exert on the trigger. One
unit recently announced has a lever just ahcad of the trig-
ger. Chuck a screwdriver blade into this tool, start the tool
turning slowly, and you can casily run a screw into wood.
Flip the little lever the other way, resume pressure on the
trigger. and the screw comes right out again. These revers-
ible tools are made possible by the great advances in solid-
state controls.

To make these tools more flexible, get a bench mount
that locks your drill to the workbench. It now becomes a
bench motor for any bench-top operation, including use
of a flexible shaft. Gther attachments turn your drill into a
drill press.

SEPTEMBER, 1968

Quarter-inch power drills are
a must. But this one has an
added feature—it’s reversible.
Adjustable speed too. If's a
Skill Model 596-5. Ac only.

If you do industrial work, an
electric wire tool
can save a lot of time and ef-
fort. This Thor Model E101 is
typical of the many acailable.

wrapping

Older single-speed drills can be used to drive screws. All you
need is an add-on screwdriver accessory. This one, made by
Channellock is for a Ya-in. drill. It turns in both directions.

Three-wire vs double-insulated

About a year or so ago, one manufacturer announced
that all his power tools were going to be double-insulated
instead of three-wire grounded. The three-wire grounded
tool was recognizable by the third grounding terminal that
protruded from the plug. Unfortunately, while this idea was
a good one, not all ac outlets are set up for that third
leg. Too often, technicians took to clipping the ground leg
off or plugging it into an ungrounded 3-to-2 adapter. The
result, of course, was no safety factor at all, and a lot of
bad electrical shocks, should the internal insulation break
down.

The double-insulated tool has a doubled layer of in-
ternal insulation arranged to insure that the wiring inside
can never contact the outer parts of the tool itself. Only
the familiar two-pin plug is used, and the tool is elcctrically
safe.

This announcement created a furor in the industry.
Manufacturers who hadn’t planncd to retool for the new
system started looking for ways to punch holes in the idea.
“Drop the double-insulated tool in a tub of water, and see
what happens!” “What happens if you drill into a wall and
hit an electrical wire?” The answer came back: “How do
you force your customer to use that third wire ground
properly?” “What happens if the outlet is used properly and
the ground leg is burned open from a previous short?”

To sum it all up, there’s a tool for just about every
job you have. And having the right tool can make that job
very much simpler. Having read this article you should
now be ready to select the specific tools you need, and
choosc them wiscly. R-E
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Hi-Fi Testing On A Budget

Make accurate audio measurements yet keep equipment costs low

By PETER E. SUTHEIM

YOU DON'T NEED HUNDREDS OF DOLLARS’ WORTH OF
exotic equipment to make valid and accurate audio mea-
surements. If you have the money, instruments are avail-
able that can make the job easier, or the results more pre-
cise, but you can accomplish a lot with basic instruments
you may have already acquired.

Suppose we begin by drawing up a list of instruments
and devices useful in making audio measurements:

® Audio oscillator

® Dummy-load resistor(s)

® Oscilloscope

® Audio vtvm

e Intermodulation meter

e Harmonic-distortion meter

Let’s examine each of these instruments and sce just
how much accuracy you need, what kinds of features are
desirable, and what you can expect to pay.

Audio oscillator is a must

If you want to do no more than measure an ampli-
fier’s maximum power output at its overload point, you
don’t even need an audio oscillator (or audio generator,
as it’s sometimes called). The 400-Hz audio test tone from
an all-purpose rf service generator will do. Even 60-Hz
current from the ac power line will serve (brought through
a filament transformer for isolation and stepdown).

But a variable-frequency audio oscillator is a must
for checking tone-control and equalization curves, finding
resonances in speakers and enclosures or in transformers
and measuring frequency response.

Oscillators in the service-and-hobby price range are
all resistance—capacitance feedback types—cither Wien-
bridge or Sulzer circuit. Most are continuously variable
over about a decade of frequency (e.g., from 20 to 200
Hz); a range switch provides four decades (sometimes
five are provided).

Another type of audio generator uses a sct of three
switches 1o select two significant figures and a decade mul-
tiplier. For example, you would select 1400 Hz by setting
one switch to 10, the second to 4, and the multiplier to 100.
You can get 1300 or 1500, but not 1420 or 1435. This has
an advantage: it lets you return precisely to a particular
frequency. Increments are small enough for ordinary fre-
quency-response measurements.

Two instruments of this kind (Heath 1G-72 and Eico
378) both have front-panel meters calibrated in volts
and decibels. This dual calibration is a useful feature, since
one way or another it is important to monitor generator
output level. A frequency-response curve is meaningless
if the input level to the circuit under test is not constant
(or at least known) at all frequencies.
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What about square waves?

Several generators also produce square waves over a
broad frequency range. My advice would be to spend your
money on the best (lowest-distortion, most-convenient)
sine-wave generator.

First of all, square waves are useless without an os-
cilloscope to observe them. Second, you can easily and
cheaply buy or build a device for generating square waves
or converting sine waves to square waves. Square waves
are uscful for checking certain aspects of amplifier per-
formance, but they are not essential.

On the other hand, square waves tell absolutely noth-
ing about an amplifier’s nonlinear distortion, a character-
istic most important to audible sound quality. An amplifier
that perfectly reproduces a 10-kHz square wave at full
power may still sound lousy, but you’d never know it from
the square-wave test alone.

Measuring harmonic distortion

If you don’t plan on measuring harmonic distortion,
almost any audio generator will do. If you do want to
measure distortion, the generator’s own distortion must be
as small as possible. This is getting to be a problem. The
best service-and-hobby generators have distortion of 0.1%
to 0.2%, but even that is too high for precise measure-
ments on today’s audio equipment. Modern preamps often
have as little as one-tenth that amount. Unless you can
afford a several-hundred-dollar lab generator and a suit-
able filter, you will have to be content with the 0.2%
of inherent distortion.

At least as important as the generator’s distortion is
its flatness, or uniformity of output. It is a nuisance to have
to monitor the output level and reset it every time you
change frequency. If you have the chance, run the gen-
erator through its ranges before you buy it. It should be
flat within I dB (about 10% ) from 20 to 20,000 Hz, at
least. Check especially the extremes of each decade range.

It’s convenient if the generator has a relatively low
output (source) impedance: 600 ohms is standard, but not
necessary. A high source impedance means that the output
level will drop, and the distortion possibly rise, when you
feed the generator output into a relatively low load im-
pedance. This can be important with transistor circuitry.
Also, with a high source impedance, a capacitive or in-
ductive load will affect the flatness of the output.

Dummy loads—when you check output power

For its own safety, and to get a meaningful measure
of power output, a power amplifier must be terminated
in a resistance. Usually it’s 8 ohms, because that’s the nomi-
nal impedance of most hi-fi speaker systems.

For critical measurements at high frequencies, espe-
cially ones involving square waves, the resistor should be
noninductively wound. Most wirewound resistors are simple
coils of wire and have some inductance, which increases
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their impedance at high frequencies. For ordinary meas-
urements, this increase is small enough not to be trouble-
some, so an ordinary 8-ohm, 50-watt wirewound resistor
is suitable for most hobby and service work. A 10% toler-
ance is adequate, but 5% is desirable. Unfortunately, 8 ohms
is not a common stock value for wirewound power resis-
tors. You may have to purchase two 4-ohm resistors, or a
5 and a 3. Dale manufactures on 8-ohm, 50-watt, 1% -tol-
erance resistor with a finned aluminum housing for just
over $2 (Allied Radio Industrial Catalog).

To measure the total power output of a stereo ampli-
fier, you will need two load resistors, one for each channel.
Try to get two 8-ohm resistors. Then you can get 4 ohms
by paralleling them or 16 ohms by connecting them in
series.

Oscilloscopes for audio

A scope is one of the most useful electronic test in-
struments cver invented. I think of it as a window into a
circuit. Once you've learned to interpret scope patterns,
you can see what goes on in a circuit in a way you can'’t
do with any other device. It is almost indispensable for
serious audio work.

For audio work the most modest oscilloscope will
suffice. Even the least expensive kit scopes now have ver-
tical-defiection response to about 200 kHz, which is ade-
quate for reproducing even square waves up to about 10
kHz. Wider response is useful, but not absolutely neces-
sary—ditto for response down to dc.

The most important application for a scope in audio
work is seeing what kind of distortion or junk is coming
along with the signal. It lets you distinguish between hum
and noise, or hum and harn-onic distortion. You can learn
whether you have mostly odd- or mostly even-harmonic
distortion, and come to certain conclusions about the per-
formance of the circuit.

A scope with triggered (“one-shot™) sweep is a great
convenience, but comparatively expensive. It is not really
necessary until you begin making more sophisticated meas-
urements, like tone bursts, which are a bit beyond the needs
of audio hobbyists and servicers. If you already own a
scope, it is probably adequate for general audio work.
You will soon find yourself hooking the scope across the
output of every amplifier, as a matter of routine. With-
out it, you'll feel blind.

Voltmeters for audio testing

Almost any kind of ac voltmeter is usable for audio

Heathkit IM-12 Harmonic Distortion Meter
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testing, but the simple iron-vane meter has serious limita-
tions. Its impedance is low, its frequency response is lim-
ited, and its sensitivity is insufficient for almost everything
except power-output measurements. Much bettcr are the
conventional vom’s and vtvm’s.

A vom is suitable for power-amplifier output measure-
ments, because the source impedance is only a few ohms
and the voltage is relatively high. For measuring the out-
put of a preamp, you must use an instrument with a high
input impedance. A conventional service-type vtvm will
do (its input impedance is usually about I megohm on
ac ranges), but its lowest range is usually about 1.5 volts
rms full scale.

That will take care of a lot of work, but occasionally
you will have to measure much lower voltages, at high-
impedance points, and for that you will need an audio
vtvm. Modern ones have input impedances of the order of
10 megohms, with very little shunt capacitance, and full-
scale ranges of 0.01 volt (10 millivolts) or lower. With them
you can measure the outputs of many microphones or pick-
ups directly.

An additional advantage of audio vtvm’s is that they
are calibrated in dB as well as in volts. Their ranges are
set up in “root-decade” fashion, with each range 10 dB
higher or lower than the adjacent one. This simplifies read-
ing and calculation. (An excellent build-it-yourself audio
voltmeter, all-transistor and battery-powered, appeared in
the March 1966 issue of RADIO-ELECTRONICS.)

Measuring intermodulation distortion

One of the most important characteristics of an am-
plifier is its linearity—the degree to which the output volt-
age or power remains exactly proportional to the input
voltage or power. Any deviation from perfect linearity
results in distortion. Harmonics (frequency multipies) of
the input signal appear. If two (or more) signals of dif-
ferent frequency are applied simultaneously to a nonlinear
amplificr, they intermodulate, and produce undesirable
sum-and-difference tones.

But to reproduce sound with high fidelity, an audio
amplifier must be perfectly linear. What went in should
come out unchanged—just bigger. For a sensitive indication
of an amplifier’s nonlinearity, apply two input tones.

The two frequencies most commonly used are 60 Hz
and 7000 Hz. At the output, the 60-Hz tone is filtered out.
Then the 7000-Hz signal is rectified (demodulated). The
output from the rectifier should be pure dc, but if the am-
plifier is even slightly nonlinear (as all amplifiers are) some

Eico 902 IM/Harmonic Distortion Meter
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Scope for audio needs only moderate

response. Sencore’s PS 148 has plenty.  ator.

60-Hz signal will appear because it will have modulated
the 7000-Hz signal. Mived tones can be separated with
filters; intermodulated tones can’t. The amplitude of the
60-Hz signal is read on a meter that is calibrated in percent
intermodulation.

There is continuous argument in audio engineering
circles about the validity of this test. It is influenced to some
extent by the frequencies chosen. Certain kinds of non-
lincurity are not uncovered by this method. Still, it scems
to be true (in practice if not in theory) that if an ampli-
fier’s intermodulation distortion is low (well under 1%), its
harmonic distortion will also be small and it will sound pretty
good (assuming, of course, that its bandwidth, signal-to-
noise ratio and overload characteristies are good also).

Harmonic distortion—the production of integral mul-
tiples of the signal frequency—is rcally another aspect of
the same thing. You can gauge the nonlinearity of an ampli-
fier by the IM method or the harmonic method—and,
again, expect good (but not perfect) correlation.

Most audio design labs measure both during the de-
sign process. Some choose to quote only an IM figure in
their published specs, some quote only harmonic distor-
tion, and some give both.

If you expect to do some audio design work, you will
probably want to acquire both types of instrument. If you
will work mainly with existing amplifiers—repairing or im-
proving them—an instrument like the Heathkit IM-22 is
an excellent buy. It is a complete intermodulation measur-
ing instrument (it even provides the low- and high-fre-
quency signals), and it incorporates a wide-range audio
vivm. It has 4-, 8-, 16- and 600-ohm load resistors built in,
and the meter reads power in waits directly.

The Eico 902 (wired only) combines harmonic and
IM measuring facilities with an audio vtvm. Combined
with a low-distortion gencrator and a scope, it makes a
basic audio lab.

As I pointed out when we spoke about gecnerators,
distortion levels in today’s hi-fi equipment arc so low that
attempts to measure distortion are often frustrated. To
check the performance of the best of modern components,
you neced instruments costing many hundreds of dollars.
Quite often, you'll find when measuring, say, a recent audio
preamp, that it makes no difference to the distortion read-
ing when you remove the preamp and replace it with a piece
of wire across the meter’s terminals. The distortion-meter
pointer is down in the mud cither way. In other words, the
inherent distortion of your measuring equipment is very
likely a whole order of magnitude greater than the distortion
of the preamp!
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Knight KG-688 Sine/Square Ware Gener-

Square ware function is

Use un ac vtem for audio. RCA’s WV-76A

useful.  response is flat from 10 Hz to 1.5 MHz.

Miscellaneous bits and pieces

Clip leads! Test leads! Make your own if you like
or buy them ready-made (see your catalogs), but do equip
vourself with enough reliable clip leads. Most audio test
instruments are fitted with binding posts spaced 37 apart;
these accept standard dual banana plugs.

For example, it is often convenient to connect one
test-lead pair, with alligator clips at one end, to the dummy-
load resistor, and to plug the other end into, say, your
audio vtvm. If you wish, you can now connect your har-
monic-distortion meter and your scope also in parallel
with the load and the vtvm simply by connecting a patch-
cord with G-R plugs on both ends from scope to distortion
meter, from distortion meter to andio vtvm—plugging into
the back of whatever plug is already in there. This avoids
the need for having eleventeen alligator clips hanging pre-
cariously onto one set of terminals.

This procedure can make unforeseen trouble when
you are working with high-impedance circuits and high
audio frequencies. In effect, you are paralleling all the
instruments, and therefore adding up not only their own
input shunt capacitances but also the capacitances of each
of the interconnecting cables. At a typical coax-cable capac-
itance per foot of 25 pF, the total capacitive load on the
amplifier stage under test can easily reach several hundred
pF. which at 15,000 Hz might have a reactance of only
20,000 ohms or so. This could aflect the distortion and fre-
quency response of a high-impedance stage very severcly.

For checking amplifier noise or crosstalk, you will
find it helpful to make up some shorting phono plugs.
Bend about 2” of No. 12 or No. [4 bare solid-copper wire
into the shape of a screw eye. Push the straight end into the
center pin of a photo plug (RCA plug) and solder it
Flow solder around the shank of the plug and into the gap
where the wire loop closes on itself. You have now solidly
shorted the inner and outer contacts of a phono plug, and
also provided a handy loop for pulling on. With this short-
ing plug, you can short signal inputs to prevent crroneous
indications during noise mcasurements.

So therc you have a list of basic audio instruments
and acccssories from which to choose in setting up your
own audio lab. One final word: You’ll probably be happiest,
and make the wisest purchases, if you buy just onc or two
of the most important instruments at first (like gencrator
and scope) and wait before buying others until you really
need them—until you feel you can’t get on without them.
Otherwise you may feel overwhelmed by a shelf of instru-
ments you haven’t yet learned how to use, and whose
purpose isn’t too clear. That can be scary. R-E
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Newcomer’s Guide To New

Modern test gear has increased
versatility and accuracy. Update your
bench with solid-state portability.

By MATTHEW MANDL

CONTRIBUTING EDITOR

PROPER TEST EQUIPMENT IS A MUST FOR RAPID, ECONOMI-
cal servicing of receivers. For the newcomer, careful selec-
tion is necessary to keep within budget limits and yet have
enough equipment to do a job.

For the experienced technician problems also exist.
What equipment should be replaced with newer and better
units? What types will cut troubleshooting time; which can
serve both radios and television sets, and which can test
tube as well as solid-state circuits?

A certain minimum number of test devices must be
on hand to handle repairs. Additional equipment can be
obtained later to expedite servicing of hard-to-find trou-
bles and intermittents. To get the most from equipment
the technician must understand its capabilities, and be able
to apply this knowledge to faulty circuitry.

Vom’s and vtvm's—the basic instruments

Modern volt-ohmmeters and vacuum-tube voltmeters
offer overload protection, greater ranges, portability,
solid-state components, and higher accuracy. The vom or
vtvm is a must for the servicing group and electronic hob-
byist or novice. Essential meter functions include ac and
dc voltage readings and resistance measurements. High in-
put impedance assures minimum loading of circuits (tube
or transistor) and better accuracy.

Typical meter applications for checking a solid-state

power supply are shown in Fig. 1. Solid blocks are checks.

made with power on, while the broken-line blocks repre-
sent tests with circuit power off. Note the variety of checks
possible on such a relatively simple circuit. Similar checks
apply to all radio and TV circuits. The tests illustrated
cover:
Ac input and switch operation
. High-voltage secondary ac output
Heater voltage
Rectification (diode operation)
Diode forward and reverse resistance
R1’s resistance value
. Shorted or open filter capacitor
Voltage at filter network output
High- and low-voltage output
10. Open R3 bleeder section.

A vtvm has an input impedance of about 10 megohms
for the dc scale, but the input impedance of a vom depends
on the sensitivity of the meter movement. You can get
inexpensive multimeters with a 1000-ohms-per-volt rating,
but a 20,000-ohms-per-volt or higher rating is preferred.
If you are reading 2 volts across a 2000-chm resistor in a
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transistor circuit, your 1000-ohms-per-volt meter will shunt
another 2000-ohm resistance across the resistor you are
measuring and the reading will be inaccurate. With the
20,000-ohms-per-volt meter, there would be a 40,000-ohm
input impedance. (At a 100-volt reading the input im-
pedance is 20 megohms—higher than the average vtvm’s.)

Whether you build a kit or buy a finished product, get
the best instrument (in terms of sensitivity, versatility, etc.)
within your budget capabilities. Kits will provide you with
knowledge of the circuitry of the instrument so that you
can make repairs more easily when necessary. A disadvan-
tage is the resale or trade-in value when you want to switch
to a new or better model.

A variety of vom and vtvm kits is available. Eico Elec-
tronic Instrument Co. has vom units ranging from a 1000-
ohms-per-volt type (less than $10) to a 100,000-ohms-
per-volt meter (over $30). Eico’'s vtvm also reads
peak-to-pcak voltages and hence is useful for TV servicing
measurements. As with kits by other manufacturers, these
units can also be purchased completely wired and assem-
bled if desired.

Heath has a new solid-state portable vom (IM-17)
with an 11-megohm input on dc, 1 megohm on ac and
four ranges on dc, ac and ohms. Preassembled, transistorized
vom units are also available from Triplett, Sencore, and
others, using field-effect transistors. The Triplett Model 600
TVO has a 400-mV dc range at 2.7-megohm impedance
for solid-state circuit testing. The Sencore FEl4 meter
features a zero-center scale of 0.5 volt for simplification of
transistor circuit testing.

High-voltage probes and other accessories are gener-
ally available for TV high-voltage testing and high-fre-
quency measurements.

Tube and transistor checkers

Despite the increase in solid-state radio and TV re-
ceivers, we will have to service tube sets for some time yet.
Thus, a tube checker is still « valuable test-bench instru-
ment. Modern checkers can test picture tubes, compac-
trons, nuvistors and other special tubes found in modern
recetvers.

Lower-priced testers check tube emission and compare
current flow (for a given voltage) with standards for a
good tube. More expensive tube checkers test mutual con-
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Radio And TV Test Gear

ductance, a dynamic test simulating actual circuit condi-
tions: the ratio of plate-current change to a grid-voltage
change, with plate voltage held constant. Prices for mutual-
conductance tube checkers range from slightly below $60 to
over $175, and selection again depends on our budget
limitations.

One lower-priced commercial type is the Model 257
of Accurate Instrument Co. This unit (ests novars. nuvis-
tors, 10-pins, magnovals, compactrons, decals, and all TV
picture tubes—in all, more than 2500 tube types. Accu-
rate’s checker can be used to test emission, interclement
shorts and leakage.

The B&K Dyna-Jet 606 is another emission-type tube
tester selling below $100. This is a portable tester with a
multiple 13-socket design using only 4 test settings. Model
707, a dynamic mutual-conductance tester, is also avail-
able from B&K, selfing at close to $200. 1t features in-sct
tube checking. and tests each section of multisection tubes
separately.

Another dynamic mutual-conductance checker is the
Sencore MU140, which uses four-way testing: mutual con-
ductance with a 5-kHz square wave, full cathode emission,
100-megohm grid leakage and internal short checking. For
convenicnce, switch numbers correspond to pin numbers
given in tube manuals.

An ohmmeter in the MU140 can be used to check
forward and reverse resistances of transistors. Thus, short
or open circuits can be tested between base and emitter,
emitter and coilector, ctc. Because of the great variety of
solid-state devices, however, units designed for semi-
conductor tests should be used to find the true conditions
and characteristics of components under test.

Transistor checkers are smaller and less expensive than
tube checkers because of the relatively low voltages need-
ed, plus the fact that no filament potentials are required.
Some models sell for less than $25, with about a $5 saving
if you build from a kit. One such model (available either
in kit or finished form) is the EMC Model 212 transistor
analyzer. It checks dc gain (beta) of all transistor types,
as well as leakage. This unit also has a test signal for audio
or rf circuits for signal-tracing purposes. The 212 can meas-
ure battery or other transistor-circuit power supplies up
to 12 volts.

In-circuit testing of transistors and other solid-state
devices is a convenience technicians look for. Unlike tubes,
the majority of transistors are soldered into a circuit, and
removing them becomes a soldering chore. The Sencore
TRI5A in-circuit transistor tester (less than $100) permits
testing of any transistor, diode or rectifier without discon-
necting leads. Beta measurements are made by pressing a
test button for immediate reading of ac gain. The TRISA
also reads exact leakage current (from 0 to 5000 pA).

The TRISA also has built-in protection features,
which prevent damage to cither the transistor circuit or
the instrument. This protection feature is being found more
and more in test instruments, and is important since we'’re
all apt to forget proper range settings and damage instru-
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You can test the latest
tube types for emis-
sion, shorts and leak-
age with Accurates
Model 257. $47.50.

Test a wide range of
b/w and color cathode
ray tubes with Am-
phenol's CRT Com-
mander Model 857.
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COLOR TV GEAR

on & G & on

MODE: 1900
COLOR GENERATOR

Some color generators combine color bar and dot functions.
Mercury Electronics’ Model 1900 solid-state unit costs $100.

A complete signal source for b/w or color sets: BUK Model
1076 Television Analyst. The deluxe model price is $331.

ments. This feature is also of great value in vom’s. (Simpson
claims protection approaching 100% for its Model 260-5P
vom. A reset button pops out to indicate overload, and the
button can’t be reset while the overload is present.)

Most in-circuit testers will also identify whether tran-
sistors are npn or pnp types, and can also be used for out-
of-circuit testing of solid-state units. When selecting such
instruments compare the published specifications, features
and versatility. Some testers are available in several mod-
els with varying sizes of meter scales, etc. (The deluxe
Sencore TR-139 has a 6” meter instead of the 4'2” in
the TR15A—and a $20 price differential. The B&K Model
161 in-circuit transistor tester features a 7” mirrored me-
ter for casier reading.)

Rf generators for signal tracing

Radio-frequency signal gencrators are useful for sig-
nal tracing and alignment of radios. As shown in Fig. 2,
the signal can be injected into the i.f. stages and measured
at the detector with a vom or scope. The generator should
have provisions for audio modulation of the rf signal, and
the audio tone should be available from a terminal on the
instrument for checking audio stages.
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If you expect to buy a signal generator, however, it
might be well to get one that can also be used as a marker
generator in FM and TV sweep alignment. You can then
use it for radio servicing as well as TV troubleshooting and
alignment.

Because FM and TV have wide-band i.f. response
curves, sweep generators are a must for rapid alignment.
In a sweep generator, the rf signal frequency set on the
dial is increased and decreased at a rapid rate slightly be-
low and above the bandpass limits of the i.f. response.
When this signal is injected into the i.f. stages of a TV
set and a scope placed at the detector, the entire response
curve becomes visible, as shown in Fig. 3-a. Various dips
will be in evidence (caused by traps) and these as well as
the proper right-hand slope can be checked.

Because the signal sweeps back and forth, there’s no
way of telling what the frequency is at any particular loca-
tion unless a marker generator is used. This is a single-
frequency generator (either a separate unit or built into
the sweep generator), which sends a signal into the i.f.
stages along with the sweep signal. The result is a /narker
pip on the curve (Fig. 3-b). As the marker frequency is ad-
justed, the pip will ride to the right or left portion of the
curve. By reading the marker frequency dial, frequency
points along the curve can be determined.

A good sweep generator should have a phase con-
trol, an output level control, a sync input terminal and
good linear sweep. Amplitude of the sweep should be con-
stant at all times so that it doesn’t distort the response
curve.

The frequency indicated on the dial setting of the
sweep generator need not be accurate, but the marker
generator must be accurate. For this reason some marker
generators use crystal control.

Heathkit’s IG-14 marker kit uses crystals for 15
marker frequencies. Four marker frequencies are pro-
vided for setting color bandpass, 1 for TV sound and 8
at the i.f. frequencies between 39.75 MHz and 47.25 MHz.
Markers for channel 4 and channel 10 picture and sound
carriers are included for checking tuner rf response. This
marker generator also provides visible markers at the 10.7-
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Fig. 3—Wave-
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Fig. 4—Miscon-
vergence of color
beams is quickly
shown with a dot
generator. Dols
should be circu-
lar and white for
satisfactory beam
convergence.

MHz if. for the standard-broadcast FM band, plus
100-kHz markers on each side for i.f. and FM detector
alignment. Frequencies are set by pushbuttons.

Also of interest is the combination piece of test equip-
ment by B&K, the Model 970 Transistor Equipment Analyst.
This will aid in servicing car radios or transistor portables,
AM or FM. The 970 has a built-in power supply for battery
substitution and also has a vom. It contains rf generators
for the AM and FM bands, and an audio generator for
AM or FM modulation of rf signals. Price is around $200.

Test equipment for color TV

While the vom, sweep and marker generators are
needed for TV servicing, other more specialized equip-
ment is also needed for alignment of color TV. One such
unit is a dot-bar generator capable of producing rows of
vertical and horizontal dot patterns on the screen as well
as bars.

To obtain true colors without contamination on the
borders of color images, and for good reproduction of
whites, the three beams must be converged properly. The
dot generator indicates misconvergence when it displays
distorted, multicolored dots instead of perfectly circular
white dots. Fig. 4 shows this misconvergence at thc sides
and top of the screen. A dot gencrator is a must for con-
vergence adjustments.

Vertical and horizontal bar patterns are useful for
linearity adjustments by displaying even bar widths. Hence
color gencrators are also useful for black-and-white TV.
A color-bar pattern generator injects a signal into the rf,
i.f. or video stages and produces a rainbow pattern of
colors on the screen in vertical bar formation (Fig. 5).

A color-bar generator is useful for checking the color
stages of a receiver for gain, phase and general function.
Not used as often as the dot generator, it comes in handy
when the subcarrier oscillator needs adjustment or to local-
ize weak or defective color-amplifier stages.

Dot, bar and color-bar features are usually incorpo-
rated into a single unit with a price range from less than
$100 to over $200. The portable, battery-operated types
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CAPACITOR TESTER
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In-circuit capacitor tester (Lafayette’s Model TE-44 above)
uses electron-ray indicator. Checks values from 10 pF to
2000 pF. Sprague Model 2W1 meter shows capacitor values.
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(transistorized) are popular for service calls. Higher-cost
units may include a 4.5-MHz crystal-controlled frequency,
as well as temperature control for greater stability.

For those units containing variable rf and i.f. outputs,
and composite video, chroma, horizontal and vertical sync
pulses (such as the Sencore CA122B analyzer). costs range
near $200. Thus, as with other test equipment, you can ac-
quire more sophisticated equipment if your servicing activi-
ties warrant the additional cost. The added versatility of the
higher-priced units will expedite many of your tougher
servicing problems.

Really versatile color test equipment is available if
you want to spend a little more than $300. One such item
is the B&K Model 1076 Television Analyst. This unit
checks every stage of a black-and-white or color TV. It has
nine vhf rf channels, 20-45-MHz i.f., as well as audio,
video and sync signals. In addition, it furnishes bias voltages
and agc keying pulses and provides its own standard test
pattern, white-dot, white-line crosshatch patterns, and
color-bar-pattern slide transparencies. The 1076 includes
a blank slide used for closed-circuit TV display purposes
and demonstrations. R-E
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TWO-WAY RADIO

Servicing two-way radio requires specialized
test gear. Find out what's needed and what’s
new for SWR, power, frequency and modula-

tion measurements

By LEN BUCKWALTER

SOME 5 MILLION TWO-WAY RADIOS ARE NOW OPERATING IN
the US, and the number is increasing by about 15,000 a
month. Servicing this equipment requires familiar test
equipment found in radio-TV service shops—from vtvm
and scope to vom and signal generator.

But two-way radio also demands special instruments.
These devices enable technicians to keep two-way radio
operating within close limits of power, frequency and mod-
ulation. Otherwise, heavily populated mobile bands could
be submerged in a babble of mutual interference.

Dozens of services are distributed over a large span
of the radio spectrum. Boating occupies channels around
2 and 156 MHz, aircraft communications are mainly be-
tween 108—132 MHz. A myriad of industrial, transporta-
tion and public safety (police. fire) stations operates on
two vhf bands around 30 and 150 MHz or in the uhf region
of 460 MHz. Although there are test instruments designed
expressly for a specific band or set, many devices described
here are common to nearly all two-way radio.

Before examining these instruments, consider a pre-
requisite to most two-way servicing. The FCC requires
that installation and servicing of most two-way equipment
be done by holders of a First- or Second-Class Commercial
Radio operator’s license. Actual work can be performed,
however, by a technician under the supervision of a license
holder. (Citizens-band work requires no special license for
installation.)

Regulations usually call for signal measurements when
a system is first installed or whenever any change is made
that might affect transmitter stability or frequency. These
checks are usually required at regular intervals to assure
accuracy of transmitter power, carrier-frequency tolerance
and modulation percentage. When these tests are per-
formed, they are noted in the station log and signed by
the technician. Rules are less demanding for CB, where
periodic measurements are seldom required.

SWR and power output

Instruments that measure standing-wave ratio and
power are basic tools. An SWR meter inserted into an an-
tenna line reads (voltage) standing-wave ratio, a rating of
the relative amount of forward and reflected power in the
line. SWR readings expose a multitude of possible system
faults. If the reading is more than approximately 2 to I, a
component is introducing serious impedance mismatch.
The trouble could be in a damaged cable or antenna, a mis-
tuned transmitter or possibly a defective loading coil. After
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the fault is corrected SWR returns to a low value, assuring
the transmitter to antenna link is functioning efliciently.

One low-cost SWR tester is the Heath HM-15. This
unit operates over a frequency range of about 2—50 MHz
and handles up to a kilowatt of rf power. The HM-15 may
be wired for either 50- or 75-ohm cables commonly found
in mohile equipment. An SWR meter of this type is suit-
able for checking simple systems, such as CB, with the
readout given as SWR ratio and percentage of reflected
(wasted) power. The HM-15 sells for $14.95 in kit form.

For the technician involved with a wide range of two-
way equipment, there are more sophisticated SWR instru-
ments. An example is the Bird Model 43 Directional Watt-
meter. This device reads rf watts, unlike low-cost power

TEST EQUIPMENT FOR
TWO-WAY SERVICING

lrems in left column mav be found in radio-TV
service shops. Items in right column are designed
for two-way radio, and are described in text. In
some cases, more than one function is found in a
single instrument.

General Items Specialized Items

DC Power Supply SWR Meter

Oscilloscope Field-Strength Meter
Audio Oscillator Dummy Load

Rf Signal Generator Rf Wattmeter

Vivm CB Combination Tester

Vom Frequency Meter

Tube/Transistor FM Modulation Meter
Checker Portable Test Set

e

Read forward and reflected power (SWR) of an antenna system
with Heath’s HHM-15. Meter aids tuneup and trouble-shooting.
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TEST EQUIPMENT

meters which indicate relative power readings and serve
mainly as a tuneup guide. The Bird instrument indicates rf
watts in the antenna line with +=5% accuracy at full scale.
This satisfies legal requirements for measuring transmitter
power.

As shown in the photo, the Model 43 is equipped with
a plug-in element marked with an arrow. When this ele-
ment is reversed, the instrument reads retlected power,
permitting SWR measurement. For example, if forward
power is 100 watts and retlected wattage is 10, power ratio
is 10 to 1. This converts to an SWR reading of 2. (A
table is supplied for converting watts to SWR.)

Plug-in elements also permit the user to change the
instrument’s range for almost any mobile band and power
rating. Standard plug-ins cover 5 10 5000 watts and 6 fre-
quency spans from 2-1000 MHz. Cost of the basic Bird
wattmeter is $95. Plug-ins cost $30 each.

Field strength—a basic measurement

The professional instrument just described covers a
wide range of transmitter output measurements, but there’s
another device, the field-strength meter, that could also
prove attractive to a CB specialist. The field-strength meter
picks up the transmitted signal, converting it to a relative
reading. Since it simulates the action of a receiver, the de-

Directional wattmeter, Bird Model Simulating a
43, shows transmitter outpul power

directly in watts on panel meter.
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receiver with
Heath PM-2 presents an indica-
tion of relative field strength.

vice is an overall monitor of relative rf output. A field-
strength meter is useful during installation of CB trans-
ceivers in cars. The meter is placed near the antenna and
transmitter-output tuning controls are varied for maximum
meter indication.

The meter may also help “prune” an adjustable an-
tenna. If this is done while simultaneously observing an

Dummy load for CB
servicing. Noninduc-
tive resistor is built
into the coaxial con-
nector. Load converts
rf power into heat. §

Dummy load and direct-reading wattmeter are combined in
Bird Termaline Model 6154. Four ranges cover up to 150 walts.
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SWR mecter in the antenna line, a combination of lowest
SWR and highest field strength insures optimum rf output.

A field-strength meter is also convenient on a test
bench. Since it requires no hookup, it provides a quick
indication of whether a transmitter is functioning.

Several types of field-strength meters are available for
two-way radio. Least expensive is the untuned model, which
may respond to signals from 100 kHz to 250 MHz. Al-
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CB testers like this Knight (Allied) Ten-2 model combine
several useful test functions in one portable cabinel.

Frequency meter, signal generator, dummy load and modula-
tion indicator all in one—International Crystal Model 6024.

though untuned meters offer wide frequency coverage, their
disadvantage is low sensitivity. They may require up to
0.3 rf volt induced in the instrument’s antenna to produce
usable readings. Higher sensitivity is offered by a tuned
“wavemeter” type with resonant circuits that pick up
signals more efficiently. Most costly field-strength meters
are the tuned and amplified types, also the most sensitive.

What’s the difference in application? Each model
provides a gross, relative reading of the transmitted carrier.
With more sensitivity, the mecter may be located farther
from the transmitting antenna. Distance provides several
benefits. A roof-top CB antenna, for example, may not be
casily accessible but an amplified meter can conveniently
pick up the signal many feet away.

In another application, the technician might wish to
examine radiation patterns of mobile antenna installations.
An insensitive meter must be very close to the antenna,
which causes the meter to respond to the magnetic com-
ponent of the radio wave. A sensitive meter, on the other
hand, can often be positioned more than a wavelength
away, where response is mainly to the antenna’s more im-
portant electric field. At such range, the technician can
walk around the mobile and view the peaks and nulls of its
antenna pattern,

Dummy rf loads are noninductive

An FCC regulation states that radiation from a trans-
mitter must be curbed except for brief tuneup periods or
during actual communications. A dummy load satisfies this
requirement by converting rf power into heat while the
transmitter is tested. The load contains a noninductive re-
sistance, usually 50 ohms, and is available in several models.

For CB work, a dummy load is usually part of a co-
axial connector, and is rated for power dissipation up to
5 watts. (The Cesco Phantom Dummyload, at $1.49, is
one example.) Heath’s Cantenna is a novel unit rated for
transmitters up to 1 kW and frequencies from about 2 MHz
to 144 MHz. To coo!l the Cantenna as it operates, it must
first be filled with a gallon of oil. This instrument includes
an output jack for connecting to a multimeter. The meter
can measure voltage across the load and thus serves as an
indicator of power output. Cost of the Cantenna kit is
$9.95.

In the professional class is the Bird Termaline Model
6154. Tt combines two useful functions in a single pack-
age: a nonradiating (dummy) load and indicating watt-
meter. Unlike simpler instruments, readout is directly in
rf watts. The technician may perform a variety of tuning
or test steps on a transmitter and observe any effects on
output without radiating an interfering signal. Model 6154
includes four power scales (up to 150 watts) and covers
frequencies from 25-1000 MHz. Cooling is achieved by air
convection through a finned radiator. Cost of the Bird
Termaline Model 6154 is $265.

Transceiver testers—specialized instruments

With the risc of CB in the 27-MHz band, manufac-
turers are producing “CB tester” instruments. These units
house a number of functions within a portable cabinet and
can be operated on the service bench or carried to a mobile
or base station. The testers cost about $30-$40 and have
provisions for a number of measurements. Some contain a
field-strength and SWR meter to assist in installation work.
A dummy load may also be included. Also. since one meter
movement can be used tor several functions, these instru-
ments can often measure modulation percentage and rela-
tive power output as weil.

Tests described so far are for the transmitting section.
Some testers are also designed for receiver service. By
plugging in a CB transmit crystal, testers can generate an
accurate 27-MHz signal for receiver test or alignment. A
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built-in audio oscillator can add tone to the test signal for
further checks in receiver stages. The tone may also serve
as an audio test frequency.

This idea—packaging several functions in one cabinet
—is also utilized in more complex two-way equipment. A
tester might include a signal generator, vtvm, a wattmeter
or frequency meter. If an audio-power meter is included, it
can be uscd to measure the signal-to-noise ratio of a re-
ceiver.

Another variation of this idea is the “portable test sct.”
Two-way manufacturers often provide a transceiver chassis
receptacle for access to critical test points. The test set is
plugged into the chassis socket and the technician can
rapidly take readings to isolate malfunctions. Such instru-
ments are usually produced by transceiver manufacturers
to match their equipment.

Frequency meters for precision operation

Ability to mcasure carrier frequencies with precision
is a major requirement of two-way servicing. Instruments
for this task can be classitied according to frequency cover-
age and whether they include some other measuring facility.
International Crystal’s Model 6024, for example, is a fre-
quency meter exclusively for CB service. It contains switch-
selected, crystal-controlled signals on 23 CB channels. Since
accuracy can be as high as =0.0015%, the instrument can
measure CB’s required frequency tolerance of =0.005%.
Also found in the 6024 are facilities for mecasuring AM
percentage of modulation and power output. Another In-
ternational Crystal meter covers the marine band near 2
MHz, while the company’s wide-range model covers 25-
470 MHz with *=0.00025% accuracy. Plug-in oscillators
are purchased for desired frequencies.

A popular frequency meter is the Lampkin 105-B
Micrometer or MFM model. This is a heterodyne unit that
can measure transmitter signals up to 175 MHz. Accuracy
is assured with a built-in crystal calibrator and provision
for correction against WWV, To obtain accuracy beyond
the instrument’s 0.001%, Lampkin offers a PPM package.
The FCC frequency requirement on lower bands is gener-
ally 0.01% or 0.002%, but the tolerance becomes more
critical on higher frequencies because of recent channel
splitting to allow more two-way operations in the crowded
spectrum. With Lampkin’s PPM package, accuracy rises to
0.0001% to allow measurement of new 0.0005% toler-
ances. Basic cost of the 0.001% instrument is $295, with
the PPM available as an additional item.

How to measure modulation fast

Checking AM modulation percentage is usually ac-
complished by viewing signal waveforms on an oscillo-
scope. FM transceivers, however, require a specialized in-
strument. Lampkin’s 205A FM Modulation Meter can pick
up 25-500-MHz signals and indicate peak carrier deviation
while tone or voice modulation is applied to the transmitter.
The meter scale is calibrated for both 25 and 12.5 kHz
(peak). This enables the instrument to handle transmitters
operating on the older wide-band FM (=15 kHz) and
the newer split-channel, or narrow-band system, where
deviation is reduced to =5 kHz. Depending on transmitter
power and frequency, the 205A responds at a range of 10
to 2000. Cost of the basic Lampkin 205A is $290. Another
version adds two additional scales for reading peak devia-
tion of 1.25 and 2.5 kHz. These scales are useful while
working on mobile radio systems that employ selective call,
since they may utilize tones as low as 50 or 60 Hz and
modulation levels as low as 0.75 kHz. The extended version
of the meter at $340 has improved sensitivity.

A combined instrument, the Gertsch (Singer) Model
FM-9E, joins frequency and FM deviation meters in one
package. This instrument may also serve as a signal genera-

SEPTEMBER, 1968

tor with output on both transmitter carrier and receiver
i.f’s. The frequency-meter portion of the instru-
ment is rated at 0.0001 % to permit measurements on split-
channel equipment. The FM-9E provides direct digital
readout in the 150-162-MHz band. Harmonics are also
available for uhf channel covcrage. When the FM-9E is
switched to its deviation-meter function, it rtads FM mod-
ulation in any of three ranges: 1.5, 5 and 15 kHz (full
scale). The cost of this solid-state, portable 3-in-1 instru-
ment is $1825. R-E

Measure transmitter frequency to new 0.0005% tolerances with
add-on kit and Lampkin 105-B Micrometer Frequency Mecter.

Peak frequency deviation on FM mobiles can be measured
with Lampkin Type 205A. Tests signals in 25-500-MHz range.

Digital readout is provided on this Gertsch/Singer FM-9E
frequency deviation meter. Unit also is a signal generator.

-
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Automatic Diplexer’'s For
Voice Communications

Aerospace and electronics research has developed dual-purpose transducers to replace un-

comfortable ecarphones. Commercial variations may automate the manual push-to-talk switch

By L. GEORGE LAWRENCE

IN TRADITIONAL TWO-WAY TRANSCEIV-
ing equipment the manual “push-to-
talk” switch, together with associa-
ted circuits and acoustical transducers,
affords adequate isolation between re-
ceiver/transmitter signals. The equip-
ment is simple and continues to dem-
onstrate its reliability.

However, in critical aerospace
and commercial situations, the use of
discrete switches, lip microphones and
speakers (or earphones) is uncom-
fortable and becomes nearly intoler-
able to the average person after sev-
eral hours. With advances in applied
electronics and better insight into hu-
man physiology, automatic, diplexing

transceiving aids have appeared in re-
cent years.

Diplexing systems can be defined
as single. dual-purpose transducers de-
signed to function, simultaneously, as
microphone and speaker (or ear-
phone). Research has extended, not
only to orthodox electro-acoustical de-
vices and switching gear, but also to
the brain’s ability to receive electro-
magnetic waves and fields. Devices to
be worn for long periods must not
press on the skin in excess of about
0.3 psi. An effective signal isolation of
32 dB or better is desirable.

Electro-acoustical diplexers

Work by R. D. Black (1957) and
others has demonstrated that an acous-

tic transducer placed at the ear can bc
used as microphone and earphone.
Specific problems reside in effective
receiver/transmitter isolation. Also,
the switching intervals must be fast
enough for positive control over both
transmission and reception.

The circuit of Fig. 1 shows the
functions of an agc-controlled diplex-
er. In this case, the receiver activates
the transmit-receive switch. How-
ever, the attack time of such a scheme
is much too long, and interference
could lock the system into a continu-
ous receiving mode. A manual over-
ride switch would make the setup
more cumbersome, since the operator
does not know whether a given mode is
a deviation. If the T/R switch were
thrown rapidly back and forth, incom-

- DUAL~-PURPOSE 100 —— y,
" TRANSDUCER Y /
= 90 i /
5 -
| -~ = /
————— TRANSMITTER 80 —rd //\ / ol NP A
——- RECEIVER I 1 /
70— \
L ==, = \ f
260 T-R RELAY 360 \ /
= /
£ 50— \
=l \ /
w
= £ 40— \ /
= /
. . , g . . 30—
Fig. I1—Receiver is acticated by T/R relay in this agec-
controlled diplexer. Major disadvantage is slow response. 20 ——
[O———
0 —- }
I 20 30 100 1,000 5000 10000

Fig. 2—Speech intelligibility varies with chopping rate. Sum-
difference frequencies develop below 10 kHz and above 20 Hz.
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DUAL-PURPQSE
TRANSDUCER

Fig. 3—Frequency

MIKE AMPLIFIER of this chopper cir-
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CHOPPER TRANSMITTER ’
ries with the uni-
N\ - — 3 & junction transistor
+ FROM 2 (UJT). To extend
c RECEIVER the life of the

CHOPPER
DRIVE COIL

ing audio would be intelligible, and
the transmitting capability would be
continuous.

This method is called “chopper
diplexing” and comes in two classifica-
tions: swbaudible and audible diplex-
ing. If speech is chopper-interrupted
at 20 Hz at 50% duty cycle, the word-
articulation score is 84% . Decrease of
chopper drive frequency to | Hz re-
sults in approximately 40% intelligi-
bility of incoming speech.

Basic intelligibility profiles, plot-
ted vs frequency, are given in Fig.
2. The articulation scorc cssentially
reaches 100% at a chopping rate of
10 kHz. (However, annoying sum
and difference frequencies are added if
system drive frequencies are above 20
Hz and below 10 kHz.)

Unpleasant, interrupted sensa-
tions can be noticed when drive fre-
quency falls below 20 Hz. If an opera-
tor listens to these sounds for a length
of time, annoyance will develop into
fatigue.

A steering circuit for choppers is
shown in Fig. 3. With chopping fre-

bk

assembly and sta-
bilize its perform-
ance, it is sealed in
inert-gas

an al-

mosphere.

quency determined by potentiometer
R and capacitor C, the coil of the
switching system is connected in se-
ries with the unijunction transistor.
The diode in the ground leg reduces
transients. Installing the chopper as-
sembly in an inert-gas atmosphere re-
sults in longer life and fairly stable
performance.

It is conditionally possible to op-
erate with drive frequencies above 20
kHz, thereby eliminating disturbing
sum and difference frequencies. Un-
fortunately, even though low-pass fil-
tering may be used, the inertia ef-
fect of moving parts tends to offset
possible gains as far as intelligibility
is concerned.

A superaudible mode can be ob-
tained by sclecting dual-purpose trans-
ducers with very high resonant fre-
quencies, say  five times the drive
frequency, or 100 kHz. Capacitor mi-
crophones will perform relatively well
in this kind of diplexing circuit, but
their high polarization voltage (typi-
cally 200 Vdc) can be dangerous.

“Blank” spaces, due to chopper

Fig. 6-a—Perform-
ance plots for the
resistive hridge di-

pvlever show re-

/{\ 5K 5K _._| :
ceiver - lo - trans-
~~ ) AUDIO I nitter isolation. A
Y OSCILLATOR minimum 27-dB
‘ .TrgANSMITTER isolation  (at 4.6
i 42K 47K kHz) can be ob-
XTAL TRANSDUCER tained over the
WITH EAR INSERT - voice spectrum. b
/ / — 47K Graph shows los-
( ' | Y ‘Z— ses from transducer
H | 750pF to transnetter and
5 l from the receiver
to transducer. The
Fig. 5—Resistive bridge diplexer. The 47,000-ohm branch bridge arrange-
resistors hare « nulling function similar to coils in the ment is one of the
transforiner  (Fig. 4). The capacitor nulls the circuit.  simplest diplexers.
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Fig. 4—Hybrid transformer diplexer, un-
like chopper assemblies, has no moving
parts. Device works on the bridge prin-
ciple (Fig. 5). A nulling device, it can
provide 50 dB isolation between circuits.

action, have been filled in with white
noise. This improves speech quality
but not intelligibility. Quality, as was
shown by J. L. Stewart in 1962, can
be enhanced by “reiterated speech.”

Reiteration is interrupted speech
with the blank periods filled with the
same interrupted speech delayed by
“on periods.” Four delays are in-
volved, so that four signals can be
mixed in a special adder: Delay
1 =0, delay 2 =T/2, delay 3 =T,
delay 4 = 3T/2. These delays pro-
duce a reverberating effect on speech.

A hybrid transformer diplexer,
shown in Fig. 4, has advantages over
chopper-type designs due to the ab-
sence of moving parts. Basically, the
diplexing svstem is similar to a resis-
tive bridge (Fig. S) except that the
branches are formed by a multi-coil
transformer.

The nulling circuit in Fig. 4 can
provide 50 dB isolation (transmitter
vs receiver) when Z, and the trans-
ducer  impedance arc  perfectly
matched. If, for example, the trans-
ducer is replaced with a 2200-ohm re-
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Fig. 7—Test setup
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l i Speech is bharely
pc —7 | A A recognizable.
VTVM i | 1 TyM
; 1 FOREARM
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sistance, isolation exceeds 50 dB at all
frequencies from 60 Hz to 10 kHz (Fig.
6). A transducer in shunt with a 2200-
ohm resistor at both “Z.,” and “trans-
ducer” yields a minimum isolation of
27 dB (at 4.6 kHz) over the voice
spectrum. A hard clipper may be in-
serted to prevent transmitter over-
modulation during receiving periods.
The scheme represents onc of the
simplest diplexing circuits devised.

Electrophysiological diplexers

Alternating current of audio fre-
quency, if passed through the human
head, gives rise to hearing sensations.
S. S. Stevens (1937) termed this phe-
nomenon the ‘“electrophonic effect.”
Later, in 1961, A. H. Frey discovered
that the human auditory system can re-
spond to clectromagnetic cnergy in at
least a portion of the radio-frequency
spectrum.

Some of this work was carried
out with modulated radar transmit-
ters working at reduced power levels
and using frequencies of 1.31 and
2.982 GHz. Subjects reported the per-
ceived sound was more like that pro-
duced by the modulation pulses than
by pure or complex tones or square

100kHz OSCILLATOR

-

waves. They also said more high fre-
quencies were needed, even when lis-
tening to the modulation pulses via
speaker. The physiological mechanism
involved is not yet defined, but it may
be direct cortical or nerve-fiber stim-
ulation. Diplexer-type communication
was not attempted by this method.

Electrophonic systems. As men-
tioned before, alternating current of
audio frequency invokes hearing scn-
sations in the human auditory system.
This electrophonic effect can be veri-
fied by using a basic test sctup as
shown in Fig. 7.

This assembly is designed to work
with or without low-voltage dc bias
derived from a 6-volt power supply.
An audio oscillator provides the actual
subject voltage. The test can be con-
ducted by placing a wet electrode into
the ear cavity and the other on the
arm. The electrophonic threshold usu-
ally is about 20 dB above | uW, which
is only 20 dB below the shock level.
CAUTION is the keyword when con-
ducting this experiment! The cffect is
quite low and the loudness attainable
is limited by shock or pain sensations.
Popular tunes may be identified, but
the fidelity is poor. Speech may be
recognized, but few words will be fully

BUFFER OUTPUT STAGE
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uses AM carvier frequencies in the

50 kHz to 100 kHz region. Output is fed to tcst subject through electrodes E1, E2.
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understood by the one making the test.

Results with AM carrier fre-
quencies, ranging from 50 kHz to 100
kHz, appear to be promising. This
special form of electrophonic hearing
can be accomplished with simple rf
oscillators with provisions for modu-
lation (Fig. 8). Again, great caution
is a must! The output power level
must not exceed 150 milliwatts, and
the region around the cyes is very sen-
sitive.

Unfortunately, taken together,
electrophonic-type cffects are either
too weak or too unpleasant to be of
immediate use in diplexing communi-
cations.

Special intelligibility tests

The intelligibility of voice trans-
mitted through ear-canal insert trans-
ducers is of prime importance for ac-
ceptance of a diplexing system.

To be meaningful, test transmis-
sions commonly include utterances of
nonsense syllables (to exclude guess-
¢s) and coherent, highly redundant
sentences. In a typical rhyme test, an
individual is presented with a test
sheet consisting of 50 words lacking
their initial consonants and asked to
fill in the missing letters after listen-
ing to a speaker intoning the complete
word. Scveral choices are possible,
since the word roots are all members
of rhyme familics; e.g. ncat, beat,
deed, lead, secd; or noon, moon, soon,
loom and so on.

Conclusion

Automatic diplexers for voice
communications can be an exceptional
aid both on carth and in space. Chop-
per diplexers provide the highest re-
ceiver-to-transmitter isolation, since
there is nearly zero contact resistance
at “make” and infinite resistance at
“break.” Bridge-type diplexers, if
coupled with safety clippers, are sim-
ple devices, but require correct im-
pedance matching of feeder networks.
Although the electrophonic offect is
not usable in its present form, it holds
hope for special applications. The
same considerations apply to auditory

stimulation by rf fields. R-E
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Build 3-Way Scope Calibrator

Precision unit generates pulses variable in time, frequency and voltage . . .

Components and controls may fit in your oscilloscope.

By JAMES ROBERT SQUIRES

ONE OF THE MOST VALUABLE COMMOD-
ities in a shop or laboratory is bench
work space. I often find some little de-
vice that T want to build but never do
because of the space it will rob from
my workbench. For some time I've
needed an oscilloscope calibrator like
this one but I didn’t decide to build it
until I realized that the proper place
for it was inside the scope.

Space requirements are small: A
few square inches of front-panel space
and less than 12 cubic inches of elec-
tronics for voltage and frequency cali-
bration and a variable-delay trigger
pulse with a full spectrum of scope
uses.

The stick-anywhere  calibrator
system consists of three units. Fig. 1
shows the Box, the power supplies and
the five panel controls. With the new
miniature controls and switches, a
minimum of scope front-panel space is
needed. If space is not available on the
scope’s front panel a separatec panel
can be built.

Actually, the Box (Figs. 2 and 3)
provides a calibration pulse variable in
both frequency (300 to 3000 Hz) and
voltage (16 Vdc to 25 Vdc), and a
delayed trigger pulse. The delayed-
trigger-pulse generator can be synced
to either the internally gencrated cali-
brator pulse or to a negative-going
external sync pulse of 30 volts or less.
The external sync pulse may be a sine
square or triangular wave. Fig. 4 gives
pulse relationships.

The calibrator pulse is used to ex-
amine scope sweeps as a general check
of frequency (horizontal time per divi-
sion) and voltage sensitivity (vertical
volts per division). This calibration
pulse may also be passed through a pos-
itive diode clamp and applied to the
Z-axis of the scope (the cathode of the
CRT) to provide variable blanking for
timing and sweep marking purposes
(sce Fig. 5).

Either a simple Zener regulator
or a more involved series and shunt
regulator is the power supply. Fig. 6
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Controls may be mounted on panel scope or in a separate unit as shown here.
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Fig. 1—Calibrator block diagram. Sec-
tHons can be built into scope to save space.
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gives data for using the Zener regula-
tor at various voltages tapped from the
scope supply. Assuming that you find
a 60-volt tap in your scope power sup-
ply, you would use a 30-volt Zener in
serics with an 1800-ohm resistor and a
6-volt Zener in series with a 3300-ohm
resistor.

Figure 7 illustrates a complete
—30-volt and -6-volt combined sup-
ply that could be installed within the
scope. For pulse work this sort of
supply gives much better high-fre-
quency regulation and transient re-
sponse than does a Zener regulator.

Panel controls are mounted wher-
cver possible on the front panel of the
scope. The photos show these controls
in open breadboard construction. Fol-
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low this arrangement if you build the
calibrator as a separate unit.

A 57 x 7\” piece of aluminum
sheet is used for the chassis. You may
want to look under the dust cover of
your own scope to sce just how much
space is available to house the cali-
brator box. Location within the scope
is not critical so long as the circuit card
and other components are shielded by
the metal chassis. Should you find that
you have the room, you could purchase
a larger chassis.

The circuit card is cut from Vec-

tor prepunched bouard. As the com-
ponents are inserted into the board,
their leads extend through the card to
the other side and are used in wiring
the circuits.

Transistor sockets are mounted
on the Box chassis with mounting
rings. Orient the sockets with the
emitter pin nearest the bottom or open
side. This facilitates testing when the
unit is completed. Use No. 24 multi-

strand wire to connect the transistor
sockets to the circuit card to minimize
wire breakage during assembly.

RIS R20 RI4 RIii R8 CI C2 RI9 RZI RI7
Interior of calibrator box. Transistors are in sockets mounted on top edge.
Mounting board is 1 7”7 x 3 ", with %” x %" corner section removed.
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panel controls through a cable.

Calibrator box wiring

First connector J1 is wired, using
nine 8” lengths of stranded wire
color-coded as shown in Fig. 2. Solder
5” lengths of wire to the transistor
sockets and fold out of the way for the
present. Mount and wire the two po-
tentiometers and test joint J2 as com-
pletely as possible.
completely as possible.

Next the components are inserted
into the circuit card and wired accord-
ing to the photograph (left).

When the card has been wired
and is ready to be mated to the Box,
it should be placed component sidc
down above the transistor sockets. All
wiring between J1, the circuit card, the
sockets and the potentiometers should
be made from this position. Wiring the
card in this manner permits the card
to be swung out of the way for servic-
ing. When all wiring is completed,
tuck any loose wires under the card
and assemble with two 6-32, Y27
SCrews.

When choosing a place to mount
the calibrator, remember that the fre-
quency and voltage controls must bc
casy (o reach and adjust. The inexpen-
sive transistors used in this unit must
be kept away from heat. Heat arrives

by conduction, convection or radia-
tion, so mount your transistors ac-
cordingly.

The emitter load of Q4 (Fig. 2)
is made up of seven resistors’ (R22-—

1 Data courtesy of Tektronix, Inc.
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Parts List
C1—.05 pF capacitor
C2—.002 uF capacitor
C3—27 pF capacitor
C4—250 pF capacitor
C5—.005 uF capacitor
C6—.01 pF capacitor
C7—.02 pF capacitor
C8—.001 pF capacitor
R1, R9, R19—1600-0Fm, 5% Y;-watt resistor
R2, R4, R6, R11—560-ohm, '4-watt resistor
R3—120,000-ohm, 4 -watt resistor
R5—100,000-ohm miniature potentiometer
R7, R17, R21-—1000-ohm, 1;-watt resistor
R8—6800-0hm, Y4, -watt resistor
R10, R20—4700-ohm, % -watt resistor
R12—2500-ohm miniature potentiometer
R13—5100-0hm, Y;-watt resistor
R14—62,000-0ohm, %-watt resistor
R15—100-ohm, 1-watt resistor
R16—16,000-ohm, 5%, Y -watt resistor
R18-—12,000-0hm, %-watt resistor
R22—2000-ohm, 5% 1l-watt resistor, see text
R23—1000-o0hm, 5%, l-watt resistor, see text
R24—610-ohm, 5%, l-watt resistor, see text
R25—200-ochm, 5%, l-watt resistor. see text
R26—100-0hm, 5%, l-watt resistor, see text
R.27—56-ohm, 5%, l-watt resistor, see text
R28—39-0hm, 5%, 1l-watt resistor, see text
R29—100,000-ohm, 5%, Y;-watt resistor
R30—100-ohm, 5%, Y -watt resistor
S1—2-pole, 7-position miniature non-shorting
rotary switch (see lead photo)
S2—2-pole, 2-section, 5-position
non-shorting rotary switch
$3, S4—moniature spdt toggle switch
Jl—miniature 9-contact socket connector
J2—insulated tip jack
J3, J4, J5—Miniature coax receptacles
Q1, Q2, Q4, Q5, Q6—2M1303 transistor
Q3, Q7—2N428 transistor
P1—Miniature 9-contact plug connector to
match J1

MISC—Transistor sockets,
hook-up wire, knobs

miniature

terminal strips,

R28, Fig. 3). The total value of these
resistors is 4135 ohms. To produce the
voltage steps of 20-, 10-, 5-, 2-, 1-, 0.5-
and 0.2-volt, l-walt carbon resistors
are altered to give the exact resistances
needed.

Using a three-cornered file, very
carefully file through the phenolic
outer insulating body of the resistor
until the shaft of carbon is exposed.
With a good ohmmeter, mecasurc the
resistor value in ohms. For example,
let us use R24, a 610-ohm resistor. A
5% 610-ohm resistor was purchased,
this means that the resistor might have
any value between 580 and 640 ohms.
However, 1 have found that many 5%
resistors are right on the money at 600
ohms. Let us assume the resistor you
get is 600 ohms. You have measured its
value on vour ohmmeter and affirmed
this. You have, using your three-
cornered file, cut through the phenolic
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Fig. 3—Pulse-width and voltage-calibrator controls are mounted on front panel.

body of the 600-ohm resistor.

But R24 must be 610 ohms. File
into the carbon of the resistance ele-
ment a few strokes. Measure the re-
sistance again. Notice that the resistor
increases its value. Continue filing with
the finesse of a brain surgeon until the
higher value is obtained. Work slowly
so as not to heat the carbon as you
work on it. As you work, continuously
check the zero of your ohmmeter.
Alter all resistors requiring a resistance
increase.

Careful work at this stage will re-
sult in a series of resistors providing
exact voltage division ratios. As each

resistor is filed to the needed value,
apply a dab of Duco cement to the cut
so that moisture will not cause future
damage to the resistor.

It is true that the power rating of
the resistors has been reduced, but that
is why [I-watt units were used. Only
V2 -watt units were needed, and the
minute filing did not derate the resist-
ors below that.

Use special care when installing
these units as their body has been
weakened. Once they have been as-
sembled between decks of S1, you have
a strong rigid assembly.

Remember that the filing tech-

TIME TIME
ZERO —» ZERO —*
0V eo—— e s
CALIBRATOR
OUTPUT <3 VARIABLE -
T (SEE TEXT) T

—20v *

VARIABLE ‘

a

ov. e e S OB o e e et =

i

: MINIMUM DELAY SuSEC.

MAXIMUM DELAY 5504SEC.

VARIABLE | {SEE TEXT)
DELAY | VARIABLE ~—<—f—=
OUTPUT | (SEE TEXT)

i

|

l ;
—30v. ‘

| | i |

Fig. 4—Calibrator output waveforms. The one at a is a 1000-Hz calibration pulse;
150 usec oN and 850 usec orr. Its amplitude and pulse duration are variable. At b
the 30-volt trigger pulse may be delayed over an adjustable range of 5 to 550 usec.
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“Get more

education
or

get out of
electronics

..that's my advice.”
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Ask any man who really knows the electronics industry.

Opportunities are few for menwithout advanced tech-
nical education. If you stay on that level, you'll never
make much money. And you'll be among the first to
go 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. Airmail postpaid
card for your copy. If card is detached, use coupon
below or write: CREI, Dept. 1409G, 3224 Slxteenth
Street, N.W. Washlngton D.C. 20010. § =

Founded 1527

CREI

Accredited Member of the Nationel Home Study Council

CREI, Home Study Division
McGraw-Hill Book Company
Dept. 1409G, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.
NAME , AGE
ADDRESS
CITY. STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK 0 G.l. BILL
| am interested in O Electronic Engineering Technology
O Space Electronics O Nuclear Engineering Technology
O Industrial Electronics for Automation
O Computer Systems Technology

e e T Y VR N S |

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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1 TO 5.F 600WVDC

o !(/ 1 o
INPUT T0~"
47K TO

FROM s CRT
VARIABLE X oF
DELAY 1/2 WATT SCOPE
GENERATO |

g IN34

Fig. 5—The pulse output of the calibra-
tor may be used for scope Z-axis blanking
after being passed through a diode clamp.

Fig. 6—How to obtain Zener-regulated
—380 and +6 volts from scope’s power
supply. The Zener’s cathode always con-
nects to the positive side of the source.

nique only increases the resistor’s value
and do not forget to seal the cut! This
may sound like a piece of work but
conservatively speaking it can save
more than $5 for 1% precision re-
sistors to gain the same ratios. If you
have access to a precision or lab-type
bridge, so much the better.

Operation

The voltage calibrator consists of
a variable-frequency multivibrator, Q1
and Q2, driving Q3, a variable-voltage
switch. The output of this switch is then
fed to emitter follower Q4. Emitter re-
sistance is ratio-divided to provide
voltage ratios of 1, Y2, V4, %o, Yo,
Yo and %o to ground. When the
voltage-control potentiometer (R12)
is adjusted so that there are 20 volts
at the emitter of Q4, the voltages are
as noted on the schematic of Fig. 3.

o, 01

L O0~O

pI,02,04,05—IN1692

D3,06-6-7V,I50mW
ZENER DIODE
RS-6 (HOFFMAN)
OR EQUAL

Fig. 7—A well-regulated
supply improves high-fre-
quency stability and transi-
ent response. Magnetic fields
from transformers T1 and
T2 may make it necessary to
build the supply on a chassis
mounted on the oulside rear
wall of the oscilloscope.

58

ke

T IZ MIN=2mA

Vs FrRom scope
POWER

SupPLY
G
B8
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o
Py S—

Ry =I5mA ot 30V

Vs Rg
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100V a.2K
+6V SUPPLY ZENER LEADS
REVERSED R, =15mA at
40V 2.0K L ¥
60V 33K
80V 4.2k
100V 6.2 K

These dividing ratios apply for any
voltage appearing at the emitter of
Q4. S3 provides additional division
either by 1 or 100. The ratios then
become 1/100, 1/200, 1/400, 1/1000,

1/2000, 1/4000 and 1/20,000. In
Parts List

T1—Power transformer, 40-V ct, 100 mA
(Triad F90-X or equiv)

T2—Power transformer, 268 V ct, 1 amp

(Triad F40-X or equiv)
D1, D2, D4, D5—1IN1692 diode
D3, D6—6-7-V, 150-mW Zener diode (Hoff-
man RS-6 or equiv)
C1—1000-1F, 50-V electrolytic capacitor
C2—2000-4F, 15-V electrolytic capacitor
R1—1000-chm, !4-watt resistor
R2, R6—39-ohm, 2-watt resistor
R3—7500-ohm, !'%-watt resistor
R4—1000-0hm, 2-watt potentiometer
R5—1600-0hm, Y;-watt resistor
R7—430-ohm, 5%, 4-watt resistor
R8—500-chm, 2-watt potentiometer
Q1, Q3—2N301 transistor
Q2—2N1303 transistor

R2 390 2w

TI DI

40V CT
100mA

cl
I0004F/50V

2NI303

) 2
8/03
et =
i + GND.
+6V
C2 2000uF/15V ADJ

268V CT 1A
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other words, the calibrate pulse output
is in either volts or millivolts.

The variable-pulse generator is
triggered either internally by the vari-
able-frequency multivibrator or from
an external negative-going square-
wave or sine-wave trigger. Both course
and fine control of the variable-pulse
generator is available.

Pulse width can be varied from a
few microseconds to 550 usec. Pulse
widths for this Schmitt trigger depend
to some extent on the input trigger
waveform. Therefore no data are giv-
en for width values on switch S2. Out-
put of the Schmitt trigger is buffered
by Q7, a fast switch. Fig. 4 illustrates
the time-pulse relationships available
within the Box.

Adjustments may be needed

Most scope calibrators operate at
1000 Hz. The variable-frequency mul-
tivibrator used in the Box covers from
400 to 4000 Hz. Frequency adjustment
should be made against a known fre-
quency standard such as a 1000-Hz
crystal. Approach the setting from the
high-frequency end of the potentiom-
eter. RS, the frequency control,
varies the symmetry of the multivi-
brator and can be set to shut off the
circuit. When troubleshoooting this
circuit, first be certain that the poten-
tiometer arm is near the high-fre-
quency end of its travel.

When adjusting calibrator volt-
age, use at least a 20,000-ohms-per-
volt meter to set the emitter of Q4 to
20 voits. You may want to cut holes
in the dust cover of your scope to reach
conveniently the two controls, R5 (fre-
quency) and R12 (voltage), of the
Box.

The variable-pulse generator has
both coarse and fine pulse-width or de-
lay controls. For example, with proper
minimum settings it is possible to ob-
tain a S-psec pulse of 30 volts ampli-
tude. As mentioned bhefore, the range
and extent of influence of these con-
trols depend on the type of sync or
trigger signal used.

Uses of the Calibrator Box are
many; they include variable sweep
delay. Z-axis blanking, amplifier cali-
bration using voltage ratios, simple
signal tracing in radios. In photograph-
ing scope traces, you will find that
Z-axis blanking is a fine way to add
another dimension of information to
your sweep photographs.

Remember that neither the cali-
brator nor the variable-pulse genera-
tor is a power driver and should not be
loaded excessively. As an extra bonus,
the Box can often be tucked neatly
away in the dark recesses of your
scope. R-E
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COMPUTERIZ]

A, YOUR CAR LIGHT®

Part II—Avoid traffic tickets or a run-down battery. Put this lighting aid in your car

By R. M. MARSTON

LAST MONTH WE DEVELOPED THE COM-
puterized automobile lighting system
to the point where it would immedi-
ately flash a warning if one of the
car’s lights burned out. Now, we’ll add
a circuit that will decide whether the
lights should be on or off, determine
whether they are in the correct mode
and then warn the driver if they are
not. These tasks are performed by the
lighting-mode/ driving-mode  correla-
tor that compares two sets of basic
information before deciding whether
to notify the driver that all is not well.

One set of information fed to the
unit concerns the lighting mode: Is it
night or day? The second set of infor-
mation concerns the driving mode of
the vehicle: Is the car being used, or is
it simply parked. and are the lights
turned on or off?

The correlator is intended to be
used in conjunction with the lamp-
failure detector system already de-
scribed, and gives a fault indication
on the same panel lamp. The full sys-
tem will indicate a fault under any of
the following circumstances:

(1) Vehicle is being driven at
night with main lights off.

(2) Vehicle is being driven in
daylight with main lights on.

(3) Vehicle being driven at night
with main lights on but one or more
lamps burned out.

(4) Vehicle being driven in day-
light with main lights off, but with one
or more brake or flasher lamps out.

(5) Vehicle parked at night with
main lights on. one or more lamps out.

The faults indicated in (1) and
(2) are detected solely by the correla-
tor, and the full circuit of this unit is
shown in Fig 4. This circuit can be
broken down into two main sections,
one the lighting-mode detector and
the other a simple computing section.

The lighting-mode detector sec-
tion of the unit operates as follows:

A cadmium sulphide light-
dependent resistor (LDRI1) is the
light sensor. It has a low resistance
under bright conditions and a high re-
sistance when dark. Resistor R45 and
and LDR1 form a voltage-divider net-
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work. Under bright conditions their
junction is at necar-ground potential,
and at near — 12 volts when the LDR
is in darkness. The junction is con-
nected to Q17’s base through R46.

Transistors Q17 and Q18 form a
Schmitt trigger or voltage-sensitive
switch that can be triggered on or off
by adjusting the voltage on Q17’s base.
The output of the Schmitt trigger is
fed to the base of QI19, an inverter/
amplifier, and the final output of the
circuit is taken from across R33.

Under bright lighting conditions,
the Schmitt trigger is held off by the
low voltage on QI17’s base, and Q19 is
saturated, so that — 12 volts is avail-
able across R53. Under dark condi-
tions, the Schmitt trigger is driven on,
Q19 is cut off, and the voltage across
RS53 drops to near zero. The circuit
can be made to trigger sharply at pre-
cise light levels by adjusting the value
of R45. Cl adds a time delay to the
operation of the unit so that it oper-
ates from average light levels and is
not triggered by fairly rapid changes
in light level, as might occur when
driving under bridges and road lamps.

The —12 volt supply line is con-
nected to the circuit through the igni-
tion switch. Recapping this circuit’s
operation: its output (the voltage
across RS53) is at ground potential—
zero volts—when the photocell is dark
and is at —12 volts when the cell is
exposed to bright light.

The computing section of the unit
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operates as follows: Transistor Q21 is
used as an electronic switch which,
when driven to conduction, turns on
dashboard warning light LP13. This
transistor is driven on (saturated)
whenever D31 or D32 is forward-
biased, as when Q20 is cut off or Q22
is saturated. The base of Q22 is direct-
coupled to the collector of Q23 so Q22
is saturated when Q23 is cut off, and
Q22 is cut off when Q23 is saturated.
Consequently, the warning lamp
(LP13) is switched on when either
Q20 or Q23 is cut off. It is switched off
only when bot/i Q20 and Q23 are sat-
urated (driven hard on).

When photocell LDR1 is in
darkness the output of the driving-
mode detector is zero volts. When the
cell is in a strong light —12 volts is
developed at the top end of R53.

Similarly, when the car's head-
lights are off there is no voltage across
R56, and — 12 volts across it when the
lights are on.

Thus, both R53 and R56 develop
information relating to the prevailing
driving conditions. This information is
fed through gate diodes D29 and D30
to the base of Q20. and through gate
diodes D34 and D35 to the base of
Q23. These diodes arc connected in
such a way that Q20 is driven to satu-
ration when either input is at zero
volts, and Q23 is driven to saturation
when either input is at — 12 volts.

With the above points in mind,
let's take a look at the action of the
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Fig. 4—This circuit decides whether your automobile lights should be on or off and warns you when corrective action is needed.
U

circuit under diflerent driving condi-
tions:

Lights on in daylight. Under this
condition, 12 wvolts is developed
across R36 so Q23 is driven to con-
duction through D34, Also, — 12 volrts
is developed across R53. This voltage
1s applied to Q23's base through D35
and keeps this transistor saturated. At
the same time, Q20 is cut off because
both inputs are at —12 volts. With
Q23 cut off, D31 is forward-biased and
Q21 is driven to saturation. This turns
on lamp LP 13, indicating a fault.

Lights off in daylight. Here, zero
volts is developed across R56 so Q20
18 driven to saturation through D29. A
—12-volt signal is developed across
R53 so Q23 is driven to saturation
through D35 and R64. Since both Q20
and Q23 are saturated, diodes D31 and
D32 are reverse-biased. This cuts off
Q21 so the warning lamp cannot come

on. This is as it should be because
headlights are not normally used
60

Parts list

C1—1000-uF 15-volt electrolytic
See text

R45-—100,000-0hm miniature potentiometer
R46, R47—5600-0hm resistor
R48-—12,000-0hm resistor
R49-—10,000-ohm resistor
R50, R58, R61—470-ohm resistor
R51—2200-ohm resistor
R52, R54, R63—1000-ohm resistor
R53, R56, R57-—470-ohm, Y -watt resistor
R55, R64—4700-ochm resistor
R59—120-chm, Y -watt resistor
R60—390-ohm, Y -watt resistor
R62—1000-ohm, 4-watt resistor

All resistors 1/10-watt, 109% unless otherwise
noted

Q17 to Q23—Transistors, see text
D29 to D35-—General-purpose silicon diode

capacitor.

D36-—Silicon or germanium rectifier, 350 mA
or greater

when driving during daylight.
Lights on at night. Turning on
the lights develops — 12 volts across
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R56, so Q23 is driven to saturation.
The photocell 1s dark so zero volis are
developed across R53, and Q20 is
driven to saturation through D30.
Once again, both Q20 and Q23 are sat-
urated, so both D31 and D32 are
reverse-biased and Q21 is cut offl.
LP13 is off also, indicating that there
18 no fault.

Lights oft at night. If you forget
to turn on the lights no voltage is de-
veloped across R36. so Q20 is driven
to saturation through D29. Since it is
dark there is zero volts across RS53,
and Q20 is also driven on through
D30. Q23 is cut off, since both inputs
arc at zero volts. Since Q23 is cut
off, Q22 is driven to saturation, so D32
18 forward-biased and Q21 is saturated
also. This lights LP13, indicating that
there is a fault.

Thus, the circuit automatically
triggers a warning light on the dash
panel if the car lights are on when they
should be off, or are ofl when they

RADIO-ELECTRONICS
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should be on. The circuit opcration, as
described above, is briefly summarized
in the table in Fig. 5.

Note that the circuit is operative
only when the ignition switch is closed.
t.e., when the car is being driven. If
the ignition switch is off, the car must
be parked, and there is probably no
driver in the vehicle and thus no point
in flashing the warning lamp.

The unit thus takes into account
information about the mode of the
actual car when coming to a decision
For example, if the vehicle is moving
(ignition turned on) at night with the
lights off, a fault is evident and LPI13
comes on. If, on the other hand, the
vehicle is simply parked (ignition off)
at night with the lights off, there is no
reason to assume a fault, so LPI13
stays off.

One final point about this circuit.
In the description of circuit operation
given above I've said that zero volts is
developed across R56 when the main
light switch is off. Observani readers
may have noticed that this is not
strictly true, since a potential divider
network is formed between the nega-
tive supply line and ground via R54;
R55; D29 and R56, so that about ¥2th
of the supply line voltage in fact ap-
pears across R56 under this condition.

This “surplus” voltage in fact
makes no difference to the circuit op-
cration, since D34, R64 and R63 form
an additional voltage divider and in-
sure that less than 100 mV appears at
Q23 base under this condition. (Re-
member that 600 mV is “lost” across
silicon diode D34.) So, Q23 is cut off,
as it should be, and the circuit oper-
ates as described. Similar considera-
tions apply to R53 under dark condi-
tions.

The correct values of all resistors
are shown in the parts list. Component
values have been carefully chosen to
insure that the unit will work correctly
with either germanium or silicon tran-
sistors, and using cither a 6- or 12-volt
clectrical system. The following points
should be noted when selecting com-
ponents not specified in the parts list
of Fig 4:

Transistors Q17, Q18, Q22 and
Q23 can be any germanium or silicon
pnp audio transistors with a current
gain greater than about 20.

Transistors Q19 and Q20 can be
any germanium or silicon npn audio
transistors with a current gain greater
than 20.

Transistors Q21 and Q13 through
Q16 can be any npn types with a cur-
rent gain greater than 20 (greater than
40 in a 6-volt system) and an I....
rating of 500 mA or greater. A ger-
manium transistor is preferrable, but
not essential.
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LIGHTS ILLUMINATION Q20 Q23 LPI13
ON BRIGHT OFF ON ON
OFF BRIGHT ON ON OFF
ON DARK ON ON OFF
OFF DARK ON OFF ON

Fig. 5—A table summarizing the operation of the circuit shown in Figure 4.

Q7
(SILICON)

Fig. 6—The bulk of C1 helps determine the minimum dimensions of the circuit
in Fig. 4. This modification reduces value of CI and helps wminiaturization.

Diodes D29 through D35 can be
any general-purpose silicon units.

Diodes D36 and D25 through
D28 can be any silicon or germanium
rectifier with a forward current rating
greater than 300 mA.

The LDR can be any cadmium
sulphide photocell with a face di-
amcter greater than about 4" (La-
fayette 99H6321, etc.).

In vehicles fitted with a negative-
ground system, all pnp transistors
should be replaced by npn types, and
all npn transistors replaced with pnp
types. In addition, reverse the polarity
of Cl and all diodes. No other modi-
fications are required.

Note that if the car battery volt-
age falls to about 5 volts, the circuit
won’t operate correctly if silicon tran-
sistors are used for Q20 and Q23, and
LP 13 will switch on. This trouble does
not occur when germanium transistors
are used in these positions, and this
point should thus be considered when
using the unit in cars with 6-volt light-
ing systems.

The electrolytic capacitors are
the largest components in the entire
computerized lighting system. In a re-
cent effort toward further miniaturiza-
tion, I made a few minor changes that
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make it possible to use smaller capaci-
tor values. Capacitor Cl can be re-
duced from 1000 uF to 100 uF by
adding an extra resistor (R46-a) and
transistor (Q17-a) to the circuit as
shown in Fig. 6. The added transistor
can be any pnp silicon type with an
hyr greater than 60. Transistor Q17
must also be a silicon type if this modi-
fication is made.

The full system described thus far
will detect and warn of any lighting
fault or failure likely to occur in an
automobile. However, there is one
more service that the “brain” can be
made to offer and that is to remind the
driver to turn oft the lights before
leaving the car after driving at night.
In the concluding article of this series
we will show how to add a lights-on
reminder circuit and how the warning
lamp can be made more effective in
attracting the driver’s attention by
adding a flasher circuit.

You don’t have to wait for the con-
clusion of the article before beginning
construction. The computer sections
described in this three-part series are
independent of each other so you can
build them separately and then tie
them in to complete the system.

Continued next month
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FiX Golor TV Brightness Faulits

New servicing techniques solve old problems

By JAY SHANE

ALTHOUGH THERE ARE BASIC RULES TO APPROACHING ALL
service problems, when it comes to the color set too many
technicians have difficulty developing new techniques.

More often than not, a problem can be pinned down
through the usual setup procedure of checking out purity
and convergence. Of course, if there’s no raster, then we’ve
got a problem.

No brightness: By now we usually assume that what the
customer really means is, “No raster.” But when we get to
the home we find the problem is, instead, a dim raster.

I recall a Magnavox 920 chassis. All tubes possibly
involved with the problem were changed—just in case our
outside man goofed or he had a bum tube in his caddy. No,
our boy hadn’t messed up.

The next approach was to take voltage readings of
the CRT cathodes, grids and screens. The grids were close
to normal—260 to 265 volts: screens were running around
950-1050 volts, while the cathodes were higher than the
normal 310 volts. Along with the dim raster was a degree
of flatness in contrast, further indicating that the video
amplifier was the culprit.

The 12GN7 video output grid and cathode voltages
were normal at 3 and 5 volts, respectively, but the plate was
well over 300 when 270 volts was called for. This indicated
the tube was not drawing normal current. Further checking
revealed the grid voltage did not go from negative to posi-
tive with variations in the brightness control, and was thus
not changing the tube’s current flow which, in turn, would
vary the beam current of the CRT.

One end of the brightness control is coupled to the
video detector (a negative-voltage source) through peak-
ing coils L212 and L214 (Fig. 1), and the other end is
tied to the 140-volt line through a 3.3-meg resistor, so there
should have been a definite variation of grid voltage. What
the set was getting was a fixed bias through the control
itself. That meant an open at the low end, since our bias
remained constantly positive.

I removed the bottom plate of the video i.f. strip for

further investigation. (Be sure to replace this bottom plate
to prevent extraneous signals being injected into the video
i.f. system.) Having in mind but a single route to travel, I
quickly discovered that one of the peaking ceils leading
from the video detector was open, cutting off negative bias-
ing to the video amplifier.

Man-made problem! Another Magnavox color set was
brought into the shop with the complaint that bright-
ness had been too low ever since the receiver had been last
repaired. Service calls from various shops had not recti-
fied the condition. So, as is often the case, we (the Magna-
vox factory service station in our area) were the last to
be called. It was a 920 chassis in a combination phono,
radio, FM multiplex, remote-controlled Aegean Classic,

After getting the chassis out of the cabinet the usual
checks were made of the CRT circuitry—the video ampli-
fier, blanker and color-difference amplifier (the fairly new
6MD8). All voltages were within normal ranges, except
the CRT screens. Instead of being 900 to 105G volts, they
were riding at 700 to 800, or 200 to 300 volts low.

Since the screen voltage comes from boosted boost, 1
immediately shifted my attention to that area. I wasn’t
long finding the goof.

The last repair job had obviously been in this area,
with the silicon rectifier (CR101 in Fig. 2) replaced. but
with the diode inserted at reversed polarity. (In the Magna-
vox 911, 918 and 920 chassis the boosted-boost rectifier
is under the 6GF7 vertical oscillator and output tube with
the positive end pointed toward the rear skirt of the
chassis.) Needless to say the rectifier had shorted out and
the set was getting only the 800-volt boost from the 6DW4.

CRTY or what? This was an RCA CTCI16 chassis with a
21” round CRT. With age climbing up on some of these
picture tubes, this set had all the indications of a sour pic-
ture tube. Brightness was low, focus was poor and color
pretty flat, with b-w contrast reasonably good.

But before condemning the CRT and shocking the
customer into a nervous breakdown, a few cursary checks

70 VIDEO DET DIODE _ _OPEN FLYBACK FROM HV RECT TO PIX TUBE
R R404  R746 |40V >
; \
214 wL212,’ 3.3 MEG TO HV
: \zSOK RECT 6EK4-8
R748 .3 BRIGHTNESS 6JE6 T
270K e HORIZ OUTPUT P REGULATOR
— ) o % T(:(
FROM c737 e 6KB4
DELAY | 2.2K E D GRID
LINE
12GN7 S B, a) |
VIDEO —
QUTPUT = _ CRIOI ‘—) 405y
> FC S .
© loss _ v A
BOOST  BOOSTED
800V . .
F2°§’§J Fig. 3—Set had low brightness and poor

140V

Fig. 1—Open peaking coil in detector

circuit cut off negative bias on 12GN7. due to
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Fig. 2—Screen bias on CRT was low
reversed polarity of CRIOI.

focus. 6BK4-B shunt regidator and a re-
placement both ran cherry red. Shorted
0.01-yF capacitor had removed tube bias.
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were made. Horizontal and video amplifiers, damper and
the two 6GU7’s were all replaced. No change. Then it
was noted that the 6BK4 shunt regulator was running
cherry red. Often an old regulator tube will go sour and
glow heavily, so it was changed. In a few seconds the same
glow in the new one.

It took no great amount of technical knowledge to
realize this tube wouldn’t last long, so the chassis was
pulled and set up on the jig. No change in the condition, so
a reading was made of the high voltage. It was riding at
less than 10 kV.

Bad flyback? A few wax drippings were lying on the
bottom of the cage, but the transformer wasn’t too hot.

All other voltages seemed okay, so I pulled the cap oft
the regulator and high voltage rose to 26 kV. No question
of the flyback being good, especially with an arc itching
1o jump from the dangling cap to the corner of the cage.
Resistance checks of the 6BK4 circuitry were made.

Guess what? See Fig. 3. If you concluded a shorted
capacitor, you're dead right. The 0.01-pF capacitor between
the grid and cathode of the regulator had a 7000-ohm
short. This removed the tube’s bias and allowed it to con-
duct continupusly. Replacing the capacitor and putting the
old tubes back in the set had everything working fine.

The original 0.01-puF capacitor has a built-in spark
gap. If you don’t have an original replacement, be sure to
tie a spark gap rated at least 1000 volts across the capacitor.

Emerson with no raster: This receiver landed on the
service bench with a complaint of a dirty tuner. When
it was fired up the set had no raster, but sound was good.
This immediately revealed that the horizontal system was
working because agc was operating. A check of the flyback
showed that high voltage started to build up and then quick-
ly decayed te practically nothing. Something was loading it
down. The anode lead was lifted from the CRT because our
shop has had the experience of a carbon path developing
inside the picture tube and shorting high voltage to the focus
anode. Usually an arc can be seen in the guns if the lead is
held close to the button and lifted with an insulated tool.

Such was not the case this time, yet the high voltage
shot up when the anode lead was disconnected from the
CRT. Since video is obtained at the grid of the video am-
plifer, suspicion immediately jumped to this circuit. Fail-
ure of the video amplifier will not necessarily affect sound
but can cause the flyback to load down when no beam
current flows in the CRT.

My check immediately indicated something seriously
wrong in the 12BY7 circuit—no plate voltage. This meant
partial remacval of the chassis because the voltage
source was al the SERVICE switch (Fig 4). Here it was dis-

2.7K Fig. 4—Rapid decay of high voltage in-

covered that there was voltage on the input side of T208’s
primary, but none coming out of it. Simple deduction.
Open primary coil. The local Emerson distributor had
the part in stock and it was replaced.

After a thorough cleaning of the tuner and lubricating
it with contact dope, the set was returned home.

Too much brightness: See Fig. 5. In this Magnavox
920 chassis: the CRT cathode voltage was about 50 volts low,
but it did vary with the brightness control, eliminating the
video amplifier as the culprit. The best thing here seemed to
concentrate on voltages in the CRT cathode circuit (Fig.
5). The absence of voltage (405 volts) at point E indicated
that peaking coil L602 was open. Fig. 5-a shows it is not
necessary to remove the chassis to check this panel.

In another instance of the same complaint, we were
pushed against the wall to resclve the problems. The cus-
tomer had had numerous service calls—which we knew
nothing about until our man got there—with the same com-
plaint from the very first week the set had been installed.
The owner had even been told that excessive brightness
was a characteristic of this particular model. To us, this was
ludicrous because the 920 chassis has for some time been
the “workhorse” of the Magnavox line.

This one was hitched to the jig, noting that the drive
controls were turned completely down (counterclockwise)
and the raster was too bright when the brightness control
barely cracked. Screen controls were also way down, al-
though this is not an uncommon offense if someone has
turned up the Kkine bias.

There was, however, with this condition, a definite
lack of resolution, although color was good. Naturally, when
the brightness control was turned up blooming resulted,
with eventual loss of raster.

The cathodes of the CRT were riding at 270 volts,
quite low, while the grids were running a little high, but
tolerable in extreme circumstances. The screens were at
800 to 950 volts. Considering that the controls were set
at zero (fully counterclockwise), boosted boost was elim-
inated as the problem.

I worked along the control panel above the rear skirt
of the chassis (Fig. 5-a). All voltages seemed normal, ex-
cept the cathodes. Instead of varying from 310 to 405
(Fig. 5-b), voltage was constant at 270.

Circuitry component checks indicated everything was
normal-—peaking coils and voltage dividers, right down to
the last chm. The question was: Why the lack of voltage
drop across the drive controls? It seemed a logical approach
to check each component separately. Resistors and controls
were lifted from the panel and individually checked for
resistance. Voila! Resistor R617 (Fig. 5) was lifted at one

R6I7 5.6K,4W
dicated loading of the circuit. Open coil
SR CO— in video output tube plate circuit in- ¥ e ]
&lZBY?-A SERMCE A—lsenvuce‘ directly cut off the CRT beam current. ? Ly UN HT |
wgEo ouTPUT  [SW DRIVE.R‘S Il' R ¢ B “vert |
;zég;'xéozo ‘?MRM - ~3-"  SCREENS J
__ TRANS 1 i 5
ggg;w/a% EE 18K Fig. 5—Excessive brightness in Magna- 145uH L60l GREEN DRIVE BLUE DRIVE 27K
I- vox set was traced to open R617. Volt- 10 73~ Re04 b ""A'_TG'
5.6K ages on control panel (a) were normal cl—ggg { % VoeK ¢ ! cgg
except on the cathodes, which bled  oyteyr 3-3¢ RE0S
6.3K TO CRT DRIVE through drive controls instead of the
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Only NTS penetrates below the surface. Digs
deeper. Example? Take the above close-up of the
first transistorized digital computer trainer ever
offered by a home study school.

It's called The Compu-Trainer®—an NTS exclu-
sive. Fascinating to assemble, it introduces you to
the exciting world of computer electronics. Its de-
sign includes advanced solid-state NOR circuitry,

NTS TRAINING;
_—YOU'VE ONLY SCRATCHED

THE SURFACEIN -~
ELECTRONICS... - \°

flip-fiops, astaole muttivibrators and reset circuits.
Plus two zener and transistorized voltage-regulated
power supplies. The NTS Compu-Trainer® is capa-
ble of performing 50,000 operations per second.

Sound fantastic? /t is! And at that, it's oniy one of
many ultra-advanced kits that National Technical
Schools offers to give you incomparable, in-depth
career training.

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE LATEST,
MOST ADVANCED KITS AND COURSES EVER OFFERED BY A HOME STUDY SCHOOL.

RADIO-ELECTRONIECS
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NTS...THE FIRST HOME STUDY SCHOOL
TO OFFER LIVE EXPERIMENTS
WITH INTEGRATED CIRCUIT KITS

You build a computer sub-system using the new,
revolutionary integrated circuits. Each one, smaller
than a dime, contains the equivalent of 15 resistors
and 27 transistors.

And your kits come to you at no extra cost. These
kits are the foundation of the exclusive Project-
Method home study system...developed in our
giant resident school and proven effective for thou-
sands of men like yourself.

With Project-Method, all your kits are carefully
integrated with lesson material. Our servicing and
communication kits are real equipment—not school-
designed versions for training only. As you work on
each of the projects, you soon realize that even the
most complicated circuits and components are easy
to understand. You learn how they work. You learn
why they work.

NTS Project-Method is a practical-experience
approach to learning. The approach that works best!
An all-theory training program can be hard to under-
stand — difficult to remember. More than ever before
you need the practical experience that comes from
working with real circuits and components to make
your training stick.

NTS SENDS YOU KITS TO BUILD THESE
IMPORTANT ELECTRONICS UNITS!

4 25" COLOR TV
¢ 21” BLACK & WHITE TV
4 SOLID-STATE RADIO
4+ AM-SW TWIN-SPEAKER RADIO
4 TUBE-TESTER
4 TRANSCEIVER
4 COMPU-TRAINER®
¢ VIVM
4 SIGNAL GENERATOR
5" OSCILLOSCOPE
See them all illustrated in
the new NTS Color Catalog.

CLASSROOM TRAINING AT LOS ANGELES: You can take class-
room training at Los Angeles in sunny Catifornia. NTS occupies a city
block with over a million dollars in facilities devoted exclusively to
technical training. Check box in coupon.

NATIONAL G SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
4000 So. Figueroa Street, Los Angeles, Calif. 30037

APPROVED FOR VETERANS

Accredited Member: National Home Study Council

3 Accredited Member: National Association of
Fog Trade and Technical Schools

SEPTEMBER, 1968

This transceiver is included
in Communications courses.
You build it. With it, you
easily prepare for the F.C.C.
license exam. You hecome
a fully-trained man in com-
munications, where career
opportunities are unlimited.

25" COLOR VW

Included in Color TV Servicing
Courses. With it you advance
yourself into this profitable
field of servicing work. Color is
the future of television, you
can be in on itwith NTS training.

YOUR OPPORTUNITY IS NOW

New ideas, new inventions, are
opening whole new fields of
opportunity. The electronic
industry is still the fastest grow-

GET THE FACTS! SEE ALL NEW
COURSES AND KITS OFFERED IN
THE NEW NTS COLOR CATALOG.

SEND THE ing field in the U.S. There’s a
gﬁ““ higger, better place in it for the
COUPON | NTS GuIDE man who trains today. So, what-
TODAY! ELECTRONICS ever your goals are — advanced

| m color TV servicing, broadcasting,
e s . F.C.C. license, computers, or
Yousnroli by | ; industrial controls, NTS has a
] Gl , E}I a highly professional course to
witl call meet your needs.

o Check if interested in Veteran Training under new G.1. Bill.
o Check if interested ONLY in Classroom Training at Los Angeles.

I T I T I Ty |
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DEPT. 206-98

el NATIONAL TECHNICAL SCHOOLS =
u 4000 S. Figueroa St., Los Angeles, Calif. 90037 ™
M pease rush Free Color Catalog and Sample Lesson, plus

B information on tield checked below. No obligation. ]
I [ MASTER COURSE IN [ PRACTICAL TV & "
- COLCR TV SERVICING RADIO SERVICING ]
m U COLOR TV SERVICING ] FCC LICENSE COURSE =
- MASTER COURSE IN [ INDUSTRIAL & COM- A
| TV & RADIO SERVICING PUTER ELECTRONICS | |
m O MASTER COURSE [ STEREO, HI FI & [ |
B IN ELECTRONIC SOUND SYSTEMS B
" COMMUNICATIONS [ BASIC ELECTRONICS ]
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Fig. 6—Problem was a weak green raster. A . Rize 1800 C3IT
Open L904 cut off both 6LES8 functions. 150y
0 2 +
Fig. 7—Failure of third video i.f. amp- > I_ZOPF
lifier caused dim raster and no sound. ~

end and found to be open. This forced the CRT cathodes to
be bled through the drive controls instead of this resistor.

The reason resistive values were in the tolerable
bracket is that, if we look at the drive control, we find
each is valued at 6000 ohms and R617 is 5.6K, making a
rough tabulation of a little under 2000 ohms for the net-
work. But we’ve overlooked the 6800-ohm decoupling re-
sistor (R606) in the bottom leg of this network. This
changes things considerably. The reading across the drive
controls now becomes 3500 ohms, and if, as was the case.
R617 is open, the reading from D to E would have to be
the combined resistance of R606 and the parallel values of
the drive controls, making a total of around 9800 ochms.

Replacement of R617 cured the problem, with resolu-
tion also restored.

Flashing raster: This is a condition best described as
every few seconds. The chassis, an RCA CTC16X, was
brought in from a one-man shop. We allowed him to set it
up on our jig and explain his procedure and what he’d
done. There was nothing wrong with what he'd been doing,
only he kept thinking in terms of b-w and had concen-
trated on the horizontal, yoke and flyback circuits.

The first thing we checked was whether he’d wired and
lead-dressed the flyback properly. Everything looked okay,
s0 the set was fired up. In a few moments the 3A3 started to
glow red, indicating that heavy saturation was taking
place and the tube wouldn’t last long. Working quickly, we
probed the anode voltage. It was pulsating rapidly to about
18 kV every few seconds.

The shop owner took off. The problem didn’t indicate
the blanker or the high-voltage system itself. Pulling the
cap off the regulator immediately eliminated it. When ali
else fails, take voltage and resistance readings. To keep
from destroying the 3A3 the cap was pulled from it while
we took voltage readings. Things appeared normal until
we came to the 6GU7’s. Neither of these tubes functioned.

A voltage check quickly revealed the problem. The
cathodes had the same voltage as the plates. That could
only mean no current was flowing through the tubes, sug-
gesting a bad cathode resistor. It should have read 220 ohms.
We had infinity. Replacing it brought back raster.

The raster was flashing on and off because the grids
of the color-difference amplifiers were slowly and intermit-
tently biased highly positive through the 270-volt plate
supply of the network feeding the demodulators.

Green screen on Motorola: Fig. 6 shows the sheet-
beam or quadrature system of demodulator of a Motorola
914 chassis. The problem was weak green raster. Adjustment
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of drive and screen controls or changing tubes didn’t help.
Voltage readings were taken. Everything was normal until
we came to the 6LLE8, then things went haywire. We were
supposed to have 21 to 23 volits on the cathode. It was
riding at close to 70.

Each resistor in the cathode network was of normal
value until we came to R918, which should have read
something like 0.3 ohm because it was shunted by the tuned
cathode coil (L904). Our reading was 6800 ohms. Ob-
viously coil L904 was open, not only killing the 3.58-mHz
oscillator and demodulator action, but also stopping the
function of the color killer. Repairing the open end of
the coil restored proper gray scale and color.

The screen tended to be green because, without B — Y
and R — Y signal, only the green was functioning. Minor
current flow through the screen of the 6LE8 kept the
CRT green grid weakly biased.

Front-door sneak: We call it this because it's the
least expected. An RCA CTC16X came in with no sound
and very dim raster. Lack of sound would normally place
the problem before the video output. With raster so weak
one couldn’t tell if video was present or not, so all suspected
circuits were investigated—tubes changed, voltage readings
taken, etc. The CRT cathode voltages, however, did not
change with varying the brightness control, bringing us
back to the 12BY7, where I found that the screen voltage
of this stage was very low.

It called for a 230 volts on the screen, but the set was
riding at about 94. This reduced electron flow within the
12BY7, thereby causing CRT beam current to be down,
resulting in very weak raster.

Checking back through circuitry, I moved to the volt-
age divider network lying just to the edge of the video i f.
board. As I went down the divider network, voltage drops
were excessive, until I came to R127 (Fig. 7). Instead of
270 volts, it had only 195. At the output of R128, there
was just about zero, with the 7-watt resistor sizzling hot.
Something was sure sucking this leg down. Naturally, noth-
ing was coming out of R126.

This was a puzzler. But, on lifting the 200-volt lead
from R128, all voltages immediately came up to normal.
No video, of course. Tracing the circuit revealed this 200-
volt source supplied only one tube in the chassis, the
6JC6 third video i.f. amplifier. There could be only one
two conclusions: either the screen bypass was shorted or
the tube itself had taken the route. Replacing the tube
cured the problem, but the bottom plate was removed
from the i.f. board to check decoupling resistor R313 and
cathode resistor R312. Both were pretty well cooked. They
were replaced and the set sent home. R-E
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BUILD YOUR OWN

IC GUITAR AMPLIFIER

Battery-powered portable unit goes everywhere

By HERB GILL

YOU CAN BREAK AWAY FROM THE END
of the power line with this battery-op-
erated guitar amplifier. Beach, boat or
boondocks are now fair game for your
electric guitar.

Most of the “components” are in
the preamp, the RCA CA-3020 inte-
grated circuit amplifier. This little
“gem” in a single TO-5 transistor case
with 12 legs is a complete 550-milli-
watt push-pull amplifier. Its 58 dB
gain is more than enough to work di-
rectly from the guitar pickup. Distor-
tion is less than 1%. The $2.80 price
would warm the heart of a value engi-
neer too; you couldn’t buy the 7 tran-
sistors, 3 diodes and |1 resistors as
individual parts, let alone connect
them up and make the circuit work,
for this small amount of money. Just
in case you haven’t seen the silicon
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chip used to act as a piece of real
estate for all these components, it’s
about the size of this small letter “w”.

Outdoor  renditions  generally
need more sound power. To get this
power you can add an additional out-
put stage. While there is no limit to
the size and power of the amplifier you
can add, you should find this 2-watt
rig surprisingly adequate. Battery
drain is very low: easily available 6-
volt lantern batteries provide hun-
dreds of hours of playing time.

How it works

Integrated circuit ICl performs
five functions: voltage regulator, buff-
er, differential amplifier and phase split-
ter, driver, and power-output amplifier.

Now refer to Fig. 1. The signal
from ICl1 is transformer-coupled
(through T1) to push-pull power am-
plifier QI-Q2 and then fed to the

WwWWWwW.americanradiohistorv.com

speaker through T2. Diode D! pro-
tects the IC against reversed battery
polarity.

Construction

If you use the printed-circuit
board (Figs. 2 and 3) practically all
connections are automatic. If you use
point-to-point  wiring, keep  parts
placement as close as possible to that
of the PC board to minimize the pos-
sibility of wiring error. Watch the key-
ing tab on the IC; it is at pin 12.
Watch the polarity of electrolytics Cl
and C2. The negative terminal of Cl
goes to the input jack, and the nega-
tive terminal of C2 is grounded.

Diode D1’s polarity is the only
other critical connection; connect its
anode to the junction of batteries Bl
and B2. This diode, incidentally, al-
lows the use of a single-pole on-—off
switch. It blocks a reverse-current
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Close up of the circuit board shows how easily all the components fit. The tiny I-ul

electrolytic capacitor can be seen in series with the input lead,

top left. Com-

pare this photo with the printed-circuit board and parts layout on next page.

flow between the 6- and 12-volt leads
when the negative lead is opened. If
the diode is omitted you will have to
use a double-pole switch to open the
two positive leads.

The IC leads ure on a Y4” circle
but holes on the PC board are on a
38” circle to make the board easier to
construct and to wire.

mounting bracket for an output trans-
former so 1 mounted the transformer
on the wall of the speaker case. Its
position is not critical. The amplifier
was mounted in the box, well away
trom the speaker to minimize the pos-
sibility of any mechanical feedback or
vibration.

Figure 4 shows the parts of the

glue and screws and then covered
with a vinyl leatherette or upholstery
material.

Contact cement of the type used
for bonding plastic surface material to
counter tops is ideal for gluing the
covering on the speaker box. However,
do rnor let the cement dry—as you are
instructed to do on the can—before
applying the vinyl covering. Put the
plastic on while the cement is thor-
oughly wet so you can stretch and
smooth the plastic into place.

You can use some of the same
cement on the grilte cloth. Cement it
to the face of the speaker balile board
and let the glue dry. Fold the cdges
around the back of the board and tack
or staple in place.

You have a choice of suitable 6-
volt batteries. They come with several
types of terminals, and some types are
more readily available than others.
The most readily available is the
NEDA type 908 spring-terminal lan-
tern battery. You will nced a special
retainer setup with a special connector
board as in Fig. 5.

If you tive in an area where al-
most all tvpes of batteries are avail-
able, the NEDA 915 with binding
posts. the NEDA tvpe 6 with a Cinch
No. 5SA4 plug and the 917 with spring
clips can be used. T used the NEDA
type 6. If you use the amplifier a lot,
two NEDA 918 batteries will fast

My speaker did not have a speaker box. They arc assembled with  about two and a half times as long as
Ql
2NII83
ICI ii:
CA3020 I
1l RE
4 Z=48Q Z 328
RS cT
s 330 |
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Fig. I—The complete circuit of the 1C guitar amplifier. Thanks to the 1C a lot of wiring has become completely unnecessary.

70

www.americanradiohistorv.com

RADIO-ELECTRONICS


www.americanradiohistory.com

| g
1 A

O,-.?——-m;,a; l{? /{ -

R7
b B
GC——T12

) R6
,l/ . Q2
C2 5 . 1
&—3" ra/f T 118
() o oS
S ¢ Ics 'I' c
G—RrR2—Q 2
. R e al
CI—!'———--—E‘S 8 o—p—0 (L l
=31 j f
+6 -8 T2

Fig. 2—Parts on the circuit hoard. In this view you are looking
at the parts arrangement from the wiring side of the board.

Cl, C4—1-u4F, 12-volt miniature electrolytic or
tantalum capacitor

C2, C5—0.1-xF, 50-voit ceramic capacitor

C-3—0.01 uF, 100-volt ceramic capacitor

R1—5000-ohm miniature potentiometer with
s.p.s.t. switch

R2—510,000-ohm, 1 -watt resistor

R3—1.2-0hm, 1 -watt resistor

R4—1000-0hm, Y;-watt resistor

the ones listed above.

The amplifier deserves a good
extended-range speaker, not just any
old 8-incher. I used a Utah type D8-
LA dual-cone unit. The SP8J8 is also

©)

%

o0
cl

2-172"
|
|

© 60 DRILL
© 50 DRILL

Q 40 DRILL

© e bR

Parts List
R5—33-0hm, l4-watt resistor
R6, R7—10-ohm, Y4 -watt resistor
R8-—960-ohm, Ll;-watt resistor
Tl1—Transistor audio interstage transformer.
Pri. 500 ohms ct, sec 150 ohms ct. (Ar-
gonne AR-163. Lafayette Radio)
T2—Transistor audio output transformer.
Pri. 48 ohms ct, sec 3.2 ohms (Lafayette

good but the best choice is probably
a speaker designed especially for gui-
tar amplifiers.

The amplifier can be used for
other purposes too; any high-imped-

[ 5" > 4
' ! z-vz"]
/ —3-1/2" —=
- 3"/4"‘+—‘£ 4-172"
7" DIA K ‘
) | |
13" -
y I 3/8" DIA
12-7/8" 8 2 HOLES
| | 1SIDE ONLY
COUNTERBORE
1"DIA
174" DEEP
g g FAR SIDE
. ‘ONE PLACE
R 2-1/4"
SIDES
== : X B
—4-3/4"——] = >
']
oA
BOTTOM |
7-5/8" = L 4 ? ¥
2-PIECES 3/4"X3/4'X4-5/16"
2-PIECES 3/4'X3/4"X 6-9/16"
iy TOoP CORNER PIECES
| =
! P ¥ )
= 16 >l ALL MATERIAL 3/8" PLYWOOD

BACK 12-15/18" X 15-3/16" {NOT SHOWN)
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3-3/168" {

Fig. 3—Exact size drawing of the circuit board. Follow it to
make yours. You can trace it or use a photographic process.

Radio stock No. 33 H 8578)

IC1—CA3020 integrated-circuit amplifier
(RCA)

Q1, Q2—2N1183 transistor (RCA)

Bl, B2—6-volt heavy-duty battery (see text)

Sl—s.p.s.t switch (on R1)

MISC.—(4) Y spacers for No. 8 screws, 4
rubber feet, grille cloth, plywood, input
jack for guitar cord

ance device such as a crystal micro-
phone or phono cartridge will drive it.
You can also drive it from the signal
at the phone jack of a small transistor

radio. R-E
J~ 3/8" PLYWOOD
No 8 OR 10
Fe 9’/ CROSSHEAD
SCREWS_8 NUTS
2-5/8" B8 5o
[
"
| 3atx 374" x 5"
T=— " LONG WOOD SCREWS
45°
AN
+
\
2-5/8" I-\’/@/—
[ 1-5/16"

ke 1-5/16" se———2-5/8"
- 5-174"

Fig. 5—You'll need a hattery connector
like this if you use lantern hatteries with
spring terminals such as the NEDA 908.

Fig. 4—Construction of the amplifier/
speaker case. All parts except the cor-
ner braces are cut from 3" plywoad.
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Look What’s New In Your

72

NEW kit ap-27

$16995

$4395

NOW, THE TUNER AND AMPLIFIER OF
THE FAMOUS HEATH AR-15 RECEIVER ARE

AVAILABLE AS SEPARATE COMPONENTS

it AJ-15

$18995"

NEW kit AA-15

$16995"

NEW it GrR-17

Heathkit FM Stereo COMPONENT-COMPACT

This new Heathkit AD-27 stereo compact has features not found in
other units costing twice as much for one very simple reason. It wasn’t
engineered to meet the usual level of compact performance. Instead,
Heath took one of its standard stereo/hi-fi receivers, the AR-14, and
re-arranged it physically to fit a compact configuration. The result is
performance that is truly high fidelity without compromise. It features
31 transistor. 10 diode circuitry with 15 watts per channel dynamic
music power (enough to let you choose most any speaker systems you
prefer), full-range tone controls, less than {97 distortion, and 12 to
60,000 Hz response. The pre-assembled FM stereo tuner section with
4-stage IF offers 5 uV sensitivity, excellent selectivity, AFC, and the
smoothest inertia tuning. The BSR McDonald “500” turntable otfers
features usually found only in more expensive units ... like low mass
tubular aluminum tone arm, anti-skate control, cueing and pause con-
trol, plus a Shure magnetic cartridge with diamond stylus. 1t’s all
housed in a smart oiled walnut cabinet with sliding tambour door that
disappears inside the cabinet. For value and performance choosc the
AD-27, the new leader in stereo compacts. Shpg. wt. 41 lbs.

Heathkit AM-F\M Portable Radio

Here’s performance others can’t match. The new Heathkit GR-17
portable has 12 transistor, 7 diode circuit with the same front end as
Heathkit hi-fi tuners; 3-stage IF; big 4” x 6” speaker; tone control;
AFC on FM and amplified AGC on AM; built-in AM rod antenna plus
telescoping 34” FM antenna; 350 milliwatt output; and 200-300 hour
battery life. Shpg. wt. 5 lbs.

HEATHKIT 1-15 VDC Regulated Power Supply

Labs, service shops, hams, home experimenters . . . anybody working
with transistor circuitry can use this handy new Heathkit All-Silicon
Transistor Power Supply . . . use it in place of conventional battery
power supply. Voltage regulated (less than 50 mV variation no-load to
full-load; less than 50 mV change in output with input change from
105-125 VAC). Current limiting; adjustable from 10-500 mA. Ripple
and noise less than 0.1 mV. Transient response 25 uS. Output impedance
0.5 ohm or less to 100 kHz. AC or DC programming (3 mA driving
current on DC). Circuit board construction. Operates 105-125 or 210-
250 VAC, 50/60 Hz. 6 lbs.

HEATHKIT AJ-15 Deluxe Stereo Tuner

For the man who already owns a fine stereo amplifier, and in response
to many requests, Heath now oflers the superb FM stereo tuner section
of the renowned AR-15 receiver as a separate unit. The new AJ-15 FM
Stereo Tuner has the exclusive design FET FM tuner for remarkable
sensitivity, the exclusive Crystal Filters in the IF strip for perfect re-
sponse curve and no alignment; Integrated Circuits in the IF for high
gain, best limiting; elaborate Noise-Operated Squelch; Stereo-Threshold
Switch; Stereo-Only Switch; Adjustable Multiplex Phase, two Tuning
Meters; two variable output Stereo Phone jacks; one pair variable
outputs plus two fixed outputs for amps., recorders, etc.; front panel
mounted controls; “Black Magic” panel lighting; 120/240 VAC op-
eration. 18 Ibs. *Walnut cabinet AE-18, $19.95.

HEATHKIT AA-15 Deluxe Stereo Amplifier

For the man who alrcady owns a fine stereo tuner, Heath now ofters
the famous amplitier section of the AR-15 receiver as a separate unit.
The new AA-15 Stereo Amplifier has the same superb features: 150
watts Music Power; Ultra-Low Harmonic & IM Distortion (less than
0.5% at full output); Ultra-Wide Frequency Response (+1 dB, 8 to
40,000 Hz at [ watt); Ulira-Wide Dynamic Range Preamp (98 dB);
Tone-Flat Switch; Front Panel Input Level Controls; Transformerless
Amplifier; Capacitor Coupled Outputs; Massive Power Supply; All-
Silicon Transistor Circuit; Positive Circuit Protection; “Black Magic”
Panel Lighting; new second system Remote Speaker Switch; 120/240
VAC. 26 Ibs. *Walnut cabinet AE-18, §19.95.

RADIO-ELECTRONICS
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Free 1969 Heathkit Catalog

New Lower Prices On Heathkit Color TV ® ;
3 HEATHKIT® COLOR TV'S
Make Them A Better Buy Than Ever! NOW! ALL WITH 2-YEAR

now only WARRANTY ON PICTURE TUBE
Deluxe “295” Color TV...Model GR-295 °4493% e

(less cabinet)

New improved phosphors and low voltage supply with boosted B+ for
maximum color fidelity and operation e automatic degaussing e exclusive
Heath Magna-Shield e ACC and AGC assures color purity, flutter-free
pictures under all conditions e preassembled IF with 3 stages instead of the
usual 2 e deluxe VHF turret tuner with “'memory’’ fine tuning e choice of
installation — wall, custom or optional Heath factory assembled cabinets
e Easy to assemble.

Big, Bold, Beautiful . . . With Advanced Features and Exclusive Heathkit
Self-Servicing. Top quality, American brand color tube . . . 295 sq. inch
viewing area. The built-in dot gencrator and full color photos and
simplc instructions let you set-up, converge and maintain the best color
pictures at all times. Add to this the detailed trouble-shooting chart
1n the manual and you put an end to costly TV service calls for periodic
picture convergence and minor repairs.

GRA-295-4, Mediterranean cabinet shown............ ...%$119.50
Other cabinets from $62.95

e

kit GR-295%

now only

Deluxe “227" Color TV...Model GR-227 $39995

(less cabinet)

Has same high performance features and built-in servicing facilities as
the GR-295, except for 227 sq. inch vicwing area. The vertical swing-out
chassis makes for fast, easy servicing and installation. The dynamic
convergence control board can be placed so that it is easily accessible
anytime you wish to “touch-up” the picture.

GRA-227-1, Walnut cabinet shown . . . .................... $59.95
Mediterranean style also available at $99.50

now only

Deluxe “180" Color TV...Model GR-180 *3493%

(less cabinet)

Same high performance features and exclusive self-servicing facilities as
the GR-295 except for 180 sq. inch viewing area. Feature for feature the
Heathkit **180” is your best buy in deluxe color TV viewing . . . tubes
alone list for over $245. For extra savings, extra beauty and conven-
ience, add the table model cabinet and mobile cart.

GRA-180-5, table model cabinetand cart. . ................ $39.95
Other cabinets from $24.95

Now, Wireless Remote Control For Heathkit Color TV's

Control your Heathkit Color TV from your easy chair, turn it on and
off, change VHF channels, volume, color and tint, all by sonic remote
control. No cables cluttering the room . . . the handheld transmitter is kit GR-180
all electronic, powered by a small 9 v. battery, housed in a small, smartly
styled beige plastic case ... feather-light and contoured to fit com-
fortably in- your hand for easy pushbutton operation. The receiver
contains an integrated circuit (15 resistors, 10 transistors, 1 diode) and NEW Wireless

a meter for adjustment ease. Circuit board construction and plug-in TV Remote Control
wire harness make installation of receiver and control motors easy.

$ 69 95

For greater TV enjoyment, order yours now.
kit GRA-295-6, 9 Ibs., for Heathkit GR-295 and

GRE25! Colof TV St um -5 - steid % 5.8 o e B MANMRMAE & 1 25K 251 B $69.95
kit GRA-227-6, 9 |bs., for Heathkit GR-227 and
GRENB0 Colon TV Stk .« u s fa b ot &bl 3 bomrata L% 5o $69.95
[ e e e e e e — !
| HEATH COMPANY, Dept. 20-9 HEATHEIT |
FREE Benton Harbor, Michigan 49022
| In Canada, Daystrom Ltd. I
g | O Enclosedis $. § _ , plus shipping.
1969 Heathkit Catalog e ! |
Shows these and over 300 other easy-to-build kits that I (3 Ptease send FREE Heathkit Catalog. |
save up to 50% . . . Electronic Organs, Stereo, Marine, O Please send Credit Application. i
CB, Ham Radio, Test, Photography, Educational for home | Name = — . — — |
& hobby. No skills or experience needed. Send for your | Address |
free copy today. Mail coupon or write Heath Co., Benton | ) B S - s o |
Harbor, Michigan 49022, City = == __ State__ . eZip -
"’JA’_ Prices & specifications subject to change without notice CL-335 _!
et w ey mw e (ICESREispecilicalionSSUDecl Boteaan geav TN OUINOTICE S oty w22
SEPTEMBER, 1968 Circle 25 on reader's service card 73
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RADIO-ELECTRONICS READER’S SERVICE

Here's how you can get manufacturers’
literature fast:

1. Tear out the post card on the facing
page. Clearly print or type your name
and address. Include zip code!

2. Circle the number on the card that cor-
responds to the number appearing at
the bottom of the New Products, New
Literature or Equipment Report in
which you are interested.

For literature on products advertised
in this issue, circle the number on the
card that corresponds to the number
appearing at the bottom of the adver-
tisement in which you are interested.
Use the convenient index below to lo-
cate quickly a particular advertisement.

3. Mail the card to us (no postage re-
quired in U.S.A)

Advertisements in this issue offering free
literature (see the advertisements for
products being advertised):

AEROVOX CORPORATION (Pg. 14) Circle 14
ARCTURUS ELECTRONICS CORPORATION

(Pg. 100) Circle 143
ARROW FASTENER COMPANY, INC. (Pg. 22) Circle 20
ARTISAN ORGANS (Pg. 79) Circle 108
B & K (Division of Dynascan Corporation)

(Pg. 23) Circle 21
BROOKS RADIO & TV CORPORATION

(Pgs. 92-93) Circle 126

BURSTEIN-APPLEBEE COMPANY (Pg. 89) Circle 121

CLEVELAND INSTITUTE OF ELECTRONICS

(Pg. 16) Circle 16
CLEVELAND INSTITUTE OF ELECTRONICS

(Pgs. 18-21) Circle 19
CORNELL ELECTRONICS COMPANY

(Pg. 102) Circle 147
DATAK CORPORATION, THE (Pg. 99) Circle 130
DELTA PRODUCTS INC. (Pg. 12) Circle 12
DELTA PRODUCTS IND. (Pg. 88) Circle 119
DELWYN (Pg. 24) Circle 22

EDMUND SCIENTIFIC COMPANY (Pg. 101) Circle 144
EICO ELECTRONIC INSTRUMENT

COMPANY, INC. (Cover Il) Circle 7
ELECTRONIC CHEMICAL CORPORATION

(Pg. 98) Circle 129
ELECTRO-VOICE, INC. (Pg. 6) Circle 10
ENTERPRISE DEVELOPMENT CORPORATION

(Pg. 79) Circle 109
FINNEY COMPANY (Pg. 15) Circle 15
GAVIN INSTRUMENTS, INC. (Subsidiary of

Advance Ross Corporation) (Cover Ill) Circle 150
GC ELECTRONICS COMPANY (Pg. 84) Circle 116
GRANTHAM SCHOOL OF ELECTRONICS

(Pg. 1) Circle 8
HEALD COLLEGES (Pg. 82) Circle 112
HEATH COMPANY (Pgs. 72-73) Circle 25
INTERNATIONAL CRYSTAL MANUFACTURING

COMPANY (Pg. 104) Circle 149
KARLSON RESEARCH AND MANUFACTURING

(Pg. 93) Circle 125
KENWOOD (Pg. 87) Circle 118
74

WE WANT YOUR OPINION

We've got a decision to make and need
your help. Should we run the Annual In-
dex in our December issue or should we
skip it and publish two additional articles?

What do you think?

e If you want the index, circle 1 on the
Reader Service Card.

e If you want the articles, circle 2 on
the Reader Service card.

While you're at it, here's another ques-
tion. Your answer will help us give you the
articles you like. Which one of the follow-
ing two subjects do you prefer.

e Construction articles? Circle 3 on
Reader Service card.

e Basic theory articles? Circle 4 on
Reader Service card.

e | don’t like either type. Circle 5 on
Reader Service card.

KENZAC (Pg. 102) Circle 146
LORAL DISTRIBUTOR PRODUCTS (Division

of Loral Corporation) (Pg. 17) Circle 18
MAXON ELECTRONICS, INC. (Division of Accurate

Instrument Company, Inc.) (Pg. 25) Circle 23
MOSLEY ELECTRONICS, INC. (Pg. 89) Circle 120
MUSIC ASSOCIATED (Pg. 82) Circle 113
OLSON ELECTRONICS, INC. (Pg. 92) Circle 124
PERMA-POWER COMPANY (Pg. 78) Circle 107
PERMOFLUX CORPORATION (Pg. 99) Circle 131
POLY PAKS (Pg. 103) Circle 148
QUIETROLE COMPANY (Pg. 82) Circle 114
RCA ELECTRONIC COMPONENTS (Test

Equipment) (Pg. 83) Circle 115
READING IMPROVEMENT PROGRAM

(Pg. 87) Circle 117
RYE INDUSTRIES, INC. (Pg. 94) Circle 127
SCHOBER ORGAN CORPORATION, INC.

(Pg. 16) Circle 17
SENCORE (Pg. 80) Circle 111
SHURE BROTHERS (Pg. 13) Circle 13
SOLID STATE SALES (Pg. 101) Circle 145
SOLITRON DEVICES, INC. (Pg. 90) Circle 122
SYLVANIA (Subsidiary of General Telephone

and Electronics) (Pg. 26) Circle 24
UNITED RADIO COMPANY (Pg. 100) Circle 142
VACO PRODUCTS COMPANY (Pg. 77) Circle 106
WELLER ELECTRIC COMPANY (Pg. 91) Circle 123
ZENITH (Pg. 7) Circle 11

RADIO-ELECTRONICS
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NEW PRIJDUCTS

More information on new products is available free from th
items identified by a Reader’s Service number. Turn to il
Card facing page 74 and circle the numbers of the new
you would like further information. Detach and mail t/;

DWELL-TACHOMETER, No. 11-0105.
Portable unit is ideally suited for check-
ing and adjusting engine rpm, carburetor
and point dwell angle for peak gas econ-
omy and maximum efficiency. Can
measure rpm and dwell angle in 4,- 6-
and 8-cylinder automotive engines. Pro-

AUTOMOTIVE _
DWELL - TACHOMETER

N5 CYL IACHE
iiscYk owett Lo

vision for determining the rpm of 2-cycle
engines and location of defective spark-
plugs. Rpm range is 0-3000. Measures
dwell angle of 8 cylinder engines, 5-45°;
6 cylinder, 20-60°; 4 cylinder, 10-90°.
Point dwell can be measured with engine
cranking or running.—Lafayette Radio
Electronics
Circle 46 on reuder’s service card

CB TRANSCEIVER, Royale. 23-channel
solid-state  unit features hand-wired,
hand-soldered circuitry, tubes instead of
transistors, bandspread, PA system, triple-
duty meter and a built-in 12-volt transis-

tor power supply for mobile operation.
Unit is housed in a satin aluminum cabinet
and comes complete with 23 crystals.
Courier Communications, Inc.

Circle 47 on reader’s service card

SEPTEMBER, 1968 77

wanufacturers of
Reader’s Service
‘oducts on which
ostage-paid card.

SONIC SIGNAL SOURCE, Bleeptone.
Audible tone-signaling device emits a re-
liable, quality signal of 66 dB to 89 dB
in the 2200-2600-Hz range. Signal can
be heard at relatively long distances from
source location. Unit is designed to oper-
ate on 2 to 16 volts dc with low current

. .'&LE.' "
( : *’.TSQ‘%»}
) D -

drain (3 to 20 mA ). Can be used in auto-
motive, marine, aviation and railway
industries.—C. A. Briggs Co.

Circle 48 on reader’s service card

Circle 106 on reader’s service card

wWWWwW.americanradiohistorv.com
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TOOL KITS

FOR ELECTRONIC TECHNICIANS

= ]
= 0N -

Fg!"

> KX B

Industrial kit JTK-2C above (44 picces) oniy
$39.95 (delivered). Write for new tool calalogD

JTENSEN TOOLS and ALLOYS
3630 E. Indian School ‘Road; Phocnix, Arizona 85018

RADIO RECEIVER for police, fire and
civil defense is crystal-controlled. The set
can be supplied with 1 to 6 requested
frequencies, anywhere between 150 to
174 MHz. Circuitry is all solid-state.
Background noise is controlled with an
adjustable squelch. Range: to 35 miles,

R

New
Perma-Power
Solutions

to these

common
color TV

roblems
HE

washed-out
unclear color pictures
from loss of
the black-and-white

=

color-brite

ISOLATION BRITENER
(NO BOOST)
CORRECTS FOR
CATHODE-TO-FILAMENT
SHORTS—RESTORES
BLACK & WHITE—
REVIVES COLOR QUALITY

MODEL C-502 MODEL C-512
for round tubes for rectangular tubes
$7.25 net $7.25 net

f a\
picture distortion

shrinking, flutter, flop-over,
duliness
from low line voltage

)
ayR

400 WATT
AUTOMATIC
VOLTAGE REGULATOR
Automatically boosts voltage 10 volts

when line drops below 110 V—
automatically cuts out when line

is normal—

Maximizes MODEL D-210
color TV set 400 watt AVR
performance $14.95 net

Circle 107 on reader’s service card

Www.americanradiohistorv.com

depending on terrain and other condi-
tions. Delta fine tuning reduces distor-
tion. Sensitivity 0.5 xV. Unit operates on
110-120 wvolts ac.—Trojan Electronics,
Inc.

Circle 49 on reader’s service card

METAL DETECTOR, Beachcomber 11,
lightweight, transistorized. Batteries pro-
vide over 100 hours
of service. De-
signed for use in
unusual  positions,
the angle of the
search head at the
end of a telescop-
ing handle can be
adjusted  through
180°.  Concealed
and buried metallic
objects are revealed
visually by deflec-
tion of the meter
needle and aurally from the speaker or
earphones.—The Radiac Co.

Circle 50 on reader’s service card

MICROPHONES. 810S Ultra Cardioid
(center) features 25 dB front-to-back
ratio and a frequency response of 40-15,-
000 Hz. Model 820 (left), features 40-
18,000-Hz response, slim probe styling,
and omnidirectional sensitivity for bal-
anced sound from all directions. Model
840 Lavalier (right) is a low-impedance

mike with a 50-12,000-Hz response when
used as a lavalier and 50~16,000 Hz when
set for hand use. Includes tie or lapel clip
attachment, neck cord and 30’ of %” flex-
ible cable. Other models are available.—
The Astatic Corp.

Circle 51 on reader’s service card

STEREO RECEIVER/SPEAKER SYS-
TEM. LS 33. Tuning section with FET
front-end provides 2.5-uV sensitivity and
0.6% harmonic distortion. Each speaker

RADIO-ELECTRONICS
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“REAL PIPE ORGAN TONE™

acclaim thousands of satisfied users

| ASSEMBLE THIS MAGNIFICENT ELECTRONIC
| ALL-TRANSISTOR ORGAN YOURSELF AND

SAVE

Kit prices
from $1850.
12 modeis
available. .
church &
theater
styles

JSave dealer profit and factory labor
FUN TO ASSEMBLE & EASY TO PLAY
Pay as You Build — Play as You Build
You don’t have to be a professional
J organist to make your Artisan sound great.
FINEST SOUND — independently keyed oscilla-
tors, independent sets of tone generators.
independent amplifiers & speakers (will play
thru large stereo system.)
CREATE YOUR OWN SOUND — plug-in voicing fil-
ters, adjustable vibrato and voices; percus-
Jsions, sustain, reverberation.
HEAR IT YOURSELF — the '‘King of the Kits —
SEND ORDER FOR ‘‘Greg Rister at the Mighty
JArtisan" (12” stereo LP) — $4.00 p.p.p.
LEARN ALL ABOUT IT — send for Artisan’s giant
260 page ORGAN BUILDERS MANUAL —
packed with information, pictures, prices —
$5.00 p.p.p. (fully refunded with first order).
Write:
Artisan Organs
factory showroom
1372-R East Walnut Street,
Pasadena, California 91106
(213) 449-0814
the original kit organ

Circle 108 on reader’s service card

(New ENDECO )
Desoldering

MODEL
300-K
KIT
SHOWN

All you need to handie
almost any desoldering
and resoldering job!

Kit 300K includes the famous Endeco
pencil desoldering iron Model 300, six
different size tips (.038 to .090) for any
job, tip cleaning tool, and metal stand
foriron . . . all in a handy lifetime steel
storage box. $17.75 net. Model 300K-3
with a 3-wire cord $19.55. Also: A simi-
lar kit for military users, and Kit 100K
with large Endeco desoldering iron
Model 100A.

SEE YOUR DISTRIBUTOR OR WRITE

~ ENTERPRISE
: p > DEVELOPMENT
m ¥  CORPORATION

5157 E. 65th St. Indianapolis, Ind. 46220
Circle 109 on reader’s service card

contains a G#” air-suspension woofer
with rolled-cloth edge and a 2% cone-
type tweeter. Package consists of an FET,
30-watt AM/FM solid-state receiver, two
compact 2-way speaker systems and FM
antenna and speaker cables.—Kenwood
Elccetronices, Inc.

Circle 52 on reader’s service card

EXPERIMENTER KIT. Contains 5
popular RTL integrated circuits for the
hobbhyist-experimenter. Devices include
two dual 2-input gates and one each J-K
flip-flop, dual buffer and 4-input gate. All

115 0 using

L3

ELECTRONIC P crg |

FOR HoBBYIgTg
AN,

*»i-i’i‘ﬂ”_‘_"rsas :
# e

devices are prime quality and apply to
many existing and new digital and linear
applications. Project booklet with kit de-
scribes other  applications.—Motorola
Semiconductor Products Inc.

Circle 53 on reader’s service card

SPEAKER SYSTEM, X« Series. Employs
a woofer of free-edge cone design and a
high-frequency driver. Reproduction ra-
ted at 20 to 20,000 Hz. System is
capable of handling from 5 to 60 watts of
power and is suitable for livingroom or

)

concert-hall sound-reinforcement systems.
Level controls and a crossover network
provide adjustment of mid-range and
tweeter to the acoustic environment.
Comes in Contemporary, Provincial, Early
American, Mediterranean and Panoramic
styles.—Wald Sound

Circle 54 on redader’s service card

COMPUTER-TACHOMETER, Compu-
tach. Combination computer—tachometer
includes voltage and temperature sta-
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Add to Your Profit in
TV-Radio Repairs with

PROFESSIONAL

APPLIANCE SERVICING

Learn easily, quickly with
NR/I’s new training

Appliance Servicing is a natural,
profitable side-line for TV-Radio
Technicians. The boom in electric
appliances means greater profits for
you. There are probably hundreds
of broken appliances right in your
neighborhood.

Free catalog tells you about
profitable opportunities for you to
increase your income fast.

World-famous NRI now offers
new, low-cost home training to pre-
pare you quickly for extra profits.
Training includes appliance test
equipment and covers —

e Small and Large Home Appli-
ances

e Farm and Commercial Equip-
ment

o Small Gasoline Engines

— there is even special training
covering air conditioning and re-
frigeration.

If you are in business for your-
self, cost can be tax deductible.

Send for FREE catalog describ-
ing opportunities and details.
There’s no obligation and no sales-
man will call. Mail coupon below
or write:

Appliance Division, Dept. 503-098
National Radio Institute
Washington, D. C. 20016

APPROVED UNDER NEW GI BILL
If you served since January 31,
1955, or are in
service now,
check GI line
in coupon.

Send for

| Appliance Division

| Dept. 503-098~

| National Radio Institute
I Washington, D. C. 20016

| Please send Free Catalog on Pro-
| fessional Appliance Training.

| No salesman will call.

| O Check for facts about

| new GI Bill.

—— — ——— — — —— — — — ——— —_ — ——

| Name

I Address

|

I City

I Zip

| state Code

| Accredited Member National
| Home Study Council
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280079 1.0 AMP

NEW FIELD EFFECT MULTIMETER

Here is the revolutionary new approach to circuit testing, the solid
state Sencore FIELD EFFECT METER. This FE14 combines the
advantages of a VTVM and the portability and versatility of a VOM
into a single low-cost instrument. This is all made possible by the
use of the new space age field effect transistor that is instant in
action but operates like a vacuum tube in loading characteristics.
Compare the features of the FIELD EFFECT METER to your VTVM
or VOM.

Minimum circuit loading — 15 megohm input impedance on DC is better than a
VTVM and up to 750 times better than a 20,000 ohm per volt VOM — 10 megohm
input impedance on AC is 20 times betlter than a standard VTVM. The FIELD
EFFECT METER is constant on all ranges, not like a VOM that changes loading
with each range.

Seven AC peak-to-peak ranges with frequency response to 10MHz. Seven zero
center scales down to 0.5 volil. Five ohmeter ranges to 1000 megohms. DC current
measurements to 1 ampere. Full meter and circuit protection. Mirrored scale.
Low current drain on batteries — less than 2 milliamps. Buiit-in battery check.
Unbreakable all-steel vinyl clad case. Optional Hi-Voltage probe adds 3KV,
10KV and 30KV ranges with minimum circuit loading for greatest accuracy in the
industry. .. $9.95.

Only Sencore offers the FIELD EFFECT METER.
Ask for it by name at your distributor.

only $5 g9 9 K (less batteries)
! 'Q,’ SENCORE

-
2 o NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
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426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101
Circle 111 on reader’s service card
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bilization to assure accuracy under all
operating conditions. Zero-parallax meter
is set in a chrome-plated die-cast hous-
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ing. Light intensity of translucent dial
with internal illumination is controlled by
panel light dimmer. Unit has a 0-8000-
rpm range and applies to all 2-, 3-, 4-
and 6-cylinder 2-cvcle and 4-, 6- and 8-
cylinder 4-cycle 12-volt engines. $29.95.
—Delta Products, Inc.

Circle 55 on reader’s service card

ANTENNAS. Color-Tracker Series. Cov-
ers all uhf channels from 14 through 83.
Units produce constant 300-ohm imped-
ance across uhf band and form a capaci-
tive reactance at terminal points, result-

ing in very low ubf impedance and very
high vhf impedance. Color-Tracker an-
tennas include the 32-element Model
U-630, $29.95; 20-element Model U-620,
$19.95, and 12-element Model U-610,
$14.50.—Winegard Company

Circle 56 on reader’s service card

STEREO SPEAKER SYSTEM, Aodel
715 contains three elements—two 6-inch
woofers and one 3%” wide-dispersion
tweeter. The crossover network is a two-
way L-C high-pass—low-pass filter design.
Frequency response is 40 Hz to 20 kHz,
+6 dB. System measures 19” x 13” x 94"

and weighs 20 1b. Oiled walnut finish
with dark brown grille cloth. $129 for a
pair.—Ampex Corp.

Circle 57 on reader’s service card

DIGITAL CALENDAR MOVEMENT,
#132-C, shows month, date and hour. It
consists of: mounting bracket—2 time re-
set controls and a window cscutcheon

80 RADIO-ELECTRONICS
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This Industry Compatible TestJig (ICTJ) Cross Reference book,
and an assortment of RCA adapters, let you service almost
any color TV make and model with an RCA Color TV Test Jig.
Your RCA Parts and Accessories Distributor has test jig, adapters, and the
book. He’ll also register you for our automatic updating service. You'll get
full data eachyearonwhich adapters to use as new TV models are introduced.
For full information ask your RCA Parts and Accessories Distributor about
the “ICTJ” Program . .. tocday!

“c" Parts and Accessories
Deptford, New Jersey
SEPTEMBER, 1968 81
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JAMES WONG~Research Engineer
Heald Enginesring Cotlege Graduate

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---156 months
ENGINEER (B.S. Deg.})---30 months
ARCHITECT (B.S. Deg.)---36 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
VETERAN APPROVED

J \

There's no substitute
for SIICCESS‘. o

HERLD Engineering College

1215 Van Ness Ave, San Francisco, California 94109

Please send me information about:
ARCHITECTURE [J
ENGINEERING: Civil[J Electrical(3
Electronic[[] Mechanical []
TECHNOLOGY: Electronic Engineering
Technician (FCC) [J
Radio Television Technician (FCC)(3
DRAFTING: Mechanical [JElectrical 3
Structural O3
| am interested in Day[J EveningJ courses
Also send an application.[J

NAME [l JE—

ADDRESS

Ty

STATE

21 PHONE

v

Circle 112 on reader’s service card

assembly. Digits are %” and can be indi-
vidually reset. Size: Height 37, width
5%”, depth: 34”. UL and CSA approved
motor and cord. 110-120V, 60 Hz. De-

signed for installation in any equipment,
rack console and cabinet.—Pennwood
Numechron Co.

Circle 58 on reader’s service card

GUITAR BROADCASTER, Astro-Com
A-1001. Wireless broadcaster will effec-

tively  reproduce
T full frequency re-
sponse into any

good quality FM
radio up to 30
away. Unit can also
be used with an
FM tuner patched
into the micro-
phone input of a
guitar amplifier for
cordless operation.
Operating instruc-
tions and helpful hints are included.—
Saxton Electronics Corp.

L
.

Circle 59 on reader’s service card

UHF TV CONVERTER, Model CR-880,
uses 3 transistors, 2 diodes, and a high-
gain amplifier. A local distant switch en-
ables the user to switch from local to long
distance, switching on the amplifier for

I T j
s A X

W%
= 14 20 25. 35 60 70O

30-dB signal gain. Screw terminals at the
rear of the converter provide easy hook-
up of antenna and set leads to the
converter. Three pushbutton controls for
switching and selecting cither uhf or vhf.
$49.95.—RMS Electronies, Inc.

Circle 60 on reader’s service card

MICROPHONE MIXER, AModel 308TR
is a solid-state, stereo—monaural audio
mixer/amplifier that operates on standard

82 RADIO-ELECTRONICS
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M. A. D.

( MUSIC ASSOCIATED'S DETECTOR

/

It's easy! Just plug Music Associated’s Sub
Carrier Detector into muitiplex jack of your
FM tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of
continuous commercial-free music you are now
missing. The Detector, self-powered and with
elect(onic mute for quieting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band

P rom coast to coast. Use with any FM tuner. Size:
5% x 9”7, Shipping weight approx. 7 Ibs.

KIT $4950

(with pre-tuned coils, no alignment necessary)
(Covers extra
WIRED $7500 (oers.s

Current list of FM Broadcast stations
with SCA authorization $1.00

MUSIC ASSOCIATED

The oldest. most
reliable and efficient
product obtainable for
positive lubrication and

cleaning of TV Tuners.
Controls and Switches.

Harmless to plastics
and metals. Zero effects

on resistance and
capacity. Non-inflam-
mable—non-conductwe-

non-corrosive.
The Choice of Better
Servicemen, Everywhere.

For Color and
Black and White

Available in Aerosol or Bottle
Product of

: QUIETROLE

COMPANY
Spartanburg, South Carolina

Circle 114 on reader’s service card
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ac house current. It accepts up to 4 mon-
aural input signals or 2 stereo input sig-
nals, from any combination or type of
program source. It is equalized for mag-
netic phono cartridges. Distortion is 1%
maximum (0.5% typical) at 4.0 V output.
Frequency response is 20 Hz to 20 kllz
with 2 minimum signal-to-noise ratio of
60 dB (1 mV input). Size: 3%” x 127 x
74" —Switcheraft, Inc.
Circle 61 on reader’s service card

STEREO CARTRIDGE, ADC 550/E. At
the optimum tracking force of 1% grams,
device will truck any 33%-rpm phono-
graph record, stereo or mono, uniformly.
Type: induced magnet; sensitivity: 5 mV
at 5.5 cm/sec recorded velocity; tracking
force: % to 2% grams; frequency re-

sponse: 10 Hz to 20,000 Hz +3 dB;
channel separation: 20 dB from 50 Hz to
8 kHz; recommended load impedance:
47,000 ohms. Price: $49.50.—Audio Dy-
namics Corp.

Circle 62 on reader’s service card

EXPERIMENTER’S KIT, Model 1C-100.
Kit is especially designed to help the
electronics student, technician, designer
or experilmenter gain knowledge and ex-
perience in integrated circuits. Contains
five easy-to-follow experiments and many

-,
.,
',

diagrams and schematics. Experiments
cover gates, logic circuits, monostable
multivibrator, square-wave generator and
amplifiers. Includes two Fairchild p1.914
integrated circuits, components and two
pre-etched printed-circuit breadboards.
$6.95—Kave Engineering
Circle 63 on reader’s service card

RADIO CONTROL SYSTEM, Aodel
GD-47. The complete 27-MHz system in-
cludes transmitter, receiver, 2 recharge-
able batteries, 4 servos, all cables and
connectors. $219.95. Transmitter, Model
GDA-47-1, has stick type controls on 4
channels. The left stick controls rudder
and throttle; the right stick controls ele-
vator and ailerons. The fifth channel has

SEPTEMBER, 1968 83

There has

never been

a better color-bar
generator than

the RCA WR-64B...

until now!

The RCA WR-502A CHRO-BAR color-bar generator is all solid-state,
battery operated. .. Provides color bars, dots, crosshatch, vertical lines,
horizontal lines, blank raster. .. has rock-solid stability. It's the

greatest yet. The CHRO-BAR. $168.00".

RCA Electronic Components, Harrison, N.J.

*Optional Distributor resale price. Prices may be slightly higher in
Alaska, Hawaii and the West.

Wwww.americanradiohistorv.com
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CATALOG NO. 5553 e i
Suggested Net $2.29

A new aersosol, specifically formulated for cleaning sensi-
tive nuvistor and transistor tuners. NUVI-TRAN is non-
conductive, non-toxic, will not induce drift or detune
neutralizing circuit. Safe for all plastics used on TV tuners,
NUVI-TRAN leaves no residue, works in seconds. NUVI-
TRAN is an exclusive GC product . . . another quality reason
for leadership in electronic chemicals for over 40 years.

Always insist on [G&] - - -

you'll get more for your money, every time!

DIVISION OF HYDROMETALS, INC.
MAIN PLANT: ROCKFORD ILL.U.S.A

GC ELECTRONICS {.}

.

Gc Giant New FREE (atalog!. ..

ELECTRON ICS Only CC gives you everything in electronics

.. has for almost 40 years. Match every

part and service need from over 10,000
quality items. Write for your copy today!

Circle 116 on reader’s service card

S

has
everything
n
CHEMICALS

SPRA-LUBE
Cleaner-lubricant for
3l colar TV tuners.
Cat. No. 8888

§-0z. Aerosol Can
Suggested Net $1.95

DC-29 Silicone

Heat Sink Compound
Cat. No. 8109-S
1-0z: Tube
Suggested Net $2.63

EPOXY GLUE

Super grip, fast set,;
NASA approved.

Cat. No. 347

2-Tube Kit
Suggested Net $2.50

WWW.americanradiohistorv.com

a thumb-type control and can be used for
flaps or landing-gear operation. $86.50.
Receiver, Model GDA-47-2 features high
sensitivity for long-range operation, noise

limiting to eliminate interference and
temperature compensation $49.95. Servos,
Model GDA-47-4, have 3 outputs deliver-
ing 3.5-1b thrust. $21.50 each.—Heath Co.

Circle 64 on reader’s service card

MINIATURE TERMINAL, Micro-Klip
T42-1. Designed for use in .042” diame-
ter circuit board holes, unit is made of
beryllium copper. No staking is necessary
but ends may be flared with pliers to fur-

ther secure. Insertion of terminals is made
easier by the P149A hand insertion tool
available for $1.50. Terminals are priced
at $12.99 per thousand.—Vector Elec-
tronic Co.

Circle 65 on reader’s service card

RECITARGEABLE CELLS AND
CHARGER. Rechargeable 1.5 V alkaline
D-cell has a service life of over 100 dis-
charge cycles. Total outpu: exceeds 100
zine-carbon cells. Model 201 Charger re-

stores cells in 12 to 16 hours and will not
overcharge. It charges 1 or 2 D-cells from
117 volts 60 Hz, using 3.3 watts. D-cell,
$1.10 each. Charger, $4.75.—Gold Seal
Battery Co. R-E

Circle 66 on reader’s service card
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fill this card out!

03 PLEASE PRINT

Middle

ADDRESS

STATE ZIP

MAIL IT NOW!

A ALLIED
free!

ALLIED
1969
CATALOG

WORLD’S LARGEST SELECTIONS. SATISFACTION
GUARANTEED OR YOU3I MONEY BACK

-!'m.\

WO ventaaen vn arzesrarea SRANTRY] W\

on
gASEACY
GUARAWIEED N;
youh MOWEY B
e st 480

. fill this card out!

PLEASE PRINT

First

ADDRESS

CITY

New 1969 Allied Catalog | .

ALLIED

ELECTRONICS

FOR EVERYONE 1969
i sare mns apg ten e s o

Brand new! Fresh off the press! Allied’s 1969 Catalog... 536
fascinating pages jam-packed with the very latest in Hi Fi, Tape
Recorders, CB, Kits, Radios, Tools, Electronic Parts, Books. Probably
nowhere else on earth will you find such a complete selection of
everything in electronics. .. and virtually all new as tomorrow!
Literally thousands of items ... many of them never shown before.
Allied's all new 1969 Catalog makes wonderful reading ... and

it's yours absolutely FREE! Tear off the card ... mail it in today ...
and we'll rush you your own personal copy of the newest and
most complete book of what's new in electronics. .. Allied's 1969
Catalog!

(//
ALLIED
1969
CATALOG

NO MONEY DOWN—24 MONTHS TO PAY!
Low Monthly Payments to fit your budget.

WORLD'S LARGEST SELECTIONS. SATISFACTION
GUARANTEED OR YOUR MONEY BACK

DO A FRIEND A FAVOR—give him this card to send for his FREE ALLIED CATALOG


www.americanradiohistory.com

Why Buy by Mail from
ALLIED?

Because you buy from the
most unique store in the world!

Why do hundreds of thousands of people.. electronics
experimenters, music lovers, engineers, Amateur operators, pro-
fessional radio-TV servicemen, kit builders, hobbyists, hi-fi fans,
and just plain “bargain-hunters”. .. order tens of millions of
dollars worth of merchandise-by-mail from ALLIED each year?

Variety, selection, price, and quality-testing are the an-
swers! If we can satisfy the experts...we can satisfy you! Our
continuous program of quality-testing assures you that every-
thing you buy meets the highest standards. And nowhere else
on the face of the earth are so many famous brands (and so
many different models of every brand), gathered together to
choose from. When it comes to parts that both beginners and
experts need...ALLIED is the one source that has them a//.

86¢tY X089 'O°d
‘ol

oliavy aiinv

Thousands and thousands of items to choose from . ..
and you’ll like shopping from ALLIED because you do it in your
easy chair, Our entire stock is spread before you, as it could
never be in a conventional store. It takes ALLIED over 500,000
square feet of floor-space (with merchandise stacked to the
ceiling!), to keep on hand all the items you hold in one hand
when you pick up an ALLIED catalog.

08909 SIONITI ‘O9VDIHD

You never had shopping so good, as when you do 1t at
home with this famous book to guide you. No clerk, no expert,
ne salesman in all the world could begin to supply you with the
wealth of facts, the exact specifications, the comparable data—
all at your fingertips in this popular book. Almost anything you
may want or need or have an interest in...is pictured, priced,
and described in detail. You'll discover things you never knew
existed. You'll find bargains unmatched anywhere else you may
shop. You'll revel in choices, varieties, and selections beyond
imagination. You'll find a whole new way to buy both the com-
monplace and the rare, the inexpensive and the luxurious.

Best of all—with an ALLIED Credit Fund Account, you pay
no money down, and take up to 2 years to pay!

ALLIED

CATALOG

Shop Where the Experts Buy—
Choose from the Biggest and

O 9 -

e Most Fabulous Selection Ever

n - ™

>z Gathered Together:

]

— » g STEREO HI-FI FM, AM & VHF TOOLS &

= EIECTRORIC RADIOS HARDWARE

Z o % & HOBBY KITS PORTABLE BOOKS

o TV SETS

- p - TAPE RECORDERS CAMERAS

-4 = AND TAPES AMATEUR GEAR NEEGUES

o . CITIZENS BAND INTERCOMS

® (@) EQUIPMENT P.A. EQUIPMENT HERERUANES

o WALKIE-TALKIES MICROPHORES

TEST EQUIPMENT
S INTEGRATED
RECEIVERS ANTERNAS CIREUITS
TUBES AND WIRE &

PHONOGRAPHS TRANSISTORS CABLE
SPEAKERS AUTOMOTIVE PARTS AND
RECORD CHANGERS ELECTRONICS BATTERIES

WwWwW.americanradiohistorv.com
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NEW LITERATURE

All booklets, catalogs, charts, data sheets and other literature listed here
with a Reader’s Service number are free for the asking. Turn to the Read-
er’s Service Card facing page 74 and circle the niumbers of the items you
want. Then detach and mail the card. No postage required!

TV & RADIO TUBES. 31-page catalog describes
more than 100 tubes with specs and important
features listed. Price lists, shipping information
and order form are included.—Cornel Electron-
ics Co.

Circle 67 on reader’s service card

TV/FM RECEPTION AIDS. This 24-page guide
presents the manufacturer’s complete line of an-
tennas, booster amplifiers, uhf converters, split-
ters, impedance matching devices, converters and
other TV/FM reception products.—Blonder-
Tongue Laboratorics Inc.

Circle 68 on reader’s service card

CB GEAR. 66-page catalog provides detailed
data on a variety of CB equipment. Included are
transceivers, antennas, coax cable, connectors,
microphones, power supplies, test gear and other
related items.—CB Center of America Co.

Circle 69 on reader’s service card

APPLICATION NOTE CATALOG. 1l-pages,
{isting the number and title, and giving a brief
summary of each of more than 130 papers de-
scribing circuit and system application designs.
Many are reprints of published articles by the
company's engineers. Included in the index is
a partial list of selection and cross-reference
guides.—Dept. TIC, Motorola Semiconductor
Products Inc.

Circle 70 on reader’s service card

CLIPS AND INSULATORS. 8-page Caiclog 320
illustrates and describes every clip and insulator
in the Mueller line. It also covers materials, sizes.
characteristics and capacities of all clips, from
miniaturized clips to the massive welding ground
clamp.—Mueller Electric Co.

Circle 71 on reader’s service card

STEREO COMPONENTS. 14 pages, fully iRus-
trated. Catalog 268 describes 80- and 40-watt re-
ceivers in both stereo FM and AM/stereo FM
models. Complete specs and important perfor-
mance features are outlined for every model.
Also included is the complete line of speaker
systems, speakers and accessories.—Electro-
Voice Inc.

Circle 72 on redder’s service card

FET VOM Model 601 is detailed in 2-color Dara
Sheet 42068. All technical features of this bat-
tery-operated unit are discussed.—Triplett Elec-
trical Instrument Co.

Circle 73 on reader’s service card

TEST EQUIPMENT. Bulletin 2078, 16 pages,
highlights recently introduced vom Models 208
and 209 and solid-state vom Mode! 313. Also in-
cluded are operating specs and prices of equip-
ment for TV, communications, automotive, air
conditioning, refrigeration and heating servicing.
—Simpson Electric Co. R-E

Circle 74 on reader’s service card

How Fast
Can You
Read?

A noted publisher in Chicago reports
there is a simple technique of rapid
reading which should enable vou to in-
crease your reading speed and yet retain
much more. Most people do not realize
how much they could increase their
pleasure, success and income by read-
ing faster and more accurately.

According to this publisher, many
people, regardless of their present read-
ing skill, can use this simple technique
to improve their reading ability to a
remarkable degree. Whether reading
stories, books, technical matter, it be-
comes possible to read sentences at a
glance and entire pages in seconds with
this method.

To acquaint the readers of this publi-
cation with the easy-to-follow rules for
developing rapid reading skill, the com-
pany has printed full details of its inter-
esting self-training method in a new
booklet, “How to Read Faster and Re-
tain More” mailed free to anyone who
requests it. No obligation. Send your
name, address, and zip code to: Read-
ing, 835 Diversey Parkway, Dept. 684-
019, Chicago, Iil. 60614. A postcard
will do.

Circle 117 on reader’s service card

the
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KA 2000

hest buy
~ for the
money

the sound approach to quality vocuve

40 WATT SOLID STATE STEREO AMPLIFIER

$89.95

including cabinet

wgLacTOn

S KENWOOD BSOLID BTATE BTEAEQ AMPLIFIER MODEL KA-2000

3700 S. Broadway P1., Los Angeles, Calif. 30007
69-41 Calamus Ave., Woodside, N. Y. 11377
Exclusive Canadian Distr. —

Perfect Mfg. & Supplies Corp. Ltd.

Circle 118 on reader’s service card
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and KENWOOD dependability, too!
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| The TRUE electronic solution to a
major problem of engine operation!

DELTA'S FABULOUS

MARK TEN

Only $44.95 ppd.
In easy-to-build Deltakit®
Only $29.95 ppd.

CAPACITIVE DISCHARGE

IGNITION SYSTEM

You've read about The Mark Ten in
Mechanix lllustrated, Popular Mechan-
ics, Electronics and other publications!

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

Why settle for less when you can buy the
original DELTA Mark Ten, never excelled and
so unique that a U.S. Patent has been
granted.

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage Increase (saves gas)

LITERATURE SENT BY RETURN MAIL
BETTER YET — ORDER TODAY!

/" \DELTA PRODUCTS, .

Grand Junction, Colo. 81501
[ Ship ppd. O Ship C.0.D.

P.0. Box 1147 RE -

Enclosed is $-
Flease send:
[ Mark Tens (Deltakit® @ $29.95

(12 VOLT POSITIVE OR NEGATIVE GROUND OHLY)

[ Mark Tens (Assembled) @ $44.95
[] 6 Volt: Negative Ground only.

O 12 volt: Specify

Negative Ground

|
|
|
|
]
|
|
|
|
Positive Ground |
[
|
[}
|
d

Car Year. Make.

Name - e
Address._ s M T )
City/State. P Zip_.__

Circle 119 on reader’s service card

Service Clinic

By JACK DARR

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.

Ohmmeter trouble \/

The ohmmeter section of my EICO
214 vevin is reading low. This seems to
be only on the R X 1 and R X 10 scales;
others are okay. Battery’s good, for I've
changed it. Where can I get a schematic
of this model>—T.B., New Berlin, Wis.

Doubt if you’ll need one. Your
trouble’s apt to be a bad multiplier re-
sistor in the input divider of the ohm-
meter section. This is just the same as
the one used in the voltmeter (see the

6SN7-GT

9.50
R X!

358  RXI0

9.5K R x!K

95K

R X 10K

9.5 MEG
i R X IMEG

‘EI.SV

=

AC-OHMS IN
-AAAS
5.6 MEG

diagram). Probably something is wrong
with either the 9.5- or 95-ohm resistors
on the two lowest ranges. (Not to make
any rash guesses, but this could have
happened when someone tried to meas-
ure about 350 volts dc on this scale!)

You can, however, find a complete
schematic of the EICO 214 in Sams
Test Equipment Schematic Manual,
TEC-1, pages 32-33, by Bob Middleton.

Filter stops booster

I put a high-pass filter in my an-
tenna lead-in, to get rid of ignition
noise. It didn’t work. The antenna, with
a mast-mounted preamp, works fine
without the filter. I can’t get anything

WWW.americanradiohistorv.com

with the filter in the circuit. Is the filter
defective?—R. F. O., Columbus, Ga.

No. You've got the filter in the
wrong place! Put it between the anten-
na-booster power supply and the TV

FROM BOOSTER

OUTAUT
To RECT
SMALL CAPS
PASS SIGNAL» e
TOLEAD-IN | (000 80OSTER
POWER
TRANS
LEAD-IN
‘\
HGH-PASS 19 AN
FILTER
L
46
1 2ay
\000 )
2 SMALL
CAPS TAKE

SIGNAL OFF

J i7VAC l

set. You must have a continuous dc path
through the lead-in to the booster, for
power-supply current. The average
high-pass filter has series capacitors
that will block the 24-volt supply.

Butterfly raster

This is the raster I get on an old
Crosley TV. There’s also a loud audio
hum. Are you thinking what I'm think-
ing?—JI. G., Pocahontas, Ark.

Yes, I am, and that’s it—filters.
There’s an electrolytic open some-
where, probably one of the main filters.

The audio hum is a good clue, but a
raster shaped like this (and don’t ask
me to explain it!) is almost always
caused by a filter capacitor that’s com-

pletely gone. (Note: diagnosis con-
firmed; it was. The input filter was
open.) R-E
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How To Buy Tools

With competition what it is today, chances
are that you’ll get pretty much what you pay for.
The dime-store specials may be inexpensive and
appear to be bargains, until you use them a few
times and find that they have to be replaced. In
other cases, you can buy the most expensive hand
tools and find that you aren’t really getting all that
you pay for. A good case in point is a set of small
hand tools, all chromium-plated and sold in a fitted,
plush-lined carrying case. The set really looks great,
makes a fine gift or presentation set, but won’t work
any better than the same tools from the same man-
ufacturer, minus the case and plating, and minus
about two-thirds of the price!

The best test for hand tools is experience. In
time, after having bought and used many tools,
you’ll know what brands and types suit you best,
and which are truly bargains. Until then, however,
you can easily drop a bundle on the wrong tools.

What makes a good tool? Basically, what it’s
made of and how it’s made. An inexpensive screw-
driver blade, for instance, can be made of cast white
metal and sold at a low price. It will truly tighten
and loosen screws, but the edge won’t last, and the
brittle metal will give under any excess strain. The
best metal for tools, considering the cost, will be
steel. How tough the tool will be is a function of
how it has been handled in the forming into a tool.
It could have been heat-treated, oil-annealed, case-
hardened or hard-surfaced. Or none of these.

To check a potential purchase these days is
nat the easiest thing to do, either. Many manufac-
turers, to reduce pilfering in shops and also make a
point-of-purchase display more interesting, have
gone to pouch and blister packaging. Just about
all you can find out about a tool from the fancy
packaging is that it’s a “good” tool and its price!

If you can actually lay hands on the tool, make
a quick examination. A wire cutter should have
jaws that line up properly and parallel and, when
the jaws are closed, the edges should mate evenly,
and when you hold it to the light, no light should
appear between the cutting edges.

Long-nose pliers meant for wiring should have
no angular displacement at the tips of the jaws. The
tool should be fairly tight, yet, when held by one
leg of the grip, the other leg should drop to the
open position of its own weight. If it doesn’t, open
and close it rapidly to determine that it’s so close
to such action that a drop of oil will insure it. Look
at the insides of the pliers jaws. There should be
fairly clean, deep-cut striations or milling, so the
tool can grip a piece of wire without dropping it.
—Byron G. Wels R-E

NEYW COAX uvHFavhr

MATCHING
TRANSFORMER

INPUT-SPLITTER

—

!

£
-.,-‘

Combining the fea-
tures of an 82-Channel
Matching Transformer, the
new UV-2 separates the UHF
and VHF signal of a 75 ohm coax
lead-in into two 300 ohm receiver
inputs. Maximum isolation
between terminals is assured,
Solderless connections
ease-of-installation.

Write Dept. 168 for FREE detailed brochure
Mo /oy e G 0
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GIANT 1969
RADIO-TV
ELECTRONICS
CATALOG

228 GIANT VALUE-
PACKED PAGES

YOUR BUYING GUIDE FOR . . .
TV's, Radios, Recorders, Phonos.
Amateur and CB equipment, elec-
tronic parts, tubes and test equip-
ment . . . plus featuring B-A's
famous bargain packed section!

WRITE FOR YOUR FREE CATALOG TODAY!
T N IS B BT Y N
BURSTEIN-APPLEBEE CO., DEPT. REU
3199 MERCIER ST., KANSAS CITY, MO. 64111 I

I Name___ =
Address
I City, =

State Zip Code

s MR NN SN N EEEE R
Circle 121 on reader’s service card

4

www.americanradiohistorv.com


www.americanradiohistory.com

NOTICE

A new series of
SCR Testers
is now available
from Solitron

This high quality series has been
designed for both portable and laboratory
use and will provide a check on a wide
range of SCR characteristics.

Model S 100—a battery powered unit
suitable for field testing.

Mode! S 101—an AC powered 50-60 Hertz
go-no-go device valuable for quick check
in plant inspection.

Model S 120—an all solid state laboratory
instrument which gives accurate

readings over a wide range of SCR
characteristics.

Model

S.100 Battery Powered
S.101 50-60 Hertz 115 Voit

S.120 All Solid State 50-60 Hertz 115 Volt
FREE

Technical booklet graphically shows how to recog-
nize good and bad SCR characteristics.

Telephone: 800-431-1850 (Freelocal call
from anywhere in the U.S.) TWX:914-359-2325,

i

256 Oaktree Road, Tappan, New York 10983.

COMING
NEXT
MONTH

It’s hi-fi stereo tape-recording time and a large
slice of the October issue is devoted to just this
subject.

THERE ARE SEVEN BIG STORIES:

¢ What’s New in Tape Recorders
The latest tape recording equipment and
what it means to you.

Tuner Breakthroughs
Up-to-the-minute reports on new tech-
niques, circuits and equipment.

What's New in Record Changers?
There have been changes. See what they
are and what they do.

How Tapes Work
A close-up examination of open reel,
continuous cartridge and cassette tape
systems.

What Do Amplifier Specifications Mean?
How to read an amplifier spec sheet and
really understand it.

How To Buy A Tape Recorder

What to look for and why; before you
decide whicl machine you want.

Build The Compandor
Enhance the sound of your stereo sys-
tem. Easy-to-make passive unit adds
amplitude where you really want it.

FOR SAFER WINTER DRIVING:

e Build A Road-Icing Alarm
It will tell vou when icy roads are likely
before the ice actually appears.

PLUS THESE FEATURES:

Computerize your car lights, TII
Check Color Circuit Faults

Servicing Video Tape Recorders

October Radio-Electronics

Circle 122 on reader’s service card
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TECHNOTES

RCA CTC 22 COLOR TV CHASSIS

Complaint: Weak vertical and horizontal sync.

Symptoms: Brightness control acts as sync gain control.
Sync unstable at reduced brightness levels; stable at high
brightness.

Cause: Open C105-A, a 40-uF 350-volt electrolytic in the B+
filter circuit.—RCA Television Service Tips

COLOR CRT SUBSTITUTION

The 25XP22 can be used to replace the 25AP22 in
General Electric KC and KD chassis. However, the 25XP22
may not match the range of the drive controls on either of
these chassis.

The 25XP22 can be matched to the drive controls by
interchanging the red cathode lead (from the picture tube)
with the biue or green cathode lead, when necessary. The
need to interchange leads can be determined only after the
tube has been installed and gray-scale (color-temperature)
adjustments completed.

If the complete gray-scale adjustment results in yellow-
ish highlights, interchange the blue and red cathode leads at
the drive-control bracket (see diagram). The BLUE DRIVE

YEL/BLUE TRACER
TO BLUE CATH

(PIN U1}

N
® e
@ RI22 GREEN DRIVE
Ri23
o
;i /T \\ 10 GREEN
e (L_’ CATH PIN 6)
(A A catH (PIN2)

TERMINAL
STRIP RED TRACER

DRIVE CONTROL BRACKET (REAR VIEW)

YEL/GRN TRACER

control now adjusts red drive, and the blue drive is fixed.
If the screen is reddish-purple in highlight areas, swap
the green and red cathode leads. The GREEN DRIVE control
now sets the red drive level.
After interchanging the drive-control leads, mark the
drive controls with the correct color for those who will ser-
vice the set at a later date.—G-E Service Talk

KNIGHT KG-600B TUBE TESTER

The Knight KG-600B tube tester was indicating BAD on
the gas tcst for all 12DQ6-B tubes tested. The meter would
change to Goop upon touching the 12DQ6-B and at the same
time would put a beautiful herringbone pattern on the TV
set nearby.

Connecting a .001-uF bypass capacitor from pin 6 of
the octal socket to the meter mounting screw solved this
problem.—Sranley Bahl R-E

SEPTEMBER, 1968

...the soldering tools
professionals depend on

The
original Dual Heat
Soldering Guns

Preferred by technicians for their
fast heating copper tips, exclusive
trigger-controlled duat heat, and high
soldering efficiency. Available in 3 watt-
age sizes, each with spotlight.

100/140-watt Model 8200, 145/210-watt
Model D-440, and 240/325-watt Model
D-550. Also in complete kits:

Utility Kit includes Weller
100/140 watt gun, extra tips,
tip-changing wrench, flux
brush, solderingaid and solder.
Model 8200PK

Heavy-Duty Kit featuresWeller
240/325 watt gun with
soldering, cutting and smooth-
ing tips, wrench and solder.
Model D-550PK

Dependable MARKSMAN lrons
in a size for every job

Ideal for ceep chassis work and continuous-duty soldering,
Marksman irons outperform others of comparable size and
weight. All five feature long-reach stainless steel barrels
and replaceable tips.

o 25-watt, 134-0z. Model SP-23 with 1" tip (In kit with extra tips,
soldering aid, solder—Model SP-23K)

e 40-watt, 2-0z. Model SP-40 with 4" tip
e 80-watt, 4-0z. Model SP-80 with 33" tip
e 120-watt, 10-0z. Model SP-120 with 4" tip
e 175-watt, 16-0z. Model SP-175 with %" tip

Complete Weller Line includes replacement tips and solder

WELLER ELECTRIC CORPORATION, Easton, Pa.
WORLD LEADER IN SOLDERING TOOLS
Circle 123 on reader’s service card

91

www.americanradiohistorv.com


www.americanradiohistory.com

ill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS’ Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi‘s, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
cary
GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for @ FREE sub-
scription also.

OLSON ELECTRONICS

944 S. Forge Street Akron, Ohio 44308

Circle 124 on reader’s service card

STATE

NEW IC’'s AND

MICROMINIATURE NPN TRANSISTORS

The Al41, Al142 and Al43 are
new microminiature npn silicon epitax-
ial audio transistors from Amperex.
They offer low noise and high gain for
such applications as wireless micro-
phones, personal paging systems, hear-

ing-aids and hybrid IC’s where space
and weight are at a premium.

Noise figure for the group is typi-
cally 1.5 to 2 dB from 30 to 15,000 Hz
with a minimum h. of 80 for the
Al41, 140 for the A142 and 280 for

the A143. Leakage current is only 10
nA and the collector saturates at only
0.1 volt, thus permitting these units to
operate with very low battery voltages.
These transistors, identical in size
and shape, are in 0.07” high 0.07” di-
ameter cylindrical cans. In quantities of
100 to 999 prices are: 92¢ for the Al41,
96¢ for the A192 and $1.05 for the
A143. Complete specifications can be
obtained from Amperex Electronic
Corp., Semiconductor and Receiving
Tube Div., Slatersville, R.I. 02876.

1/2-WATT HI-FREQUENCY FET'S

The U221 and U222 are medium-
power n-channel junction FET’s for
power amplifiers to 30 MHz and vhf
oscillators to 100 MHz. Packaged in
TO-5 headers, these Siliconix transis-
tors have a 50-volt breakdown which
permits operation from power sup-
plies delivering up to 28 volts. Power
gain is over 30 dB at 30 MHz and pow-
er output is 0.5 watt at 100 MHz.

Unlike bipolar transistors, these

GIANT VALUES FROM BROOKS

FREE $1 BUY WITH EVERY 10 YOU ORDER

Only applies
to 51 Buys

FRE

E GIFT WITH EVERY ORDER

000 — ASST. HARDWARE KIT § 100—RESISTORS 14W vour choice
e _wem [BM SOMPUIOR |[] J0Che nuts, washers, rivets, cte. 10 0022 520 am, eoon  |MARKET SCOOP COLUMN
o SECTIONS 1.5k, 2K, 3.6k, 3.9k, 47ku 6.8k,
-am- - ED HEX NUTS  § 1
o % ot S e O 3325, 4??3.0551;0, 6/32, 8/32 .. 1 82k, 33k 220k, 2.2 meg. © - We Bought Out a Fa(tory
? loaded with over [ f—
T T L[ 150 Triusble pare. [] 250 - ASST, SOLDERING LUGS $1 [] 200 — IRC, 22 meg. 1/3w .. onty §] AMPLIFIER 110v AC-DC, 5 Wau
d size€S ..ssesrnaas ired ono, Comb. Intercom,
t e T S e gy pese fopee e TRANSISTOR RADIO csst tvpe §4 50| . needs 31247, 2-50LC0-as 15 3
| —=> ors, Heat Sinks, Di- 250 — ASST. WOOD SCREWS 31 D good, bad, broken, as-is, potluck
k7 —é ﬁ O odes, Etc. D finest popular selection ........ 8” — ECONOMY ""OXFORD’*
i Mt TAPE RECORDER — assorted types $ Al SPEAKER Top quality . . . -
e 8 for 51 D 250 EV—VSA#EgT'#ssEgc TAPPING 51 [:I goo';. bad, broken, as-is, potluck ., 54 2,15 MAE. = MEWR A 1 e - B $1 69
o i $ SCR b 5 s G a e
B 100 nr *10 UNIVERSAL 4" PM SPEAKER 7 T
& [ 150 - AsST 602 scREws  §1 [ Rinteers masnet, cumi tene - B dins FORD,, SPEAKER, T=n 57
and 150 6/32 HEX NUTS ------
2—G.E. PIECES OF EQUIPMENT $ 10 — SPEAKER
[} Sackea with over 200 useful parts 1 O 153 ngsg}bglgéxsintfgs 51|D deluxe type, 2 co:lallfgor'SETs Babe 31 OJ ﬂ%:ogﬂﬁ‘ofxg&. TtsRévNSFORM $1
an = P q
15 — G.E. #NE-2 TUBES 51 10 SETS — DELUXE PLUGS & $
& 2 i —_ 0 CREWS 10 — TRANSFORMERS assorted
Neon Glow anpc:(o;(;:l ustes , O 1,5.3 15(‘)\—535562/:2)(5 NUTS - ... 1 U JACKS asst. for many purposes .. IID Audio Outputs, Chokes, I, F, ', etc. 1
— BONANIA “JA ‘* not gold, 10 — SETS PHONO PLUGS & $
11, but a wealth of Electronic 150 — ASST. 4/40 SCREWS  $q ([ ] ] 10 — ASST. RADIO & TV TUBES §
l—l Int:tm:—M:ne;.;vsecl-guaranc:e gy - s5 D and 150_4/40 HEX NUTS ---- 1 PIN JACKS RCA type ........ 1|D Every Tube a good number ...... 1
I[] 10~ SURE-GRIP ALLIGATOR $4|— 50 — ASSORTED TRANSISTO
— TV ELECTROLYTIC CON- 150 — ASST. 5/40 SCREWS $q/[] e Diates e o e = RS $
IZ)ENSTERS desirable types ...... 51 D and 150—5/40 HEX NUTS -.-. 1 ::'PsAss::::D R e big factory scoop-sold as-is .. 1
- ORTED RIVETS = & 1 20—ELECTROLYTIC CONDENSR
| :lsl ;’—Onﬁlsaiftysg'[&%ngtlelT.CﬂF? s1 D Isnoogt usgfnsxls selected sizes ...... s1 D CUIT SOCKETS best types ...... 1 T:_‘ Fine asst.-too numerous to memior? 51
_ 50° H =3 R ERS TV TUNERS asst. all new standard § 20 — ASST. VOLUME CONTROL
D :ssojgd ’:cﬁoNr:(S. HOOK UP WIRE s1 D Isnoogt usﬁfifoselzigdws?zzr ...... $1 D makes, less Tubes ............ 1 ]:] (\?] desirable good types ,...... s $1.
- — ASST. RUBBER BUMPERS TV TUNERS asst. all new standard § 100 — RADIO & TV SOCKETS
D 23 typeﬁ,sf.-rl.ugrﬂuﬂﬂ-llﬂ;!-. STRIPS s1 ;Itgocablnet bottoms & other uses . . $1 D makes, including Tubes ........ 3 D Asst. -— t00 numerous to mention 51
- —, ORTE GROM- TV TUNERS VHF/UHF all new 100 — RADIO & TV KNOBS
D f(sNOB;NBSJScI{eAQE;:EUlPa?lg:EsR. o $1 D }IAOEO'[SAbigt sizesD.R.l.J.B.B.E!z ....... $1 D standard makes, inc/luding Tubes . 54 D Asst. — too numerous to mention s1
IMMEDIATE DELIVERY . . . Scientific light packing for safe delivery at minimum cost. Nama) .o oolebloleoeellollels AR AR A :::;.“. ______
HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, placg letter  address vovvvrnnnn. 10000606 TE0600008A000 . Shipplng
f.in box for Free $1 BUY. Enclose with check or money order, add extra for shipping. . ?;i;;lua ........ o

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

Please specify refund on shipping overpayment desired: [J CHECK [J POSTAGE STAMPS [J MERCHANDISE (our choice) with advantage to customer

BROOKS RADIO & TV CORP., 487 Columbus Ave., New York, N. Y. 10024
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SEMICONDUCTORS

power FET’s do not exhibit secondary
breakdown or thermal runaway. Their
high input impedance eliminates the
need for complex interstage coupling
networks.

Maximum and minimum gain-
bandwith products are 40,000 and 15,-
000 pmhos for the U221, and 50,000
and 20,000 pmhos for the U222. Maxi-
mum C,.. for both units is 25 pF.
Maximum pinchoff voltage is 8 for the
U221, and 10 for the U222,

IC DECADE DIVIDER

The SM90 series decade frequency
divider accepts either ac or digital input
levels and produces a symmetrical out-
put square wave at a repetition rate %o
that of the input. Digital clock frequen-
cies from 0 to 40 MHz and sine waves
to 35 MHz can be processed by the
dividers.

The Sylvania SM90 and SM91 op-
erate over a frequency range of —55°
to —125°C and the SM92 and SM93
operate over the industrial temperature
range of 0° to +75°C. The SM90 and
SM92 are for uses where high-frequency

operation is an essential requirement.
The SM91 and SM93 are recommended
for applications where low power dissi-
pation is a primary consideration. The
SM90 series is compatible with all
SUHL circuits and can drive a maxi-
mum of 15 SUHL I gate loads and 10
SUHL I gate loads.

Voltage ratings: Min. Typ. Max.
Dc supply 7.0
Supply surge (1 sec) 12.0
Supply operating, TA;

—55°to +125°C

475 50 525

(SM90 and SM91)
Supply operating, TA;

0°Cto 75°C 45 50 55
Input voltage

(click, inhibit, clear) 5.5
Input voltage

(emitter follower)

—5.0 5.0

Output voltage 5.5

This series of IC units is available
in both the TO-85 flat pack and Syl-
vania’s ceramic dual in-line plug-in pack-
age. R-E

FOR INFORMATION
“too hot to handle”

Learn about the new
scientific and patented
miracles in sound by

Q@mlson,]

WIDE SCREEN STEREO
DEEPEST TRUE PITCH BASS
DYNAMICS WITHOUT DISTORTION
UNIFORM WIDE AREA COVERAGE
MICROWATT SENSITIVITY

FREE LITERATURE

WRITE OR PHONE

KARLSON RESEARCH & MFG.

Box 117, W. Hempstead LJ., N.Y.
Tel. 516-489-3641

AND MORE
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SHANNON RECORDING TAPE ——

GET READY FOR THE FALL SEASON—“SHANNON” DUPONT MYLAR RECORDING TAPE FOR
EVERY STORE, SCHOOL, STUDIO AND TAPE USER—BUY NOW AT THESE REDUCED PRICES
D 2|/2// e 225/ ..... $ ‘Is D 7” — 2400’ ......... A $] 59
D 3 225 17 D 7' —3600" ..... ........ 2.78
03 300’ o ] CASSETTE 60 minutes . .. .89
- , ’ [] CASSETTE 90 minutes .. . 1.54
l l []3%" — 600" .. ... 49 ] CASSETTE 120 minutes .. . 1.97
) - s 600" ... .. .52 2
; 5" - 900 .67
D g — 1200’ 86 D 2%’ TAPE REEL crystal clear .04
""" ) [13'” TAPE REEL “ 05
5 —1800' .. ... ; )
U 1.29 [] 3% TAPE REEL = .06
’" ’
17 - 1200 ..... 69 15" TAPE REEL “ 12
77’ - 1800" ..... .99 17" TAPE REEL “ .14
RECORDING TAPE SPLICER $4 .49 4 — TV ALIGNMENT TOOLS 3 — TOP BRAND SILICON REC- 100 — ASST V
|:] handy, accurate, compact .. 1 D most useful assortment ......... 51 D TIFIERS 1 amp, 1000 PIV ...... 51 l:‘ stand. chsosice é‘hnﬁgers',r zzixselsi:os';g 51
$15.00 TELEVISION PARTS 20 — ASST. PILOT LIGHTS 100 — ASST 72 WATT RES!
D l:zqgluY;;ExsieAn';m';A/lscisg:ggyaE plug s2 l:‘ “JACKPOT’! best buy ever ..... D #44, 46, 47, 51, €tC. ... 00wl 51 D stand. choice g]magt;rs. son?e 5130552 51
110° R.C.A. FLYBACK TRANS 32’ — TEST PROD WIRE 70 — AS A
|:] ‘ngsm’tdgﬁfflth(l’cﬂ'g%g”lcgsNE 59¢ D For all type TV’s incl. schematic S3 D deluxe quality, red or black ..... S]- D stand. cho?cl; :hn“x(n[,':;l: sROEnselsl:g'g $1
110° TV DEFLECTION YOKE 0 — A RTED —
|:] 4 — TOGGLE SWITCHES 51 D for all type TV’s incl schematic 53 E] gnpular asnigre Eatlrﬁsal.\.s. FUSES 51 D :s;g\nd. ﬁlif;ro 3}1"“1[2[;:::: iﬁ:?;osg/f $1
SPST, SPDT, DPST, DPDT .ccv.e
D 90° FLYBACK TRANSFORMER 52 D 50 — TUBULAR CONDENSERS 51 D 50 — PRECISION RESISTORS $
|:] 10—ASSORTED SLIDE SWlTCHES $1 for all type TV's inel schematic asst. .001 to .47 — 400v to 1000v asst. list-price $50 less 98% .. 1
EFSR R RUL AL 000500 [7] $9° IV DEFLECTION YOKE = §9|(] 3-ELECTROLYTIC CONDENSERS $q 20 — ASSORTED WIREWOUND §
20 — EXPERIMENTER'S COIL  §q A IERLTND ) Gl most popular number 50/30~150v db|[] RESISTORS, 5v 10, 30 watt --.- "&b
D *JACKPOT' assorted for 101 uses D ZO° E!.YtBACKTJRAIPJSrOEhMER 52 D 3 ; |F[ C,P"' ;I'RANSFORMERS S1 D 50 — ASST. DISC CERAMIC 51
or al ype ’s incl schematic 56-ke for Transistor Radios ... CONDENSERS popular numbers . .
50 — TUBE CARTONS lored
D assonted s‘zescm" Popular (';Es"g?“) $1 70° TV DEFLECTION YOKE $2 5 — AUDIO OUTPUT TRANS- § 20 — ASST. DIODE CRYSTALS $
ALL AMERICAN TUBE KIT D for all type TV's incl schematic D FORM Sub.min for Trans Radios 1 D fine assortm‘ent, popular types ... 1
D 12BA6, 12BE6, 124V6, 50C5, § 100’ — TV TWIN LEAD-IN 1 E -
35W4 — total list $9.70 ... ..... 2 D 300 ohm, deluxe heavy duty,villeRnE 51 D 3'ith/2svcelcg. ‘:{'PSLREME CONTROLS S]- D ;\‘gN &sl!NePNZD)ﬁ%B, 725\161’\‘2‘23&:0’15 51
3 — TOP BRAND 35W4 TUBES $ 1 — LB SPOOL ROSIN-CORE $ 7 — ASSORTED VOLUME CON- 50 — ASSORTED MYL B
D 1 D SOLDER 40/80 top quality ..... 1 D TROLS with switch ............ s1 D DENSERS popular select:dktygg.N. s1
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Clever Kieps 30

Push the plunger. A spring-steel forked
tongue spreads out. Like this (=~
Hang it onto a wire or terminal, let go
the plunger, and Kleps 30 holds tight. Bend it, pull it, let
it carry dc, sine waves, pulses to 5,000 volts peak. Not a
chance of a short. The other end takes a banana plug or a
bare wire test lead. Slip on a bit of shield braid to make a
shielded probe. What more could you want in a test probe?
—\\\547— Available through your local $1,4J
distributor, or write to:

' -_— RYE INDUSTRIES INC.
—— 126 Spencer Place, Mamaroneck, N.Y.10543
Circle 127 on reader’s service card

Designed and manufactured in U.S.A.

NEVER
A BURNOUT

IN ) EMC| DIODE-

NOBODY ELSE BUT EMC DESIGNS IN SO MUCH VALUE!
* Professional quality and versatility = Lifetime
protection against electrical abuse » No meter burn-
out, needle damage, or fuse replacement

VOLOMETER

Model 109A Factory Wired & Tested $28.95
Model 109AK Easy-to-Assemble Kit $21.15
20,000 2/v DC sens. 10,000 Q/v AC sens. 412”7,
40za meter. High impact bakelite case. 5 DC
voltage ranges: 0-6-60-300-600-3000v. 5 AC volt-
age ranges: 0-12-120-600-1200-3000v. 3 DC cur-
rent ranges 0-6-60-600ma. 3 AC current ranges:
0-30-300ma; 0-3A. 3 resistance ranges: 0-20K,
- 200K,~20 megs. 5 db ranges: —4 to +67db.
With carrying strap. 5%~ W x 6%~ H x 2%” D.
VOLOMETER

Model 103A Factory Wired & Tested $20.75
Model 103AK Easy-to-Assemble Kit $16.80
4%>2”, 2% accurate, 800ua D'Arsonval

type meter. One zero adjustment for

both resistance ranges. High impact [——— ————— — — = "]
galkzellit;b 6%%5?208 36\80 volsta%% rar;tges: | EMC, 625 Broadway, New York 12, N.Y. i
-12-120-600- B . oltage

ranges: o-e-so-aoo-eso-aoowvs agb | Ssend me FREE catalog of the complete |
ranges: —4 to +64db. 5 AC current IVaIue-p_aclged EMC line, and name of!
ranges: 0-30-150-600ma. 4 DC current | local distributor. 3

ranges: 0-6-30-120ma; 0-1.2A. 2 resist- RE-9
ance ranges: 0-1K, 0-1 meg. 514" W x | NAME |
634” H x 2%~ D. !
POCKET SIZE VOLOMETER | sppaess |
Model 1024 !
Factory Wired & Tested $16.95 | |
Model 102AK Easy-to-Assemble Kit $14.40 l |
3%2”, 2% accurate 800ua D'Arsonval
type meter. One zero adj. for both res.
ranges. High impact bakelite case. 5 AC

CITY . 70NE__STATE

voltage ranges: 0-12-120-600-1200-3000v,
5 DC voltage ranges: 0-6-60-300-600-

3000v. 3 AC current ranges: 0-30-150-
600ma. 4 DC current ranges: 0-6-3C-
130ma; 0-1.2A. Resistance: O0-1K, 0-1
meg. 334” W x 634”7 H x 27 D.

ELECTRONIC MEASUREMENTS CORP.

625 Broadway, New York 12, New York
Export: Pan-Mar Corp., 1270 B'way, N.Y, 1

CB Troubleshooter's
Casehook ..."".

Intermittent squeal on transmit and/or receive.

Andrew J. Mueller®

Case 1:

Common to: Lafayette HB-333

TO SPKR

MODULATOR 2\
AUDIO FROM
INPUT MIC AMPL
172 |2AXT
~ 2ND AF
470K AMPL
! 42 B+
vyoL .ot
CONT !
= TO RF
i MEG ™~ Z
LEAKAGE MR
BETWEEN
4 SECTIONS
v
= T0 SQUELCH B+ 2
Remedy: Replace electrolytic C2
Reasoning: When C2 intermittently leaks between sections,
the audio frequencies are fed between the cath-
ode of the 6BQ5 to the plate circuit of the
12AX7. This produces an intermittent positive
feedback which causes squealing on both trans-
mit and receive.
Case 2: No receive except on very strong signals. Trans-
mits all right.
Common to: RCA Mark 10
R.F. AMPL
ME 300! oy (PENEMTTER
ol {9.5V} (VOLTAGES IN
FROM TR SWITCH (a.1v) 7.9V PARENTHESES )
sl R MR 1 o
4100p IST
% 470pF i T MIXER
LY ' P
<
> ; P4 &
! Qiox 002 005 T2509F
002 -]
o Jszss =
= L JAGC AMPL Lels, G
. 82K  AGC
AMPL

Remedy: Replace rf amplifier transistor Q1.

When Q1 opens, it disables the rf amplifier
stage. This causes no reception except on very
strong signals. This problem can be spotted
very easily. Voltage checks reveal that there is
no voltage on the emitter of Q1. Voltages in
parenthesis are caused by open emitter. Check
Q1 with an ohmmeter, transistor checker, or
by substitution.

= Service Manager, Tel-Air Communications, Inc., Pewaukee, Wis.

Reasoning:
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[) [:]’ Mail
This
Card
Today

LAFAYETTE 1969 CATALOG 690 our 48th Year
BETTER THAN EVER

Your Complete Buying Guide to

Everything in Electronics : Dept. 17098
b2 -."— = '
| FAYETTE W
RADIO ELECTRONICS |
. I Addre§i B

e~ _—.. Camog/GBO :
] City o
I
bosee =1
!
bz )
:\. (Please Give Your Zip Code No.)
I
i
I

Use

LAFAYETTE'S
o : Easy-Pay
A\lamwm ":)"F“‘Tf:: Budget Plan
QL sPacE ace No Monﬁgt?own..

24 Months to Pay
Satisfaction
Guaranteed or
Money Refunded

Do A Friend A Favor ‘
Give Him This Card To Send For His

E FREE LAFAYETTE CATALOG Dept. 17098

STORE LOCATIONS
NEW YORK NEW JERSEY MASSACHUSETTS CONNECTICUT PENNSYLVANIA

Brcoklyn Newark Boston Hamden King of Prussia

Jamaica Paramus Natick W. Hartford Monroeville

Lynbrook Piainfield Saugus Philadelphia

Manhattan Pittsburgh Address

Scarsdalz WASHINGTON, D.c. Falls Church,Va. e s oo

Sycsset {Area) = Mt. Rainier, Md.
- T ) B Ol B T D D S OR ) BN ET IF IS B S SN N

LAFAYETTE Rzdio ELECTRONICS
’ Dept. 18098 P.0. Box 10
Mail Syosset, L.I., N.Y. 11791
The Coupon
Today for
Your FREE
1969
LAFAYETTE
CATALOG

690 S State Zip

city

Please send the FREE 1969 LAFAYETTE Catalog 690

www.americanradiohistoryv. e e e
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Mail This
Card Today

Featuring
Everything in
Electronics for

« HOME
"« INDUSTRY
< LABORATORY

Your
Electronic

Buying Guide u

Stereo Hi-Fi e Citizens Band ¢ Ham Gear e Tape Recorders o Test
Equipment e TV and Radio e Phonographs, Accessories e Intercoms
and PA e Closed Circuit TV e Tubes and Parts e Cameras e Auto
Accessories o Musical Instruments e Tools e Books

REVOLUTIONARY NEW

T

‘NTEEDATEQ

Wl

. N LA -
Electronic Miracle ’m.wOOT
of the Space Age IC solid state Receiver

-~ |

Dyna Com Ne‘N"

Super Series | solid State “IC” new Criterion
Walkie-Talkies 2-Way Radios Speaker Systems

New!

Solid State
Stereo Tape
Recorders

Musical instruments
and Accessories

Do A Friend A Favor . . .

Have a friend interested in hi-fi or electronics? Send us his
Mail The name and address and we will send him his own personal
Card Today copy of the 1969 Lafayette Catalog 690,

americanradiohistorv com
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Case 3: Intermittent and off-frequency transmit. Re-

ceive okay.

Common to: Johnson | & Il

POOR SOLDER JOINT TO CHASSIS T0 PA

IT 0S¢ \ ER'D
i) !
3

—
iOpF

10pF ¥
1
I

330pF

NEUT CAP}

‘E 10K l
)

220pF

=3
=4
/e

\ ~AAA -
RFC 390K L i
B+

.0|I
tm‘“ TO TR SWITCH =

Remedy: Resolder pins 3 & 9 of V1 tube socket.

On some of these chassis, V1 suppressor grid
tube-socket pins appear to be improperly sold-
ered. This can produce unstable and off-fre-
quency transmissions. It is then a good idea to
have the radio checked by a licensed technician
before using it.

Reasoning:

Case 4: No modulation when cold. Receive is okay.

Common to: Sonar J-23

100K
VOLUME

FROM RECEIVER AUDIO -»——
MIC
TRANS 15K

RECA™

1
CONTACT 1 ! l
OPEN WHEN o LA
coLb
0 SQUELCH
| =

TO TR RELAY

4l

T0 RECEIVER GROUND

Remedy: Repair or replace microphone switch.

Reasoning: When push-to-talk (PTT) switch is cold, the con-
tacts in the audio section do not make contact.
When the switch is warm, the metal expands
and contact is made. In most cases, bending

the contacts will restore normal operation.

Case 5: Fuse blows on transmit. Receive is okay.

Common to: Pearce-Simpson Sentry

IN2OT)

SHORTED, REPLACE « 2NI540

CR4 CRS T7 s |
'\1\14 ' ) 1
8+ i S |
270k$ *L20/350v
c4l
1 {
\
ro;o REPLACE
JEREE) R c4l ALSO
i : IN2069
L _f8 . w N e
TO SPKR
Remedy: Replace diodes CR4, CR5 and capacitor C41.
Reasoning: The diodes sometimes short due to power sup-

ply starting transients. Raw ac is then applied
across C41, which acts like a very large load,
causing the fuses to blow. To prevent future
trouble, be sure to replace C41 as well as the
diodes. R-E
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WE'RE BACK ON CORTLANDT STREET

We wish to thank the World Trade Center for permitting us the
use of the store in the Hudson Terminal Promenade while the
Twin Towers are under construction.

| Many thanks to my business [riends for their he}pI
| during my recent hospitalization—Gould  Green t

We stock the entire line of Jobher-Dedler boxed RAYTHEON
Receiving Tubes—order by mail at 60% off list, FOB BKLYN.

COMPUTER BOARDS f{rom IBM. Ten
boards, $1.00, over 35 transistors, plus over 135
parts as diodes, caps., resistors. chokes. In-
cludes spec chart of 21 1BM t(ransistors. [] .
CLOCK MOVEMENTS: Wesiclox 115 VAC
includes Auto-on-off, also doze light, com-
plete with face and clock hands (no case)
$2.25 ] . TELECHRON. complete with face
and clock hands, includes on-off-anro and
sleep-switch $2.30 [[] . WESTCLOX Cordless
Alarm Clock. batiery operated, in high im-
pact, white case 57 long, 3” wide x 3” high.
Shatterproof crystal, clear betl alarm, 7 Jewels
quiet tick. sweep alarm indicator, raised gold
numerals. padded base. Operates one year on “C’ flashlight battery. Regular
90 day factory guarantee by Westclox $8.45 ] . TRANSISTORS: RCA
3N404. Syl. 2N229, UST 2N43A, UST 2N44 & IBM 015 (PNP-40 MHz) each
25¢ [1 . SPEAKERS. Jap. 2"—2%" diam.. 8 ohm. includes safety screen to
protect cone 50¢ [] . IIARNESS Battery Cable and clips for 9 V. Battery,
10¢ ea. $1 doz. [] . PHONO JACKS—RCA type, single - 2-3-4 gang @ 6¢
per hole [] . CAPACITORS, MYLAR (yellow) Write for list. TANTALUM
CAPACITORS: .0015 MI. thru 0082 M{-35 Wv. @ 10¢ ca. [J . from .01 to
A mf, @ 15¢ ea. [J . .15 to .47 mf. 20 Wv. @ 20¢ ea. [} . And from .47 to
50.0 Mf. at very Tow prices [] . POTS: AR rvpe “J7 stripped from new
equipment. linear, 2" shaft. 2500, 5000, 25.000. 100K. 500K ohms. Special
65¢ ea. [1 . Also AB type “G" 100 ohms, thru 2.5 megohms special $1.95 ea.
0. R.F. Choke—1 Ma. Xmt. NATIONAL boxed, ceramic SA-8459. 5 pies,
3”Lx1” Diam. end, mtg 1'2” bet. holes 50¢ ea. [J . BUD 4.3 MH 12 ohm CH-
569 45¢ ea. [ ] . RECTIFIER BRIDGE. 20 Amp. studs (IN1186) 200 PRV,
plates 3” sq. overall 5v2 L x 47 W x 3% H: Westinghouse #508C575G(H)
04-2C; for 125 V. two phase or three phase. Value $24.00, our LOW PRICE
$8.95. {1 . BRIDGE RECTIFIER, IBM, 6 Amp. 200 P1V. four studs on two
copper plates, super for battery charger. compact 8” x 27 $1.50 set [J . TOP
HAT Silicon Rectifiers: quality control inspection, conservatively rated 750
Ma. 400 PIV. 114" leads. 35¢ ea. $24.00 per 100 [J . TWO-WAY SPEAKER
CROSSOVER; crosses at 2500 cycles with 8 ohm speakers, 3500 cycles at 16
ohms. Size: 22" H x 212” W x 512” L. 9” leads. Contains woofer choke and
non-polarized capacitor, 79¢ ea. Made by University [] . STEP’PER
SWITCII (Relay) by C. P. Clare. 21 steps, 6 stacks, 55 VDC coil. spring-
driven-pawl (circuit open during wiper-arm movement) govt mil snecs.
$5.80 [] . HAM SPECIAL! SOLID-STATE VIBRATOR ELIMINATOR.
Heavy duty both 6 and 12 V. up to 25 waus. For most popular transceivers
and communication equipment. Socket supplied, 4 pin plug-in; full instructions
and dJiagrams. Housed in finned aluminum heat sink. Size 3%2” 11 x 27 diam.
$2.80 [| . TV Picture Tube Brighteners series 6 wire. and parallel 5 wire
(TELEMATIC) 39¢ [] . FILTER CHOKES. laminated. open frame—75
ohm (3x2x2%”) $1.25 [] . 3.000 ohm 134" 1. 138" core. leads 40¢ 0.1
ohm 3%” core, 2" leads 75¢ [] . 45 ohm 214~ L x 1” core. 144" Ib. 80¢ []
. 300 ohm 22 Hy. 100 Ma. (IBM power sply.) $2.60 [ ] . 200 ohm. 20 Hy.
100 Ma. $2.25 [} . MARKER CRYSTAL; 1.000 MHz (HOFFMAN) flat
mounting. %” sq. x ¥%” H. 100% guaranteed $1.50 ] . PANEL METERS;
ALL BRAND NEW! 10 Ma. DC Bakelite Case. 2v2"” diam. $2.75 ] . 10 Ma.
NDC WESTINGHOUSE, 27 Bakelite NX-33 $2.50 [] . 20 Ma. DC. Sealed
case. 2”7 diam. $2.40 [J . 50 Ma. DC, ROLLER-SMITH 3" diam. Bakelite
$2.95 [1 . 100 Ua. DC. DEJUR. 127 diam. mewal case, special photo-
light scale. black face. $1.00 [0 . DB Black face, sealed 3” diam. marked
10—0-+6 (F.S. 15 V.) MARION $1.95 {77 . 1 Ma. DC (800 V. scale) type
RX-31. includes 800K w.w. multiplier $3.50 O3 . 10 Ma. AC (200 Ma. DC)
27 sq. plastic modern case, white face marked. “replaced? good” $1.00 [ .
L Ma. DC—Dual scale marked 500 VDC & 140 Ma. DC. G.E. type DW-41,
27 bakelite. includes multiplier and shunt. $2.85 ] . Extra multipliers avail-
able at 20¢ cach tor 14 v.. 140 v.. 50 v etc. SENSITROL WESTON model
#705 relay. 5 ua. SPDT. ext. electrical reset $2.75 {0 . Variable capacitor;
100 Pf; 11 plate V" shaft 127 L. BUD #MC-1855 $1.00 (1 . APC type var.
air capacitors in stock. WRITE FOR 1.0OW PRICES! RELAYS; Sensitive
rugged. 20-30 VDC: 5.6 Ma. 4500 ohm coil, SPST, contacts 2 A. 24 VDC.
(115 VAC). plug-in 7 pin tube socket, sealed can. 34" dia. x 27 L. 25 O
" 115 VAC coil SPST—10 Amp. 115” x 17 x 1%” SPECIAL 75¢ [J . Sensi-
tive Swivel, 20-28 VDC.. 4500 ohms 4 ma. SPST 90¢ [J . SIGMA #95740-
SA for in-line (in series with equipment) SPST S Amp. $1.00 [] . 115 VAC
or DC (60 to 400 cy.) built-in rectifier bridge. sealed 5000 ohm 20 ma. coil;
contacts 3 A. 28 V. (115 VAC) compact 99¢ [] . SPDT—R ma. 5000 ohns
34 VDC. %7 cube, contacts 250 ma., ncomatic 35¢ ) . MERCURY
WETTED RELAYS. CLARE #HG-1023. DPDT, 36 10 90 VDC. 4000 ohms.
$1.00 [J . CLARE #HB-1012. 130 ohms 39 ma, 5'2 to 16 vDC 95¢ ]
" PRECISION RESISTOR KIT; 12%—1%. Y2 watt. 1 W. 2 W. values be-
tween 1 ohm and 100 megohms. No two alike. Includes refresher insiruction
for series. parallel combinations, 100 for $1.50 [J . PRECISION RESIS-
TORS—1% wirewound your choice of any value 10¢ each. Write for list
of availahle values (] . RESISTOR KITS. Carbon 5%. 10%. V52 W. 1W
2 Wats, between 5 ohm and 100.000 ohm. 100 asstd. $1.00 [ . between
100 K and 27 megohms. 100 asstd. for 50¢ [ . RESISTORS. CARBON,
15-1-2 watl to your specifications, from 6.8 ohm to 22 megohms. 5% 4¢ ea.
10% 3¢ ea. []. POWERSTAT Var. XFR. 12 V. 60 cy. 0-3.5 V. 2 Amp.,
sec. 2va diam. 2v” L. $1.50 (] . STEP DOWN (UP) Xifr. 230V-115 V.
60. cy. ¥4 Amp. (50 watt) 23 x 2V2 x 2%” w. open strap 4 leads, $1.85 [J
. AUDIO OSCILLATOR — 2 Transistors, 2 diodes and xfr. (10.000 ohm
ct. pri. 2500 ohm c.t. sec.) size: 2” x 2” x 3" H. Suitable for CW practice.
1.000 cycles 95¢ [J . CLOCK MOTORS. 115 V. 60 cy. Your choice of
RPM $1.00 [J. pane!l fuse holders, IMPORTED, 18¢ [ .

Mail check or M.O. net cash, small COD deposit; FOB our store.
10 day money-back guarantee.

SEND FOR OUR CATALOG OF BIG BARGAINS

CORTLANDT ELECTRONICS, Inc.

30 Cortlandt Street Tel. (212) 964-8044
(Downstairs Hudson Terminal) (Fast Mail Order Service)
New York, N. Y. 10007 Box 553, New York, N. Y. 10008
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More and More Servicemen Say:
"We've tried cheaper
substitutes . . . now
WE'RE BACK TO
DEPENDABLE, RELIABLE

"Noise~

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-Flammable, No
Carbon Tet, Non-Toxic, Non-Drift
Tuner Cleaner & Won't
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.

Iectronic c hemical Corp.

813 Communipaw Ave. / Jersey City, N. J. 07304
Circle 129 on reader’s service card
® Nationally Known-World Famous SURPLUS CENTER offers

finest, most expensive, Government Surplus electronic units and
components at a fraction of their original acquisition cost,

ORDER DIRECT FROM AD or WRITE FOR CATALDR"
STANDARD DIAL TELEPHONE

tive polished black, Like new condition. U/5e as
extension phone to private Svs(ems of Connect
several phones together for local {ntercom sys-
tem, Full instructions are fumistied. Wt. 9 lbs.
Oniginal Cost $24.50.

gt b

® (ITEM#715)-- Siandard,  commercial = )
same as used US.A Attrac- (s % 2

ez

F.0.B. 57.50

STEP-BY-STEP AUTOMATIC SWITCH
® (ITEMHI38)-- Amazing

elctro-magnetic telephone switch. Dial any bank
pair from 1 to 100. Make your own telephone svstem,
Can ulso be used to remotely Control ug to 100 Car~
CuIts over a single paw of wires,

® One of our FOUR STAR hargains. Comes com-
plete with data, one dial and one line bank. Size,
5" x 7' X 13."We. 16 10s, Cost Gov't Over $75.00

Complete; Switch, cover,
dial. hine bank, wstructions....., F.D.B. .

TYPICAL BUYS FROM OUR 1968 CATALOGS

"*up-and-around'’,

$ 350.00 - Geared 2-hp Baftery Golf Car Motar ........... $26.95
$ 15,00 - Westinghouse DC Ammeter, § to 300.. .$70
$ 40.00 - Vacuum/Pressure Pump, 12-¥DC .. .. $11.95
e o« - B80-MW Walkie-Talkies, Per Pair ... $19.60

- l'le‘luu, Multi-Range, AC/DC Tester ..oooveen S 8.98

SPECIAL SALE P ;
Correspondence | = g
i .. 1

Course In oreagda) [
ELECTRICAL ]
Sells ¥ .79 Postpai /
ENGINEERING spir o sions €8 79 Pyl
® (ITEM #A18( ) - - wonderiul chance to obtain technical train-

ng at Amazing Low Cost! Lincoln Eniineerm: School has suspended
Its Correspondence Courses because of increased operating costs. We
offer a limited number of the school’s complete Electrical Engneering

ourse bul without Uie eXamination paper grading service.
conslsts of 14 lesson unit books. Each book has the regular exams. and
In a separate section, "'Stundard Answers'* 1o each exam Question,

Course is well written, easy to understand, profusely (llustrated.
Reader's Digest size, easy to carry and stwdy in spare time. Many Line
coln Engineering School students hélding excellent jobs as a resull of
L.E.S, training. Course contains latest information on tfansistors. sil-
icon dlodes, etc. Additional book on how Lo bulld and operate a *“‘Home
L y and Bench'* with each course.

Send 25¢ Coin Or Stamps For Catalogs
All Items FOB Lincoln ~ Money Back Guarantee

SURPLUS CENTER

DEPT. RE-098 LINCOLN, KEBR. 68501

NEW BOOKS

ELECTRONIC HOBBYIST'S IC PROJECTS HAND-
BOOK, by Bob Brown & Tom Kneitel. Tab Books,
Blue Ridge Summit, Pa. 17214. 5% x 8% in.,
160 pp. Cloth $6.95. Paper, $3.95

Fifty integrated circuit projects for
hobbyists, experimenters, technicians,
hams and audiophiles based on popular
inexpensive IC’s. There’s a |-watt phono
ampl! and power supply, an electronic or-
gan, a tachometer and even a miniature
adding machine.

WORKING WITH THE OSCILLOSCOPE, by Al-
bert C. W. Saunders. Tab Books, Blue Ridge
Summit, Pa. 17214. 8% x 11 in., 104 pp. Paper,
$4.95

If you want to know how the oscil-
loscope works, this text will show you—
and in detail. Five chapters break the
scope into sections and show exactly how
each section performs. Two additional
chapters show how to put the scope to
work for you.

TRANSISTOR CIRCUITS AND APPLICATIONS,

by Laurence G. Cowles. Prentice-Hall Inc., En- |

glewood Cliffs, N. J. 07632. 6 x 9 in., 323 PP
Cloth, $10.95 /

St., New York, N.Y. 10036. 9 x 6 in.,, 310 pp.
Cloth, $6.95

This text helps reader understand
basic transistor circuits and provides a
clear method of working with them. The
author intends to develop a new approach
using the simplest methods. Nothing
more complex than Ohm’s jaw is used
and equations are illustrated by labora-
tory-tested examples. Topics covered in-
clude circuit and transistor limits, static
(dc) circuit conditions, the typical circuit,
and more.

RCA RECEIVING TUBE MANUAL. RCA Elec-
tronic Components, Harrison, N. J. 07029. 5%
x 8 in., 656 pp. Paper, $1.75

This latest revised and expanded
edition contains up to date data on tube
types and technology. Detailed data and
application information are provided on
the complete line of RCA home-enter-
tainment type vacuum tubes plus picture
tubes, voltage regulator and voltage ref-
erence tubes.

101 QUESTIONS & ANSWERS ABOUT COLOR
TV, by Leo G. Sands. Howard W. Sams & Co.,

”
A practical text that provides a clear k) Inc., 4300 W. 62 St., Indianapolis, Ind., 46206.

understanding of junction and field-effecf
transistor (FET) circuits. A full explana
tion of single-stage FET amplifiers witli
voltage gain and feedback calculations i
included. Departures from the classicall
format present space-age circuits and ap-|
plications and many experiments and
practical problems. /
~7
ABOUT YOUR HEARING, by G. A. Briggs. Her-
man Publishing Service Inc.,, 25 Huntington
Ave., Boston, Mass., 02116. 5% x 8% in., 132
pp. Cloth, $4.95. Paper, $3.50

All in laymans language, the author
tackles the subject of hearing, enlisting
the aid of an ear surgeon and experts on
audiology and related matters. General
guidance on the car and how it works,
age and noise effects and reproduced
sound are explored.

HOW TO USE YOUR VOM-VTVM & OSCILLO-
LOSCOPE, by Martin Clifford. Tab Books, Blue
Ridge Summit, Pa. 17214. 5% x 8% in., 187 pp.
Paper, $3.95

If you want to know how to get more
out of these instruments this book can be
your guide. It shows how the instruments
work aind how to apply them. Part I deals
with the volt-ohm-milliammeter, Part 11
is devoted to the vtvm and Part IIT dis-
cusses the oscilloscope. Written in easy-to-
understand language, the book has many
drawings, schematics and troubleshooting
charts.

TRANSISTOR CIRCUIT ACTION, by Henry C.
Veatch. McGraw-Hill Book Co., 330 West 42

98
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5% x 8% in., 64 pp. Paper, $1.75

Here are 101 most often asked ques-
tions on color TV. They come from lay-
men and service technicians. Answers are
supplemented with schematics and pho-
tos. Four sections cover basic theory,
installation procedures and problems, ser-
vicing, and modifications of color TV
receivers.

SEMICONDUCTOR HANDBOOK, by Robert
Tomer. Howard W. Sams & Co. Inc. 4300 W. 62
St., Indianapolis, Ind. 46206. 514 x 8V in., 288
pp. Paper, $5.25

A comprehensive, illustrated, source
book of industrial semiconductor data.
Most of the data needed to understand
the many types of semiconductors now on
the market, their operating characteris-
tics, circuit design procedures. and typical
applications have been gathered into this
volume. A general discussion of the vari-
ous processes used in making transistors
is included.

UNDERSTANDING AND USING YOUR OSCIL-
LOSCOPE, edited by William A. Stocklin. Pub.-
lished by Allied Radio Corp., 100 N. Western
Ave., Chicago, lll., 60680, 82" x 5%, 128
pages, soft covers, $.75

Covers one of the most useful and
versatile of electronic test equipment.
Clear writing style is maintained for
easy understanding by students and be-
ginners as well as the veteran technician.
Includes basic oscilloscope, uses, and in-
terpretation of waveforms and operation
with associated equipment.

RADIO-ELECTRONICS
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$4 ¢

Because you've gol 10 SEE il (o BELIEVE i
........We Will send you a FREE sample!

initant (v I
o | g DATAMARK

— the easy new

way to label
your projects!

just rub over the pre-print-
ed words or symbols with a

s v Dallpoint pen and they
il TIMING TONES TONES TOT tra"sfer to any surface_

,33‘:2;:;;:3:"3?:‘:’}:'3’:' looks like finest printing!
mamsoucens Taamscoma Label control panels, meter
TAmaRToR ramisTon 8 gialc lotter on anything!
LOOK FOR [EERCz 2 A /7, 22/
‘DATAMARK SETS only $1.25 eac

— at leading electronic distributors

DATAMARK SETS AVAILABLE FOR:

e Amateur Radio. CB
e Audio, Hi-Fi, TV
e Experimenter Home Intercom
o Industrial Test Equipment
o Switch & Dial Markings
e Alphabets & Numerals in
", V4" and V2"
— each set has black, white, and gold
SEND FOR FREE SAMPLE RE-98
THE DATAK CORPORATION
85 HIGHLAND AVENUE  PASSAIC, N. J. 07055
Circle 130 on reader’s service card

(T N

®
h

PERMOFLUX ...
WILL 60 10

YOUR HEAD . ..

IF...

you’re seeking the ultimate

in frequency response, superior
engineering and durability. Write
today for the dealer nearest

you. A demonstration will prove
to you why Permoflux headphones
are used by the leading experts

in all professions where

sound is foremost.

All ear speakers are

fully warranteed for life.

" STANDARD OF THE WORLD
AT

M 2rmoflux cox

P.O. Box 6364, Dept. RE 9
K GLENDALE, CALIFORNIA J

Circle 131 on reader’s service card

TRY
THIS
ONE

CONVERT TO A SIX-WAY LAMP

Your three-way lamp can be con-
verted to a six-way lamp with the ad-
dition of a switch and diode. Unplug
the lamp and remove the glass bulb
and shade. (The harp is the device that
supports the lamp shade. Some types
screw onto the shell of the socket but
most are on the ferrule that connects
the top of the lamp base to the shell
of the socket.) If a wire harp is used,
slide the ferrules up and remove it as
well. Using a sharp knife, carefully re-
move the cardboard base that may
cover the lamp base.

Locate a suitable place on the
base and drill a 3" hole for the
spst dimmer switch. Install the new
switch and tighten the mounting
screws. Disconnect the line cord to
the lamp socket inside the base, and
rewire it to the switch as shown in
the diagram. Solder a 2-amp. 200-

2 AMP, 200 PIV
SILICON DIODE

T =y

AC PLUG

TO 3- wWAY
SWITCH

piV silicon diode across the switch.
Using rubber cement, re-install the
cardboard base. Now reassemble the
harp, lamp and shade and you're all
done.

Two scparate filaments in the
bulbs for these lamps provide two dif-
ferent wattages. In the third switch
position the two filaments are con-
nected in series, adding the wattages.
The three-way switch will continue to
function as before, but you now have
three additional wattages. The new
switch directs line current to the main
socket switch or through the diode.
With the diode in the circuit, line volt-
age is rectified so that about half the
power goes to bulb. Therefore, the
lamp can be used at six brightness lev-

els instead of three.—Byron G. Wels
R-E

SEPTEMBER, 1968 99

Wwww.americanradiohistorv.com

SCHOOL
DIRECTORY

distinguished graduates

hold Important engineerlng and buslness administration

posts throughout U.S. Professionally-oriented college with
outstanding placement record. Four-quarter year permits
Jdegree in three years. Fine faculty. Modern labs. Small

g classes. 300-acre campus, Accredited. Approved
for vets. Modest costs. Enter Jan., March,
June, Sept. For Catalog, write Adm, Director.

TRI-STATE COLLEGE
2498 College Avenue, Angola, Indiana 46703

GET INTO

ELECTRONICS

V.T.1. training leads to success as
rechniclans, fieid engineers, specialists
in communications, guided wissiles,
computers, radar and automation. Basic
& advanced courses in theory & labora-
tory. Electronic Engineering Technol-
ogy & Electronic Technology curricula
both available. Associate degree in 29
mos. B.S. also obtainable. G.l. ap-
proved. Graduates In ail branches of
electronics with major companies. Start
Sept.. Feb. Dorms. campus. High
school graduate or equivalent. Catalog.

VALPARAISO TECHNICAL

INSTITUTE
Dept. €, Valparaiso, Indiana 46383

A New Way To Study At Home
ENGINEERING MATHEMATICS
Get all the math you need for electronic engineering
from LIL.&.I. Two great new courses for the man who
wanis to get ahead. Created by college professors.
Study at heme as fasy as you want. No classes to held
vou back. No contract to sign. Every lesson comes with
A MONEY BACK GUARANTEE. Get the inforination
today—-Free!
THE INDIANA HOME STUDY INSTITUTE

Dept. R P.O. Box 1189 Panama City, Flu. 32461

Learn Electronics for your

SPACE-AGE EDUCATION
at the center of
America’s acrospace industry
No matter what your aerospace goal.
you can get your training at Northrop

Tech, in sunny Southern California.

COLLEGE OF ENGINEERING.
Get your B.S. degree in engineering in
just 36 months by attending classes year
round. Most Northrop Tech graduates
have a job waiting for them the day
they're graduated!

A & P SCHOOL. Practical expericnce
on real aircraft. One-year course pre-
pares you for F.A.A. A&P certificate.
WRITE TODAY FOR CATALOG.

! ‘I NORTHROP INSTITUTE OF TECHNOLOGY
1199 W. Arbor Vitae. Inglewood, Calif.

ZIP CODE

... THE LAST

IN MAIL
ADDRESSES/

YOUR POSTMASTER
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MARKET
CENTER

: GENERAL

MAGNETS. All types. Specials-20 disc magnets,
or 2 stick magnets, or 10 small bar magnets,
or 8 assorted magnets, $1.00. MARYLAND
MAGNET COMPANY, 5412-G Gist, Baltimore,
Maryland 21215.

MATHEMATICAL TOPICS for Tradesmen, Busi-
nessmen. Improve your ability. Write LEE'S
SERVICE, 1224 Shakespeare Ave. Bronx, New
York 10452

s it —

FROM YOUR
| CAR OR BOAT
Standard _home _electricity (60 BATTERY
cycle, 117 volts) for small ap- e

pliances, record players, tape
recorders, tools, etc.

Inverters from 25 to 600 watts,
priced as low as $15.95.

See your Electronics Parts Dealer, o

TREASURE HUNTERS! PROSPECTORS! Relco's
new instruments detect buried gold, silver,
coins. Kits, assembled models. Transistorized
Weighs 3 pounds. $19.95 up. Free catalog. REL-
CO-A25, Box 10839, Houston, Texas 77018

] ] ] ?
) BURTED TREASURE!
10-DAY MONEY BACK GUARANTEE /.

1wz£ug;uuaspjf
OBE¥E /.

e
s]ﬂ gg, wr %\ ALL TRANSISTORIZEM]

i 3 ft. portable detector finds
e buried metal objects, Signals
location with loud audible sound.
Detects gold, silver, metallic ore and nuggets
of all kinds. Find lost coins, jewelry, indian
artifacts, civil war souvenirs. Treasureprobe
guaranteed to equal detectors sellinF to $150
or yourmoney back. Absolutely complete, sen-
sitive earphone,9v battery, nothing else to buy
TO ORDER: Send check, cash or money order,
$5.00 deposit for COD in N.J. add 57¢ tax.
TREASUREPROBE Dept. RBD

CaN

P.O. Box 228. Toms River. N.J. 08753

DON'T BUY USED TUBES — COMPARE OUR
PRICES FOR NEW TUBES — ON ITEMS NOT
SHOWN WE WILL BE VERY HAPPY TO QUOTE
616
6T8 ..
6us ...
0A3 ..

4-1000a . ... 80.00
1625 (same as 807-12) .95
Muffin Fans—Rmvd. FM Equip. $4.95

Silican Repl. For 0Z4, 5U4, SY3, 5AS4, .98. Kit of
50 tested Germanium Diodes, 1N34A, etc. $1.00; 8 Top
Hat 450 Piv. 500 MA—$1.00...10 Sil. Epox. Diodes—
400-750-Piv-1 Amp. $1.00.. .4 Power (20W) Transistors—
$1.00.. .WE 701A-1000W Tetrode, $5.95...10 Flange-
less Rectifiers, 1 amp 400 to 1000 Piv. $2.75...10 Sili-
con Epox. Diodes 400 to 750 Piv. 1 amp. $1.00.. .8 Tran-
sistor clrcuit beards containing up to 6 transistors, plus
diodes, resistors, capacitors, etc.—.89.

RCA—20 AMP-6-12V-DC Converters $12.95

Sale on brand new CH & H & H Toggle Switches—never
used—Removed from equipment:

SPST 6 Amp....$1.50 DZ. SPDT 6 Amp....$1.69 DZ.
DPST 6 Amp.. 1.69 DZ. DPDT 6 Amp.... 1.85 DZ.
DPDT 15 Amp... 2.95 DZ. SPST Slide SW. 8 for $1.00
AC DC Elec. Cond. S0X30 MFD at 150 V .25...3X1S
Howard-Blower Fans—$2.98

MFD at 450V .49 ...1625 Beam Power Amplifier .95.
841 Power Triode for 6.-30MC. 50...6.3V Fil. Transf.
PRl 1°7V AC 60 Cy. Sec. 6.3V at 1.5A Open Type .39 . ..
25 Ft. 2-3 Wire #14 Rubber Shielded Cable $1.25...12
Spkr. Plug $1.00...6 Audio Output Trans. $1.75. . .Asst.
1W Resistors $1...40 Asst. 2W Resistors $1.60...60
Precision Resistors $1...6 12 Meg. Vol. Controls $1.. .
100—Asst. Ceramic Cond. $1.00...60 Asst. TV Pkng.
Coils $1... 12 Asst. Dual Coatrols $1...12 Spkr. Cords
W/Plus $1...25 Asst. RF Coils—SW S1...100 Asst, AB
IRC 1/2-1-2W Res. $1...50 Asst. Mica Cond. $1...12
Vol, Controls $1. 25 Asst. Trimmer Cond. $1...50
Asst. Paper Tubular Cond. $1...12 Asst. Elec. Cond. Kit
$1...20 Asst. Wire Wound 5-25W $1. Universal Tape
Recording Motor H.D. 1500 RPM $3.95 .Dual Speed Re-
cording Motor 2000&3000 RPM $3.50,..Universal Tuner
CH 2-13, 41 MC VHF Tuner, fit any TV with 6B07 & 6X8
$2.95. . .FM TYuner Can Be Hooked Up to any Super-Het
with tube & dial $2.67.

Canadians Must Remit in U.S. Funds. No C.0.D. Orders.
The Above is only a sample of over 5,000 bargains we
have. Min. order 5.00 not including postage (extra). Send
for bargain tube and parts catalog.

UNITED RADIO COMPANY
56 Ferry St., Newark, N.J. 07105
Estab. 1920

Circle 142 on reader's service card
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r="“ARCTURUS” SALE =

e Tube cartons GAU6 etc. size, $2.15 per (00.
6SN7 etc. size. $2.55 per 100. 5U4GB size, $2.95 |
per 100. 5U4G size, .03¢ each.

o 77 90° TV. bench test picture tube with adapter.
No ion trap needed. Cat #78P7, $7.99.

o Silicon rectifier, octal-based replacement for 5U4,
5V3, 5AS84, 5AW4, 5T4, 5V4, 5Z4. With diagram.
Cat. #Rect I, 99¢ each.

e 5 transistor circuit boards containing up to 6

transistors, plus diodes, resistors, capacitors, etc.
Cat. #TBI0, 99¢.

e Kit of 30 tested germanium diodes. Cat. #100,
9g¢.

-

e RCA-110° flyback transfermer, latest type, in-
cludes schematic diagram applicable to any TV.
Cat. #BR-1, $2.99.

e Color yokes. 70° for all round color CRT's. Cat.
#XRC70, $12.95. 90° for all rectangular 19 to 25”
coler CRT’s. Cat. #XRC90, $12.95.

e Transisterized U.H.F. tuners used in 1965 to 1967
TV sets made by Admiral, RCA, Motorola, etc. Re-
movable gearing may vary from one make to an-
other. Need only 12 volts d.c. to function. No
filament voltage needed. Easy replacement units.
Cat. #U.H.F.567, $4.95.

e U.H.F. Tuner-original units as used in TV sets
such as RCA, Admiral, etc. covering channe!s (4
through 82, as part #94D173-2. Complete with
tube. Drive gearing is removable. Can be used in
most sets. Cat. #U.H.F. 3—$4,95.

o F.M. tuner-Hi/Fi amplifier tuning unit. Tunes
from 88 to (08 mc. Contains two 10.7 Mec. I.F.
transformers, one 10.7 sound discriminator, R.F.
oscillator and mixer stages and 12DT8 tube. I.F.'s
are standard ‘K’ type. Circuit diagram for build-
ing F.M. radio is included. Aiso plan for building
F.M. tuner. Sam's photofact #620 shows 2 applica-
tions, | fer radio. 1| for H-Fidelity tuner and
amplifier. Cat. #FM-20, $4.95.

Send for our free catalog listing thousands of similar
best buys in tubes, parts, kits, transistors, rectifiers,
etc. Orders under $5.00—$1.00 handling charge.
Include 4% of dollar value of order for postage.
Canadian postage $1.00 extra.

ARCTURUS ELECTRONICS CORP.

502-22nd St., Union City, N.J. 07087 Dept. MRE
Phone: 201-UN 4.5568
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RADIO-ELECTRONICS does not assume
responsibility for any errors which may
appear in the index below.
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Permoflux Corporation .................... 99
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Reading Improvement Program ..

Rye Industries, inc. ... .. -

Sams & Company. Inc.. Howard W. ...... .. 27
Schober Organ Corporation, inc. ........ .. 16
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Vaco Products Company ................... 70
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SCHOOL DIRECTORY ................... 99
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f WANTED !

Seeking inexpensive, small, ELECTRONIC ITEM
suitable for my new mail order venture.
MARCUS ELECTRONICS. P.O. Box 855, Port Ar-
thur, Texas, 77640

QUICK CASH . . . for Electronic EQUIPMENT,
COMPONENTS, unused TUBES. Send list nowl
BARRY, 512 Broadway, New York, N.Y. 10012,
212 WALKER 5-7000

PANELISTS AT HOME WANTED BY NEW YORK
RESEARCHER. Leading research firm seeking
people to furnish honest opinions by mall from
home. Pays cash for all opinions rendered.
Clients products supplied at no cost. For infor-
mation write: RESEARCH 669 Mineola, N.Y.
11501 Dept. LN-24

WANTED Items or Inventions for T.V. Wholesale

Dept. ALLIED STORES, 1622 East McDowell
Road. Phoenlx, Arizona

ELECTRONICS

SHORT-PROOF power supply—0.1 ohm ohm-
meter—power diode curves. Use your Battery
Eliminator/Charger and new E/] CONTROLLER!
Plans $3.50. Kits. ALSYNCO, Dept. RE-82, 171
S. Main, Natick, Mass. 01760

RADIO SHOPS! Sell Police—Fire radio con-
\7/(;'31;;5! TUNAVERTER, Woodsboro, RE25, Texas

INTERGRATED CIRCUIT KITS; COMPUTER
CIRCUIT KITS; Others. New catalog free. KAYE
ENGINEERING, Box 3932-D, Long Beach, Call-
fornia, 90803

SUPER SENSITIVE MOVEMENT DETECTOR.
Over 100 feet range day or night. Construction
g;tla?:;s free. MINILERT, Box 446A, Miami, Fla.

Discharge IGNITION, PHOTOFLASH. Free cata-
l(;)g rlJarts, kits. TRANSPARK, Carlisle, Mass.
174

RADIO & TV TUBES 33¢ each. One year guaran-
teed. Plus many unusual electronic bargains.
Free catalog. CORNELL, 4217-E University, San
NDiego, California 92105

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Bliggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jeri-
cho Turnpike, Mineola, N.Y, 11501

PROXIMITY Swltch. Detects nearness of human
body! Free information. ZONAR, 860 Reed,
Claremont North, Calif. 91711

JAPANESE ELECTRONICS NEW PRODUCTS
MONTHLY! Only $1. Satisfaction/Refund. DEE
10239-RE Riverside, North Hollywood, Calif.
91602

OSCILLOSCOPE improvement kits. High speed
Triggersweep eliminates sync problems. Dual
trace FET switch displays two wave.-forms to-
gether. SCLID-STATE SERVICES, P.O0. Box 901,
Cupertino, California 95014

PRINTED CIRCUIT BOARDS, from your camera-
ready drawings. Best quality fiberglass boards
etched to your requirements. Also design and
art work. CITY PHOTOGRAPHIC AND ELEC-
TRONIC SERVICES, 405 Main St., Grapevine,
Texas, 76051
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ORDER

SHOPPING MAR

UNUSUAL
VALUES

A selection of products available by mail for readers of Rodlo Electronics,
All merchandise sold on o money-bock guarantee. Order direct by Stock No. Send check or M. O.

\~\V’E
R

Adds a tar new dt sion
to the world of music and enter.
tainment, Now you can actually
see your favorite musieal selection
transiated Into fantastie patterns of

beautiful coior — each individual note crealing its own unique, twisting

radlating shape . . . each shape

danetng and prancing. whirling and swirling

in perfect time with the music. Selence, art and electronics combined with

dramatic results. Attaches in second

s to your radlo, tape recorder. hi-fi or

stereo with two alligator clips. Can be used on small screens, large walls,

stages and whole auditoriums. Loads of fun! Wonderful for partles.

ractical.

too! Uniimited speclal eflects for bands, dances, clubs, sales meetings, trade
's — put zip into classroom or private musls lln.qlrucllon and appreciation.
n

show
Available in Cabinet Model. Tube Unit. 8” a

2" sets or build your own

MusieVision® with our low-cost Do.It-Yourself Kit — all you'tl need is

light source.

a
you don’t have one, the versatlle Edmund "35mm 500 Watt

Projector is ‘a terrific bargain. Order by stock numpers listed below. Money-
back guarantee. Complete information in new eatalog. If you want additional

LTS

NEW SURPLUS Ni-Cd BATTERIES
Save more than 509%. Long lifc—ac-
cept 300 charge and dlscharge cyeles.
1.25 volts per cell—750 milliampere
hours eapaeity. Excel. charge reten-
tlon. Hermetically sealed. Indefinite
storage life. Multiple cells welded in
series—easily cut. Combine to form
btry. 7a” dia. x 134" high. Spec.
price for 100 up. Low-cost charger
separate.

Order #  Cells DC VoIt
40,986EM. . 1.
40,987EN. .2. .. .2,
60,633EH. .3. .
60,634EMH . . 4.
60,703EH (Ba

Price Ppd.

NEW LOW-COST GEM TUMBLER

Become a rockhound! Fasclnating hob-
by . loads of fun, inexpenslve,
easy., Make jewelry of all kinds —
decorative bookends, table tops, ete.
Simply tumble-finish readily avail.
able gemstones then pollsh to
high lustre brings out beautiful
colors. RuffIfed 3-1b. tumbler w /con-
tinuous duty motor compares to units
selling for many tlmes its Price.

Stock No. 70.874EH $10.75 Ppd.

6-LB. ROCK ASSORTMENT
(10 TYPES)

Stock No. 70,868EH .. $ 9.00 Ppd,

ORDER BY STOCK NUMBER *» SEND CHECK OR MONEY ORDER * MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC CO

Circle 144 on reader’s service card

Give...so more will live

HEART FUND

300 EDSCORP BUILDING
s _BARRINGTON. NEW JERSEY 08007

Dramatic Breakthrough In Audio-Visual Enjoyment

details now. send 25¢ in coin for
fully illustrated. 16-page Booklet No.
B096EIl—‘Introductlon
Vision.s°"

Musie-

W T VENEERED CARINET MOD-
. S k 0. 85,181 Ell. -
.8 -1T YOURSELF KIT,
Stock No. .Q09FE. $22.50 Ppd. @
8” SET (Motiondlzer. color wheel,
. {t No. 71.030EH,
. B 12" SE AR
r Molilondizer). Stock
1,032FEH, $57.5 Ppd. @ 5
WATT 35mm_PROJECTOR (for above
sets), Stock No. 71.057EH, $24.50
S$Patent Pending

148 PAGES —
1000°'s OF
BARGAINS

Completely new
1968 edition. New
items, categories,
itlustrations. Doz.

[ ]

(

(

|

I <2 ens of eleetrical
l | EEE |
[

|

|

|

|

|

|

sories.

t:
pes, Mieroscopes.
lars, Magnifiers. Magnets,
Lenses, Prisms. Many war sur-
plus. Items for hobbylsts, ex-

perimenters, workshops, fac-

?!3" ‘.Mall coupon for catalog

We promise to supply you with
the highest quality products at the
most  attractive prices with the
fastest service in the industry.

Silicon Control Rectifiers
TO-66 pack Studs

50 .35| .45] .70 |

SILICON CONTROL RECTIFIERS

PRV| 3A | 7A | 20A | 70A |

YOUR SERVICE AND

QUALITY LEADER

AVALANCHE MODE TRANSIS-

TORS, used for TRIGGERING
SCR’s & TRIACS with diagrams.
3/%1.00

UNIJUNCTIONS

Similar to 2N2419 Rbb of 5-7, stand
oft ratio of .6 and Ip of 12, with
data sheet $1.50

SILICON POWER RECTIFIERS

100 .50 | .65 1.00 [ 4.00

200 | .70 .95[1.30 | 8.00 | PRV | 3A | 12A | 20A | 40A
300 | .90 | 1.25 | 1.70 I 1001.09) .30 .40 .75
400 (1.20 | 1.60 | 2,10 | 12.00 | 200.161 .50 .6011.25
500 | 1.50 | 2.00 | 2.50 {"4001.20] .70| .80 1.50
600 | 1.80 | 2.40 | 3.00 | 16.00 | | 600 1.3011.00 | 1.20 ] 1.80
{700 1 2.20 | 2.80 | 5.00 | I 800 .40 1.25 | 1.50 |
1000/ | 15.00 | 24.00/ |T000.55]1.50 1.80 |

SEND FOR OUR LATEST CATALOGUE

POST OFFICE BOX 74D
SOMERVILLE, MASS. 02143
TELEPHONE (617)547-4005

Send For Our Catalog Featuring
Transistors and Rectifiers

325 Elm Street, Cambridge, Mass.

INTEGRATED CIRCUITS

LINEAR CIRCUITS

FM IF AMPLIFIERS $2.00
702C .WIDE BAND OC AMPL. $4.50

709C OPERATIONAL AMP. . $4.50

710C.HI SPEED OIFF.
COMPARATOR $5.00

711C DUAL COMPARATOR . ..$5.50

DIGITAL CIRCUITS

SR FILP FLOP, . $ .90
SR CLOCKEO FLIP FLOP ... $1.15
8 INPUT NAND NOR GATE $1.00
DUAL NAND NOR GATE $1.00

DUAL AND GATE $1.00

944 POWER GATES 8150
PRV
100 | .90
200 [1.40
ooy 300 (1.75
" 400 |2.25
SAMPS  |"500 12.60

Terms: FOB Cambridge, Mass.
Send check or Money Order.
Rate companies 30 days net.
Include Postage. Average Wt.
per package 1% ib.

No COD’s. Minimum Order

$3.00

Circle 145 on reader’s service card
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LIKE MUSIC
WITHOUT COMMERCIALS?

The SCA-2B Sub-Carrier Adapter makes it possible
for you to enjoy the background music transmitted
on a 67KHz sub-carrier on many FM stations.
(These programs cannot be heard on a FM set
without an adapter) In the US there are approxi-
mately 400 FM stations authorized by the FCC to
transmit the 67KHz programs. If you are within 50
miles of a city of 100,000 or more, it is probable
that you are within the satisfactory reception range
of one or more of these stations. If in doubt write
for a list of such stations in your area.

f’atent Pending

Sub-Carrier Adapter, Model SCA.2B with two 36"
shielded cables. Price $39.95.

117 5Volt AC Operated Power Supply, PS-9, Price
$4.95.

SCA.2B FEATURES
STZE: 4” x 27%” x 15%”. = Simple plug-in connec-
tions to your FM tuner/amplifier. (If your FM
tuner does not have a multiplex output jack, we
supply hook-up information). * No installation
adjustments « All silicon transistors ¢ Operates
from our PS-9 Power Supply or 6 to 12 volts D.C.
One Year Factory Guarantee

For Custom Installations: Completely Wired SCA-2
PC card (size: 2%” x 3” x %”) with installation
instructions for $34.95.

Write for Dealer Quantity Discounts.
Commercial use of this unit is not advised, unless
the consent of the originating station is obtained.

Send order to KENZAC Co.
P.O. Box 66251, Houston, Texas 77006

New Sensitive TREASURE METAL DETECTORS.
New low prices. Professional models from
$29.95 to $129.50. Write for free catalog today.
JETCO ELECTRONICS, Box 132-RE, Huntsville,
Texas. 77340

MARKET
CENTER

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

S e

CUT DOWN ON AUDIO —

MOBIL IGNITION NOISE.
DON'T BE FOOLED
BY IMITATIONS!

4" % Get the ORIGINAL
" SYDMUR SOLIDSTATE G0 IGNITION Y STEW!

High Quality Components used throughout. Fiberglass.

Printed Circuit Board. Unltized Construction. Simplified

Kit Assembly. .

Construction Article in Nov. 1966 Popular Electronics
Thousands of satisfied eustomers.

Write for Free Literature TODAY.
COMPAC Assembled . ... $34.75%
COMPAC KIT . ... 24.95%

*Add 75¢ for malling and handling

N.Y. State Residents add Sales Tax.

SYDMUR ELECTRONICS SPECIALTIES
1268 E. 12th St. Brooklyn, N.Y. 11230
(Also Available in Canada)

HIi-Fi

WRITE for highest discounts on components,
recorders, tapes, from franchised distributors.
Send for FREE monthly specials. CARSTON,
1686-R Second Ave. N.Y.C. 10028

TAPEMATES makes available to you ALL 4-
TRACK STEREO TAPES—ALL LABELS—post-
paid to your door—at tremendous savings. For
free brochure write TAPEMATES CLUB, 5727 w.
Jefferson Blvd., Los Angeles, Calif. 90016.

HI-FI COMPONENTS, Tape Recorders, at guaran.
teed “WE will not be undersold’ prices. 15-day
moneyback guarantee. Two-year warranty. NO
Catalog. Quotations Free. HI-FIDELITY CENTER,
239R East 149th St., N.Y., N.Y. 10451
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TUB

A
ORNELL

ARANTEE!

ES!

Prestige & Success as an

ELECTRONICS
EXPERT!

o

606 OI4 6ALA 6))((48
us & Bra
DA4 1B3 6A nd Ney
2056 M5 6AUS 1565 TUBE E;:;em Glass!
spas 113/1K3 XL ~ o bes,  TUBE
A 4 . P
seA7 W46 21AM 3.00 RiCE
AX4 TY4 P4 p 21.9
cEMS 1T4 6 21CBp4 1.00 95
oF6 104 6BA: 110125; STUDY COURSES g;EPEP‘x 31.33 ,’j-gg
1X2 68C 4 : 18,
Q7 816  68G6 12ATT TV SERVICING | 21Fp22 5-00 2998
6GH 3070 AU7 $3.50 2EcPor 2000 5902
¢Ho 30G4  6BIS 2 o : 25AP22 35.00 )13'355
ois SU4 BT 12T RADIO SERVICING Jif F3aHP4 e 995
oje  5us  6BN4 ‘1;:“ $3.00 i ;i 24795
. 4 6BN6& E
o6 T3 eans 1287 BOTH COURSES $6.00 [ a0 urert 41 e pricg e
8 g g
esA7 A6  6BQs 12C3 I upoy e ftu ne'(;’ei:r'm?euc;" Y
esH7 6AB 6897 1122?:67 2 STATION NoCo, Q;’S;L:,ai return of :fut;
6 duds ret, Pictur ;
J7 6ABA 6B uds rety e tubes. A
e R INTERCOM under fyl] yoq 1O "¢lund musi b I
esl7 GAF4  6C6 ;i\l:‘ : : :
CB6 —
SN7 6AGS & 95
4/614 f
a7 sAKS  ecos B/S ) il RED & BLACK TUBE CARTONS
6u7 eAlNSB :cccs 35 High Gloss, Clay Coated, Built in Diag. Partitions
sus  BA = TUBE 10 100
ov6 6AQS  6CM7 6;‘;:: AC. 110 vOLT SIZE SIZE CARTONS CARTONS
swa 6AT6 eczs 7 TRANSISTORIZED o ps 2 2.9
W6 6 1 . ° 4
4 S0 INTERCOM! 16.6T 5U4GB .59 5.29
¢t Used 23
u’:,iseaa'ta:e:!:!d~ \nd Boxed. 5V4G .89 7.99
Branded & Code Dated

NO SUBSTITUTIONS WITHOUT YOUR PERMISSION!
UR ORDER FREE IF NOT SHIPPED WITHIN 24 HRS.

Terms: Orders over $5.00: Add 3¢ per tube shipping. Prepay in full
and avoid C.O.D. charges. Send $3.00 deposit on C.O.D. orders.
Orders under $5.00: Add 3¢ per tube plus 50¢ handling. Canadian

and Foreign Orders: add approx. posfe?e. No C.O.D. orders. Com-
bine varied orders to bring order over $5.00.

DEPT. RE-9 4217 UNIVERSITY
SAN DIEGO. CALIFORNIA 92105
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vices): 60¢ per word . . . minimum 10 wards.
NON-COMMERCIAL RATE (for individuals who want to buy or sell personal items) 30¢ per
word . . . no minimum,

Payment must accompany all ads except those placed by accredited advertising agencies.
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable
ads not accepted. Copy for November issue must reach us before September 5th.

WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York)
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to omit
Zip Code if space does not permit) Count each abbreviation, initial, single figure or group
of figures or letters as a word. Symbols or groups such as 8-10, COD, AC, etc., count as
one word. Hyphenated words count as two words. Minor over-wordage will be edited to match
advance payment.

CLASSIFIED COMMERCIAL RATE (far firms or individuals offering commercial products or ser-

SIGNAL GENERATOR

MEASUREMENTS MODEL 80 2 TO 400 MC
MEASUREMENTS MODEL 80C 5TO 425 MC

Six Bands. .58 accurate, con-
tinuously variable from .1 to
100.000 Micro-volts; 50 Ohm
output impedance, sine-wave
modulation continuously vari-
0—30% and is directl

T o

from an internal RC type Os-
cillator: also jack for external
Mod. Operates from 117 Volt
50/60 cycle. Size 1034 x 19
X 9lp’. Wt.: 53 lbs. USED,
MODEL 80: $150.00 - MODEL 80C: $195,00

Above Units Checked for Operation — $25 Extra.

BC-221 FREQ. METER — simple, accurate. reliable

Serviceable — Prices:

crystal calibrated freq. indicator, 125 to 20,000 KC
range. iso a signal generator or variable freq. oscil-
lator. Prices: Used. Servicezble: $65.00 — Checked for

Operation: $79.50
Prices F.Q0.B. Lima, 0. —.259p Deposit on COD’s — BIG
FREE CATALOG — Send for your copy now. Dept. RE

FAIR RADIO SALES
1016 E. EUREKA * Box 1105 - LIMA, OHIO - 45802

RENT 4-track open reel tapes—all major labels B. SC. ENGINEERING MANAGEMENT—Corres- FCC FIRST CLASS PHONE LICENSE in six
—3,000 different—free brochure. STEREO- pondence Course Prospectus $1. CANADIAN weeks. $333.00 complete tuition. Guaranteed.
PARTI, 55 St. James Drive, Santa Rosa, Ca. INSTITUTE OF SCIENCE & TECHNOLOGY, 263E Write ELECTRONICS INSTITUTE, 2202 West
95401 Adelaide St. W., Toronto. Erwin, Tyler, Texas 75701
SPEAKER REPAIR. Hi-Fi, guitar, organ speakers %
reconed good as new at fraction of new speaker § Uy 11
price. For details and Reconing Center in your FLAT PAK INTEGRATED CIRCUITS‘ 0
area write WALDOM ELECTROSMC%h INC. B‘ANO NEW" DUAl We include
9155-4, Dept. RE. 4625 W. 53rd St., icago, q .
lil. 60€3z2 30 Basic IC Projects
9]4* RADIO-ELECTRONICS
O January & JULY 68 RTL Logic
BT * First time anywhere two identical IC’s in one package, i?fctg:?c:gg:lgz
GOVERNMENT S <
RPLUS o0t
SURP O 207 ¢ & H#REC
o* ¢ &
. 1 AMP TOP HAT AND EPOXIES
JEEPS Typically From $53.90 . . . Trucks From w5 ND
$78.40 . . . Boats, Typewriters, Airplanes, Multi- PIY SALE PIV SALE PIV SALE FAIRCH"—D B‘;IAEW‘-
meters, Oscilloscopes, Transceivers, Electronics S0[] .05 800([J .19 1800 .87 73 FLAT PAKH
Equipraent, Used. 100,000 gid (B:argalins Direct 100 [J .07 1000 [] .31 2000 0 1.05 RTL
From Government Nationwide. Complete Sales 200 .08 1200 .44 ]
Directory and Surplus Catalog $1.00 (Deductible 400 B TR 8 - i’ggg [[% 1.60 INTEG RATED CIRCU ITSSuIe
First $10.00 Order). SURPLUS SERVICE, Box 600 O '”’ 1600 O] -72 1.90 ] 900 Buffer $1.49
820-REL, Holland, Michigan 49423 : -72 10000[] 4.80 E 332'303: ?ll?fpué gate ::23
-904 a dder $.
ITS NEW! ONE WATT B 914-914% ,‘II)}‘:?‘I 2 Input Gate . .$1.49
INTEGRATED CIRCUIT 923 { Flip Flop.... ..$1.69
R / [J 923-923* JK Flip Flop . .$1.98
lNVENTlONS AUDIO AMPL'F'ER! [0 927-927* Quad Inverter . .$1.69
% 8 Transistors 4 Di “First time anywhere two identical IC’s in one
* 6 Diodes s;,";e 4,95 package, example 923-923 contains two sepa-
rate JK flip-flops in one package. 914's and

& PATENTS

MANUFACTURERS NEED NEW ITEMS! B. F.
Goodrich, Black & Decker, South Bend Tackle
and other million dollar corporations have au-
thorized us to locate new products. For details
regarding development, sale, licensing of your
patented/unpatented invention, writez THE
RAYMOND LEE ORGANIZATION, 230-U Park Ave-
nue, New York City 10017

3 to 16 ohm speaker. Complete with data.

LINEAR AMPLIFIERS
[J 702C WIDE BAND DC .
[J 703H RF-IF-FM
[J 709C HI-GAIN OPERA
[0 710C HI-SPEED DIFF. COMP.
[0 711C DUAL COMPARATOR

with circuits & data

10¢ for bargain ca'_talog on [] 100's of $1 Po.

INVENTIONS WANTED. Patented; Unpatented. Pak assortments, []

GLOBAL MARKETING, 2420-AE 77th Ave., Oak-
land, Calif. 94605

the industry.’

Tested, with data sheels

! EDUCATION/

955 8 INPUT AND GATE W/2 INPUTS ... $)

River Grove, Illinois 60021

[ 930 DUAL 4 INPUT GATE & EXPANDER $1.00 (50 COILS AND CHOKES, if. rf, ant, oo e

, if. rf, ant. osc. peaking. et§1

INSTRUCTION 0 933 DUAL mwr EXPANDER .. -$1.00 Fg5 HALF WATTERS, to 1 meg. 5% bopular values togl

[] 944 DUAL POWER GATE ........ -$1.00 Fle0 e-QUALITY RESISTORS, 14, 1, W asst values ...§1

0 946 QUAD; INPUT NAND/NOR GATE ... $1.00 (30 RCA PHONO PLUGS & JACK SETS, tuners, etc. ...$1

TS e = | % :gg 3‘;‘; INL’:J’;UL;';VGE:TTEE“ GATE :: ~gg [J4 INTEGRATED CIRCUITS, gutes, ete. no test ... $1
MASTER WA AKING at home. Free sample -2- -$1.00 )2 pC INFRA-RED DETECTOR & FILTER SETsciencepr

R CHICAGO  SCHOOL, Dopt. RET  Fox % 954 DUAL 4 INPUT AND GATE ... $1 SHOLIPTLY

gd

956 DUAL INPUT BUFFER

ters, Adders, ete. Write for listing.
! SOLID STATE BARGAINS

FCC First Class License in six weeks—nation’s
highest success rate—approved for Veterans
Training. Write ELKINS INSTITUTE, 2603E In-
wood Road, Dallas, Texas 75235

1—COLOR TV RECTIFIER 14,500 PIV

HOME STUDY COURSES in Logic Design, Pulse
and Digital Circuits, Digital Computer Design,
and Feedback Systems. Send for free catalog.
EDUCATION FOR CAREER ADVANCEMENT,
P.O. Box 31, Mineola, New York 11501. (licensed
as a correspondence school by the New York

0000oood

Retail: 211 Albion, St., Wakefield, Mass.

Never before offered! Self-contained, integrated
circuit-—size of a DIME! TO-5 case. 8 leads. Use
for phono, tape, intercom & 100's of micromini-
ature audio circuits, mike, phono, tape. Qutput: WORLD'S

3.98 A
‘49 _110 KODAK LENSES, convex, piano, ete. Hobby mus$)

8 []40 TOP HAT SILICON RECTIFIERS, no testasst value$)
. 1

{Z]40 PRECISION RESISTORS, 14-2W. 17, asst values .§
] transistors, rectifiers, zen-

ers, ICs, Triacs, SCRs, ete.,, [] parts & equip-
ment. “It’s the hottest bargain parts catalog in

FAIRCHILD IN-LINE &——
INTEGRATED  CIRCUITS

-00. M2 FIELD EFFECT TRANSISTORS, n channel, hobby ...$1

l~g° [J50 TERMINAL STRIPS, 1 to % lug types

$1.0Q
100’s of other IC’s including: Ilip-Flops, I{egis-D

1—TUNNEL DIODE, 1N3716 for amps-osc $1.47 [5 ‘‘SUN’’ BATTERIES, for 100’s of lite sens projs ...$1
1—UNIJUNCTION TRANSISTOR, 2N489 .. $1.47 [J5 RAYTHEON CK-722 TRANSISTORS, pnp, most poig)
1—SOLID STATE 8 TRANSISTOR PREAMP $4.88 [ J5 G.E. 2N107 TRANSISTORS, pnp, audio ckts
$1.45 (36 'IBM'* COMPUTER BOARDS, many trans, diodes$l
12 INTEGRATED CIRCUITS gates ete, notest$2,59 (140 ‘‘MICRO’’* CONDENSERS, for transistor circuitry$l
1—CM-600 10,000 mmhos, FET, n channel $1.00 []3 14W. EPOXY TRANSISTORS, npn, silicon, B-50008)
1—FET CM-600, 10K mmhos, n channel .. $1.00 {115 3 to 12 AMP STUD RECTIFIERS, up to 600 PIV _.§}

Terms: add postage. Rated: net 30, cod's 25%
Phone Orders: Wakefield, Mass. (617) 245-3829

923. We include 50 uses.

vesiverne $1 PARTS PAKS

[[)$25 SURPRISE-PAK: transistors, rect, diodes, etc. K3
5 ONE AMP 800 PIV RECTIFIERS, silicon top hat 1

“* Licensed. Ya” x 14"

[J50 GERMANIUM GLASS DIODES, IN34, IN 18 no tesg)y,

[[]25 EPOXY RECTIFIERS, silicon asst, no test ...........
1
[J30 TRANSISTORS, rf, if, audio, ose. no test 1
[]60 TUBULAR CONDENSERS, to .5mf to 1KV, asst .8
[[J50 DISC CONDENSERS, to.05mf npo, temp coef, ass§]
[J60 TUBE SOCKETS, receptacles, plugs, audio, etc. .$1
[J30 POWER RESISTORS, to 25 watts, to 24K ohms ..$1
[J3 2N3568 NPN TRANSISTORS, 200me, 200V, 200hfeg$
[J3 2N3563 TRANSISTORS, npn, 600mc. 100hfe, epox)$1
[J10 VOLUME CONTROLS, to 1 meg, switch too! ....$1
[J10 ELECTROLYTICS, ta 100mf, tubulars too, asst ...$1
41

ly

{150 RADIO & TV KNOBS, asstd colors & styles .........
[J10 TRANS'TOR ELECTROLYTICS to 100mf, asst va e

$1
-$
3 TRANS'TOR AMPLIFIER, WIRED, 3x2x3;” schemati;l
[J10 PRINTED CIRCUIT BOARDS, copper clad. 100 useg)
[J10 TRANSISTOR SOCKETS, for pnp & npn types...$1
[J10 PANEL SWITCHES, toggle, slide, micro, rotary .

[J3 PHOTO ELECTRIC CELLS, hi. imp., schematic ..

POLY PAKSHRHAR

State Education Department.)
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A low cost Crystal for
the Experimenter

I nternatzonal

e LOW COST

e MINIMUM
DELIVERY TIME

3,000 KHz to 60,000 KHz

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX” Crystal
is supplied only in the HC-6/U holder.
Calibration is = .02% when operated in
International OX circuit or equivalent.

CONDITIONS OF SALE: All “EX” Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent.

@ céo ICM~Ox (:)
9 oY)
.@é oo @_(?

Q --0 ©©3

58038 sos

@ ®—ra—@ @

OFO
@ﬁ@;
f’)*g@
@?@

COMPLETE OX OSCILLATOR KITS

Everything you need to build your own
oscillator. Two kits available. ““OX-L" kit
3,000 to 19,999 KHz. “OX-H” kit 20,000
to 60,000 KHz. Specify “OX-L" or “OX-

H'" when ordering. $23

Postage Paid

typ e “EX”

/13

Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.

L T Sy

513 B e
-Itm

/

|
{

-t

ORDERING INSTRUCTIONS

(1) Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order,

(3) Sold only under the conditions
specified herein.

INTERNATIONAL

v,

CRYSTAL MFG. CO.. INC.
10 No. Lee o Okla. City, Okla. 73102
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The Yagi design, developed byithe
Japanese inventor of that nafme._
was for many years considered e
be the best all round television an-
tenna. However, with the advent of
color TV, Yagis fell into some dis-
favor. While they provide excellent
gain, most Yagis are not uniformly
flat enough in frequency response
to meet the needs of color TV.

TV engineers agree that response
should be flat =1 db per television
channel to prevent color distortion.
Yet some Yagis vary by more than 6
db within a single channel, causing
yellows to turn greenish and reds
to turn toward purple.

i
ey =
"

et i

Gavin 82 channel V-Yagi.

The log-periodic design became
popular recently because it solved
the flathess problem. Log periodics
do not provide as much gain as
Yagis, but they produced better
color pictures.

All of this set the stage for the
new Viagi principle, developed by
Gavin. The \Yagi combines the
high gain of a Yagi with the flatness
of a Log-Periodic. This is done
through judicious sizing and spac-
ing of antenna elements. Like the
Log-Periodic, the V-Yagi uses numer-
ous driven elements, with each
group of elements tuned for a spe-
cific channel or channels. However,
the Log-Periodic’s driven elements
are logarithmically spaced, while
the V-Yagi elements are evenly
spaced. This gives the \-Yagi an ad-
vantage in size. In other words,

N J

\ ByG A. VAN TDERSTINE

usmﬂr . given boom Ierﬁgth and Py "(hIS aluminum offer excellent fa-

sgiven amountyef aluminumy, the
TAYagi will provide significant-

ly more gain than the Log-Perlodfc i

In both theé W-Yagi and the Log-

Periodic desugn elements serve.

double duty by resonating.in two
modes simultaneously. For example,

an 85-inch element is a half wa’ve:
length long at channel 4, and 3/2

wavelengths long at dhannel 12.

Unfortunately, an element oper-
ating in the 3/2 wavelengths mode
produces side lobes. Side lobes are
objectionable in many areas, since
they can pick up reflected signals
which appear on the screen as
“ghosts” To eliminate the side lobes,
the last two elements in the V-Yagi
are Veed forward. You'll notice that
many Log-Periodic 'antenna ele-
ments are also Veed forward, for
exactly the same reason.

The long Veed rear elements in
the \-Yagi serve other purposes as
well. For one thing, they provide
gain on some channels. For another,
they improve the frontto-back
ratio of the antenna.

The V-Yagi principle can be used
not only in VHF-only antennas, but
in 82 channel antennas as well. In-
deed, while many all-channel an-
tennas are nothing more than a U
antenna stuck onto the front of a
V antenna, the Gavin V-Yagi units
are truly integrated.

Also, many all-channel antennas
attenuate the FM band, but the fully
integrated VYagi provides excel-
lent FM gain. Thus, it is capable of
serving all home reception needs.

In addition to providing better
electronic performance, the new
Gavin VWYagi antennas offer a num-
ber of mechanical advantages, in-
cluding the following:

1. They are made of light, rugged
aircraft aluminum. Not only does

Circle 150 on reader’s service card
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tigue life, it also lightens the load
for rotators.

2. The booms are round. Some
people prefer square booms cs-

._thetically, but round booms reduce
wind and ice loading significantly.
The'bgoms are also pre-stressed for
added rigidity.
_3.The elements are supported by
internal»Cycolac braces. Virtually
unbreakable, Cycolac is one of the
toughest materials known to man.
It's the same polymer used in golf
clubs and timber splitting wedges.

4. Insulators too are made of
Cycolac.

5. Spring loaded contacts made
from heavy duty rivets and resilient
Cycolac maintain peak antenna
performance.

6. Heavy duty plated U-bolts and
saddle bracket which locks into
saddle clamp. Where competitive
U-bolts often rust, all Gavin steel
hardware is plated irridited, and
gold chromated. Double U-bolts are
provided on heavier models.

Splitter separates signals to UHF and VHF
antenna terminals, plus extra FM output. Sup-
plied free with each 82 channel V-Yagi.

7. Improved saddled boom
braces damp the natural resonance
of the boom, minimizing vibration.

The Gavin 82 channel \Wagi line
comprises six models ranging in

o

from $16.45
to $67.95.
GAVIN INSTRUMENTS. INC.
Subsidiary of ADVANCE ROSS CORP.
Somerville, N. J. 08876 U.S. A,
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Because we beat the heat you can play
it cool'  with the 6LQ6/6JEG6C...

‘K [

Yes, you play it cool when you
replace a 6JEBA, B or C tube in
the demanding horizontal-
deflection-amplifier socket of
your customer’s color TV set.
RCA’s 6LQ6/6JE6C Novar beam
power tube beats the overheating
problem common to the

other tubes.

As a matter of fact, it can actually
withstand 200 W plate dissipation
for 40 seconds because of
design improvements that include
repositioned getters, cavity

plate designed for better plate
dissipation, and larger diameter
screen grid wire which reduces
screen grid temperature and
improves the high voltage

cutoff characteristic.

So play it cool. Replace with

the RCA 6LQ6/6JE6C. And watch
your customers warm up. More
confidence from them...fewer
call-backs for you.

Innovations and improvements
that make your service operation
more reliable, efficient and
profitable are our constant aim.
See your Authorized RCA Tube
Distributor for quality RCA
receiving tubes.

RCA Electronic Components,
Harrison, N.J. 07029
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