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Have 310 - Will Travel..

Hand size, but with the features of a full-size V-O-M.

20,000 ohms per volt DC; 5,000 AC.

EXCLUSIVE SELECTOR SWITCH speeds circuit andrange /‘;‘q

settings. The first miniature V-O-M with this exclusive
teature for quick, fool-proof selection of all ranges.

Bu|s{iieapy eumoig uong .

SELF-SHIELDED Bar-Ring Instrument; permits checking
in Strong Magnetic Fields.

Fitting interchangeable test prod tip into top of tester
makes it the common probe, thereby freeing one hand.

210
Tgﬁf-\' it
"y

Unbreakable plastic meter window.

BANANA-TYPE JACKS—positive connection
and long life.

Actual Size

83 450

Net

arrying Case
$3.20

For full information see your Triplett distributor

or write

AND A VOM FOR EVERY
FRANES. MRTERS PURPOSE AND EVERY PURSE
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Learn to be a PROFESSIONAL

TV Technician AT HOME

N.R.'. SENDS YOU 17”7 Picture Tube,

Components for a TV Receiver, 5” Oscilloscope and Signal
Generator . . . all parts for these 4 complete units.

N.R.L. All-Practice Method Trains You in Spare Time
to Fix TV Sets Quickly, Correctly, with Confidence

How many times have vou day-dreamed
of being your own boss? Or thought
about what vou could do if you were the
man who made the decisions. The man
who knows the answers—the well
trained Technician — enjoys the pres-
tige, gets the hetter jobs, higher pay.
It’s time to stop dreaming. Here is the
learn-by-practice training that shows
yvou the way to be the boss, to earn top
pay. Television Servicing needs well
trained men.

Yes, if you have a basic knowledge of
radio and electronies vou can make
some Television repairs some of the
time. You can make some simply by
trial and error. .But sooner or later
vou will face Television Service prob-
lems vou cannot solve. All the diagrams
in the world won't help yvou then. And
you can’t get the training you need
while customers wait.

NRI Is Oldest and Largest
Home Study Radio-TV School

Forty years experience, and the record
and reputation of NRI, back up this
learn-by-doing Professional TV Serv-
icing course. Instead of reading about
TV problems, you build and conduct
experiments on circuits in a TV re-
ceiver. Because you learn methods,
“tricks of the trade” used and proved
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by top TV Servicemen, you recognize
and 1epair defects quickly and aceu
rately. Learn to fix any set . . . any
make, any model . . . with confidence.
Earn a Diploma that certifies to vour
training.
Television is Forging Ahead

with More Sets, More Color, Hi-Fi

TV Servieing has only started to grow in
importance. New sets, portables, color TV,
constant changes, improvements make this
a genuine *“gold rush” for the man who is
trained and ready. Know . SO you can
get ahead. Learning how to build and use
a professional-type 5” Oscilloscope is part

How ¢

Reacy THE

Top '
IN Ty |
SERV’CING [
I Name.. ... }
:anEd Efﬂl’ : Address.._...............
! City . eeeeeccieeaan
L

BOOK

of the practice you get in this NRI All-
Practice Training. Installing front-end
channel selector strips, distinguishing be-
tween faulty blocking oscillator or a de-
fect in the syne cireuit, etc., are just a few
of the important TV Servicing facts you
learn through practice.

Not for beginners

Here is a course for men who know basic
theory, either from Radio or TV Servicing
experience or planned training, but realize
thke need for more knowledge to be able to
forge ahead. Get defails of this course
now. Mail coupon today. Address: Na-
tional Radio Institute. Dept. SNFT, Wash-
ington 16, D.C.

NATIONAL RADIO INSTITUTE
Dept. 8NFT, Washington 16, D. C. l

Please send FREE copy of ‘“How to Reach the Top in TV |
Servicing.” I understand no salesman will call. |

S P e et S e e Zone...... State...... o ST |
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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31  Teleducation Progress—Hugo Gernsback

ON THE COVER —_—

(Story on page 60)

For easy servicing, chassis

TEST lNSTRUMENTS of the Philco Predicta TV

. " . slides out of cabinet on a
» 32 Experimenter's Economy Tube Checker--Tom Jaski track. At left is the Predicta

36 Pulse Svne tor Your Scope—Duaniel Mever Tandem’s  cable-connected
38 Flyback and Yoke Tester—\V. G. Eslick viewing screen assembly,

39 Rf Wattmeter for Mobile Radio Servicing—R. A. Thomason heh] oo, ey (pio.qen]) e b0
25 feet away from the main

chessis.

Color original courtesy
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YOU GET ALL THIS NEWEST

PRACTICAL EQUIPMENT

¢ Parts to build a modern TV set, including
all tubes plus a large screen Picture Tube

o Parts to build a powerful Superhet Receiver,
standard broadcast and short wave

* Parts to conduct many experiments and build |
Continuity Checker, RF Ocillator, TV Circuits,
Audio Oscillator, TRF Receiver, Signal Generator

* A Valuable Professional Multitester

19 BIG KITS

YOURS YO KEEP

YOUR NATIONAL SCHOOLS TELERAMA COURSE COVERS ALL 8 PHASES

1. TELEVISION, INCLUDING COLOR TV 5. PREPARATION FOR FCC LICENSE
2. RADIO, FM AND AM 6. AUTOMATION

3. INDUSTRIAL ELECTRONICS 7. RADAR AND MICRO WAVES

4. SOUND RECORDING AND Hi FIDELITY 8. COMMUNICATIONS

YOU ARE NEEDED IN THE TELEVISION-ELECTRONICS-RADIO INDUSTRY! — many ather materials and services
You can build a sccure future for yourself if you get into Elec- “l’,';‘f'd““‘i”f'; lf“‘f‘"g'{ l“'i‘}.‘ If:""
tronics NOW! Today's shortage of trained technicians creates 1800 S, <€ 0Bl N6
tremendous opportunities. National Schools Shop-Mcthod trained  YOU NEED for outstanding success
technicians are in constant and growing demand for high-pay jobs in Electzonics
in Broadcasting and Communications, Electronic Rescarch, Serv-

icing and Repair, and many other branches.

Let National Schools, a Resident course. You can handle sales, servic-
Technical School for over 50 years ing, manufacturing, or make good
train vou for today’s unlimited op- money in your own business. SEND
portunitics in electronics! Our Shop  FOR FACTS TODAY'!
?'F{}ng:fa'?\?\f“”(:[o hcl 2 f\l'.“\STLR' EARN AS YOU LEARN. Many of our
(hic (|uve|0pt'(.l h;mgfpi[:ic)nc:(? 1:10 smdcn-" g (hei; entire twition and
S : h more in Spare Time jobs we show
structors and engineers, your Tele- hem how do while | o
rama Course will teach you all phases them how (o do while learning,

of the industry quickly, clearly and YOU GET EVERYTHING YOU NEED —
correctly. You can master the most Clear, profuscly illustrated lessons,
modern projects, such as Color TV, shop-tested manuals, modern circuit
printed circuits — even prepare for diagrams, practical job projects — all
FCC License without taking a special  the valuable equipment shown above

NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
LOS ANGELES 37, CALIFORNIA

Fully itlustrated “Career” Book In JCETIEaST SERVICE_.MATLNOW 10 !
FREE! 1v-Radio-Electronics. PLUS actual sample WY NATIONAL SCHOOLS, DEPY. RG-128 !
lesson—yours at no cost, no obligation. g My oy A ]
1
CLIP COUPON NOW ... MAIL IT TOOAY! Rush free TV-Radio "Opportunity” Book and sample 1
- : I lesson. No salesman will call. §
APPROVED FOR G.1. TRAINING § NAvE AGE !
NATIONAL SCHOOLS - e’
[odh o PR ¢ b 4 STATE
4000 S. FIGUEROA ST., LOS ANGELES 37, CALIF, ! {3 Cheek if interested ONLY in Resident School training 2t Los Angeles,
‘ VETERANS. Give dote of Dirchorge
‘---------------
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Tung-Sol audio tubes

now twin-packed

in matched pairs

by the manufacturer

N
(F

588] For service in

amplifiers of up to 50
watts.

6550 For service in

omplifiers and commer.
ciol audio equipment of
up to 100 waotts,

OW you can come as close to

faultless sound reproduction
as the design and circuitry of
your hi-fi equipment will permit.
Tung-Sol 5881 and 6550 beam-
power amplifier tubes are factory-
matched to very tight perform-
ance limits and twin-packed to
help you achieve lowest distor-
tion levels at all volume levels.

Use of Tung-Sol 5881 and 6550
tubes has long been associated
with amplifiers of the very finest
design. These tubes have always
been produced to closest possible
tolerances with cathode current
ranges held to an absolute mini-
mum.

Now,intwin-packed pairs, they
assure the hi-fi enthusiast and
the commercial sound engineer |
of replacement tubes that will
provide new standards of per-
formance—a feature of special
importance with the newest am-
plifiers and loudspeakers, particu- |
larly binaural sound equipment.
See your parts supplier. |

Tung-Sol Electrie Inc., Newark
4, New Jersey.

®&TUNG-SOL

7

HI-FI FM NETWORKS in the more popu-
lated areas may be a byproduct of the
increasing public interest in good sound
reproduction. New York’s WQXR has
leased a 15,000-cycle telephone line from
Boston to New York for its weekly
live broadecasts of the Boston Symphony
Orchestra—the only intercity high-
fidelity line now in use for radio broad-
casting.

Radio networks traditionally use the
much less expensive 5,000-cycle lines,
adequate for AM but incapable of
carrying the full band of frequencies
which can be passed by FM.

WQXR now is the originating point
for a network of 12 FM stations in
upstate New York. These stations are
linked, not by network lines, but by
off-the-air pickup, being strategically
located in a “chain” arrangement.

Maj. Edwin Armstrong had a leased
15,000-cycle line for networking high-
fidelity FM broadcasts between his
experimental W2XMN in Alpine, N. J,,
and Washington, D. C. A 15,000-cycle
line is still in use hetween Washington
and the New York area. It’s leased by
the US Information Agency for the
Voice of America, and isn’t used direct-
ly for broadcast purposes, but rather
for making 15-ips tape recordings in
Washington from live concert perform-
ances in New York for distribution to
radio stations overseas by US embassies
in foreign countries.

GENERATION OF ELECTRICITY in usable
amounts directly from heat may be
possible within the next 5 years as the

| result of the discovery of a new class
| of thermoelectric materials, according

to Dir. Clarence Zener, director of
Westinghouse Rescarch Laboratories.
The new materials are ceramics

(shown here in powder and pellet form)
and are essentially nonconductors of
electricity. While the thermoelectric
effect has been noted in metals for
many years, their maximum thermo-
electric efficiency (about 1%), is far

NS

too low for power purposes. Semicon-
ductors have relatively good efficiency,
but not at the high temperatures at
which power is usually generated,
Dr. Zener says the new ceramics,
which are cheap and plentiful, offer
promise of power generation at tem
peratures around 2,000-3,000°F at
efficiencies which may reach 20-30%.

ATOMIC SUBMARINE Nautilus used a
supersensitive closed-circuit TV system
which could virtually “see” in the dark
during its recent trip under the polar
ice pack. Among the few details about
the Nautilus’ TV equipment which have
heen released are these:

The camera was mounted vertically
in a pressurized 1-ton steel capsule
in the sail (conning tower) of the ship,
its lens aimed through a glass porthole.
A cable was strung through two water-
tight seals into the periscope room,
where a 21-inch monitor showed a clear
picture of the ice overhead. No artificial
light was required. The TV system was
built by General Electric.

ELECTRONIC EARS have been built di-
rectly into deaf human beings, restoring
their hearing, in the first reported
cases of “artificial senses.”

The first successful experiment with
a human was carrvied out by Prof.
Andre Djourno and his associates in
the Faculty of Medicine, Paris, after
tests on animals.

The first human installation was made
last vear on a patient who was totally
deaf as a result of the removal of cysts
from both ears. Using a binocular
microscope, sulgeons placed a tiny
plastic-covered induction coil behind
the temporal bone. The coil was an
inch long, with fine silver wire wound
on an iron core. One of the coil wires
was connected to a tiny sliver of the
auditory nerve which was found to be
intact.

Three days after the operation, the

(Continued on page 10)
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In Spare Time at Home=Prepare for a Better Job=—or
Your Own Business in One of the Many Branches of

\/

\ g
=l
X3

You build and

keep this valuable

Vacuum Tube
VOLTMETER

RADIO = TELEVISION - RADAR

If you are seeking a better job or a business of your own,
the appealing field of Television-Radio-Electronics offers
REAL PROMISE!

In this fast-growing field, trained Electronic technicians find
many good-paying, interesting jobs in munufucfuring, in-
stalling, operating, servicing. Equally important is the fact
that these are GOOD JOBS—offering the kind of a future
that an untrained man often dreams about.

You build and keep this 5- e
inch COLOR OSCILLOSCOPE
—almost @ “must’ for TV
servicing.

No previous technical experi-
ence or advanced education
needed. Prepare for this profit-
able field in your spare time
at home, or in our modern
Chicago or Toronto Labora-
tories. Nothing else like it!
Send for FREE details.

EARN WHILE YOU LEARN

After you get part of DeVry Tech’s
training with equipment at home,
you may then in your spare time,
begin to earn real money servicing
Radio and Television “sefs.

HOME MOVIES . ..

. make important points crystal
clear. Speeds your learning, It's
almost like having an fnstructor
at your sidel

Tv MILITARY SERVICE
If you are subject to military
Devry Tech’s service, the informaotion we
program also have should. prove very
includes training P e Y
in Color Television '

Build aond keep this BIG
} DeVry Engineered TV set—
easily converted to U.H.F
DeVry offers another home
training, but without

the TV set.

Your GUIDE - T

to Profitable Job Opportunities [J“s== 5 e

TV-Radio Broadcast Technician . e
Color Television Specialist
Radar Operator ® Laboratory Technician
Airline Radio Man ® Computer Specialist
Quality Control Manager
Your Own Sales & Service Shop
.+« PLUS MANY OTHERS

You st EMPLOYMENT SERVICE [irmoimraieiyimpiey

Radio-Electronic parts. You build and operate TV-Radio

that has helped thousands of our graduates circuits . .. wireless microphone . . . and many other major
toweard Bink carears ih Eldcironics 2 projects—all designed to provide outstamding practical

experience at home.
Get infcrmation-packed
Send for FREE BOOKLET TODAY! } ACT NOW! o
] Mail covpon taday.
f
Accredited Member of National Home Study (Eg::.:)f Nonth A DeVRY TECHNICAL INSTITUTE
e Mpuiiais 4141 Belmont Ave., Chicago 41, IIl, Dept. RE12-0
Foremost Electronics . “
Training Centers" Please give me your FREE booklet, “Electronics and YOU,” and
tell me how | moy prepare to enter one or more branches of
Electronics.

1k an
L1

T

g

|TZ =

T hl !

Nome . _ Age
PLEASE PRINT

DeVRY TECHNICAL INSTITUTE [ MEGE———

City __ ____Zone______State
Formerly DeForest’s Training, Inc. Conadian residents address DeVry Tech of Canada, Lid.

CHICAGO 41, ILLINOIS 2044 626 Roselawn Ave., Toronto 12, Ontario
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Mr. TV-Radio Service Dealer: MEET THE CHALLENGE

s REVOLUTIONARY
RAYTHEON 22
rupe HEH

/ CHECK YOUR TUBES HERE FREE!
(S — : e e o
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The new RAYTHEON TUBE MART puts the profits where they
belong — in the pockets of Service Dealers like yourself....

As a RAYTHEON TUBE MART AGENT lJoU gain:

@TUP PROFITS FROM TUBE SALES
03

@@ EXTRA SERVICE BUSINESS

Here’s all you do. Place these hand-
some Raytheon Tube Marts in your
neighborhood stores. Keep them stocked
and earn a continuous flow of profits.
You’'ll increase your servicing business,
too, because each Tube Mart holds
your imprinted leaflets — that direct
customers to you for TV-Radio
service.

o
@3 ) CREDIT FOR HELPING SET OWNERS

@J NEIGHBORHOOD ADVERTISING

It’s easy to place Raytheon Tube
Marts in profitable locations because
you offer the shop owners a new source
of extra profit.

For the complete story on how to
become the money-making Raytheon
Tube Mart Agent in your neighbor-
hood, call your Raytheon Tube Dis-
tributor today.

DISTRIBUTOR PRODUCTS DIVISION

NEW, PROFIT-MAKIN

RAYTHEON MANUFACTURING COMPANY ‘
Excellernce in Eleclionics Newton 58, Mass., 55 Chapel Street » Chicago, lii., 9501 Grand Ave. (Franklin Park) 3
Atlanta 6, Ga., 1202 Zonolite Rd. N.E. - Los Angeles 16, Calif., 5057 W. Washington Blvd. %, L5
%,

o
anp -,.o‘“‘
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the incomparable

SHURE

PROFESSIONAL

NEWS BRIEFS (Continued from p. 6)

patient’s new hearing was tested. Words
were spoken into a microphone con-
nected to an amplifier and primary
coil held close to the patient’s skull. He
was able to recognize a few simple
words, although he said they were
blurred by whistling sounds. After
months of practice with a tape recorder,
he is now able to understand about
75% of what is said to him, although
what he hears is different from normal
speech. He can also hear sounds above
and below the normal hearing range.

Since the initial experiment, other
patients have been operated on suc-
cessfully. One prerequisite for a suec-
cessful operation is that the auditory
nerve of the inner ear be at least
partially funectional.

GOVERNMENT RESEARCH program on
teleducation—use of television in edu-
cation—and other audio-visual aids is
expected to begin soon on a large scale.
Almost unnoticed as the last session
of Congress rushed to adjourn was the
earmarking of $18,000,000 to the US
Office of Education for this purpose. It
was part of the $887,000,000 national
defense education bill, whose primary
objective is to encourage the study of
science through loans to students.

A far bigger teleducation bill died
with the Congress. Passed by the Senate
but not by the House was a measure
which would have provided a $1,000,000
Federal grant for educational TV equip-
ment to every state and territory which
puts up an equal amount for the same
purpose. Sponsored by influential Sen-
ator Warren G. Magnuson (D-Wash.),
it is certain to be reintroduced in the
next Congress.

/QVS Ze ZMCD%; yrelic .,

CARTRIDGE

The Shure Stereo Dynctic Moving-Magnet
Cartndge s designed and made specibcally
for the listener who appreciates accuracy and
honesty of sound. It separates disc sterco
sound channels with incisive clarity. It is
singularly smooth throughout the normally
audible spectrum...and is without equal in
the re-creation of clean lows, brilliant highs,
and true-to-performance mid-range.

P I S R I I I I A S R A N N N ]

M ODEL M3D

Fits 3 and 4:.lead transcription type and
record changer stereo arms. Completely
compatiblie, plays monaural or sterco.
10-sccond stylus replacement.

Individually tested to meet or excced
these specifications: Frequency response,
20 to 15,000 cps. Output level, 5 mv at
1,000 cps. Compliance, 4.0 x 10-6cm per
dyne. Channel separvation, more than
20db throughout the critical sterco fre-
quency range. Recommended tracking,
3 10 6 grams.

R AT I I R I I I IR NP AP A AT AP ST A

et e 280000000 sss00s0 0000000

Note to Service Technicians: Shure Stereo-Dynetic
cartridges are checked clectrically, mechanically and
acoustically to insure trouble-free performance that
puts an end to profitless service cali-backs.

Literoture available: Department 12-L |

SHURE BROTHERS, INC.
222 Hartrey Avenue, Evanston, lllinois
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Calendar of Events
Electronic Computer Exhibition, Nov.
28-Dec. 4, Olympia, London, England.
EIA Conference on Reliable Electrical
Connections, Dec. 2-4, Statler-Hilton
Hotel, Dallas, Tex.

Eastern Joint Computer Conference,
Dec. 3-5, Bellevue-Stratford Hotel
Philadelphia, Pa.

Second National Symposium on Global
Communications, Dec. 3-5, Colonial
Inn, St. Petersburg. Fla.

1958 Mid-America Electronics Conven-
tion, Dec. 9-11, Municipal Auditorium,
Kansas City, Mo.

Hi-Fi Music Show, Jan 9-11, Dyckman
Hotel, Minneapolis, Minn.

Symposium on Reliability and Quality
Control, Jan. 12-14, Bellevue-Stratford
Hotel, Philadelphia, Pa.

Hi-Fi Music Show, Jan. 30-Feb. 1, Hotel
Antlers, Indianapolis, Ind.

MOON-PROBE rocket Pioneer gave sci-
entists the first direct confirmation
that the earth’s magnetic field resembles
that of a bar magnet, an analysis of
preliminary data appeared to indicate.

Magnetic measuring equipment in the
vehicle gave support to the theory that
the effective range of the lines of force
field extends to 20,000-25,000 miles
from the earth. The fact that the radia-
tion measured by Pioneer dropped to a
small figure beyond 20,000 miles tends
to confirm the theory that most of the
radiation in space around the earth is

|

you learn MORE
from a SAMS BOOK

1,000,000 bought to date

over

NEW BOOKS JUST OUT!

‘101 Ways to Use Your
Sweep Generator”

Robert G. Middleton's
fine new book shows
you the multiple
applications possible
with a sweep generator

A complete and practical guide to the fullest
use of your sweep generator. Each application
is covered concisely, with full data on connec-
tions required, additional equipment needed,

roper test procedure and evaluation of results.

pecific sections cover use of the sweep gen-
erator for checking and calibrating test equip-
ment, antenna measurements, RF and IF
alignment and measurements, special uses in
color receiver tests, etc. Over 250 illustrations,
waveforms and diagrams. Invaluable for tech-
nicians, engincers and students. 148 pages;
54 x 8%4”. Only . . . ) $2.00

"'Servicing Transistor
Radies"...Vol. 2

Complete analysis of
60 popular transistor
radio models—helps
you become an expert
on transistorized radios

You’ll save time, you'll earn more on Transis-
tor Radio repairs with this complete data on
60 late models. Based on actual lab analysis
of each set. You get the famous Sams Stand-
ard Notation schematics; full photo views of
each chassis; complete alignment data; full
parts replacement information—everything
you need to be successful in fast-growing tran-
sistorized radio servicing. Includes valuable
section on transistor circuits in general, along
with useful troubleshooting chart. Here's a
““must” for your bench. 160 pages, 834 x 11”7,
Order now! Only. $2.95

*Television Tube
Location Guide™...Vol. 8

Latest volume in this
invaluable series,
covering tube location
data in TV sets
produced in 1957-1958

Only publication of its kind—shows position
and function of tubes in each model; just find
the trouble and replace defective tubes with-
out removing chassis! Has all these “extras’’:
shows major component placement; signal
path; pin orientation on socket; series string

ments; fuse location; includes tube failure
check charts; cumulative index from Vol. 4
(1952) on. 196 pages; 5% x 8%4”; comb bind-
IR OnlY s qune ¢ s ur-uers $2.00

HOWARD W. SAMS & CO., INC.

Order from your Sams Dlstributor today,

or mail to Howord W.Soms & Co., Inc.,, Dept. 2-M8
2201 E. 46th St, indionopolls 6, Ind.

Send me the following books:

O "101 Ways to Use Your Sweep Generator " (TEM:1).
[0 "Servicing Tronsistor Radios.” Vol. 2 (TSM-2).

[0 "Television Tube Location Guide." Vol. B (TGL-8).
............. enclosed. ([J Send Free Book List

SESESESESESSSEEEeS
-«
PSS SSSEEEENSNOON

(outside U.S.A. priced slightly higher}
L-----------------------
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HOW TO PASS

Your FCC Commercial

LICENSE EXAMS’

We guarantee

to train you until you receive

Your FCC license

—or your money back

The Master Course in Electronics will provide you with the mental
tools of the electronics technician and prepare you for a First
Class FCC License radar
When you successfully complete the Moster Course, if you fail
to pass the FCC examination, you will receive a full refund of
ali tuition payments.

“License and Good Job . . . Thanks”

“After finishing your Master Course, I passed the
FCC exam for the 1st class license. I had my ticket
for only one week and I got a job at WOC-TV
AM-FM. Incidentally, WOC is the oldest radio sta-
tion west of the Mississippi. I sincerely feel that if
it weren’t for taking vour Master Course, I would
not have received my Ist class ticket. So I want to
take this occasion to again thank vou for such a
fine, complete and composite studv for electronics
work."”

Commercial) with a endorsement.

Francis J. McManus
Davenport, Iowa
Cleveland Institute training results in job offers like these:

Service Technician: Radio Operators & Technicians

Man needed in Cleveland, Ohio
to service and maintain electronic
medical instruments and equip-
ment. Must have a solid knowledge
of electronic fundamentals. A car
is required. Company benefits in-
clude retirement plan.

American Airlines — Chicago, De-
troit, St. Louis, Cincinnati and
Cleveland—has openings for radio
operators and radio mechanics
Operators must have a 2nd class
FCC license and ability to type
40 wpm. Many company benefits.

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Desk RE-24

DECEMBER, 1958

4900 Euclid Avenue

Cleveland 3, Ohio

Mail Coupon Now

e ————

in Electronics
e Your FCC

proof of

Accredited by the National Home Study Council

Cleveland Institute of Radio Electronics

Desk RE-24, 4900 Euclid Ave.

r----------------l

Cleveland 3, Ohio

Please send Free Booklets prepared to
help me get ahead in Electronics. |
have had training or experience in
Electronics as indicated below.
Military
Radio-TV Servicing
Manvufacturing
Amateur Radio

Broadcasting

Home Experimenting

Telephone Company
(7] Other
In what branch of Elec-
tronics are you interested?

In what kind of work are
you now engaged?

Name Age

Address

City Zone. State

“RE-24

good training
doesn’t cost
. it pays!

and get all three FREE

¢ can traln

to pass_ your
ce e XA

J you ' had any

practical experience

Opportunities f Jamateur, mill

ry, radlo secrvics
ng. or other. Our
praven an
help put you on the

can

ticket
will be recognized
by employers

as

your
technical abillty

1



a stereo tape

for as low as 88995

Records and Plays Back Stereo
4-track head handles both
2-channel and 4-channel stereo
tapes, as well as dual-track
monaural tapes.

Pushbutton Controls

Unique, easy to operate...the
complete facilities of a
recorder ... at your fingertips.

deck

Add a Telectro Series 900
Tape Deck and make your Hi-Fi
system complete. Flexible
enough to fit into any system,
the 900 is the design answer for
the audiophile who has

wanted to add tape facilities
without duplicating his
electronic components. It is the
best of what you want, yet
sensibly priced.

3-Speed Versatility 4

17 ips, 3% ips, and 7% ips . el o

to meet any speed requirement . - e
including the new, T 4 s J

low-speed 4-track stereo tapes.

Mounts Easily Anywhere
Vertically or horizontally the
Telectro Series 900 is as easy to
install as a record changer.
Handsomely styled it blends
perfectly into any home decor. YO ur

There are five models to Choose from Including a Hi" Fi System

three-|

ad t mlh r ovision for Simultaneous

monitoring while recording. (Matched Record/Play

preamptlfier wlm VU meter and a play preampli-

fier are available.) E COIIIplete

MODEL ! FUNCTION =

900-1 Monaural Record, Stereo Play

900-2 : Monaural Record, Stereo Play, N W I th
' Monitor

900-3 1 Stereo Record, Stereo Play 2

900-4 1 Stereo Play S 1 e O

900-5 ) Sterco Record, Stereo Play, Monitor

All prices and specificatlons

Subje

FOR

e tgpe deck

INFORMATION WRITE

Check these extra Features:

L d

Solenoid operated automatic shutoft
L

Digital Tape Counter

L
Rotary design speed selector for
easy speed choice

.
Unique Brake Design permits easy
reel rotation

.
Fast wind—Fast Rewind without tape
spill or breaking

L4
Pushbutton Interlocks fullfill
professional requirements

AL by TELECTRO

A PRODUCT OF TELECTROSONIC CORPORATION, 35-18 37th STREET, LONG ISLAND CITY, NEW YORK
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NEWS BRIEFS (Continued)

the result of particles trapped in the
magnetic field. (See photo, What’s New,
page 52.)

The space vehicle’s signals were the
most powerful ever received at Brit-
ain’s Jodrell Bank radio telescope
(described in RADIO-ELECTRONICS, Feb-
ruary, 1958, page 32). Prof. A. C. B.
Lovell, director of the telescope instal-
lation, said the information gained was
“priceless.” He reported 112 “fixes” of
the rocket’s position were received, as
well as clear telemetered information
on temperatures, meteorite impacts and
ion content in space.

THREE NEW TV STATIONS are operat-

ing:
WJRT, Flint, Mich.. R |
KCMT, Alexandria, an 7
KTES, Nacogdoches, Tex.... 19

The only station to quit was WHCT,
Hartford, Conn., channel 18.

In Birmingham, Ala.,, channel 13’s
WABT changed its call letters to
WAPI-TV.

These changes bring the roster of
US operating stations up to 540, 453
vhf and 87 uhf. The total of non-
commercial stations, 32, is unchanged.
TAKE A GOOD LOOK at that “live” TV
commercial. If it's on a network show,
chances are it's not live at all, but taped.
This season, Videotape commercials are
replacing live ones on most network
programs. And within the next vear,
you'll begin to see taped TV shows
replace filmed ones—but the process
will be slow because most TV stations
don’t yet have Videotape recorders,
although all networks do.

In the 2 years it has heen producing

Videotape recorders, Ampex Corp. has
delivered neavly 200 of the $45,000
machines. Not all of them have gone to
TV stations, either. Among the novel
uses: Yonkers Raceway, in New York
State, records all races on tape, which
can be played hack for the judges
before the photo-finish still pictures
can be developed. It has paid off at the
betting windows, taon. Race results are
posted more quickly, and spectators
have a longer time to place their bets
on the next race.
AS 1958 ENDS, the number of television
sets in use throughout the world totals
more than 75,000,000, of which nearly
two-thirds—about 49,000,000—are in
the United States. Somewhat more than
5,000,000 new TV receivers were sold
in the US during 1958, compared with
more than 6,500,000 last year.

The year will close with more than
165,000,000 radios in use in this coun-
try, or the equivalent of one for nearly
every man, woman and child. About
10.000,000 radio receivers were pro-
duced during the year. This is 5,000,000
less than last year.

About 100 new AM stations went on
the air duving the year, bringing the
total close to 3,300. FM outlets showed
an increase, too, 15 new ones beginning
broadcasts for a total of more than
550-—and 100 more which have been
authorized by the FCC are expected
to start in 1959.

RADIO-ELECTRONICS



ALLIED’'S 1959

f%—’fb@@ value-packed 452-page

23 O ELECTRONIC SUPPLY CATALOG

the only COMPLETE guide
to everything in electronics

WORLD’S LARGEST STOCKS

e Latest Stereo Hi-Fi Systems—
Everything in Hi-Fi Components

e Money-Saving, Build-Your-Own
KNIGHT-KITS—Latest Models

e Values in Recorders and Supplies

e Latest Public Address Systems,
Paging and Intercom Equipment

‘o Amateur Receivers, Transmitters
and Station Gear

e Test & Laboratory Instruments

e Specialized Electronic Equipment
for Industrial Application

o TV Tubes, Antennas, Accessories

e Huge Listings of Parts, Tubes,
Transistors, Tools, Books

«

AN

(cASO B0, kL.

ave., ¢ ot 1800

TREPHONE

Y
€

Send for ALLIED’s 1959 Catalog—it’s the
leading supply guide—452 pages packed with the

. world’s largest selection of quality electronic
featuring: equipment at lowest, money-saving prices.
MONEY-SAVING knight-KitS: Finest clectronic Get every buying advantage at ALLIED: fastest
equipment in money-saving kit form. Complete selection of shipment, expert personal help, lowest prices,
latest Hi-Fi amplifier, tuner and speaker kits (new Stereo 2 g

units); Hobbyist kits; Test Instruments and Amateur kits. guaranteed satisfaction. ..

KNIGHT-KITS are an exclusive ALLIED product.

HI-F1! STEREO! Sce the world’s largest selection of quality send for the leading

Hi-Fi music systems and famous name components. First . .
with the latest in STEREO! Save on ALLIED-recommended electronic supply guide
complete systems. Own the best in Hi-Fi for less!

® 0 0000000000000 0000000000

ALLIED RADIO CORP,, Dept. 2-Mg

L]

L]

e 100 N. Western Ave., Chicago 80, IlIl. :

[ ] L]

EASY PAY TERMS: Only 109, down; available on * []Send FREE 452-Page 1959 ALLIED Catalog .
orders of $20 or more. Fast handling—no red tape. . :
L] [

E Name ~ I —— E

ALLIED RADIO : ;
L] ]

lt % Address - o
m e=——=) our 38th year . o
L ] [ ]

World’s Largest Electronic Supply House s City Zone State .

L] L]
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“FELLAS—THERE'S GOLD IN THESE NEWS BRIEFS (Continved)

RADIO-CONTROLLED Jawnmowers are

being designed by at least one manu-
- facturer. The Western Tool & Stamp-
ing Co., Des Moines, revealed at the

recent Hardware Show in New York

9y that it is now working on a remote-
controlled wireless mower, which can

be operated from porch or hammock.
Other manufacturers say they have

wire-controlled remote mowers in the
works, with motor-driven steering gear
and solenoid speed control, connected
to a control box by 125 feet of cable.

will be both eco-

* FILLED WITH C-D CAPACITORS R T e B s

the finest you can use to establish soon, through use of earth satellites as
: passive reflectors, according to Dr.
customer confidence. John R. Pierce, Bell Telephone Lab-

oratories director of electrical com-
” FASTER CAPACHOR TURNOVER munications research.

He told an IRE symposium in Wash-
ington that the best site for the relay
system would be over the Atlantic
between Newfoundland and Scotland.
He proposed a series of 100-pound
satellites 100 feet in diameter, with
reflective metallized coating, revolving
in a transpolar orbit 3,000 miles in
space.

The satellites need have no electronic
equipment in them. The signals would
be bounced off them from 250-foot
parabolic antennas on the ground, fed
by 100-kw transmitters. He suggested
frequencies of 1,500-2,000 or 8,000-
10,000 mic. A total of 24 such spheres
would be sufficient for 99% continuity
of contact, he added. He stressed the
advantage of such passive reflectors:
All of the electronic equipment is on
the ground.

The first practical proof of the
feasibility of satellite radio relay sta-
tions was demonstrated by moon-probe
rocket Pioneer. CW signals in the 108-
me band were transmitted by the Air
Force to the space vehicle, automati-
cally repeated and picked up at track
ing stations almost halfway around the
world. Stations communicating via
space relay were in Cape Canaveral,
Fla.; Manchester, England, and Hawaii.

because you'll always have the
fast movers on hand.

* SPEEDS UP YOUR WORK

because replacements are easy
to identify, always handy.

* HANDSOME METAL CABINETS

make shop neater, prevent

misplaced pieces.
N
S
l\.’\/‘
rm\,j\

HURRICANE-BORNE radio transmitters
are now helping the US Weather
Bureau keep track of violent storms.
TWIST-PRONG SE(HON__(ON' The bureau and the Air Force have
TAINS 12 popular C-D *“Pre- placed a balloon-horne radio beacon in
ferred Type' Twist-Prongs | the eye of a tropical storm which later

developed into a hurricane.
| o fiarts el The balloon, deflated, with a vhf
transmitter in a 20-pound 11-inch eyl-

TUBULAR SECTION CONTAINS inder was dropped from the bomb bay

Capacitors
16 popular C-D "'Blue Bea-  of u B-50 bomber into the storm’s eye.

“preferred” g

ver” Tubular Electrolytics The balloon automatically inflated to
about 20 feet in diameter. The whirling
winds kept the balloon in the eye of the
o 73 PM Mylar Tubulars storm, while coastal tracking stations
BOTH CABINETS ARE followed the progress of the storm by
FREE. YOU PAY ONLY means of the radio signals.
FOR THE PREFERRED Each balloon-beacon is designed to
See C.D's “Treasure Chests” at your Cornell-Dubilier C-D CAPACITORS. | fgat in the eve of a storm for as long
distributor or write to Cornell-Dubilier Electric Corpo- YOUR COST: $49.95 as 24 hours at 4,000-15,000 feet. The

eventual goal of the program is devel-

ration, South Plainfield, N. J., Department RE-12. \
opment of a telemetering system which

SOIlSiSM’"t’y ependable can report ?ther information about the
storm, besides its position. END
ORNELL-DUBILIER - L AT

SERVICE CAPACITORS



TAKE A LOOK AT YOUR FUTURE
IN RADIO-TV-ELECTRONICS—FREE'

—————D

‘ How to Succeed {

.C.S. Career Kit tells you where ———
o Succeed in \

RONICS
d TV

How !

the big-pay jobs are...who are

the industry’s most wanted men
...how you can “cash in" in a

big way on your own future.

Here’s your chance to find out where you’re going —fast!
And it won’t cost you a thing except the time it takes
to clip and mail the coupon at the bottom of this page.

Radio-TV-Electronics is the fastest growing industry
of all time. Opportunity for men in this field is almost un-
limited. The rewards are great.

But to “cash in” you must be properly trained. You must know
more than simply wires and tubes. You must be able to understand and

Send the coupon below for your

apply the principles of Radio-TV-Electronics. free 1.C.S. Career Kit!

That’s where [. C.S. comes in . . . the world’s oldest and largest “How to Succeed.” 36-page auide
technical training school. Here are the people who know—who can tell D e —— en; PO
you—what you need to go places in Radio-T V-Electronics. advancem

You get the full story with your free I. C. S. Career Kit. a Electronics, Radio and TV hand-

. . book or the field of your choice
So take a minute now to get a look at your future in Radio-TV-

Electronics. Send for your free I.C.S. Career Kit. You have nothing Sample lesson (Math) to
to lose. You can gain an exeiting, well-paid career in a vital industry. demonstrate I. C. S. Method

Accredited Member,

For Real Job Security—Get an I.C.S. Diploma! I.C.S., Scranton 15, Penna. National Home Study Council
BOX 912251, SCRANTON 15, PENNA. (Partial list of 259 courses)
Without cost or obligation, send me “How to Succeed” and the opportunity booklet about the field BEFORE which | have marked X (pius sample lesson):
RADIO : BUSINESS ELECTRICAL
[ Cost Accounting Electrical Engineering
TELEVISION ! Managing a Small Business g|ec. En%n Technician
| Purchasing Agent lec. Light and Power
ELECTRONICS ! Practical Electrician
[J General Electronics Tech. : DRAFTING i Professional Engineer (Elec.)
O Industrial Electronics ; o el i LEADERSHIP
] Practical Radio-TV Eng’r'g : HIGH SCHOOL Industrial goremanship
! High School Diploma Industrial Supervision
0 Pragtlcal TeIephqny : [] Good English : Personnel-Labor Relations
(J Radio-TV Servicing I [ High School Mathematics " Supervision
Name —r Age. Home Address
City. - _Zone State i Working Hours AM.to_____PM.___
Occupation. _ _ e Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd.,

Montreal, Canada. . . . Special tuition rates to members of the U. S. Armed Forces.

DECEMBER, 1958 15



Specify
Tarz ian

!

Pig ad Mount

SILIGON REGTIFHIERS

for simplified, economical |

replacement of all existing
radio and TV rectifiers.
Only two types to stock.

WRITE FOR DATA SHEETS

SARKES TARZIAN, INC., Rectifier Division
DEPT, R-6, 415 N. COLLEGE AVE., BLOOMINGTON, INOD.
IN CANADA:

200 WESTON RD., TORONTO 9, TEL. ROGERS 2.7539 |
EXPORT: AD AURIEMA, INC., NEW YORK CITY

16

respondence

Lor

TECHNICIAN’S CHRISTMAS
LIST
Dear Editor:
Seems like I got my letter out to
Santa too late? I have already run into

the '59 receivers—particularly the port- |

able TV sets. Here’s my list of require-
ments that would not impede progress
and make a TV set easier to repair:

1. Outlaw printed circuits except for
missile work where they are blown to
bits anyway.

2. Don’t separate controls or tuner
from the main chassis.

3. Put a socket connection for the
yoke on all chassis with a separate pic-
ture-tube mounting.

4. Get rid of series circuits. These are
real time wasters.

5. Make selenium rectifiers plug-in
types that can be replaced without pull-
ing the chassis.

6. Use only snap-in diodes also re-
placeable without pulling chassis.

7. Put tubes and pilot lights where
they can be gotten at without moving
the chassis or running into the high-
voltage supply.

8. End indiscriminate use of tube
types. There are too many different
types in use and each year sees new
ones added to the list.

9, Mark all chassis with model and
chassis number.

My other gripes would be directed at
engineering since some of the '58 gems
don’t even let yvou make voltage checks
without special adapters.

Each vear has seen the manufacturer
strangling the service technician with
bad engineering by turning out a prod-
uct which is increasingly unprofitable
to service. ELMER \W00DS
Los Angeles, Calif.

THERMOELECTRIC RADIO
Dear Editor:

Your picture of a kerosene lamp-ener-
gized thermoelectric generator (What’s
New?, Rabio-ELECTRONICS, October,
1958, page 52) looks almost like several
I built in 1922 and still have.

Several hundred series-connected
iron-constantan junctions were used,
each element being 1 inch long, % inch
wide and .01 inch thick. These were
welded together at their ends, forming
a zig-zag sevies, the iron and con-
stantan strips alternating. Porcelain
tubes with narrow longitudinal outside
slots provided a mounting, the alternate
welded couples being pressed and
cemented into them, forming a spiral
around this tube. Asbestos cord and
cement enclosures of the inner junc-
tions served as further heat insulation,
leaving about a % inch of the outer
junctions extending radially outward.

By Design...
COLUMBIA CD
Most Linear

STEREQ
CARTRIDGE

RESPONSE OF COLUMBIA CD CARTRIOGE

RMLATE RTSPONSE 1A o

19 weas w00
FALQULNCY (N CYCLES PLE SEEOND

In the Columbia Constant Displace-
ment cartridge, motion of the stylus is
transmitted directly to the two wafers
that generate the output voliages. This
is accomplished by a simple lever,
frictionless and featherweight. The
precise mechanical design assures that,
regardless of frequency, the output
voltage is essentially constant for a
given displacement of the stylus.

Discover for yourself that the
Columbia Constant Displacement car-
tridge is designed to reproduce all the
exciting breadth, depth and reatism of
stereo records. Remember, this car-
tridge was designed by Columbia
Records drawing on its over 60 years
of recording experience. Get the best.
Insist on the Columbia Constant Dis-
placement cartridge.

Columbia
Model SC-1...
Cost $24.25

SPECIFICATIONS

Diamond stylus. ............. 0.0008 inch radius
Recommended needle force 5to 7 grams
High compliance . . superior tracking, reproduction
Open-circuit voltage. ..........oovuives 0.5 valts
Extended stereo range, =2.5 db. .20 to 61,000 cps
Channel separation in excess of 20 db
Complete compatibility

4 speeds

CBS-HYTRON, Danvers, Massachusetts
A Division of Columbia Broadcasting System, inc

RADIO-ELECTRONICS



DECEMBER,

WE'RE MAKING IT EASIER THAN EVER TO BECOME A WELL PAID
RADIO-TELEVISION SERVICE TECHNICIAN

$

RADIO-TELEVISION

SPRAYBERRY

2 BIG, COMPLETE KITS
of PARTS & EQUIPMENT

Tokelp you leurngz: the practical side
of io-Television, we

sead you expertly engi-
neewed training kits to
tesd and assemble for

S~ interesting,
valuable

shop-bench

e Thenew Sprayberry
Training Television Re-
ceiver. built and tested
in 5 sections.

e Now affered ... . this fine
modern oscilloscope.

¢ You build this powerful
two-bend superhetero-
dyne ~mlio receiver.

You build the
new Spray-
berry tester
—a complete
18-range
Volt-Ohm-
Milliam-
meter test
meter.,

1958

x « « « This great industry is begging
for trained men .. . to step into good paying jobs
or a profitable business of their own! OQur new
plan opens the doors of Radio-Television wide to
every ambitious man who is ready to act at once!

Men by the thousands... trained Radio-Television Service Techni-
cians...are needed at once! Perhaps you’ve thought about entering
this interesting, top paying field, but lack of ready money held you
back. Now —just $6 enrolls you for America’s finest, most up to
date hoine study training in Radio-Television! Unbelievable? No,
the explanation is simple! We believe Radio-Television must have
the additional men it needs as quickly as possible. We are willing to
do our part by making Sprayberry Training available for less money
down and on easier terms than ever before. This is your big oppor-
tunity to get the training you need...to step into a fine job or your
own Radio-Television Service Business.

Complete Facts Free—Act Now; Offer Limited

Only a limited number of students may be accepted on this liberal
and unusual basis. We urge you to act at once.. .mail the coupon be-
low and get complete details plus our big new catalog and an actual
sample lesson—all free. No obligation...nosalesman will bother you.

HOME STUDY TRAINING IN SPARE TIME

Under world-famous 27-year old Sprayberry Plan, you learn entirely
at home in spare time. You keep on with your present job and income.
You train as fast or as slowly as you wish. You get valuable kits of
parts and equipment for priceless shop-bench practice. And every-
thing you receive, lessons and equipment alike, is all yours to keep.

LET US PROVE HOW EASILY YOU CAN LEARN!

Radio-Television needs YOU! And Sprayberry is ready to
train you on better, easier terms, that any ambitious mancan
afford. Just $6 starts you! Mail coupon today ... let the facts
speak for themselves. You have everything to gain. Let us
prove the kind of opportunity that’s in store for you!

SPRAYBERRY Academy of Radio-Television

1512 Jarvis Avenue, Dept. 20-P,

Mail This Coupon Now—No Salesman Will Call

Sprayberry Academy of Radio-Television
Dept. 20-P, 1512 W. Jarvis Ave., Chicago 26, IN.
P.Ie'ase rus!l {\ll information on your ALL-NEW Radio-Tele-
vision Training Plan. I understand this does not obligate me

and that no salesman will call upon me. Include New Cat-
alog and Sample Lesson FREE.

NAME _Age

ADDRESS

oy ZONE... . STATE ... J
—-— -—

Chicago 26, lllinois
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For your family,
yourself, your closest
! friends, best customers
nothing could be nore
immediately thrilling, more
lastingly satisfying
than a stereo system
built around JBL
loudspealkers.

FOR CHRISTMAS

Growth in popularity of the JBL
Bel-Alre has paralieled the grow-
ing enthusiasm for stereo. It is
compact, exquisitely styled, and
derlves its clean, full range
sound from JBL precision trans-
ducers. A pair with mirror-image
arrangement of components make
an excellent stereo installation.

The connoisseur of precision will
be delighted with a JBL 075 High
Frequency Unit. This gratifying
example of the finest audio
craftsmanship is also available
with its own tabinet, Model C41,
the Angelus,

Now JBL enclosures are matched for stereo. If you
own a JBL system such as the C34, C37, C39, or C40,
you can get a matching enclosure with speaker units
in an arrangement that is a mirror image of your
present system.

The new JBL Ranger-Metregon will brighten many a hearth.
side this Christmas. This is the first system to use radial
refraction in an enclosure of acceptable size for the average

living room. Built on principles
perfected in the fabulous JBL
Ranger-Paragon, a curved refract-
ing surface is used to integrate
two sound sources and fill an
extremely wide area with true
stereo. No hole in the middle,
no split soloists, but sound re-
production spatially proportional
to its original source. It accepts
seven different speaker system
combinations; can be upgraded
progressively.

Write for complete catalog,
descriptive bulletins of
the products in which you
are particularly interested
and the name of the Auth-
orized JBL Audio Specialist
in your community.

JAMES B. LANSING SOUND, INC.

3249 Casitas Avenue, Los Angeles 39, California

CORRESPONDENCE (Continued)

For some of these units I used gas
or oil lamp heat, as shown in your
photo of the device made by the Philips
Research Laboratories, and as the
Russians also are reportedly doing.
For others, I used an internal coil of
nichrome resistance wire for ac heat-
ing. These were intended for A-current
supply for the earliest home radios.

They developed about 8 volts dc on
open circuit and about 6 volts with a
G-ohm l-ampere load, but the input
power was about 500 watts! The out-
put could be considerably increased by
fan cooling. Outside dimensions were
6 inches long by 3—4 inches diameter.

Another form, utilizing punched,
spoked-wheellike disecs with central
holes, was devised as more suitable for
production. Insulating mica inner and
outer rings and similar copper rings
were used with the alternate iron and
constantan dises to form a stacked
coaxial series of junctions under pres-
sure, the heat being applied inside the
central axial hole. Air convection, circu-
lation and radiation through the spaces
between the aligned spokes, and from
the outer ring, provided a good tem-
perature difference between the outer
and inner ring junctions—the radial
spokes between them providing connec-
tions between the outer cool ones and
the inner hot ones.

While such thermoelectric devices
were not practical in the old, 201-A
tube days, they may be with transistors.

In far outlying regions, without elec-
tric power or handy battery suppliers,
oil-heated direct-current generators of
this type can meet a real need. Here
the oil lamp will supply illumination
as well as heat for the thermogenerator.

Also, where much thermal power is
thrown away—as in aircraft, auto-
mobiles, etc.— such devices can even
now perform very useful service.
Modern solid-state physics ean no
doubt also provide higher-efficiency
junctions.

More attention should be given such
devices as they just might be the
answer for future electric power gen-
eration. B. F. MIESSNER
Meissner Inventions, Inc.

Morristown, N. J.

FOREIGN TV DXING
Dear Editor:

Hartland B. Smith’s “Looking In on
London” (RADIO-ELECTRONICS, Septem-
ber 1958, page 52) is excellent but I
feel a few additions would be valuable.

First, the photo of the BBC test
pattern was printed upside-down.

TV dxing is indeed an avocation for
the beginner, but conversion of the TV
set may have to be done with the help

. of a technician. Except for Britain,

European TV stations operate with
standards so close to ours that little,
if any, modification is required to re-
ceive them. European channel 3 is on
the same frequency as our channel 2
except that the sound is 1 mec higher
(60.75 me). And if you add a converter
to make your TV tune to 48.256 mc,

RADIO-ELECTRONICS



CORRESPONDENCE (Continued)

Save Time and Effort with these handy

TUBE

SERVICING

AIDS

WALSCO TEST SOCKET ADAPTERS

there’s a better chance of receiving
European dx, as this is their channel 2.

Speaking of converters, Mr. Smith’s
unit might be difficult to tunc. Modifi-
cation of a continuous tuning device I
is more satisfactory, as a separate
tuner isn’t required to hear the sound.
Also, some old TV’s (pre-1948) have
continuous tuners which include the old
US channel 1. These are easily made |
to tune the whole TV band in use.

The simplest antenna is a vertical |
dipole cut to the desired frequency.
There is no problem of directivity and
the radiation angle is more suited to
this type of dx. GornoN E. SiMKIN I

el = ]

Now you can make measurements of voltage,
resistance, audio and video from the top of the
chassis. Save time and work by testing tube
circuits while in full operation. Made of low-
loss phenolic, these tube socket adapters have
an insulation resistance of 500,000 megohms
: (407, RH-24° C). High voltage breakdown be-
tween elements exceeds 1700 volts AC-DC.
Test tabs on adapters are extended for easy
use with prods or alligator clips.

International Dx Editor
Amer. lonospheric Propagation Assoc.
Loma Linda. Calif.

NO GRAVY TRAIN
Dear Editor:
Where are YOUR ethics?
Rap1o-ELECTRONICS has been con-
verted to a garbage collection agency
and has joined the ranks of the scandal

rags who must slander the independent Cat. No. iDecxntich Dealer Net
TV service industry and other minor- 1949-07 ;'P!n miniature 311 .65
ities, in order to sell their trash! }g‘:g'gg g'g;: (r:wci:\ailature 122
sioh? 43 : H = L
E. H. Leftwich’s article in the 1949-01 Duo-Decal for CRT 195

November issue, “The TV Man Rides
the Gravy Train,” (page 98) is an
affront to many of your readers. It is
malicious and the figures you quote are
not realistic.

Take for instance the daily parts
sales, which are listed as $300. Using
an average for the net of 409 off, net
parts expenditures per day would
average $180. Even in a well-rrun shop,
there will be losses, such as breakage,

WALSCO SOCKETYT PROTECTORS

Prevent excess wear and tear of sockets on
tube checkers and other electronic equipment.
Walsco socket protectors eliminate the neces-
sity of checking and replacing original sockets.
Time-saving and easy to use. With silver-
plated phosphor bronze contacts and pins for
lasting service.

obsolete stock and plain forgetfulness Cat. No. Description Dealer Net
in filling out bills. Adding these losses 1946 7-Pin Miniature $1.95
would bring the net closer to $200. 1947 8-Pin Octal 1.95
Yearly this would amount to about 1948 9-Pin Miniature 1.95

$60,000. Yet vou enter the annual out-
lay for parts as only $13,500. Any
third-grader can see that boner at once.

110° TUBE PIN
STRAIGHTENER

110° BASE

NEW WALSCO
TUBE GUIDE

ADAPTERS

No expense is entered for the telephone

service, which for a store with 15 em-

ployees will amount to quite a yearly

figure, certainly too large to be in-

cluded in the $900 you list for utilities. ——

Accusing two California accountants &

of such oversights is close to slander. l
RADIO-ELECTRONICS could better serve

the needs of its subscribers by publish- 6 110° CRT ¢ F RCA t 110° Eliminates fumbli

ing facts instead of fiction. Articles on b:;:avte:tDuo-Decal Ay picture tubss. They when inserting 9 and 5

sound business management for TV | for [rejtvenators, tost straighten bent pins pin tubes. Center pin of

service shops, written by authorities in equipment, tube quickly and easily. May tube guide aligns tube

the field would he a better choice than
the clumsy home-brew of some dis-
gruntled stranger to our problems.

Springfield, Olo Pavul BOLLER

(Mr. Leftwich is not exactly a
“stranger to our problems,” but a
veteran of the radio service field and
author of the article “The Customer
Will Gyp You if You Don’t Watch
Out,” written in answer to the histori-
cal Readers Digest “expose.” And there
are outfits like Trustworthy TV—a
technician would have to be quite inno-
cent to helieve these practices do not
exist. A copy of the letter has been for-
warded to Mr. Leftwich for comment
on the points raised.—Editor) END
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checkers, etc.

Cat. No. 1944 (RCA)
Dealer Net $1.50

Cat. No. 1945 (Sylvania)
Dealer Net $1.50

also be used as base
protector. A handy
time-saving piece of
equipment.

Cat. No. 1941
Dealer Net $ .51

with center hole of
socket and guides tube
in easily and quickly.
Cat. No. 1942 (7 pin)
Dealer Net $ .42
Cat. No. 1943 (9 pin)
Dealer Net § .42

The latest Walsco catalog listing these and

-
FR E s thousands of other tools, chemicals, and service

aids that you can use every day. Get your copy free from
your Walsco distributor or write direct to Walsco.

RO~ ELECTRONICS MFG. CO.

A Division of Textron inc.
West Coast Plant: Los Angeles 18, California

MAIN PLANT: 110 W. GREEN ST., ROCKFORD, ILL., U.S.A.

In Canada: Atlas Radio Corporation, Toronto 10, Ontario
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You can service the Predicta
Chassis while the set is on...

saves time, trouble and temper!

1

Chassis slides out like a drawer...tube swivels, lets you
check picture while you work...without mirrors!

22

Here's a new TV chassis that's right
down your alley — so totally ditferent
it's easier. more profitable 10 service
than any chassis ever designed!
After you remove the screws from
the back of the cabinet, the Predicta
chassis slides out on runners. and pro-
vides instant access to every compo-
nent. And Philco’s exclusive new
scparate-tube design makes it possible
to service the chassis while the set is
operating. Now, typical scrvice jobs

like changing condensers take 50% less
ume and effort!

That’s not all, Philco’s swivel screen
climinates back -breaking contortions
and dangling mirrors. With Predicta
you can sec the picture and check the
results of your work as you do it. Yes,
this is the chassis it pays you to service
... just one of the many reasons why
most dealers are selling Philco Predicta,
truly TV today from the world of
tomorrow!

LOOK AHEAD ... and yeull ckoste P H I LC O
®

RADIO-ELECTRONICS



ownership of a complete and currently maintained

PHOTOFACT SERVICE DATA LIBRARY
SPELLS SUCCESS FOR SERVICE TECHNICIANS

here’s actual proof from the men who know!

“*PHOTOFACT more than doubles the amount
of work a shop can turn out. The time saved by

their use is inestimable...cuts labor costs, too...”

—Warren G. Kunkle, Denver, Colorado
(Operator of Warren G. Kunkle & Co.—

in business for over 27 years)

HERE’S MORE PROOF...FROM COAST-TO-COAST

VIRGINIA CALIFORNIA
‘'l have been using PHOTOFACT “We use PHOTOFACT daily. | don‘t

since it started, | believe that was in befieve we could conduct a first-class
1946. | don't see how | could do with- service shop without them. They are
outit..."” a time saver. With them, you can get
—Glen Edwards to the base of your troubles in a
Norton, Va. hurry."”
—P. W. Earls
PENNSYLVANIA Fallbrook, Calif.
“PHOTOFACT cuts servicing time
in half..." OHIO
—Norman E. Rick *{ consider PHOTOFACT indispen-
Reading, Pa. sable in. daily use on practically every

set which comes to the shop..."

NEW YORK ]
—Dwight L. Benson
“It's the only complete circuit data Eaison, Ohlo
service available to the industry...*" '
—Herbert Cook TEXAS
RochestertiN3V: “Sams PHOTOFACT is the easiest
and fastest method | have found...*
KANSAS —~Leroy Holloman
"l find | can save 50% of my time by Odessa, Texas

using PHOTOFACT for everything—

alignment, replacement parts, sche- 10WA
matics, etc. In fact, if anything hap- "I would find it impossible to give
pened to my PHOTOFACT and | consistently reliable service without a
couldn't replace them, | think I'd just complete PHOTOFACT file of serv-
close my shop.” ice information."”

—Charles F. Burket —Raiph L. Reints

Elkharl, Kansas Ottumwa, lowa

(These are just a few of the hundreds of “Success with PHOTOFACT" letters in our files)

NEW! EASY-BUY PLAN SEE YOUR SAMS DISTRIBUTOR TODAY, %

—the money-saving way to build your complete or write to Howard W. Sams for details
profit-making PHOTOFACT Lib-ary!

NO INTEREST— NG CARR™ING CHARGE — A3 LiTTLE AS $10 DOWN St
HOWARD W. SAMS & CO., INC.
h ' 2205 E. 46th St., Indianapolis 6, Ind.
ﬁ - m VALUZBLE STEEL FILE ] Send details on PHOTOFACT Easy-BuyPlan and FREE File Cabinet offer.
'E e CABIN:™S FOR REGULAR
PHOTOFACT SUBSCRIBERS AND
FHOTOFACT LIBRARY PURCHASERS

OVm a Service Technician: [] full-time; [J part time

My Distributor is:

GET THE FULL Shop name
DETAILS
Attn.
Address

City Zone, State




MECHANIZED ORACLE EXPLORES
BELL SYSTEM COMMUNICATIONS

103830892;

1048

At monitoring console, designer H.D. Irvin waiches performance of “Sibyl” during test of user-reaction to experi-
mental telephones. A computer-like machine, Sibyl simulates the functions of future communications devices
and records interplay beiween phones and users. Sibyl is named after the women oracles of ancient Greece.

A mechanized “oracle” is helping Bell Telephone Lab-
oratories predict the future in communications devices and
syslems.

The oracle is “Sibyl,” a computer-like machine de-
veloped by Bell Laboratories engineers and psychologists.
It can simulate the action of many kinds of communications
devices. Through Sibyl, new kinds of telephone service can
be evaluated without the consideralle expense of building
actual equipment. Observing and recording users’ reac-
tions to the simulated equipment, Sibyl provides indica-
tions of how users would react to proposed new systems
features and equipment.

Sibyl, for example, is used to test the reaction of Bell
Laboratories people to experimental push-button tele-
phones. Each test subject has a push-button telephone in
his office and he uses it in the ordinary course of his husi-

-9

e

24

ness. But the set is not connecled directly to the local PBX:
it is connected through Sibyl, which performs the special
signaling functions required by such a push-button tele-
phone. In this way, push-button telephone service is given
to a group of people without modifving the PBX. or pro-
viding completely instrumented push-button telephones.

At the same time, Siliyl gathers information on how
the call was placed — date, time, originator, speed of opera-
tion, errors, whether the line was busy or the call com-
pleted. Sibyl does all this without violating the privacy of
telephone conversalions.

Bell engineers expect that Sibyl will provide a hetter
understanding of the relationship between telephone equip-
ment and the people who use it. Sibyl’s rapid and eco-
nomical technique for evalualing new types of telephone
sels is an important contribution to the art of telephony.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

RADIO-ELECTRONICS



1

This is a brand new ediiion of the hook
which has launched thousands of men
on good-paying carcers in radio-TV.clec-
tronics.

It brings you completely up to date—
answers important uestions on newest
career developments in electronics, in-
cluding Radar, Guided Missiles, Servo.
mechanisms, Computers, as well as Aero-
nautical Electronics. Broadcasting (AM,
FM, TV), Military, Navy and CAA Elec-
tronics, Communications and Electronics
Manufacturing.

This book, “Your Future in the New
World of Electronics,” also shows you
how CRE! Home Study leads the way
to greater earnings in the booming elec.
tronics world.

However, CREI does not promise you a
“snap.” With aceredited technical school
curricula such as CREI offers, you must
study to convert your ambition into tech-
nical knowledge which you can sell in
the fabulous field of Electronics. Since
its founding in 1927, CRE] has provided
thousands of professional electronics
men with technical education. During
World War I1. CRE! trained thousands
for the Armed Services. Leading firms
recommend CREI training for their own
personnel,  Among them: United Air
Lines, Canadian Broadcasting Corpora-
tion, Trans-Canada Airlines, Douglas
Aireraft Co., The Martin Co.. Columbia
Broadcasting System, All-American Ca-
bles and Radio, Inc., Gates Radio Co.,
Canadair, Lud., Federal Electric Corp.,
and U.S. Information Agency (Voice of
America).

CREl courses are prepared by recog-
nized experts, in a practical, easily un-
derstood manner, and constantly revised
to meet the new clectronie challenges
of our time. You get the benefit of
time-tested study assignments under the
personal supervision of a CRE! ~tafl in-
structor. Your studies are accomplizhed
on your own time. during hours selected
by you, and controlled by your own will
power. This complete training is the
reason that graduates find their CREl
diplomas keys-tosuccess in even the
most advanced of electronic applica-
tions. CREIl alumni hold top positions
in America’s leading firms. At your
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| The data that
Launched Thousands

of Careers
18 yours FREE

tells how
you can be

successful in
RADIO-TV

ELECTRONICS

Servomechanisms . . . Computers . . . Radar . .. Automation . . .
Acronautical Electronies . . . Broadeasting . . . Communications
and Manufacturing, and the Electronic Principles Associated with
Guided Missiles, Telemetering, Astronautics, and Instrumentation.

Send for your Free Copy today!

serviee is the CREI Placement Bureau. which
maintains constant contact with electronic
industry, and cooperates with employers and
graduates in making satisfactory placements.
This free service is available to students, as
well as graduates. Fill out the coupon helow
completely and mail it now. We'll promptly
send you your free copy of “Your Future in
the New World of Electronics.” The rest—
you future—is up to you!

ELECTRONIC
TECHNICIANS

AND
owing Peninsula Co. has TECHl\TICIA‘\YS
enings for st class elec- ST
mic  technicians to.\\'mjk ei:ate POSitions
rectly with engingering m — vail
velopm¥hit of new products. —f'gRE able
dy these with CRED or -‘_;_t"]e o L or other form
al training and 3 yvears = Ctromie trammg des;
imimum ('mnmeri‘-lal 1ex]’n:rl-— able, r
leq will be considered. Top
mffeﬂi .. qualifitd  appli-
nt=. Call Mr. McQueeney.
A. 4-173% for appointment.
LTO SCIENTIFIC Co.. Inc.
255 COMMERCIAL ST,
PALO ALTO

zxp'ﬂﬂ]l:!-[
Schematic,, *Tan reagiy,

: - bready
P construction of e!ecg'lerlg

circuits an
ration, d chassis prepa-

RESEARC
LABORATORIg

— Tren -

CREI ALSO OFFERS residence training
in Washington, D. C. . .. at the same high
technical level. Day and evening classes
start at regular intervals. Qualified resi-
dence school graduates earn degree as
“Associate in Applied Science.” If you
have had a high school education, and
experience in electronics—you can qualify
for CREI home study training. ( Electronics
experience is not required for admission to
CREI Residence School.) Check coupon if
you prefer residence or home study infor-
mation . . . or write Capitol Radio Engi-
neering Institute, Dept. 1112-E 3221 . l6th
St., N.W., Wash. 10, D. C.

INDUSTRY CALLS FOR CREl TRAINING BY
NAME . . . SO SHOULD YOUW!

Here you see actual help wanted ads—one
from a San Francisco newspaper, another
seen in Washington. They are just two of
many which specify, “CREI or equal” edu-
cation. This shows that industry approves
CREI training, even insists on it. Experi-
ence has taught many, many companies that
CREI students are taught what industry
needs and wants them to know. Let this
be your cue when you choose your edu-
cational program.

BRAND-NEW COURSE ADDED AUTO.
MATION AND INDUSTRIAL ELECTRONICS
ENGINEERING TECHNOLOGY. Complete

course, covers all phases of automation.
Special emphasis on theory, functioning,
and applications of servomechanisms and
computers. Also noteworthy: Lessons on
machine control, instrumentation, data-
processing, and telemetry.

MAIL TODAY FOR YOUR FREE BOOKLET

1
| CAPITOL RADIO ENGINEERING INSTITUTE To help vs answer your re. :

ECPD Accredited Technical Institute Curricula—Founded 1927 . B

1 tell tly, lease
1 Dept. 1412-E, 3224 Sixteenth St., N.W., Washington 10, D. C. e ) |
p
) give the following informa

| Please send me your course outline and FREE illustrated Booklet. tion: |
1 "Your Future in the New World of Electronics™ . . . describing I
| opportunities and CRE! Home Study courses in Practical Electronic ]

Engineering Technology. 1
|
| cHeck O Radar, Servo and Computer Engineering Technology Employed By........ :
| [J Electronic Engineering Technology
] 2;:27(::7 [0 Broodcast (AM, FM, TV) Engineering Technology B' Type of Present Work.......... :
| T [0 Television Engineering Technology i
1 INTERES [0 Aeronautical Electronic Engineering Technology 1
l [0 Avtomation and Industrial Electronics Engineering Technology | Education: 1

Yrs. High School.......... ... '

! 1
ALRD Age OIher.....ooceeeoeresers e |
| 1
| SHEE o s Electronics Experience............ :
I I
| CHbY e ee Zone.......... State. . ierieveeniernee | o e e 1

Check: [J Home Study [J Residence School [J Korean Veteran ]
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Burton Browne/New York

the Gold Rush is on to Pyramid’s new “‘Gold Standard” =10% Mylar” Capacitors

You don’t need a shovel or geiger counter to strike PAY DIRT in the radio and GV service and
replacement field. “Pyramid offers you, the Service Gechnician for your everyday use, a new HIGH
RELIABILITY capacitor with critical tolerance of =10%, featuring non-hygroscopic cMylar dielec-
tric. ‘Ghis construction also provides high resistance to moisture plus high insulation resistance.

Ghe Pyramid “GOLD STANDARD"” Nlylar capacitor “absolutely guarantces” the reliability that
makes other types of by-pass and coupling capacitors obsolete.

MNow sold at a price competitive with common paper capacitors, Pyramid’s “GOLD STANDARD"”
eMylar capacitor is available in: (1) standard capacity values (2) standard voliage ratings (3)
standard capacity tolerance of =10%, previously available only on special order at premium prices.
Ghe GOLD RUSH to “Pyramid “GOLD STANDARD" =10% ylar capacitors is sweeping the
radio and G U replacement fieid. See your “Pyramid distributor today for all your capacitor require-
ments or for new catalog sheet, write to: “GOLD STANDARD ""c4ssayers Office, Pyramid Electric
Company, North Bergen, N. 7. i 2%

di Y CamaCITORS

L«
/iifi ’/
PYRAMID



Get

Your First Class Commercial

Do you WISH you

were EMPLOYED ¢ F,C.C. LICENSE
in ELECTRONICS? | 12 Weeks!

F.C.C. License — the Key to Better Jobs

An FCC comniercial (not amateur) license is your ticket
to higher pay and more interesting employment. This
license is Federal Government evidence of your qualifica-
tions in cleetronics. Employers are eager to hire licensed
technicians.

Learn by Correspondence or in Resident Classes

Grantham School of Electronics specializes in F.C.C. license
preparation. Correspondence training is conducted from Washington,
Hollywood, and Secattle: also, resident DAY and EVENING classes
are held in all three cities. Either way. by correspondence or in resi
dent glasses. we train you quickly and well. A beginner may qualify

Which License for Which Jobs 5 for his first class F.C.C. license in as little as 12 weeks!

The THIRID CLASS radiotelephone license is of value D
primarily in that it qualifies you to take the second class e
examination. The scope of authority covered by a third ",,.
class license is extremely limited. Na o

The SECOND CLASS radioteleplione license qualifies g“ R Thls bOOkle'
you to install, maintain, and operate most all radiotele- s’d \ l
phone equipment except commercial broadcast station ’:"’.v‘ N\ FREE °®

equipment.

The FIRST CLASS radiotelephone license qualifies
you to install, maintain, and operate every type of radio-
telephone equipment {except amateur, of course) inchud-
ing all radio and television stations in the United States,
its Territories and Possessions. This s the highest c¢lass
of radiotelephone license available.

The Grantham
Communications Electronics Course
prepares you for a FIRST CLASS FCC license. and it
does this by TEACHING you electronics. Each point is

covered simply and in detail, with emphasis on making
the subject easy to wnderstand,

OUR GUARANTEE
If you should fail the FCC exam

FCC-TYPE EXAMS
FCC-type tests are used

I
27AV

A7)

Dt

P

N

This free booklet gives
details of our training
and explains what an
F.C.C. license can do for
your future. Send for
your copy today.

Here's Prooy...
that Grantham Students prepare for FCC examinations in a minimum of

time. Here is a list of a few of our recent graduates, the class of
license they got, and how long it took them:

License Weeks

after finishing our course, we throughout the Grantham Henry M. Best, 1003 Vermont St., Fremont, N.C 15t 11

guarantee to give you addi- course. Constant practice with i o Iy pA L bt bt bl

tional training at NO ADDITION-  these FCC-type tests helps you Ha_rold s Jon“f AR B T8, Al;mogordo, i conereenan I8t 13

AL COST. Read details in our  prepare for the actual FCC Michael F. Aperio, 916 Townsend St., Chester, Pa. o inel 5 Ist 12

free booklet. examination. Norman R. Cook, 130 Olfive St., Neodeska, Kan. b 35 Ist 12
Antone Mello, 68 Union Street, Nantucket, Mass. ... .. .. ......... 1st 10

John Ward, 407 E. Cowden Ave., Midland, Texas .. .............. 1st 10
THREE COMPLETE SCHOOLS: To better serve our many F. T. Verga, 538 - Tth Street, Buffalo, N.Y. A s Ak oo 1sto 12
students throughout the entire country, Grantham School of Philip J. Hooks, 4825 N. Capitol, N.W., Washington, 0.C. ... .... 1st 12
E!ccl[om'Cs maintains three complete schools—one in Wash. Anthony Giaquinta, 404 Dale Or., Silver Springs, Md. . 15t 12
nigton, D. C,, noe in Hollywand, Calif,, and one in Seattle, J. Milton Condit, 1312 N. 78th Street, Seattle, Wash. st 8
Wash. All schnols offer the same rapid courses in FCC licens. J . .
preparation, cither home study or resident classes. ames W. Reichard, 707 Arlington Street, Tamaqua, Pa. 1st 8

G. Car! Patschke, 3220 Conn. Ave., NW, Washington, D.C. st 12

1505 N. Western Ave.
Hollywood 27, Calif.

(Phone: HO 7-7727) o (Mail in envelope or paste on postal card) I

7 oo !

W) To: CRANTHAM SCHOOL OF ELECTRONICS |

821-19th Street, N.W. 7 R Sl PRl

Washington 6, 0.C. - Washington e Hollywood e Seattle :
‘ entlemen:

(Phone: ST 3-3614) Please send me your free booklet telling how | can get my com- |
mercial F.C.C. license quickly. | understand there is no obligation |
and no salesman will call !

408 Marion Street :

Seattle 4, Wash. Name = Age i
(Phone: MA 2-7227) Address :

gl City State :

. Ll am interested in: Home Study, [ Resident Classes 84 TJ
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HISIS |

a NEW stereo speaker system that combines...

Unprecedented compactness-only 30"wide,25"high,12'2"deep
A third dimension to stereo sound ... DEPTH

Placement anywhere in a room

Use for both monophonic and stereophonic reproduction
Uncompromised quality at an attractive price

“Now, I must tell you,
I have heard a speaker
system that approaches
the authenticity of
concert hall performance.”
MISCHA ELMAN

Now celebrating the 50th anni-
versary of his American debut,
acclaimed throughout the world
for his supreme virtuosity...in.
ternationally celebrated violinist
Mischa Elman is an artist whose
preference for concert hall per-
formance over recorded music is a
matter of public record. His en-
thusiasm after hearing the TMS-2
in his home is shared by many
other leading artists, musical au-
thorities and audio experts who
also subjected the TMS-2 to criti-
cal listening tests under at-home
conditions.

Here the TMS-2 is shown with deflector doors closed for monophonic use.

PATENT
APPLIED FOR

.

secersaccssbressncn

The TMS-2 with deflector doors
opened for full stereo reproduction,

University’s NEW ‘trimensional’ stereo speaker TMS-2

Here is the most significant loudspeaker
achievemeni since the advent of popular
stereo ... a University development which,
at last, actually eliminates !l the problems
of placement, spaee limitations. decor and
eost ... but most import:nt of all, produces
a new kind of sterco sound ... the anthen.
ticity of concert hall depth.

COMPACT By utilizing the exclusive dual voice
coil feature of the C-12HC woofer, only one bass
enclosure and woofer are required to handle the
entire low frequency range of both stereo chan-
nels. Extended, undistorted bass is superbly re-
produced by making use of the RRL enclosure
design so successfully employed in University’s
Ultra Lincar Response systems. See fig. I.

DAL VOICE COIL WOOFER

BASS OF BASS OF
FiG. 1 CHANNEL L CANKEL R
i, o
) |
£ g

) oual
mippLe | [ T—¢ VOICE Lo

FREQUENCIES

MIDDLE
FREQUENCIES

N HF
L] "

HIGH
FREQUENCIES . v FREQUENCIES

CHANNEL L FROM AMPLIFIERS 4 ChanNEL R

REALISTIC STEREO The breadth, depth and
clarity of stereophonic sound is accomplished by
utilizing the walls of a room, just as the sym-
phony orchestra uses the acoustical properties of
the concert hall. The woofer sound emanates at

28

the rear of the enclosure; one mid-range and one
high frequency speaker for each channel project
sound from each side of the cabinet. By thus de-
flecting all frequencies, in proper relationship, to
the rear and side walls of the room, multiple
stereo sound sources are created that not only
provide the otherwise missing dimension of depth,
but also preserve the stereo effect virtually
throughout the room. See fig. 2.
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USE ANYWHERE The unique design of the
TMS-2 provides you with two distinct advan-
tages: place it in a corner or anywhere along a
wall, by merely positioning the deflectors as
shown in fig. 3, and since there are no particularly
critical listening positions, you, your family,
your friends—any number of listeners—can enjoy
the TMS-2 from most anywhere in the room.

MONOPHONIC OR STEREOPHONIC Withde-
flectors closed, the TMS-2 is an outstanding, wide-
range monophonic speaker system. “Presence’”
and “brilliance” controls are provided for both
sets of mid and high frequency speakers. In addi-
tion to being used for balancing the system to

room acoustics and personal taste, these controls
and the deflectors may be adjusted to produce a
pseudo-stereo effect with monophonic program
material as well. Whether you start your high
fidelity system with monophonic equipment, or
go right into stereo, the TMS-2 is the best invest-
ment you can make...it is equally “at home”
with any kind of program material, and no further
additions to the speaker system are ever required.

DESIGNED RIGHT-PRICED RIGHT Flawlessly
designed along simple, classical lines, beautifully
proportioned to compliment the most exacting
taste, the TMS-2 will enhance any decor. In fact,
it looks more like a piece of fine furniture than
a typical spcaker cabinet. Breathtaking in its per-
formance ... beyond the scope of conventional
monophonic or stercophonic reproduction, the
engincering concept of the TMS-2 climinates re-
dundant components; makes use of the latest,
most advanced acoustic principles. RESULT: the
ultimate in uncompromised value. In Mahogany
—38258, Blonde or Walnut—$263, User Net.

See and hear the TMS-2 at your dealer . . . NOW!
You too, will agree with musical and audio ex-
perts that it marks one of the most extraordinary
advances in high fidelity and stereo history!

UNIVERSITY LOUDSPEAKERS, INC., WHITE PLAINS, N.Y.
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STEREO R

AND experts
MONAURAL
Sayl L) .

in HI-Fl
the best buys are

World-famous
EICO advantages
guarantee your complete satisfaction:

Advanced engineering e Finest quality components

‘‘Beginner-Tested,” easy step-by-step instructions

LIFETIME service & calibration gua-antee

IN STOCK — Compare, then take home any EICO
equipment—right “off the shelf”’—fromn 1900 neighbor-
hood EICO dealers.

S mm—— V :.
*ve 8

Stereo Preamplifier HF85

B EEE

Stereo
Amplifier-Preamp
HF81

@, @, \

Bookshelf
Speaker System
HFS1

Monaural Integrated Amplifiers:
50, 30, 20, and 12-Watt
{use 2 for Stereo)

Speaker System HFS2
36" H x 154" W x 11%" D

Monaural Preamplitiers:
1

(stack 2 for Stereo)

Monaural Power Amplifiers:
60, 50, 35, 30, 22 and 14-Wa-t
(use 2 for Stereo)

DECEMBER, 1958

NEW STEREOPHONIC EQUIPMENT
HF85: Stereo Dual Preamplifer is a complete stereo
control system in “low silhouette” design adaptable to
any type of installation. Selects, preamplifies, controls
any stereo source—tape, discs, broadcasts. Superb-vari-
able crossover, feedback tone controls driven by feed-
back amplifier pairs in each channel. Distortion borders
on unmeasurable even at nigh output levels. Separate
lo-level Input in each channel for mag. phono, tape head,
mike. Separate hi-level inputs for AM & FM tuners &
FM Multiplex. One each auxillary A & B input in each
channel. Independent level, bass & treble controls in
each channel may be operated together with buiit-in
clutch. Switched-in  loudness compensator. Function
Selector permits hearing each stereo channel individu-
ally, and reversing them; also use of unit for stereo or
monophonic play. Full-wave rectifier tube power supply.
5-12AX7/ECC83, 1-6X4. Works with any 2 high-quality
power amplifiers such as EICO, HF14, HF22, HF30, HF35,
HF50, HF60. Kit $39.95. wired $64.95. Includes cover.
HF81: Stereo Dual Amplifier-Preamplifier selects,
amplifies & controls any stereo source — tape, disCs
broadcasts—& feeds it thru self-contained dual 14W am-
plifiers to a pair of speakers. Monophonically: 28 watts
for your speakers; complete stereo preamp. Ganged level
controls, separate focus (balance) control, independent
full-range bass & treble controls for each channel.
igentical Williamson-type, push-pull EL84 power ampli-
tiers, excellent output transformers. "*Service Selector’
switch permits one preamp-.control section to drive the
internal power amplifiers while other preamp-control
section is left free to drive your existing external ampli-
fier. Kit $69.95. Wired $109.95. Incl. cover
MONAURAL PREAMPLIFIERS (stack 2 for Stereo)
NEW HF65: superb new design, Inputs for tape head,
microphone, mag-phono cartridge & hi-level sources. IM
distortion 0.04 2V out. Attractive “’low silhouette’
design. HF65A Kit $29.95, wired $44.95. HF65 (with power
supply) Kit $33.95, Wired $49.95.
HF61: “‘Rivals the most expensive preamps’ — Marshall,
AUDIOCRAFT. HF61A Kit $24.95, wired $37.95, HF61 (with
power y) Kit $29.95. wired $44.95.

MONAURAL POWER AMPLIFIERS
(use 2 for STEREOQ)

HF60: 60-Watt Ultra Linear Power Amplifier with
Acro T0-330 Output Xfmr.; “One of the best-performing
amplifiers extant; an excellent buy.” AUDIOCRAFT Kit
Report. Kit $72.95. wired $99.95. Cover E-2 $4.50
HF50: 50-Watt Ultra Linear Power Amplifier with
extremely high quatity Chicago Standard Output Trans.
former. Identical in every other respect to HF60, same
specs at S0W. Kit $57.95. Wired $87.95. Cover E-2 $4.50.
NEW HF35: 35-Watt Ultra-Linear Power Amplifier.
Kit $47.95. Wired $72.95. Cover E-2 $4.50.
HF30: 30-Watt Power Amplifier. Kit $39.95. Wired
$62.95. Cover E-3 $3.95
NEW HF22: 22.watt Power Amplifier. Kit $38.95.
Wired $61.95. Cover E-2 $4.50.
NEW HF14: 14-watt Power Amplifier. Kit $23.50.
wired $41.50. Cover E-6 $4.50

MONAURAL INTEGRATED AMPLIFIERS
(use 2 for STEREO)

HF52: 50-Watt Integrated Amplifier with complete
“*front end'* facilities & Chicago Standard Output Trans.
former, ‘‘Excelient value"’ —Hirsch-Houck Labs. Kit $69.95.
Wired $109.95. Cover £-1 $4.50
HF32: 30-Watt Integrated Amplifier. Kit $57.95.
Wired $89.95. Both include cover
HF20: 20.Watt Integrated Amplifier. ‘“‘Well-engi-
neered’’ — Stockiin, RADIO TV NEWS. Kit $49.95. Wired
$79.95. Cover E-1 $4.50.
HF12: 12-watt Integrated Amplifier. ‘“‘Packs a
wallop”—PQOP. ELECTRONICS. Kit $34.95. wired $57.95.

SPEAKER SYSTEMS (use 2 for STEREO)
HFS2: Natural bass 30-200 cps via slot-loaded 12-ft.
split conical bass horn. Middles & lower highs: front radi-
ation from 8% edge-damped cone. Distortionless spike-
shaped super-tweeter radiates omni-directionally. Flat
45-20,000 cps, useful 30-40,000 cps. 16 ohms. HWD
36", 15¥a", 11%”."Eminently musical; would suggest
unusual suitability for stereo."—Holt, HIGH FIDELITY.
Completely factory-built: Walnut or Mahogany. $139.95;
Blonde, $144.95.
HFS1: Bookshelf Speaker System, complete with fac-
tory-built cabinet. Jensen 8~ woofer, matching Jensen
compress driver exponential horn tweeter. Smooth
clean bass; crisp extended highs. 70-12,000 cps range.
Capacity 25 w. 8 ohms. HWD: 11" x 23" x 9". Wiring
time 15 min. Price $39.95. H
FM TUNER °
HFT90: surpasses wired tuners up to 3X its cost. Pre-
wired, pre-alipned. temperature-compensated **front end”
— drift-free. Precision ‘‘eye-tronic’” tuning. Sensitivity
1.5 uv for 20 db quieting — 6X that of other kit tuners
Response 20-20,000 cps =1 db. K-follower & multiplex
outputs. ““One of the best buys you can get in high
fidelity kits.”” — AUDIOCRAFT KIT REPORT. Kit $39.95°.
Wired $65.95°. Cover $3.95.

® LESS COVER, F.C. ¥

BEFORE YOU BUY, COMPARE:

| |
: You may examine the complete EICO line |
at any of 190D neigborhood EICO dis- |
| tributors coast to coast. Compare critically i
| with equipment several times the EICO
| cost — then you judge. You'll see why the |
[ experts recommend EICO, kit or wired, as |
your best buy. I
l EICO. 33-00 NORTHERN BLVD., L.1.C. 1, N.Y, [
| Fill out coupon on other side for FREE CATALOG |
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Add 5% in the West.
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SEE OUR "HAM" AD ON PAGE 127

the specs prove it . .
your BEST BUY is
®

for COLOR & Monochrome TV servicing

FREE CATALOG

shows you HOW TO SAVE 50%

on 50 models of top quality
professional test equipment.

MAIL COUPON NOW!

NEW!
TV-FM SWEEP
GENERATOR &
MARKER #368

WIRED
S] ]995

Entirely electronic sweep circuit (no mechanical
devices) with accurately-biased inereductor for
cxcellent lincarity. Extremely flat RF output: new
AGC eircuit automatically adjusts osc. for max.
output on each band with min. ampl. variations.
Excepiional tuning accuracys cdge-lit hairlines
eliminate parallax. Swept Ore. Range 3-216 me¢ in
5 fund. bands. Variable Marker Range 2-75 mc in
3 fund. bands: 60-22% mc on harmonic band. 4.5
me Xtal Marker Osc., xtal supplied. Ext. Marker
provision. Sweep Width 0-3 mc lowest max. devia-
tion to 0-30 mc highest max. dev. 2-way blanking.
Narrow range phasing. Attenuators: Marker Size,
RF Fine, RF Coarse (4.step decade). Cables: out-
put, ‘scope horiz., 'scopc vertical. Deep-etched
satin aluminum panel; rugged grey wrinkle stecl
cabinet.

NEW! RF

SIGNAL GENERATOR
#324

KIT WIRED
52695

150 ke to 433 me with ONE generator! Better
value than generators sclling at 2 or 3 times its
cost! Ideal for IF-RF alignment, signal tracing &
trouble-shooting of TV, FM, AM scts; marker
gen.; 400 cps audio testing: lab. work. 6 fund.
ranges: 150.400 ke, 400.1200 ke, 1.2.3.5 mc,
3.5-11 me, 11-37 me, 37-143 me: 1 harmonic
band 111-435 me. Freq. aceurate to =1.5%; 6:1
vernier tuning & excellent spread at most impor-
tant alignment fregs. Etched tuning dial, plexi-
glass windows, edge-lit hairlines. Colpitts RF osc.
directly plate.modulated by K.follower for
improved mod. Variable depth of int. mod. 0.5€%
by 400 cps Colpitts 0sc. Variable gain ext. ampli-
fier: only 3.0 v nceded for 30% mod. Turret.
mounted coils slug-tuned for max. accuracy. Fine
& Coarse (3-step) RF attenuators. RF output
100,000 uv; AT sine wave output to 10 v, 50-ohm
output Z. 5-way jack-top binding posts for AF in/
out; coaxial connector & shielded cable for RF out.
12AU7, 12AV7, selenium rectifier; xmfr-operated.
Deep-ctched satin aluminum panel; rugged grey
wrinkle steel cabinet.

TURN PAGE
FOR MORE
EICO VALUES

e, NEW! DYNAMIC

of -~ |0® CONDUCTANCE
o3 . ‘: TUBE & TRANSISTOR

TESTER #666

o fttttttirt @ Wi WIRED

s - VIR L

COMPLETE with steel cover and handle.

SPEED, easc, unexcelled accuracy & thoroughness.
Tests all recciving tubes (and picture tubes with
adapter). Composite indication of Gm, Gp & peak
emission. Simultaneous sel of any ‘1 of 4 combina.
tions of 3 plate voltages, 3 screen voltages, 3 ranges
of continuously variable grid voltage (with 5%
accurate pot). New series-string voltages: for 600,
450, 300 ma types. Sensitive 200 ua meter. 5
ranges meter sensitivity (1% shunts & 5% pot).
10 SIX.position lever switches: frecpoint connec-
tion of cach tube pin. 10 pushbuttons: rapid insert
of any tube element in leakage test circuit & speedy
sel. of individual sections of multi.section tubes in
merit tests. Direct-reading of inter-clement leakage
in ohums. New gear-driven rollchart. Checks nep-n &
p-n-p transistors: separate meter readings of col-
lector icakage current & Beta using internal de
power supply. Deep-ctched satin aluminum panel;
rugged grey wrinklesteelcabinet. CRA Adapter 84.50

COLOR

and Monochrome
DCto 5MCLAB& TV
5" OSCILLOSCOPE
3#460
WIRED
S] 2950

e Features DC Amplifiers!

Flat from DC-4.5 me, usable to 10 me. VERT.
AMPL.: scns. 25 rms mv/in; input Z 3 megs;
direct-coupled & push-pull thruout; K-follower
coupling bet. stages; 4-step freq-compensated
attenuator up to 1000:1. SWEEP: perfectly linear
10 cps-100 k¢ (ext. cap. for range to 1 ¢ps); pre-
set TV V & H pesitions; auto. sync. ampl. & lim.
PLUS: direct or cap. coupling; bal. or unbal.
inputs: edge-lit engraved lucite screen; dimmer;
filter; besel fits std photo cquipt. High intensity
trace CRT. 0.06 uscc rise time. Push-pull hor.
ampl., flat to 400 k¢, sens. 0.6 rms myv/in. Built-in
volt. calib. Z-axis mod. Sawtooth & 60 cps outputs.
Astig. control. Retrace blanking. ’hasing control.
5 PUSH-PULL Oscilloscope =425: Kit $44.95, Wired $79.95.
7" PUSH-PULL Oscitioscope =470: Kit $79.95, wired $129.50.

NEW! PEAK-to-PEAK
VTUM #232 & UNI-
PROBE (pat. pend.)
KIT WIRED
52995 54995

Holf-turn of probe tip selects
DC or AC-Ohms.

"~ Uni-Probe — exclusive with
EICO — only 1 probe performs
oll functions]

Latest circuitry, high sensitivity & precision, wide

ranges & versatility. Calibhration without removing

from cabinct. New balanced bridge circuit. High

Z input for negligible loading. 4%4” meter, can't

burn-out circuit. 7 non-skip ranges on every

function. 4 functions: 4-DC Volts, —DC Volts, AC

Volts, Ohms. Uniform 3 to ! scale ratio for extreme

wide-range accuracy. Zero center. One zero-adj. for

all functions & ranges. 1% precision ceramic mult]-
plier resistors. Measure direetly peak-to-peak volt.

age of complex & sine waves: 0-4, 14, 42, 140, 420,

1400, 4200. DC/RMS sine volts: 0-1.5, 5, 15, 50,

150, 500, 1500 (up to 30,000 v. with HVP probe &

250 mc with PRF probe). Ohms: 0.2 ohms to

1000 megs. 12AU7, 6AL5, sclenium rectifier; xfmr-

opcrated. Decp-ctched satin aluminum . panel,

rugged grey wrinkle steel cabinet.

Send for

New!
Series/Parallel
R-C COMBINATION
BOX #1140
KIT $13.95
WIRED $19.95

TUBE TESTER
3625
o8 8 KIT $34.95
¥ oo Wired $49.95
> o tests 600
: ., 12 mil series
.\: KT8 9 strting type
107 LT ubes
. -1 %0 ¢ jlluminated
roll-chart
Pix Tube Test Adapter .$4.50

6V & 12V BATTERY
- ELIMINATOR
. & CHARGER 1050

' KIT $29.95
WIRED $38.95
Extra-filtered for
8 transistor equipt.
#1060 KIT $38.95
WIRED $47.95

New!
Miniaturized
MULTI-SIGNAL
TRACER #1457
KIT $19.95
WIRED $28.95

20,000 Ohms/Volt
V-0-M #£666

KIT 2495
Wired $29.95

¥ 1000 Ohms/Voit
¥-0-M

#536
KIT $12.90
Wired $14.90

Reads 0.5 ohms

= —500 megs, 10

mmfd—5000 mfd,
power factor

@

°
¥ . BN
7) @ @ Wired
$29.95

R-C BRIOGE & R-C-L COMPARATOR
39508

VIVM PROBES KIT Wired
Peak-to-Peak $4.95 $6.95
RF $3.75 $4.95
High Voltage Probe-1 ...$6.95
High Voltage Probe-2 .$4.95
SCOPE PROBES

Demodulator $3.75 $5.75
Direct $2.75 $3.95
Low Capacity $3.75 $5.75

e anotei 1 o c-12

Show me HOW TO SAVE 50% on (0 Tost fnstru-
ments (3 Hi-Fl
Catalog and name of neighborhood dealer.

Ham Gear. Scnd me FREE

Name.

FREE CATALOG
now

Prices'S% higher on West Coast.
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33-00 Northern Bivd., Long Isiomd City 1, N.Y.

Address
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Hugo Gernsback, Editor

TELEDUCATION PROGRESS

e oo An Astonishing Growth in a Short l'ime . . .

HEN we first started our mass-teleducation

drive in 1945, educators were aghast at our

idea of Teleview Teaching. We had stated:

“OQutstanding eduveators |can| now lecture via
teleview from central teletoriums. ... Thus one teacher
can lecture and Instruct hundreds of classes. ... Super-
visors keep order in classrooms, collect notes, supervise
tests. . . .’ This, in 1945, was arrant heresy to most
orthodox pedagogues and we were roundly denounced
for our vapid “dreams.” Even as late as 1951 and
1955~56,* most educators still could not see MASS
teaching via television. However. several far-seeing men
in a few isolated locations in this country started a
number of modest teleducation projects, all of which
succeeded rapidly.

What probably convinced most die-hard educators
that teleducation was “‘the most significant thing going
on in America today,” in the words of authoritative Dr.
Alexander Stoddard,t was the pioneer development in-
augurated in September, 1956, in Iagerstown, Md.
Here, at the time, 6,000 children in 6 elementary and 2
high schools were being educated via a local TV closed-
circuit network.

Last yvear, in our editorial “The U.S.A. at Bay,”** we
alerted every member of Congress and all key educators
throughout the country to our national danger of con-
tinuously falling behind Russian mass science education.
We once more emphasized that MASS NATION-WIDE
TELEDUCATION was the answer.

Let us publicly voice our sincere appreciation here
tor the hundreds of enthusiastic and constructive let-
ters we received at that time from US Senators and
Congressmen as well as prominent educators from every
part of the country,

Whatever small part we played in the present phe-
nomenal teleducation development now mushrooming
all over the country, we feel more than well repaid,
although the achievement is still far from the goal we
visualized in 1945—but more of this anon.

As this is written in early October, these are the
present teleducation statistics:

Closed Cirvenit: Between 60,000 and 75,000 students of all
ages obtain part of their education by elosed-cirenit 'I'V in
about 500 individual schools of all types, For some students,
it may be | hour or less a week for others, as much as 1 or
2 hours a day.

These figures are based on the annual survey by the Joint
Council on Educational Television (July. 1958). It found
that at least 133 closed-cirenit systems are used by 119
institutions. Some of these are public-school systems, Tel-
cducational Closed-Cirenit Instruction—Ilet us call it TECCE
for short—is also used by The Armed Forees. ht is not
included in the JCET total.

*Tame, December. 1945; Newapeck, December, 1950; Ranio-ELECTRoNICS,
September, 1951. Also "Tec-Teleducation,”” Forecast, December, 1954 :
RADIO-ELECTRONICS, February, 1965, and May, 1966. (Tame. Newspeek
and Forecast were the editor’s Christmas brochures.)

tFor 10 years chairman of the Educational Policies Comniission of the
National Education Association.

**RAD10-ELECTRONICS, December, 1957,

DECEMBER, 1958

Open Cirenit: Between 8.000 and 10.000 schools now make
use of on-the-air TV instruetion, Some 10.000,000 students
in all grades and edueational institutions—1 in every 4
enrolled students in the US—view TV at sowme time in school.
Perhaps half of these view academie or technical subjeets
regularly, The latter figures are our estimates, confirmed
as “reasonable’” by the US oflice of Education,

There are 37 TV stations owned by educational institu-
tions and at least 73% of the more than 500 commereial TV
stations that now have varied educational prograws, many
aimed at schools and colleges. NBC recently began the first
nation-wide college-eredit telecasts with an ambitions physies
course, In addition, an es<timated 5300 New York City and
vicinity schools, with 2,000,000 pupils, are already partici-
pating in teleducation,

An astonishing and impressive beginning in a mini-
mum of time which deserves country-wide acclaim.

Nevertheless, it seems certain to us that in the fore-
seeable future all TV teaching will be via teleducational
closed-circuit instruction. There are far too many ad-
vantages for TECCI against present-day open circuit
svstems to enumerate all of them here. True, open cir-
cuit is the logical stopgap in the interim, because it
takes much longer to install a nation-wide comprehen-
sive closed-circuit network, such as we have foreseen
over a decade ago. Yet we know that it must prevail in
the end. Our broadcast stations simply cannot carry an
all-day-long teleducation load. 5 days a week.

We have also continuously advocated in these articles
that the present makeshift of using a number of TV
sets scattered through the classroom is archaic and
cumbersome. We require up-to-date. large wall pro-
jection TV, just as dozens of theatres and hotels all over
the country are now usiity for sports events and business
meetings via closed-circuit networks.

We cannot comprehend the short-sighted handful of our
TV projection manufacturers who have not scen fit to mass-
produce classroom TV production cquipment that schools
could buy at a reasonable priee. A large market is certainly
waiting amwe. And once more we should emphatieally repeat
onr past admonition that teleducation must be in color to
be suceessful—yon cannot hope to teach, particularly such
technical  subjects ax  chemistry,  electricity,  electronies,
engineering, ete., in black and white. Color is essential here
—a MUST,

We also pointed out many times in the past that we
have sufficient good teachers right now to instruct the
millions via teleducation in the US. All we require is
a nation-wide technicaily integrated closed-circuit net-
work accessible at all times to the greatest teaching
talent in our country.

We are now living in THE most crucial period, when
mass education is going through its greatest revolition
in history. We in electronics have the consecrated duty
to guide this new and vital educational development
into its rightful path to success, always keeping in
mind technical flexibility for future improvements that
are bound to come. —H .G,
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TEST INSTRUMENTS

experimenter’s economy T|JBE

OMMERCIAL tube checkers have

been getting bigger, better and

more expensive. The experi-

menter who checks only a few
tubes a month yet wants to know all
he can about them is justifiably hesitant
about investing over $100 in an instru-
ment he uses so rarely.

To test for emission, transconduct-
ance, shorts and opens, noise, amplifica-
tion, microphonics, gas, power output,
rectification and maybe even interelec-
trode capacitances would certainly re-
quire a high-priced tube checker. On the
other hand, to set up on the bench, each
time, a complete experimental layout to
test one tube would be a nuisance.

With minimum investment and maxi-
mum flexibility, the instrument de-
scribed here circumvents both alterna-
tives. It is not a complete tube checker,
but neither is it a group of disconnected
parts which have to be set up each
time. Rather we should call it a basic
tube-checking assembly, which can be
swiftly adapted to just about any test
you can think of.

Fig. 1 is the complete circuit dia-
gram. The parts, purchased new, cost
about $20 but, with some scratching and
rummaging in the junkbox, you can
probably reduce that by quite a bit.

Essentially, the unit consists of fila-
ment transformer T and its 20-point
selector switch S4. To boost plate power
for higher voltages, transformer T1 is
included. If you end up with unusually
low voltages, reverse the connections to
one transformer primary. From the two
transformers, two switches 83 and S5,
single-pole 10-position switches tap off
for appropriate plate and screen sup-
ply voltages. These are rectified by

32

selenium rectifiers RECT 1 and RECT 2
and filtered by capacitors C1 and C2.
Switch S2 adjusts for line voltage, but
is optional. With the amount of control
vou have here, you might just as well
hook up the transformer for 115 volts.
There is the usual line switch, and a
meter switch. The meter switch gives
the choice of inserting a meter in either
an ac or a de plate supply. You will see
the reason for this presently.

Connections to the tube-socket pins
are made by inserting the phone tip on
one end of a short length of flexible lead
into the appropriate numbered jack.
The other end of the lead is inserted in
the desired circuit jack. There are six
ground jacks, three plate jacks, two
filament jacks (for center-tapped fila-
ments) a grid and a screen jack. A
pilot-lamp socket is connected to the
filament-voltage switch and provides
for testing pilot lamps. Two sets of
binding posts are inserted in the plate
circuit and connected with test links.
In the grid circuit there is another test
link on binding posts. The reason for
these links is discussed later. A resistor
and NE-16 neon lamp, also terminated
in a phone tip jack, is the last item. The
entire assembly is enclosed in a box
measuring 23; x 5% x 13 inches.

The voltages tapped off for the plate
and screen supply are somewhat op-
tional. I picked those which scemed most
useful but, if you have other ideas, you
can apply them here.

What will you need besides the
checker to test tubes? That depends on
the tests you want to make. Most tests
require only a multimeter and a few
resistors. For some you will need an
ac milliammeter. For one a headphone

CHECKER

Test for shorts and
opens, emission, ampli-
fication, power output,
notse and wmicrophonics,
transconductance and
other important tube
characteristics with an
instrument you can
build for about $20

By TOM JASKI

is needed. But the nice part of the deal
is that you are not tying up expensive
instruments permanently. For all tests
vou will need a tube manual and some
knowledge of how to test tubes. As we
describe the various setups, you will
soon learn what you need to know.

Heater continuity

Let’s check for heater continuity of
a 12AU7 for an example. First find the
tube base in the manual. The heater
pins are 4, 5 and 9 (center tap). Insert
the tube in the nine-pin socket. Turn on
the checker, and insert one lead in tip
jack 4 with its other end in one of the
grounded tip jacks. Now insert one end
of the second lead in tip jack 5 and the
other end in the one labeled SHORT.
If the heater is good, both sides of the
neon lamp will light.

To check for an intermittent heater
or filament, take the pin out of the
SHORT jack, set the filament switch for
the proper voltage (12 in this case)
and insert the same pin in the FIL jack.
Then you can watch the filament light
up, and keep it on as long as you choose.

Heater current

For this you will need an ac am-
meter, preferably one that reads up to
1 ampere, or a shunted milliammeter
which reads 1 ampere full scale. Insert
one lead end into tip jack 4 (for the
12AU7) and the other end into one of
the GROUND jacks. Set the filament
switch to the proper voltage (12) and
insert one of the meter’s test prods into
jack 5 and one into the FiL jack, and
you’ll read heater current at once.

Shorts and opens
Short and open tests are best made

RADIO-ELECTRONICS



with the tube warm and the heater on,
because some shorts do not show up
until the tube has warmed up. So, set
up the filament voltage and connect the
heater pins to GROUND and FIL jacks
with two leads. Now insert a third lead
into the sHORT jack, and test unoc-
cupied tip jacks 1 to 9. If you encounter
a short, the neon lamp will light up on
both sides. When an element is normal,
only one side of the neon lamp lights.
If an eclement is open, the neon lamp
will not glow at all. The setup for short
testing is shown in Fig. 2-a. A test
is being made for a cathode-to-screen

can start with all elements grounded
except the heater. Then, remove the
grounding jumpers in turn and plug
into the sHORT jack. This detects shorts
between the eiement being tested and
all others.

Whenever the cathode tests shorted,
vou should determine the exact amount

R1—4,700 ohms, !5 watt

R2—3,300 ohms, ¥/, watt

R3—470 ohms, !/; watt

Ci, 2—40 uf, 250 volts, electrolytic

RECTI, 2—selenium, 60 ma, 250 volts or two 40-ma
130-volt units in series

TEST INSTRUMENTS

S2—single-pole 3-position rotary, nonshorting

$3, S5—single-pole 10-position rotary, nonshorting

S4—single-pole 20-position rotary, nonshorting

Sé—spdt stide

Tl—power transformer: primary, |17 volts; secondary,
250 volts ct, 25 ma; 6.3 volts, | ampere (Stancor
PS-8416 or equivalent)

T2—tube-checker transformer: primary, 125/115/105
volts; secondary, 1.1/1.4/1.5/2.0/2.5/3.0/3.3/5.0/
6.3/7.0/7.5/12/25/30/35/50/70/85/110/ 117 volts
{Stancor P-1834-3 or equivalent)

Chassis, 234 x 5% x 13 inches

Socket, octal

Socket, noval

Socket, 7-pin miniature

Socket, loctal

NE-16 neon lamp and mounting assembly

Pilot-lamp socket

Binding posts (6)

Tip jacks (24}

Phone-tip plugs (19)

Grid or plate cap

Knobs

grid short. For other shorts tests, you  sj—dpst slide Miscellaneous hardware
PLATE VOLTAGE RECT |
250V
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> 2021285759720 © © —ﬂ—m ar 123456789
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Inside the chassis,
The aunthor used
two types of ree.
tifiers which he
happened to have.
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NE-16
R2
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——o
P s PLATE e © - NUMBERED TUBE PIN JACKS
X = JUMPER
T ©: TIP JACKS

= O+ BINDING POSTS
1 Fig. 2—Circnits used in testing tubes: a—-short
and open test; b—filiment rvectifier test; c—
cathode rectifier check: d—emission: e—am-
plification; f — power output; g — noise and
SELF BIAS RES OR O 3 microphonies; h — transconductance; i — gas;

+ BIAS ON CATHODE

of cathode-heater leakage. To do this
disconnect the SHORT testing lead, select
a dc plate voltage of about 100 (70 is
enough in most cases) and connect a
microammeter to the meter terminals
(test link open). Make sure the meter
switch is on de. Now connect the cathode
to the PLATE jack. You will read some
leakage current. For most tubes, this
should not exceed 20 wa for 100 volts.
In other words, with 70 volts vou should

DO NOT CONNECT HEATER
J

shown in Figs. 2-b and 2-¢. Here the
meter switch is set for ac, but you use
a dc meter. In series with the tube is
inserted a resistor—capacitor combina-
tion. The capacitor should be at least
0.5 uf. The meter is connected across
the METER binding posts with the link
open for filament type rectifiers. For
cathode type rectifiers (Fig. 2-¢) the
meter is connected between the tube’s
cathode and ground. The resistor will

j—interelectrode capacitance.

manium and silicon rectifiers and di-
odes with the setup in Fig. 2-c. If you
have diodes with pigtails, you can insert
these in the miniature or subminiature
tube sockets.

Forward and backward diode current
can also be measured. Simply switch the
METER SWITCH to DC and for reverse
current reverse the connections of the
diode in the tube socket by swapping
leads.

not read over 15 wa. If you read more have to be a heavy-duty one, its value p—
than 50 ua, definitely reject the tube. depending on the tube vou are testing. Emission checks

A milliammeter with a 1-ma full- For a 5Y3-GT which should deliver Similar to rectifier tests is the emis-
scale range can be used. On its scale 125 ma per plate at 60 volts dc, the sion test. The setup is shown in Fig.
20 microamps will be only two scale resistor can be a 400-ohm 10-watt unit. 2-d. The METER SwITCH will be on Ac,

divisions, but you will certainly be able
to tell whether the tube should be re-
jected.

Testing rectifiers and diodes

Setups for testing rectifiers are

34

If you want to know the voltage, con-
nect a voltmeter in parallel with the
resistor.

For smaller diodes the voltages will
have to be lower and the resistance
higher. You can test selenium, ger-

but again use a d¢ milliammeter. The
plate and screen (if any) should be
tested, but the emission contribution
from grid or suppressor is so small you
may as well ignore them, unless you
have a very large tube. Most tubes are

RADIO-ELECTRONICS



tested with about 20 volts ac applied
to the plate, except high-gain tubes
such as the 6AC7, 6AGS5, etc. These get
only 10 volts. Output tubes are gener-
ally tested with about 50 volts ac and
rectifiers such as the 5Y3-GT and 5Z4
with 75 volts.

A simple way to determine whether
there is sufficient emission is to com-
pare the tube you are testing with a
tube you know is good. I have one good
specimen of a number of tubes which I
test periodically on hand, marked with
all its values on a sticker, to use as
references for tests.

However you can figure approxi-
mately., With the grid (and suppressor,
if any) grounded you should read about
one-third of the rated plate current
with 20 volts on the plate. With the
grid tied to the plate, you should read
close to the peak rated cathode cur-
rent. In other words, for the 12AU7
vou should read 3 ma and 60 ma, re-
spectively. The method you use depends
on what meter you have available. But
remember, a tube with a grid-to-plate
short in the method in which the plate
and grid are tied together will show
normal emission, as will a tube with a
cathode-to-grid short in the other
method. So don’t forget to check for
shorts.

If you often check the same or simi-
lar type tubes, you can easily make
vourself a chart showing emission
values which are acceptable, doubtful
and bad.

Amplification test

This test, shown in Fig. 2-e, is often
called a transconductance test. It is
really not so. What is measured is the
ac amplification of the tube. It simply
tests the amplification of a tube at
rated voltages and zero bias. However
it is a useful test, because R can be
changed to any contemplated value and
the performance of the tube determined.
Also you could use a resistor for self-
bias and determine performance in a
duplication of anticipated design values.

Checking power output

This test is one that strains even the
multiple connections available in this
box. Fortunately it is not made fre-
quently. Resistor R:. (see Fig. 2-f) is
the normal load resistance for the tube,
the capacitor (C) should be at least
0.5 pf and the choke (CH) must have
about four times the impedance of the
load resistor. Reading the alternating
current, you can then calculate the
power output from the formula W
I'R. If you have a power output meter,
the load resistor is sometimes built in.
Multimeters which have a power out-
put scale do not, as a rule, have a load
resistor built in; they are designed to
match a 500-ohm load. In effect, they
measure an ac voltage. The voltage ap-
plied to the grid is 1.1 volts and the
bias battery should have the same volt-
age, If you do not need a screen voltage,
you can use the PLATE VOLTAGE selector
with the METER SWITCH on AC, and a
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bias battery connected to the LoAD ter-
minals to get a higher test voltage for
the grid. To do this, use the SCREEN jack
and rectifier for the plate voltage.

If you don’t have an ac milliam-
meter but do have an ac voltmeter
(preferably a vtvim), you can read
alternating current by using a precision
shunt resistor of 1, 10 or 100 ohms, de-
pending on the current to be read and
the scales on your meter.

Noise and microphonics

This test is shown in Fig. 2-g and is
self-explanatory. The object is to apply
approximately normal voltages to the
tube and to listen for noise. To test for
microphonics, tap the tube lightly while
listening. If it rings and the ringing
persists, even a little, after a tap, you
have a microphonic tube.

Measuring transconductance

This is probably the most used test,
after emission and shorts. It (see Fig.
2-h) requires an ac milliammeter (or
as before, an ac voltmeter across a
precision resistor. The meter must be
isolated from the de¢ so it does not
deflect on direct current as some multi-
meters do. This is done by placing a
large paper capacitor in series with the
meter. Its impedance will be negligible
for the small meter current, if you use
at least 2 uf.). The bias voltage is that
specified by the manufacturer.

With a 1-volt input (plus the bias)
a 1-ma ac meter would read 1/1,000 of
the transconductance in micromhos. In
other words, full-scale reading on a
1-ma meter would indicate 1,000 mi-
cromhos. With the 1.1 volts available
from the transformer, you make a cor-
rection, the transconductance is 909
times the reading on a 1-ma meter
scale, in micromhos. For rough work
the 1,000 times is close enough.

If you have an ac voltmeter which
has a 1-volt scale, and vou use a 100-
ohm shunt, the value you read must
by multiplied by 9,090, because your
meter in effect reads 10 ma full scale.

In most tests, when you are checking
one section of a dual tube, it will be
best to ground all elements of the un-

3—Suggested panel layout for convenient eperation,

used section. But if you cannot ground
them all, do not ground any of them.

A check for a gassy tube (Fig. 2-i)
is made with the specified plate voltage
and the grid at the cutoff bias listed by
the manufacturer. You can use self-bias,
but it is better to use an external bias in
the grid circuit (use the binding posts
marked GRID).

If the meter in the grid circuit shows
any current at the specified bias volt-
age, try a slightly higher voltage, be-
cause tubes are not all exactly as speci-
fied. However, if you fail to get the
tube cut off at 20°¢ over cutoff bias, it
is certain to be gassy. Even between the
specified value and the 20747 higher
point there is some doubt. The meter
will have to be a microammeter, with a
50-ua or lower scale. Many late-model
multimeters measure these low currents.

Other tests

You will seldom measure interclec-
trode capacitances. It requires a sensi-
tive capacitance bridge. However, the
setup is shown in Fig. 2-j.

The experimenter who has read this
far can now easily see how still more
tests can be made. For example, you can
make a coil with two windings and at-
tach leads with phone tips to both coils,
and use them to test a tube’s ability to
oscillate. Some tubes which check out
fine refuse to oscillate well, This some-
times happens in pentagrid converters.

You can use the box as a base for
external connections, with supply volt-
ages obtained from the box. Thus, you
can connect outside oscillators to the
grids for tests such as phase-reversal
mixer transconductance. Few experi-
menters will get into this and, for those
who must, data are available in refer-
ences such as the RCA Radiotron De-
signers Handbook.

As it stands, I find this checker to be
a most useful tool, for it does not limit
me to any one type of test and it is
easily set up in seconds for any test I
would want to make. Once you have
used it a few times, I think you’ll agree
it is the ‘““most” tube checker you can
get for the least money, unless you
spend all day checking tubes. END
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Pulse Sync for your

Add « Schmitt trigger and stop scope-trace
wandering when you switch from point to
point i a circuit

Another view of the pulrer installed in the scope.

36

SCOPE

DANIEL MEYER

OW many times have you seen

an oscilloscope trace go wild

when you moved the scope’s

probe from one point to another
in a circuit? Almost always, is probably
the answer unless you own a relatively
expensive oscilloscope.

This difficulty can be traced to the
sweep and sync circuits used in most
scopes in the under-$200 class. The
sweep circuit in most of these is a
simple cathode-coupled multivibrator.
This multivibrator is very similar to
the one used as a horizontal oscillator
in TV sets. The main difference is that
the frequency of the scope’s multi-
vibrator can be varied over a wide
range by changing the R-C time con-
stant between the two tubes.

Syne signals, consisting of a portion
of the signal being viewed, are applied
to the grid of the first tube section.
These signals are tapped off the
scope’s vertical amplifier and fed to a
syne amplitude control which controls
the amount of sync signal reaching the
sweep nmultivibrator. This is all well
and good, but a multivibrator is criti-
cal when it comes to both the voltage
and waveshape of the sync signal.
Sync signals reaching it must have the
following characteristics to give reli-
able triggering (see Fig. 1):

Rise time 0.1 microsecond
Decay time 1.0 microsecond
Shape Peaked
Amplitude Constant

If the pulse has a slow rise time,
like a simple sine wave, the multi-
vibrator needs considerably more syne
voltage to lock in at the same fre-
quency as the signal being viewed
than it would if rise time were fast.
The variation in signal level and wave-
form being applied to the sweep circuit
is what causes the scope to lose sync
when the probe is moved from one point
to another in a circuit. For example,
if the scope is adjusted to check hum

RADIO-ELECTRONICS



Fig. 1—Characteristics of a good sync
signal.

2—The

Schmitt trigger circuit.

Fig. pulse developed by a

at 60 cycles and the probe is moved to
a vertical oscillator circuit, the scope
will probably lose sync because of the
difference in waveforms, even if volt-
age levels are approximately the same.

Try a Schmitt trigger

We can supply the sweep multi-
vibrator with an almost ideal synchro-
nizing pulse with a simple one-tube
circuit known as a Schmitt trigger. A

RI, 2—100,000 ohms

R3—47,000 ohms

R4—pot, 50,000 ohms, 2 watts

R5—3,900 ohms, 5%

R6—6,800 ohms

R7—10,000 ohms

R8—18,000 ohms
*R9—pot, 100,000 ohms, 2 watts
*R10—470,000 ohms

All resistors 1-watt 10% unless noted

C1—0.25 uf, 400 volts

C2—15 uuf, disc ceramic

CZ—’IOSO unf, disc ceramic

RFC—I mh

Vi—4U8-A

Vector socket, 9-pin

Miscellaneous hardware
*These paris are in your scope. However, their val-
ves may differ. If so, replace them with the values

shown.
CRY PLATE
VERT % _.__ Bt
OuTPUT o
L.l ey GRT PLATE

Fig. 4—This is the circuit you add to
your scope to pulse-sync the instrument.
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typical pulse produced by this type
circuit is shown in Fig. 2. Fig. 3 is a
basic Schmitt trigger circuit and helps
explain the action of the circuit. A
Schmitt trigger consists of two ampli-
fiers having direct plate-to-grid and
cathode-to-cathode coupling. The circuit
has two stable states—V1 conducting,
V2 cut off; V2 conducting V1 cut off.
The changeover from one state to the
other is wvery rapid, producing fast
rise and decay times from each side of
the circuit. Either one can be used for
triggering. The dc voltage applied to
V1'’s grid determines which state the
circuit is in. If the grid voltage is
above a certain value, V1 conducts and
V2 does not. If V1's grid voltage is
below this value, V2 conducts and V1
does not. Each time V1 crosses this
threshold, the circuit changes state. In
practice, the voltage is higher when
moving the grid in a positive direction
and lower when moving it in a negative
direction. The two voltage levels are
called the upper and lower hystevesis
limits of the circuit.

To trigger the circuit, V1’s grid
voltage must cross the particular
hysteresis limit which will change the
state of the circuit. If V1 is already

conducting, driving the grid voltage
morve positive through its upper
hysteresis limit has no effect, but

driving the grid voltage more negative
through its lower hystervesis limit cuts
off V1 and starts V2, V1 is normally
off in this circuit, and the symmetry.
control is adjusted to turn it on at the
proper time after the circuit is triggered
by a positive-going signal. The sym-
metry control is adjusted to place V1
halfway between its upper and lower

hysteresis limits. This is the most
sensitive  possible  setting  for the
trigger circuit.

Now, let’s go to Fig. 4, which shows

the circuit that gets added to your
scope. When a signal of sufficient ampli-
tude reaches Vli-a’s grid, the circuit
switches states and produces a fast-
rising pulse at V1-b's plate. This pulse
is differentiated by C3 and R The
waveform now  closely resembles the

pulse shown in Fig. 1. When the grid
voltage falls, the circuit again switehes
states and the diode shunting the choke
in V1-b's plate circuit conducts, clip-
ping the negative-going pulse.

This signal is fed to the input grid
of the multivibrator.

The syne ampli-

TEST INSTRUMENTS

B+
ouT
e

E

Fig. 3—Basie Schmitt trigger uses two
triodes with direet plate-to-grid and cath.
ode-to-cathode coupling.

tude control RY is also connected to
this grid. It controls the size of the
pulse by changing the time constant
of the differentiating circuit of which
it is a part. If this is not done, the
impulse will be strong enough to hold
one cycle of the waveform bheing viewed
over most of the fine-frequency range.
R9 and R10 are original scope com-
ponents, but if these parts in your
scope do not have the values shown in
the schematic (Fig. 4) they must be
replaced with the specified values.

Adding the pulser

The original pulser was built on a
Vector socket. This makes it easy to
find room for the parts, and the unit
can be completed before it is installed
in the scope. The pulser should be
mounted as close to the sweep multi-
vibrator as possible. The output pulse
will be steeper if it is not loaded by
any unnecessary wiring capacitance.
The lead to the syne amplitude control
should be as short and direct as possible
for the same reason. B-plus for the
pulser can be obtained from a 120-volt
line if your scope happens to have
one. If not, a dropping resistor and
bypass filter capacitor must be used
to reduce the voltage applied to the
tuhe. The pulser draws 13 ma so the
required resistor can be found with the
following formula.

X - 110
013
where X equals the available voltage.

Note that the eirewit, with the values
shown, il not worl at voltages much
orer 140. However, it will work with
reduced pulse output—down to 70 or
80 volts. So use a larger rather than
a smaller resistor if the value cal-
culated is not a standard size.

To adjust the symmetry control,
connect the B-plus voltage but leave

———
g % Bt

TO HORIZ AMPL
SWEEP ==

MULTIVIB I~ 1
¥
2)120xs! - e
L sYne
2 AMPL
Rg . 470K
100K
2w

. ___L_JL____!

f
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the input and output temporarily free.
Then connect the input to an audio
oscillator set at about 15,000 cycles.
Connect the pulser’s output to the
scope’s vertical input. Turn the sym-
metry control until an output is ob-
served on the scope. Adjust for equal
spacing between the positive pulses
and the clipped negative pulses. (See
Fig. 5.)

Male this adjustment with the least

ADJUST R4 FOR EGUAL SPACING BETWEEN PULSES
Fig. 5—When you get this pattern on
vour scope sereen, the symetry control

is adjusted properly.
possible signal that will cause the
circuit to switch. If an audio oscillator
is not available, this adjustment can
be made with a 100-ohm potentiometer
across the heater line with its tap
connected to the pulser’s input. Adjust
as before for triggering with the least
possible signal. Now lock the setting
with a drop of paint or glue on the
shaft of the symmetry control potenti-

ometer. No further adjustment is
needed unless the trigger tube is
changed.

It takes about 5 volts to make this

circuit switch states. This is equivalent
to a trace about 1% inch high, and
the scope will not synchronize on a
signal smaller than this. If desired,
bypass the pulser with a spst switch so
you can observe signals too small ta
trigger the pulse cireuit. A syne ampli-
fier can be used ahead of the trigger
generator if pulsed syne is desired
at extremely low levels. Such small
signals are generally of no wvalue in
service work, so this feature was not
incorporated in my unit.

Operating the scope with the pulser
installed is almost the same as using
standard sync. Turn the sync ampli-
tude control all the way down. With a
signal applied to the scope’s vertical
input, adjust the fine-frequency con-
trol until the signal is reasonably close
to the point where it should lock in.
Now slowly advance the sync ampli-
tude control until the picture jumps
into sync. Advancing the control beyond
this point will cause the number of
cycles of the signal on the screen to-
decrease until only one is left as the
control approaches full output. :

Using the scope should be much=
easier with pulse sync installed. The:=
stable trace produced should make:
service work less troublesome and much =
more pleasant. END:=
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'Flyback and

Yoke Tester

By W. G. ESLICK

AT one time or another every service
technician has wanted to know if the
fivback or yoke was actually bad before
removing the old unit. I have repaired
many sets for other shops and dealers
whose verdict was “a bad transformer”
which turned out to be damper circuit
troubles or “a bad yoke” which turned
out to be a shorted capacitor in the
voke. To solve the problem I designed
a flyback and yoke tester.

The unit is a blocking oscillator
keved by raw ac on the 6V6's plate and
screen. The oscillator is keyed 60 times
a second and operates at a low audio
rate. A 6.3-volt heater transformer
(T1) is used here, the heater winding
being the plate winding.

The power transformer was salvaged
from an old uhf converter and has a
6.3-volt heater winding as well as a
high-voltage winding rated at 120 volts
at 20 ma. The meter I used comes from
an old vtvm. No special layout is fol-
lowed; that is left to you.

To check a flyback, disconnect all
yoke, width and afe coil leads, leaving

‘nothing but the high-voltage rectifier’s

filament. (To clear up a point, all leads
won't have to be removed, just open
leads so that the transformer isn't
loaded by any windings. In a majority
of recent sets without any width coils,
just open one yoke lead.) When testing
yvokes, one end of any internal resistors
or capacitors must be disconnected.

The meter scale is colored ved to 45
on its 100-volt scale (or 45% of scale)
and green from 55-100 (full scale).
At 67 (on the 100-volt scale, or 67%
of scale) a calibrating mark was made.
Most good transformers read higher
than this calibrating mark.

The black lead from the tester is
connected to the flyback lead going to
the plate of the high-voltage rectifier
and the red lead from the tester goes

N

to the horizontal plate lead. After
warmup, calibrate the unit and test
the transformer.

As stated, most flybacks read higher
than the calibrating point. However,

testing yokes is something else. For
example, on Crosley 17- or 2l-inch

models using a vertical chassis with a
capacitor between the yoke and fly-
back, a good yoke (horizontal section)

RED
@

BLACK
® eve-6T

(SEE TEXT)
T
SEC PRI

eL,

T2
68 K
U7 vaC 50 xA
T P 3IMEG
reads OK at the calibrating point

or very nearly so, while a bad yoke
makes the meter fall back to 5 (on the
100-volt scale). On an Admiral 22A3
chassis, a good yoke reads approx-
imately 40 (horizontal section). Of
course, this test only detects shorted
flybacks. To check for opens, you
naturally return to your ohmmeter.
You can see that a good—bad scale is
really useless unless scales for low- and
high-impedance yokes and air- and iron-
core transformers are used. To make
this instrument more valuable and to
insure 1007¢ accuracy, I made a chart
showing what every good transformer
and yoke reads. Then it’s simple to find
a bad one. On every set that you work
on (and have the time) find the reading
of the flyback and yoke. This pays off
in time and labor saved. END
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If you plan to repair mobile trans-
mitters you will need some addi-
tional test instruments. This one
you can build for yourself

WATTMETER
FO
SERVICING

By R. A. THOMASON

TEST INSTRUMENTS

OBILE two-way radio sys-
tems are springing up all over
the world. They are used by
municipalities, utilities and

particularly private industry. Repair-
ing this equipment can turn into a
major source of income for the well-
equipped shop, an income which gen-
erally is not seasonal.

The high dependability and long
equipment life demanded by these cus-
tomers require quality maintenance. To
do this work, the technician has to make
a sizable investment in test equipment.
One instrument he will need is an 1f
wattmeter. This article shows how to
build such a unit at a moderate cost.

520 cT
J (SEE TEXT)

RI| =

S
1« 680K

[H) __HIGH
g A 1,3
IN21-B T AP/PRox §'7/
SEE TEXT
c'jo' ‘*M/Ar—z 9 It has high and low ranges—0-80 and
= 120K LLQW | 0-4, respectively.
R3 Construction is straightforward and
F$I/ZOOA circuitry (see Fig. 1) simple. All com-
ponents are mounted in 2 5 x 6 x 8-

f i inch aluminum case. The only critical
€2 =002 \,50"“ portion is 1'gsism}' bapk R1. It is com-
‘2.4K posed of thirty-six 470-ohm 2-watt re-

R 1 sistors. They are in two groups of 18
= connected in parallel, with the groups in
RI1—470-ohm 2-watt carbon resistors (38) (see text) series. This forms a 52-ohm termin.ation
2%"'000 ohms, I/; watt rated at 72 watts. Carbon resistors
—120,000 ohms, 1/; watt (see text) . - p
R4—480,000 ohms, I/ watt (see text) must be used for the termination to be a
ELT oL clmse Cararilic pure resistance. Resistor R2 is con-
2—.002 uf mica R . -
D—IN21-8 ) nected at the junction of the two groups.
F—1/200-ampere fuse with holder To make the resistor bank, cut out
J—coaxial connector . B = . ] .
M—50-ua meter, 2,400 ohms, Simpson model 29 four 2 x 5-inch pieces of brass Shlm
S_d‘;'dj“,:';;::"’ stock or copper sheet. Drill 18 1/16-inch
Case, 5x 4 x 8 inches holes in 3 rows, 6 holes to a row, all
Miscellaneous hardware spaced 1% inch apart. Trim all the 470-

Fig. 1—Cirecuit of dual-range wattmeter. ohm resistor leads to 3 inch. Thread
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The one conirol
on the meler
switches the in-
strument 10 cither
s high or low
range.

The resistor bank
(R1) is fastened
to one side of the
case. Note its con-
struction,

one lead of 18 resistors through the
shim stock so the resistor is flush with
the metal strip, bend the lead over
and solder. Repeat this procedure on the
other end. Make another bank in the
same manner, using the remaining 18
resistors. Trim excess shim stock and
solder the two bhanks together. Leave
enough shim stock at one end for
mounting the bank to the chassis (see
photo).

The coax connector and resistor bank
are mounted so that they can be directly
connected (see photo). This keeps the
inductance low and improves the fre-
quency response. A dpdt switch is used
to insure a good contact.

I used a 4%-inch, 0-50-za meter
as an indicator. Fig. 2 is a scale, cali-
brated in watts, which may be cut out
and cemented over the existing scale.
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Capacitor C2 is connected directly
across the meter terminals. This keeps
rf out of the meter movement and pre-
vents possible damage to the meter.

VICE JAWS AS

HEAT SHUNT
By J. C. ALEXANDER

When a wire extension must be
soldered onto a short component lead
(a technique used by many technicians

and experimenters to salvage used parts
from an old radio or amplifier), heat
conduction down the wire lead often
ruins the component (vesistors change
value and the wax melts out of the
paper capacitors).

There are many ways to shunt the
heat away from the components, but
the most effective method I have ever
used is shown in the photo. By using
the vise jaws as a heat shunt, there is
practically no danger of injuring a
component regardless of the amount of
heat needed to make the connection.
And since you can use more heat with
complete safety you run less of a chance
of getting a cold solder joint.
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A 1N21-B is used as the meter recti-
fier because of its superior frequency-
response characteristics. A cheaper
general-purpose diode (1N48) may be

Fig. 2—Paste this new meter
face over the existing 50-ua
scale.

substituted if a wide frequency range
is not needed, Of course, correction
charts could be made.

The meter is calibrated with a com-
mercial wattmeter, changing calibra-
tion resistors R3 and R4 for the low
and high ranges, respectively, as neces-
sary, It is best to calibrate for points
above center scale. You will prebably
have to parallel resistors to get the
exact value. Potentiometers could bhe
used; however, once this resistance is
correct no further adjustment is ever
likely to be needed.

If a wattmeter of known accuracy is
not available for calibration, measure
the power output of several transmit-
ters and average this power against the
manufacturer’s rating. This, of eourse,
will not calibrate your meter exactly,
perhaps within 1577 . However, this will
reduce its usefulness very little. Once
an average output level is determined,
individual performance can be readily
checked. END

DON'T LET
THE WHISKERS
FOOL YOU . ..

not every “guy with a
beard” is Santa Claus—and
not evervhody who adver-
tises “tubes cheap™ is giving
you a bargain. You can be
sure yon'rc getting a fair
shake  though  when you
buy from Ranto-EvLecTrox-
tes mail order tube adver-
tisers, It’s been our policy
since January 1936 to insist
that all mail order tube ad-
vertisers tell you that their
tubes are new and unused—
or scconds, r('jccts. or other-
wise imperfect as the case
may be. This has cost us
advertising revenue—but it
protects our readers—so it’s
worth it.

RADIO-ELECTRONICS



HIS new amplifier was designed

to solve two of the most trouble-

some problems of stereophonic

reproduction—those of cost and
space. It is called a two-way amplifier
because it uses single push-pull stages
to amplify two independent signals,
and can thus handle both channels of a
stereophonic recording. And it does so
with quality and power output roughly
equivalent to that of a single push-pull
amplifier with the same tubes. Separa-
tion bhetween channels is greater than
25 db, and cost and bulk are only a
little greater than that of a single
amplifier and certainly a great deal
less than that of the two push-pull
amplifiers that would be needed to do
the same job.

But how is this remarkable feat of
amplifying two signals with the same
amplifier accomplished? We are all
familiar with the reflex circuit in which
the tubes are used to amplify once at
radio frequencies and again at audio
frequencies. Here we have to amplify
not only two audio frequency signals,
but two of almost identical program
content.

The basic principle is well known
and has been used in telephone work
to supply additional lines and for

* CBS Laboratories, Stamford, Conn.
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Fig. 1 —The same push-pull stage ampli-
fies two sets of signals or programs.
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— The relationship between
and vertical-horizontal record-
ing.
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tereo amplifier

By B. B. BAUER, WILLIAM C. BACHMAN and J. M. HOLLYWOOD*

other purposes. It is best illustrated by
the circuit of Fig. 1, a push-pull audio
output stage. It will he seen that the
circuit containing T1 and T3 is a con-
ventional stage with input and output
transformers. A signal applied to the in-
put winding of T1 drives the grids in
opposition, so that the tubes work in
push-pull and supply a signal to the
output of T3, which may be a voice-coil
winding. Since the plate currents are
opposite and equal, no signal voltage
will appear in T4 (if the tubes are
properly balanced).

A signal applied to T2 drives bhoth
grids in phase, and the tubes operate
in parallel. The plate currents are now
in phase and equal, and therefore will
produce no signal in the output
winding of T3, but will produce out-
put from T4. Since the circuit can
handle two independent signals with
little interaction it could conceivably
be used to amplify the left and right
stereo channels independently of each
other.

With such an apparently simple and
easy solution, one may ask why it has
not already been tried. The answer is
that this circuit cannot give excellent
results. To cite the most ohvious point,
the push-pull channel has more power-
handling ability than the parallel one,
for equal distortion and frequency re-
sponse. To make an entirely satisfac-
tory amplifier it was necessary to mod-
ify this simple circuit drastically.

To understand how such a maodifi-
cation can take place, it is necessary to
know a little more abhout the corrve-
spondence hetween vertical-lateral and
45-45° recording. Fig. 2 is a section of
a record groove. Now think of the

N |
PR ZL’GN T3
i 7

OQUTPUTS

o
A +s
5% | ] As2L
t B_[ 2R
T4 | 8=
3l |
Yy o
Y B+
45-45° DISC
Fig. 3 — A vertical-horizontal pickup

illustrates the two-way principle.
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handles both channels
through the same tubes—
cuts cost and space
requirenients

cutter or pickup stylus moving from
point P to point Q. This movement is
the resultant of two motions at an angle
of 145° from the vertical or horizontal
axis. The lateral motion from left to
right is the result of motions L and R
aiding, and may be expressed as their
sum (L + R). The vertical movement
results from L and R opposing, and
is expressed by their difference (L — R).
Note well that exactly the same motion
can he expressed as a horizontal motion
H of 0.707 (L + R) and a vertical
motion V of 0.707 (L—R). By using
the factor 0.707 (the sine of a 45°
angle) a 45-45° modulation can be
expressed as a horizontal-vertical
modulation in which the sum signal
(L + R) is recorded horizontally and
the difference signal (L—R) verti-
cally. The two systems are identical;
they are merely expressed hy a differ-
ent set of equations. Generally, it may
be observed that the bulk of the power
is in the sum signal, while the differ-
ence signal carries the stereophonic
information.

These principles may be combined
to reproduce both channels of a
45-45° recording equally. Fig. 3 shows
how this could be done with a horizon-
tal-vertical pickup. The horizontal sec-
tion feeds the sum signal (L + R) to
the input of a push-pull stage through
transformer T1. The vertical section
picks up the difference signal (L — R)
and feeds it to the two grids of the
stage in parallel through transformer
T2 and the center tap of T1. Output
transformers T3 and T4 are similarly
arranged, with the secondary of T4
connected to T38's center tap so that
the difference voltage D aids half the

45-45°DISC

Fig. 4—low a 453-43° disc is played
through a two-way amplifier with a
45-45° pickup.
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sum voltage (+S) and opposes the
half of the sum voltage (—8) gener-
ated in the other half of the trans-
former. The voltages between the open
end of T4 and the two ends of T3’s
secondary are:
A=D+S=(L-R)+ (L +R)
2L
B=D-S-= (L R)— (L+R)
- 2R

Thus we can produce two independent
L and R signals from a 45-45° disc
with a horizontal-vertical pickup, the
special push-pull stage and matrixed
output transformers. The right-chan-
nel signal appears with a minus sign
ahead of it, which in practice means
simply that the leads of the right-
channel loudspeaker must be reversed
to put it in phase. The output will
sound exactly like the product of two
independent amplifiers.

Now, how can we adapt this stage
to the output of a 45-45° pickup? Let
us look again at Fig. 3. The difference
signal (L — R) is applied to both in-
put grids in parallel from the secondary
of T2 through the two halves of T1’s
secondary winding. Added to this sig-
nal, at the upper grid is the sum signal
(L + R) and the same signal is sub-
tracted from it (applied out of phase)
at the lower grid. Thus the upper grid’s
voltage is:

(L-R)+ (L +R) =2L
and that of the lower grid:
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(L—R) — (L+R) = —2R

The voltages at the two grids are
equal but opposite to those supplied by
a 45-45° cartridge.

By reversing the phase of one of the
pickup coils and connecting as indicated
in Fig. 4, a virtual sum signal in push-
pull and a virtual difference signal in
parallel is still supplied to the single
stage. A four-terminal stereophonic
pickup can readily be connected to
supply this type of signal, and three-
ternminal pickups can be manufactured
with proper polarity for this use.

It may be pointed out that two
single-ended amplifiers might be used
instead of this all-push-pull arrange-
ment. Such an arrangement would
have the same advantages of compact-
ness and economy as the two-way
amplifier, but would not have the same
quality or output power. The push-pull
transformer which carries the sum
signal that determines largely the
quality and bulk of hoth stereophonic
channels is not subject to saturation,
and has the advantages of low distor-
tion inherent in the push-pull arrange-
ment. Saturation in the parallel trans-
former can be prevented by a suitable
air gap. This will reduce the primary
inductance, but that can be permitted
because its effect (attenuation of the
difference signal at low frequencies)
will not cause noticeable loss of stereo-
phonic effect. Rumble and mechanical
feedback will also be attenuated, and
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thus may result in an actual net advan-
tage. Symmetry of the system is pre-
served over a greater tolerance of tube
and component variations than would
be possible with two separate amplifiers.

A practical circuit—substantially in
the form in which the amplifier will
be manufactured—is shown in Fig. 5.
It is intended for use with a ceramic
pickup, properly phased to produce the
L and —R signals. Two inverse feed-
back loops not only provide the usual
benefits of negative feedback, but also
increase the channel separation. Power
output is 10 watts (20 watts peak) at
0.8¢¢ distortion for both channels com-
bined. The amplifier will be available
as a kit from the Heath Co. soon.

As a guide to those wishing to
experiment with the arrangement, the
push-pull output transformer should be
a typical unit for the quality and power
desired, having usual voice coil imped-
ance. The center tap should be accu-
rate, but negative feedback allows some
unbalance to be tolerated. The trans-
former for the parallel component need
not pass frequencies much below 250
cycles, and should have an output
impedance one-quarter that of the voice
coil, i.e., the same as half of the push-
pull output transformer winding,

The authors wish to express their
thanks to Dr. Peter Goldmark for his
encouragement and suggestions, and
to G. P. Maerkle for his part in de-
veloping the laboratory prototype. END
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The James B. Lansing 073
high-frequeney Ring Radiator.

VER since the magic numbers “20

to 20,000” were trumpeted from

the sales departments of ampli.

fier manufacturers, conscientious
audiophiles have sought a speaker sys-
tem which would match the full fre-
quency range of modern electronic
equipment. The acceptance of tweeters
and super-tweeters dates back several
vears, but only recently has the bhuyer
become aware of the importance of
smoothness and negligible distortion in
these components and their etfect on the
listeners.

At the moment, of course, the elec-
trostatic tweeter holds the spotlight.
While several well-designed electrostatic
units are available to the buyer, it is a
little unfortunate that the great interest
in the revival of such designs has ob-
scured corresponding refinements in
electrodynamic units. Although most of
the latter are still compression driver
and horn assemblies, a great deal of
work has been done in refining the de-
sign of diaphragms and coupling cham-
bers to extend the range of these units
beyond the upper limit of human hear-
ing.

One of the more interesting of such
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By GEORGE L. AUGSPURGER

A new derelopment in high-frequency speakers,
this high-efficiency unit vesponds smoothly from
2,500 cycles to well beyond the limit of hearing

recent designs is the James B. Lansing
Sound Inc. model 075 Ring Radiator.
This unit is unique in that its dia-
phragm is annular rather than circular,
and drives an exponential horn whose
throat is a circular slit rather than a
round opening. The general configura-
tion of the assembly can be understcod
by comparing the photo of the speaker
with Fig. 1. The advantages of this
departure from conventional design will
be explained in the paragraphs to fol-
low.

Conventional designs
An ordinary cone type tweeter be-

QUTER’HORN
SR BINDING POST
< j‘: TOP PLATE
1 ~—— CAST IRON POT
d E\ | MAGNET
— ={
%g_ 11 —}-FOLE PIECE
) k{ L1VOICE coiL
RING
;L = DIAPHRAGK
INNER HORN

SECTION

Fig. 1—Cross-section of Ring Radiator.

Complete 075 (upper teft) and
unusscmbled component parts,

comes highly unpredictable in the upper
range of audio frequencies. The main
reason for ragged response is that even
the stiffest cone material tends to break
up and to vibrate in nodal patterns at
wavelengths much less than the diam-
eter of the cone. A 3-inch cone tweeter,
therefore, would be expected to develop
nodal breakup above about 6,000 cycles.
In practice such breakup is all too evi-
dent. Since different portions of the
cone are vibrating independently and in
varying phase relationships with other
portions, the acoustic output of the sys-
tem rises and falls, depending on the
combined effect of the various vibrating
areas. These nodal patterns shift ab-
ruptly with changes in frequency, and
the response curve of such a unit is
quite ragged.

An equally serious difficulty is that
cone breakup introduces harmonically
unrelated “buzzes” and “sizzles” as well
as a tendency to ring when excited by
transient waveforms. The reasonably
smooth range of cone tweeters is con-
sequently limited to frequencies below
6,000 or 7,000 cycles.

Unfortunately, the design of a horn-
loaded system is a rather delicate mat-
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ter if response beyond 5,000 cycles is
required. Since the area of the horn
throat is considerably smaller than that
of the diaphragm (to maintain a high
degree of acoustic loading), some por-
tions of the vibrating surface will be
farther away from the throat than
others. If this difference in path length
approaches a half wavelength, cancel-
lation of energy results. The only way
to prevent this while maintaining a
favorable acoustic load on the dia-
phragm is to include a carefully ma-
chined phasing plug to couple the dia-
phragm to the horn throat. Such a
device (see Fig. 2) provides a number
of exponentially expanding concentric
paths, all of equal length, so that energy
from various points on the diaphragm
is combined in precise phase relation-
ship.

A properly designed phasing plug
solves the problem, but it is naturally
expensive to fabricate. Several manu-
facturers have marketed substitutes of
one kind or another but, so long as the
sound-generating element is a circular
diaphragm, these are effective only to
the degree that they approach a true
multiple, concentric-path phasing plug.

The electrostatic tweeter approaches
the problem differently. By using a
very large diaphragm, the acoustic load
on the vibrating surface is kept high
without the necessity of horn loading.
Moveover, since the diaphragm is driven
at a great many points on its surface,
all portions of the moving assembly are
kept in phase. However, the electro-
static unit in its present degree of de-
velopment is not only costly and rela-
tively inefficient, but some listeners have
noticed a peculiar type of distortion
which may be related to the overload
characteristics of the unit.

This distortion takes the form of a
disagreeable “crackle” on certain per-
cussive sounds. In honesty it must be
admitted that this extraneous noise may
be a function of some other portion of
the system which merely happens to be
accentuated by the characteristics of the
electrostatic design. The fact remains
that it has been noticed by a sufficient
number of critical listeners to make its
existence reasonably well established.
And it must be noted that most of those
who object to this effect in electrostatic
tweeters state that it is absent in cer-
tain other units of horn-loaded design.
Whether any credence should be given
to these reports or not, at least they
establish that the favor enjoyed by elec-
trostatic units at present is not unani-
mous.

Composition of the 075

Having briefly reviewed the problems
encountered in various tweeter designs,
let us go back to the JBL 075 and see
how this unit meets the difficulties of
reproducing the range above 3,000
cycles.

The diaphragm assembly used in the
075 consists of a shallow annular dural-
uminum trough, with a very light 1%-
inch voice coil attached to the apex of

4

DIAPHRAGM

HORN THROAT
—
1

PHASING PLUG

Fig. 2 — Cross-section of high-quality
compression  driver  showing  phasing
plug.

the trough (see photo). The voice coil
is edgewound aluminum ribbon. The
V-shaped ring is driven at all points
on its apex and the only major nodes of
diaphragm breakup which can occur are
those having a transverse relationship
to the rihbon-shaped diaphragm. Since
the distance from the apex to either
clamping ring is much less than % inch,
it follows that diaphragm resonance or
breakup cannot exist at frequencies less
than 26,000 cycles.

Note that the problem of maintaining
proper phase relationship at the horn
throat also disappears. The maximum
difference in path length to the horn
throat from any two points on the dia-
phragm is on the order of 3/16 inch.
This equals a half wavelength at about
34,000 cycles. For all practical pur-
poses then, it is correct to say that
energy from all points of the diaphragm
arrives at the horn throat in exact phase
relationship.

The horn itself consists of two con-
centric flared sections having a taper
rate of about 2,500 cycles. The horn
mouth is 3 inches in diameter, slightly
greater than a wavelength at 2,500
cyeles, resulting in a good acoustic
match to free air above this frequency.

It should be emphasized that the
rounded-off figures used in the preced-
ing rough calculations are not those em-
ployed in the manufacture of the 075.
Dimensions on the machined parts of
the assembly are held to tolerances of
+.001 inch. Critical dimensions, such
as the diameter of the horn sections at
the throat, are held to tolerances of plus
0, minus .0005 inch.

High-frequency performance

JBL has requested that no frequency
response graphs be published. The engi-
neers point out that it is possible to plot
significantly different curves on the
same piece of equipment without deviat-
ing from accepted test procedure and
that such published data can only con-
fuse rather than assist the prospective
buyer.

This may seem a noncompetitive at-
titude, but it has been respected in the
preparation of this manuscript. It can
be stated that the acoustic output of the
075 is smooth from about 2,500 cycles
upward, with no abrupt peaks or dips.
My own tests indicate that the unit is
down less than 4 db at 15,000 cycles and,
since no microphone can be trusted be-
yond this point, no effort was made to
go higher in frequency. The published
specifications for the transducer state,

“Smooth response from 2,500 cycles to
beyond audibility.” Listening tests in-
dicate that the 075 exceeds the limits of
my own ears at any rate; a small
amount of electrical power produces
painful intensity at frequencies in the
neighborhood of 18,000 cycles.

The rated impedance of the 075 is 16
ohms, and it may be used with any
standard crossover network of this im-
pedance. Crossover frequencies of 2,500
cycles or higher are recommended. The
magnetic circuit of the 075 is extremely
efficient and quite insensitive to changes
in source impedance or in the damping
factor.

Since the efficiency of the Ring
Radiator is high, it will match the per-
formance of even the most efficient bass
and mid-range units. As a matter of
fact, it is very easy to succumb to the
temptation to “crank the control just
a little wider” and accentuate extreme
highs beyond the point of proper hal-
ance. When adjusted properly, how-
ever, it extends the upper frequency
range smoothly and unobtrusively, with
no audible trace of the shrillness or

Fig. 3—Distribution pattern of 075 at
7.000 eveles.

buzzy characteristics of “bargain-coun-
ter” units.

In one respect the 075 may he con-
sidered too good, if such a thing is pos-
sible. Since its range extends heyond
the limits of human hearing, it responds
to ultrasonic oscillations such as those
produced by some amplifiers under con-
ditions of overloading or output tube
unbalance. These ultrasonic bursts are
inaudible themselves, but they cross-
modulate other frequencies in the treble
range and cause extremely annoying
high-frequency distortion. Fortunately,
such problems are seldom encountered
when high-quality modern power ampli-
fiers are used.

The ability of the 075 to respond ac-
curately to frequencies at the uppev
limit of human hearing enables it to be
used as a super-tweeter for existing
two-way loudspeaker systems. JBL
recommends that in this application the
crossover be set at 7,000 cycles. By set-
ting the upper crossover above any
musical fundamental tone, the usual
multiple-source problems of three-way
systems are avoided. The 075, operat-
ing above 7 ke, reproduces only the
range of overtones smoothly and un-
obtrusively. Its distribution pattern at
7,000 cycles is shown in Fig. 3. END

RADIO-ELECTRONICS



AUDIO—HIGH FIDELITY

Using an oscilloscope. andio gencrator and vtrm, you can

make power

Checking checks on any high-fidelity amplifier

Amplifiers

By NORMAN H. CROWHURST *

HECKING the performance of the
amplifiers in a hi-fi system can
be quite a problem. If a radio
goes out of action, the local serv-

ice dealer is equipped to troubleshoot,
repair and, if necessary, realign the
set. The same applies to TV receivers.
Any service dealer has the necessary
f signal gencrator, oscilloscope and
various other equipment needed to re-
pair radio and television sets. But when
a high-fidelity amplifier is brought in,
there are problems.

To test a high-fidelity amplifier, you
need an extremely high-quality audio
oscillator, as well as a considerable
amount of additional measuring equip-

ment—distortion meter, IM meter,
audio vtvm and millivoltmeter. Few
service dealers (let alone individual

hi-fi owners) have this kind of gear.
In fact, there are few audio oscillators
with distortion low enough to check the
performance of a good amplifier against
its specification. The harmonic content
of the input signal from the oscillator
is often larger than the maximum dis-
tortion the output signal should have.
The usual professional procedure is to
use filters to remove the harmonies
from the input signal and use a distor-
tion meter to find what the amplifier
produces. This involves quite a lot of

* Author of Hivh-Fidelity Circuit Desiyn, Un-

dorstanding 1Hi-Fi Cirenits, Audio Measurements
(Gernshack Library Nos. 56, 64, 73).
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0sc

Fig. I—Basie cirenit used for making
the tests deseribed in this article.
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ountput, distortion and

A typical

expensive and accurate equipment.

There is a simpler and cheaper ap-
proach to the problem. The essential
components are some kind of audio
oscillator that produces what looks like
a sine wave (the waveform does not
have to be perfect) and an oscilloscope.
Some reasonably priced kits are avail-
able for both these units.

Measuring output power

To start, let’s see how to measurve
the power output of an amplifier. We
apply the oscillator’s output to the
amplifier through a resistive attenuator
that provides about the vight voltage
for the amplifier input. The amplifier’s
output is connected to an appropriate
resistance load-—4, 8 or 16 ohms. If you
are going to test it on the 16-ohm tap,
you need a 16-ohm resistor large enough
(wattage) to handle the full output of
the amplifier. For example, six 100-ohm
10-watt resistors connected in parallel
will produce a combined resistance of
1625 ohms with a dissipation of 60
watts, which is enough for almost any
amplifiers.

Assume the amplifier is rated at 50
watts. The voltage across 16 ohms can
be calculated from the formula V =
VWR, which works out to about 28
volts rms output. If the amplifier re-
quires a 1-volt input and the oscillator
gives 10 volts, an attenuatar consisting
of a 1,000-ohm resistor in series with
one of 8,200 ohms will allow a little
margin to insure that the oscillator
can be turned up far enough to produce
full output from the amplifier, The
hookup for this test is shown in Fig. 1.

By connecting the oscillator output
to the scope’s horizontal input and the
aniplifier output to the vertical input
and the dummy load we have made, we
should produce a straight-line trace on
the screen when the oscillator is at a
frequency of, say, 1,000 cycles (assum-

frequency-response

setup for making hi-fi amplifier tests,

ing there is no phase shift). Any
departure from the straight line is an
indication of distortion. Adjust the
oscilloscope controls for horizontal and
vertical deflection so a convenient line
at about 45° and 2 or 3 inches long
appears on the screen.

Turn up the oscillator’s output con-
trol until distortion begins to show.
If you have a reliable output meter or
ac voltmeter, you can measure the
voltage across the 16-ohm load and
calculate the power at which distortion
beyins to show.

If vou do not have an ac voltmeter
handy, many modern scopes have a
calibration provision which is quite
reliable. The calibrator lets you adjust
the scope so that a certain number of
squares on the graphical transparency
in front of the screen represents a cer-
tain voltage. Having calibrated the
scope in this way, it is possible to
measure the voltage accurately by
counting the squaves occupied vertically
by the sloping line. If you have diffi-
culty with this, you can always turn
the horizontal control down so the slop-
ing line hecomes vertical. Then all you
have to do is measure the length of the
line against the graph markings.

How much distortion

If the voltage proves to be a little
more than that required for the rated
maximum output, say 30 volts for the
nominal 30-watt amplifier, you can be
satisfied that the amplifier is delivering
its full rated output. The next question
is how nruch harmonic distortion is in
the output. You now set the voltage-
measuring arrangement so you can tell
when the voltage is exactly right for
full output, For 50 watts this is 28
volts across 16 ohms. Adjust the oscil-
lator until this voltage appears at the
amplifier output. Then you can examine
the trace more closely to determine ex-
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Fig. 2—Variations of the basic ecireuit
used 1o balanee out the fundamental
when measuring harmonic  distortion.

actly how much distortion theve is.

If the amplifier is rated to produce
full output with say 0.1%% or even 0.5%
distortion, this will probably be barely
visible on the oscilloscope screen, using
the simple direct trace like this. You
have to amplify the distortion compo-
nent without amplifying the funda-
mental. This can be done by balancing
out the fundamental by some voltage
taken from the input. The circuit
arrangement is shown in Fig. 2. Use the
arm of the potentiometer to find the
point at which the fundamental balances
out and produces a horizontal line. As
yvou get nearer horizontal, turn up the
scope’s vertical gain control to get
greater sensitivity.

The connection necessary to get a
balance will vary according to whether
or not the amplifier has a phase reversal
—whether the output across the 16-ohm
resistor is in or out of phase with the
1-volt input. Most modern amplifiers
have one side of both input and output
connected to ground, because of the
feedback arrangement. Consequently we
have to accept the amplifier as is and
cannot alter the ground connection (at
any rate not without serious risk of
altering its performance).

If the amplifier has a phase reversal,
the direct connection of Fig. 2-a can
produce a satisfactory balance. If the
amplifier has no phase reversal, we have
to provide one, as shown in Fig. 2-b,
before a balance can be achieved.

Having obtained a pretty close bal-
ance in this way, we need to go back
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and recalibrate for the output voltage
with this new connection, so that we
can determine how much distortion we
have. To do this, transfer the pickoff
point from the input end to the vertical
deflection to ground. This is shown in
Fig. 2-c. Check back to the full voltage
output and readjust the scope so that
this gives a certain specified vertical
deflection with the connection of Fig.
2-c. Now go back to the balance condi-
tion of Fig. 2-a or -b and turn the gain,
using the attenuator switch on the
oscilloscope, 10 or 100 times. This will
now mean that a vertical deflection of
the same amount represents a peak
distortion component of 1077 or 1%,
which is easily readable. The trace
should appear, when correctly adjusted,
as shown in Fig. 3-a. The peak-to-peak
voltage can be calculated by the neces-
sary adjustment to the oscilloscope. It
can then be referred to as a fraction
of the vertical deflection produced by
the fundamental or main output.

This will show a peak reading of the
distortion component which is quite
different from that usually given by
distortion-measuring equipment. If the
distortion is due to elipping, as it is in
most feedback amplifiers at a maximum
power, the table will give the relation-
ship between the percentage distortion
normally measured and the figures
obtained by this method of measure-
ment.

Column A gives the peak-to-peak
voltage obtained with the trace of Fig.
3-a as percentage of peak-to-peak out-
put voltage; column B gives correspond-
ing harmonic content as measured by
the standard distortion-meter method.

A B A B A B
20 236 3 1.32 0.5 .09
15 15 25 1.0 0.4 0645
10 8 2 0.72 0.3 0417
8 5.9 15 047 0.25 .032
[ 3.75 | 0.255 0.2 .0228
5 2.87 08 0.182 0.15 0I5
4 2035 06 0.118 0. .008

This method of measurement is actu-
ally much more sensitive than the usual
way of measuring distortion, because
distortion normally measured as 0.1%
gives a reading of about 0.53% by this
method.

If you are concerned only with making
the distortion measurement at one fre-
quency, adjust the frequency of the

Fig. 3—O0scilloscope
traces you are likely
to run into when
making distortion
nieasurentents.

MEASURE THIS HEIGHT

oscillator until the pattern shown in
Fig. 3-a is obtained, by eliminating
phase shift. This will occur somewhere
in the middle of the frequency band,
probably between 600 and 2,000 cycles.
In fact, variation over this frequency
range will not cause serious departure
from the pattern. It will just make the
trace separate as shown in Fig. 3-b,
because of a slight phase shift.

But if you want to measure power
at low.or high frequencies, the phase
shifts will be too great for the pattern
to mean anything at all. Then the only
way is to insert a phase-shift network
in the input, so the phase of the input
signal can be adjusted to compensate
for the phase in the amplifier. This can
be done with the network shown in
Fig. 4. The values of the capacitors in
this network depend on the frequency
at which this measurement is made. It
is simplest to make up the little network
for some particular frequency, say 50
or 10,000 cycles, and just make the
measurement at this frequency, rather
than try to make continuous measure-
ments at various frequencies. However,
the phase-shift network will allow a
slight variation of frequency and still
give the possibility of obtaining a
satisfactory pattern.

Fig. 3-¢ shows the kind of pattern
displayed when the phase shift is seri-
ously off and the balance is adjusted
for the nearest elimination of the funda-
mental. The pattern is extremely diffi-
cult to interpret, so the only way to
proceed now is to use the phase-shifting
network to get back to the pattern of
Fig. 3-a or almost to it. Then go back
over the arrangement and check the
voltages at different points. Readjust
the input resistance values, if necessary,
to get sufficient output to drive the
amplifier to the full output level and
recalibrate the scope with the circuit
used. Then a certain vertical deflection,
with the potentiometer for vertical
deflection connected as in Fig. 2-¢,
represents a known voltage. Go through
the procedure just mentioned to find out
how much the harmonic vertical deflec-
tion represents.

Frequency response

Another thing you will want to meas-
ure is the amplifier’s frequency re-
sponse. This method is particularly
convenient for measuring frequency

3
RADIO-ELECTRONICS



. ————————————e— -
l
a2k  TO SCOPE CONNECTIONS

[—>-

K———>
|

TO AMPL INPUT
‘[ 2.2K % l

_>____—L

FROM 0SC

Fig. 4—To overcome plmsc-slufl prob-

lems when making measurements at low

and high frequencies, interpose this cir-

cuit at the amplifier’s input. Capacitors
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response because it can be determined
by the angle of the sloping line. Adjust
the vertical and horizontal gain control
at 1,000 cycles, using the circuit of
Fig. 1, so that the sloping line appears
at 45°—easly determined by seeing
that it cuts diagonally across the
squared pattern on the transparency.

Now you can sweep the oscillator up
and down in frequency and watch the
slope of the line. If the length of the
line alters, the output from the oscil-
lator is not constant. This does not
matter, because you are not concerned
with having the oscillator output equal
to the same overall length of line, hut
the slope of the line represents the
amount of gain in the amplifier.

If you want to measure frequency
response to within say 0.1 db, the direct
method of Fig. 1 will he very difficult
to read. But sensitivity can be increased
by the method used for harmonic meas-
urement. If you step up the vertieal
gain by 10 to 1 and readjust, using the
circuit of Fig. 2-a or -b, to get a 45
line, variation in the vertical deflection
of 1047, or one-tenth of the deflection
each way, is easy to see and measure
and represents a change of gain of
1+, or 0.8 db. Stepping up the gain hy
100 to 1 (if the line remains reason-
ably straight when readjusted to 15°
gives even greater sensitivity. A 1077
change in height over width will repre-
sent an .08-db change in gain at that
frequency.

Measuring this way, vou must not
use any phase-shifting components, be-
cause these will produce their own
frequency response. At the end fre-
quencies, the 45° line will open out into
an ellipse even more rapidly when the
sensitivity is stepped up. But the thing
to measure is the ratio of the height
to width. If necessary, horizontal deflec-
tion can be momentarily deactivated
by turning the function switch to meuas-
ure height on a vertical straight line.

Before making measurements with
an oscilloscope at extreme frequencies,
make sure that the scope amplifiers
have a satisfactory frequency response,
or at least that the vertical and hori-
zontal amplifiers are consistent. Con-
nect both vertical and horizontal termi-
nals of the oscilloscope to the oscillator
output and sweep the oscillator up and
down in frequency to see that the slope
of the line on the oscilloscope stays
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constant and that it does not open into
an ellipse. If this condition is satisfied,
it does not necessarily mean that the
amplifiers do not produce any phase
shift or attenuation with the different
frequencies used. It does mean that
both produce identical characteristics.
Many modern scopes, even the low-price
variety, achieve this because they use
identical deflection amplifiers for ver-
tical and hovizontal amplifiers. If both

produce the same phase shift and
attenuation at higher or lower fre-
quencies, the actual amount will not

matter because the
will be the same.

This is one advantage of this method
of measurement. We do not have to have
perfect oscilloscope amplifiers, merely
consistent ones. Nor do we have to have
a perfect oscillator. If the oscillator
has as much as 5% distortion, it is still
possihle to use it to check and deter-
mine that an amplifier has no more
than, say 0.1¢¢ distortion. We are not
measuring the absolute amount of
harmonic in the output but comparing
the output against the input.

results obtained

Low-level distortion

Another important thing to measure
is distortion at lower levels. The same
method can he used, but the pattern
obtained is different. This can serve as
a useful clue to the kind of distortion
present. Most distortion in modern
amplifiers is due to the curvature in
the output tubes. Feedback, of course,
reduces distortion but, whatever there
is, the feedback will reduce just that
particular distortion. This method of
measurement enables the amplifier to
be adjusted, if necessary, to achieve
optimum performance,

Figs. 3-d, -e¢ and -f show the kinds
of displays that appear on the balanced
condition at lower levels with different
kinds of curvature in the amplifier. The
best kind with a push-pull amplifier is
that which indicates only third-harmonic
distortion, shown by Fig. 3-d. Figs. 3-e
and -f indicate components of higher
order distortion which can be due to
incorrect loading of the output stage
(which should not occur if you have
the right loading resistance) or to in-
correct biasing.

If the two output tubes are not
properly matched, second- and even-
order distortion will appear, as shown
by Fig. 3-g. If there is a way to adjust

Fig. 5 — Some typical
traces  associated  with
hum detection. The

scope’s  horizontal  de-

flection cirenit is oper-

ated at power-line fre-
quency.
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the bias of each output tube separately,
this may be rectified by adjusting the
bias of the individual tubes. Otherwise
the hest remedy is to use a matched pair
of output tubes. If the higher-order odd
harmonics appear, as in Figs. 3-e and
-f, the hest plan is to adjust the bias of
both tubes so that these disappear,
producing a pattern more like Fig. 3-d.

After adjusting the bias, always
check the dc voltages on the tubes to
make sure that you do not have exces-
sive dissipation that may shorten their
life. For example, if the bias should be,
say, 35 volts, and you find you have
dropped this to 25 volts to get rid of the
distortion, the tubes will draw excessive
current.

The foregoing test will show whether
the amplifier performs to specification,
which means a resistance output load
is used. This is what an engineer will
usually check (but with more elaborate
equipment). It is a good idea to make
similar performance checks with the
speaker connected in place of the resist-
ance load. (Occasionally, even an engi-
neer will listen to the amplifier on a
speaker as well!) The results obtained
have no definite meaning in watts out-
put and frequency response (which is
why engineers seldom hother to make
such a check) but it can give a good
idea as to whether the amplifier still
behaves itself with a speaker load con-
nected. You will be able to sce whether
something drastically different takes
place.

Hum problems

The oscilloscope can also be a useful
tool in tracking down other undesirable
features such as hum in an amplifier.
If hum is present, you will find that the
patterns, when fundamental is balanced
and you turn the gain up to look at the
harmonics, will be dancing vertically
or they will he a multiple trace, as
shown by Fig. 3-h.

In this case the best plan is to re-
move the oscillator input and switch
the scope’s horizontal deflection to the
position which feeds it 60 cycles, usually
marked line. Then, with the vertical
gain turned well up, you can examine
the amplifier output against this hori-
zontal 60 cyeles to find out what kind
of hum is present. If it is 60-cycle hum,
the trace will either be a sloping line
or an ellipse, as shown by Figg. H-a
or -b. If it is 120-cycle hum, usually
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from an inadequately smoothed high-
voltage supply, the trace will be a dis-
torted figure-8 or a curved line as in
Fig. 5-c or -d.

Occasionally a pattern similar to that
of Fig. H-¢ or -f will appear, indicating
that the frequency of the hum output
is 180 cycles or a third harmonic of the
line frequency. This is usually due to
electromagnetic hum radiated from g
power transformer. Mayhbe the input
circuits pass too close to the power
transformer or perhaps you have an
input connection that is carried too
close around the power transformer.

Sometimes you will find that the hum
appears to be just a nick on the trace,
as in Fig. H-g. This indicates that the
hum in the output is due to a sharp
pulse that occurs just once (or maybe
twice) every cycle of the 60-cycle wave-
form. This is usually due to the high-
current pulse that passes through the
rectifier in a capacitor input high-
voltage system. It often gets into the
amplifier audio circuit through the
heater supply, because the high-voltage
and heater windings are both on the
same transformer. Check that the heater
winding is properly grounded. If not,
provide a satisfactory ground, if neces-
sary through a center-tapped resistance.

The same checks described for a
power amplifier can also be applied to
a preamp. As well as checking that the
frequency response is flat in the flat
position, an approximate check of the
frequency response through equaliza-
tion and tone-control sections can be
carried out, watching the vertical deflec-
tion on the scope to see whether it
varies as it should,

However, slight deterioration in the
performance of a preamp is much less
common than in a power amplifier. The
usual things that happen in a preamp

- Feedback Tone Control

By A. V. J. MARTIN

cause more serious and obvious deterior- :

ation; the low-level signals which it
handles are so much more easily upset.
Hf a component in these low-level cir-
cuits becomes defective, the result is
usually very noticeable and tracing the
fault is much easier than in the higher-
level stages of a power amplifier. END
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High-nidelity tone controls
through feedback

THIS elaborate tone control using a

separate feedback chain is found in
some Marquett French receivers. The
theoretical circuit is shown in Fig. 1.
The af voltage from the anode of the
preamp is applied to the grid of the
power amplifier through a divider made
of two 470,000-chm resistors. The grid
thus receives only half of the af volt-
age. However, a low-value capacitor is
connected in parallel with the first
470,000-ohm resistor, effectively short-
circuiting it at high frequencies and
producing an important treble boost.

This arrangement is completed by a
feedback chain around the power stage.
A four-position switch modifies the
effect of feedback. To make things
clearer, the simplified diagrams Figs.
2-a, -b, -¢, -d, show what is the actual
circuit for positions 1 to 4 of the
switch.

In position 1 (Fig. 2-a), the feed-
back chain is a simple 2.2-megohm re-
sistor, giving an overall feedback ratio
of the order of 10¢¢. The high frequen-
cies are boosted by the coupling cidcuit
so that this is a treble-boost eircuit.

In position 2 (Fig. 2-b), a series R-C
combination appears in the feedback
path. It reduces by approximately 50¢
the feedback at low frequencies, which
becomes 5¢¢. At medium frequencies,
you obtain the full 109, feedback. At
high frequencies, there is the boost due
to the coupling circuit. This is then a
bass- and treble-boost circuit.

In position 3 (Fig. 2-¢), the circuit
is identical with Fig. 2-b, except for the
fact that the shunt capacitor in the
coupling circuit now has the lower
value of 250 upf. The treble boost ap-
pears at higher frequencies. The bass
and medium frequencies behave as in

O+

2.2 MEG 2.2 MEG
=50 ppf
’ | 500 ppt

2
o
3 250ppt
4

— 220K

— A
250ppt
I

Fig. 1—Circuit of the -position feed-
back tone-control cirenit.

-

BASS MLD TREBE
a

VAV
470K

=
250ppt |

20K~

VWV
~

4+

Fig. 2 — Feedback cireunits for each
switch position of Fig. 1 and their effeet
on frequencey response: a—itreble boost:
b—Dbass and treble boost; e—same as b,
but treble boost starts at higher fre-
guency; d—bass boost and treble cut.

Fig. 2-b. This then is again a bass-and-
treble-boost position, the treble boost
coming into play for the higher fre-
quencies.

In position 4 (Fig. 2-d), the cirecuit
differs from Fig. 2-¢ by the connection
of a 50-puf capacitor between plate and
grid of the power stage. This causes a
strong feedback at high frequencies,
but does not modify the behavior of the
circuit for bass and medium frequen-
cies. This is then a bass-boost—treble-cut
circuit.

The simplified response curves in-
cluded in the diagrams give a rough
idea of the effects of this clever eir-
cuitry. END
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STEREO and MONO

EVIEWERS of sterco records, in company

with audiophiles in all walks of life, found
improved stereo piekups at the 1958 New York
Hixrh Fidelity Music Show. Critics now have less
excuse to complain ahout variables in cartridyes
when evaluating sterco dises. Before the show,
one could encounter drastie differences in the
sonnd of a siven record by switching pickups.
For example, RCA stereo dises sounded dull
and thin using cartridge A but sparkling and
full on cartridge 3. London FFSS dises, on the
other hand. exhibited peaked treble with car-
tridste I3 and rearonably lincar response with A,
At present not all steren records conform to
the RIAA characteristic. The cartridie half of
the problem has been reduced with the in-
traoduction of ~terea pickups of more uniform
response,

Also unveiled at the ~how were 3.75-ips four-
track sterec tapes on open reels that approached
for the first time the performance of 7.5-jps
tapes. I noticed that top-notch playback equip-
ment was used to achieve thix, and that material
played was pop stuff, narrow in dynamie ranue,

HOLST: The Plonets
Leopold Stokowski conducting Los Angeles Phil-
harmonic Orchestra
Capitol Stereo Tape ZF-75
(7-inch; playing time, 46 min. $14.95)
One of the very few firms still releasing
classical music on stereo tapes at 7.5 ips, Capitol
sweeps the field as well as the skies with this
one. A #oud single-channel record, this tape
offers zound impossible to find on today’s stereo
vecords, The movement deseribingg the planet
Mars drives home the point. Percussion of
tremendous weight underlines the snarl of the
brass section. A particularly useful applieation
of stereo is found in the depiction of the final
planet, Neptune the Mystic. The wordless melody
of the women's chorus i~ now set off in space
as originally called for by the composer. A new
experience,

Virtuoso
Roger Wagner Chorale
Capitol Stereo Tape ZF-84
(7-inch; playing time, 37 min. $14.95)
A recent Capito]l hestseller on monophonic
dise, this hizhly varied collection for mixed
chorus really hits its stride in stereo. The seven
selections ranste from the Hallelujah Chorus of
Handel’'s Messiah to Polly Wolly Doodle. Di
Lasso’s Echo Song is ideal stereo material with
its solo quartet echoinyt off mike the phrases of
the main wroup. This tape, which ineludes
some use of an echo chamber, reaches a stunninsg
climax in the excerpt from Catulli Carmina.
In this work Carl Ovff, perhaps the most famous
Germian composer today, backs up the chorus
with five pianos and a huge percussion battery.
A fine time is had by all

Sweet Moods of Jazz in Stereo
Soundcraft Bonus Tape
(7-inch; playing time, 28 min.)
Purchasers of the new Soundcraft Premium
Pack pay a dollar more than the price of two
reels of tape. The tape on one reel in this pack
is blank. The other reel contains this recording
in intimate stereo that features such famous
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Earl
Warren, Henry “Red” Allen, ""Chubby" Jackson

jazz musicians as Coleman Hawkins,
and George Wettling. Excellent low bass re-
sponse mellows a highly professional handling
of seven staple songs., Larry Clinton, in his
supervision of the recording session, achieved
maximum scparation in the stereo placement
with ultra-close miking.

The Trembling of o Leof
Pianist Ray Hartley with David Terry Orchestra
RCA-Victor Stereo Tape APS-186
(7-inch; playing time, 16 min. $4.95)
Althougrh quiet on the classical tape front,
RCA continues to release pop material on two-
track stereo tape. Five tasteful backsround
tunes receive ahove averaue performance here.
In the title tune and the Sound of the Sea, the
youngg Australian pianist offers sensitive tonal
impressions at a carefully centered piano. The
~ound more than meets the requirements of
the music.

PROKOFIEFF: Symphony No. 5 in B Flat
Eugene Ormandy conducting Philadelphio Orches-

tra
Columbia Stereo Record MS-6004
Columbia’s first steren dises display cleaner-
than-averagze xound and a recording level
somewhat lower in intensity than that found on
on other labels. The Philadelphians’ recent
monophonie  version of the Prokofief Fifth
contains  exciting sound but is no match for
this stereophonic release. Now each famed chaoir
of the archestra ean be distinguished a~ it
lends its special skills to [D’rokofiefT’s  maost
ebullient symphony. Stereo dises call for top

instrumentalists  whose work can  withstand
detailed analysis in two-channel sound. The
Philadelphia orchestra, as alway-, brilliantly

meets the test.

RIMSKY-KORSAKOV: Scheherazade
Mario Rossi conducting Orchestra of Vienna Stote

Opera
VYanguard Stereo Record SRV-103 SD
I I review this work a few more times, |
may learn to spell it without looking at the
album jacket. Vanguard again makes this
musie newsworthy on a special demonstration
stereo record priced at $2.98 As in the case of
monophanic  records  in  their demonstration
series, the sound matches that of their full-
price stereo dises. The sterco separation and
directionality hold their own with other labels’
versions of this tonal tapestry,

BARBER: Vanessa
Dimitri Mitropoulos conducting
Opera Cast, Orchestra and Chorus
RCA Victor Stereo Record LSC-6138
Followinz its world premiére in January,
Samuel Barber's first operatic work was hailed
as the best American opera ever presented at
the Met. RCA Victor has selected this Metro-
politan production as its first opera on stereo
disc. Having heard samples of operetta record-
ings in stereo on other labels. 1 opened the
dual c¢hannels of this three-record album with
considerable anticipation. | was surprised to
discover that, instead of moving about on an
imasyinary stawe, the Vawnessa cast remained
stationary throughout most of the performance.

Metropolitan
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The singers have been recorded in the center
of the steren area with the sound of the
orchestra surrounding them on all sides. Miking
is closer than that used during the Met hroad-
casts. The voice levels do not vary as they
often do on the air. The sound i~ crisp and
fresh, befitting a new and important venture
in American opcera,

Let's Dance
David Carroll and His Orchestra
Mercury Stereo Disc SR-60001

This reecording represents some of the efforts
being made to satisfy both schools of thought
on the question of separation of sound source-
in sterco. David Carroll, who also serves as
Mereury’s A and R director, strives for the
solid wall of sound between speakers during the
ensemble work of the orchestra. Then, to
placate those who look for placement of in-
dividual instruments in one loudspeaker at a
time, he mikes the soloists at the outer edges
of the so-called wall of sound. Such liberties,
undesirable in  stereo recording  of classical
music, point the way to a =olution of the
separation  controversy.

Note: Records below are 12-inch LP and ploy
back with RIAA curve unless otherwse indicated.

The Organ
E. Power Biggs
Columbia DL-5288
A lavish yet hirhly informative sift item
sure to please uany orran fan. Enclosed in a
39-page volume with comprehensive essays and
illustrations, this record sums up in ~ound the
recording efforts of organist E. Power Bigis
duringt 5 ycars of touring Europe. Dozens of
famous classical organs of Holland, England,
Germany, France, Austria, Spain. [ortugal,
Iceland and the Scandinavian countries are
de~scribed nnd plaved by Mr. Bigsxs. The sound
is masnificient. A first-rate system will reveal
fascinating differences duringg the tonal com-
parisons of orkans recorded with the same
microphone and tape recorder. Substantially the
same mike placement was used in all instances.
By a wide margin the finest release of its type.

SCHUBERT: Octet in F Major
Berlin Philharmonic Chamber Music Ensemble
Capitol-EMI G-7112
With the introduetion of this new label
fearuringr artists of its parent company., Electric
and Musical Industries of England. Capitol now
offers three classical catalogs. A sampling of
several discs in the first release reveals a re-
cording characteristic unlike that of the Capitol
and Angel curves. I get best results at a turn-
over higher than that called for in the RIAA
settingg, With the bass filled out, this ix a
beautiful record of Schubert’s ingratiating
chamber work for woodwinds, strings and horn.

The Virtuoso Oboe
Andre Lordrot, Oboist
Felix Prohaska conducting Chamber Orchestra of

Vienna State Opera
Vonquard VRS-1025
The four oboe concertos on this record reflect
the easyiroingg atmosphere of Ixth-century music
makingz. Exceptional presence in the pickup of
the smoothly played solo instrument.

TCHAIKOVSKY: Capriccio Italien
George Szell Conducting Cleveland Orchestra
Epic LC-3483
Normally assigned heavier classical fare by
Cotumbia and Epic. Szell demonstrates here the
value of disciplined, straighiforward musician-
ship. He =s=ets in a new litht the Capriccio
Italien, Rimsky-Korsakov's Capriceio Espaygnol
and Dances of the DPolovtsi from Borodin's
I'rince lgor. There is a natural richness in the
sound.

Music of Leroy Anderson, Vol. 2
Frederick Fennell Conducting Eaostman-Rochester

Pops Orchestra
Mercury MG-50043
With this second album, Mereury now has on
the market its own version of Leroy Anderson’s
most  sought-after tunes. Luekily, his trans-
parent scoring permits placement of six selec-
tions on each side of the record without undue
sacrifice of dynamic range or frequency re-
sponse. A good buy. END

Name and address of any manufacturer of
records mentioned in this column may he ob-
tained by writing Records, RaAD10-ELECTRONICS,
155 West 14 St.,, New York 11, N.Y.
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READY

FOR

Part III—The concluding section of this
series deals with stereo discs, cartridges
and the problems they present

STEREO

HE commercial stereo disc is

scarcely a year old, yet this bawl-

ing youngster has thrown the hi-fi

industry into a state of consterna-
tion and the audiophile into a state of
confusion.

The trouble began with an initial
misconception which still is not com-
pletely dispelled. Originally this new
record was thought perfectly compat-
ible—that it could be played mono-
phonically on existing equipment as
well as stereophonically with an addi-
tional channel.

But this is true only if you use a
stereo cartridge. While a standard pick-
up will track a stereo groove and repro-
duce sound, it will also damage that
groove severely. To understand just
why this is so, we must consider the
differences between stereo and mon-
aural record grooves.

Stylus movement

A phono pickup generates an electri-
cal signal because of displacenient of
the groove from a center path. This
reproducing stylus moves to follow the
groove and this movement is trans-
mitted to the cartridge’s element pro-
ducing a voltage output.

In the conventional monophonic rec-
ord the displacement is lateral, as
shown in Fig. 1-a. The groove moves
from side to side about the center
point. Groove depth remains constant.

Another monophonic system, some-
times used for broadcast transcriptions,
is rertical (see Fig. 1-b). Now the
groove moves up and down about a cen-
ter point, and its depth varies.

In Fig. 1-c the displacement force
comes from an angle of 15° with respect
to the record face. This time, the left
wall of the groove is displaced diag-
onally about its rest point, but the
right wall is unaffected, except for
having its length varied.

Similarly, if the displacement is
driven from 45° in the other direction,
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as in Fig. 1-d, the right wall is dis-
placed while the left wall remains in
line. The modern stereo disc uses a
combination of the movements shown in
Figs. 1-¢ and 1-d, and has been dubbed
the 45/45 system.

In practice, the left-channel signal
is applied as in Fig. 1-¢c and the right
as in Fig. 1-d. Two motors are used
in the cutter and two transducing ele-
ments in the cartridge.

It is interesting to note that when
the two signals are equally intense and
in phase, the resultant groove motion
is vertical. When the signals are ex-
actly out of phase, the groove is dis-
placed laterally.

As a practical matter, the stereo re-
producing stylus must be able to follow
any of the four types of motion shown
in Fig 1. The groove bottom may then
fall anywhere within the shaded square
shown in Fig. 1-e. But for the standard
monophonic pickup, this is too much.

The monaural cartridge is purposely
designed to be unresponsive to vertical
motion. With a minimum of output re-
sulting from such motion, it effectively
filters out vertical turntable rumble and
other such spurious signals.

The monaural cartridge’s system is
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Fig. 1—Some of the possible groove
displacements in phonograph records:
a — lateral; b — vertical; ¢, d & e —

45/45 stereo.

By DONALD C. HOEFLER

also made much stiffer in the vertical
direction than in the horizontal plane.
This makes for better tracking of a
lateral groove, but it only makes for
destruction of the 45/45 stereo groove.

The moving elements in the stereo
cartridge must be free to respond to
displacement anywhere in the shaded
area of Fig. 1-e. This is possible only
if the mechanical linkages between
stylus and generators are equally com-
pliant in both directions.

The generating elements may be
either piezo or magnetic. Both crystal
and ceramic pickups are available in
the piezo types, and in the magnetic
group are moving-coil, moving-magnet
and variable-reluctance types.

Last month we advised that one of
the first steps in a stereo conversion
should be replacement of the cartridge.
This is true only if you are definitely
committed to the idea of going stereo,
and should not be taken to mean that
a stero cartridge is superior to the
lateral types for monophonic records.
The stereo cartridge will play both
tvpes of records, while the mono car-
tridge cannot track stereo records with-
out damaging them. But on the other
hand, the standard cartridge is still
better for standard records. Of course,
for best results, two arms and pickups,
one for mono and one for stereo, can’t
be beat.

Not only must the stylus in a stereo
groove be able to move to more places,
it also has to move more hardware
around with it. Stereo cartridges have
two elements instead of one, and the
increased mechanical mass lowers the
resonance, perhaps even into the audio
region. While the listener may not be
concerned with the heartbreaking
struggles of the pickup designers over
the past year and a half, it is important
to realize that there is no need to place
an additional strain on your pocket-
book by replacing a perfectly good
pickup, unless you are definitely com-
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Fig. 2 — Method of dividing signals

from pichup-arm cable before connect-

ing to stereo preamps. Jumper permits

combining signals for monophonic re-
production.

mitted to following through with a

complete stereo system.

Turntable rumble

Another problem which has caused
many sleepless nights is turntable
rumble. Many otherwise excellent tables
have exhibited excessive vertical rumble
when used with a stereo cartridge. The
standard lateral pickup effectively
damps out the effect of these vibrations,
but the stereo units show it up for all
it’s worth.

Usually, the motorboard must be
more carefully isolated from the floor
and from the speaker cabinets, using
additional soft springs or foam-rubber
pads. This problem may also be the
explanation for the increased number
of belt-driven tuintables on the market,
a type which until recently had not
been very popular.

Stereo in monaural system

The outputs from each of the two
stereo-cartridge e¢lements are usually
unbalanced. Each signal is ac, and one
output lead is grounded. In some units
the two ground leads are tied together
internally and come out to a common
terminal. In others, they come out to
separate terminals, although they may
be connected internally anyway. This is
the reason why some cartridges have
four terminals while others have only
three.

When using a sterco cartridge in a
monophonic system to play a stereo
dise, the existing phono cable in the
pickup arm may be used. The ground
terminal (s) of the cartridge are con-
nected to the ground or braid of the
cable, while the two remaining pickup
terminals are paralleled and connected
to the cable’s hot lead.

While this puts the two generator
signals in phase electrically, there may
still be some audio phase distortion.
Nearly any sound produced in the studio
will be recorded in varying degrees on
both channels. This is right and proper,
if you intend to avoid “pingpong” and
other extreme effects used by overzeal-
ous recordists.

But there is a difference in arrival
times of the sounds reaching the two
microphone recording channels. And
the phase relationship between the two
resulting signals depends on the fre-
quency of the sounds and the relative
distance of the microphones from the
source,
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Fig. 3—The left pichup element han-
dles the right channel, while the right
element handles the left channel,
As explained in Part I of this series,
when this phenomenon occurs in life,
your ears allow for it. In fact, this is
one of the ways we determine the direc-
tion of a sound source. But an electronic
amplifier is not as clever as the human
brain, so it simply combines all com-
ponents of the complex signal fed into

it.

If the signals should happen to be
out of phase at a given instant, the
sound will be unnaturally attenuated;
if they should add together, there may
be some unexpected peaks. This is one
more reason for using a stereo pickup
with a monophonic system only as a
stop-gap at best.

All present stereo cartridges are de-
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signed for standard mountings and may
be installed in most existing pickup
arms. When both outputs are used for
stereo, simply install a second length
of shielded or twisted phono cable in
the arm or even better, replace the ex-
isting wiring with a new length of two-
conductor cable. Then the two channels
are split up, using a jack-plug arrange-
ment mounted on the turntable chassis,
as shown in Fig. 2.

Which channel is which

Designating the channels as left and
right is done with respect to the ob-
server. The left side of the orchestra
as you face it is recorded on the left
channel and reproduced from the left
speaker.

As for the disc, left-channel informa-
tion is engraved on the left or inside
groove wall. The right channel is on the
right or outside wall. Since each pickup
element is diagonally opposite the
groove wall affecting it, the left element
responds to the right channel, while the
right element picks up the left channel.
Although confusing when put into
words, Fig. 3 makes this idea quite
clear. END

.
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SIGNAL-LEVEL COMPARATOR

BUILD AN AUDIO EAR

A quick way to check your amplifier's gain and
frequency response. Also operates as an attenuator
or voltage divider.

By J. E. Pugh, Jr.

A simple and ingenious induction phone unit per-
mits the children to listen to TV with the volume all
the way down, may be used as a paging unit or as a
mystifier for home entertainment.

By Edwin Bohr

PORTABLE EQUIPMENT IN COLOR TV SERVICING

Red and Fuzzball come back with penetrating com-
ment and valuable
less-publicized aspects of color TV service.

information on some of the

By Robert Middleton

SIMPLE SUPER TIME BASE

Promised for this issue, this article was delayed
by an unfortunate fire in our draftsman's studio.
Copies of the drawings have been received, and
we hope to print it next month.

By Tom Jaski
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ELECTRONIC PAYLOAD of Pioncer spaee vehicle,
which climbed more than 79,000 miles. Among the electronic
devices were instruments to measure magnetic fields of the
earth and moon, the number of micrometeorites encountered in
flight. radiation intensity, internal temperature, and an infra-
red scanner to view the far side of the moon, plus telemeter
transmitting equipment to convey the data to receiving sta-
tions. The complete instrument package weighed only 25
pounds. Smaller photo shows position of electronic package
as technicians adjust small vernier rockets.

Y
ELECTROCARDIOGRAMS BY PHONE are possible
with this 5-pound transistor device developed by Dr. E. Grey
Dimond of the University of Kansas Medical Center. Standard
electrocardiograph leads are attached to the patient. At the
receiving end of the telephone line, a modified unit is attached
to any standard clectrocardiograph machine. No attachment
to the telephone is nccessary. The transmitter uses a fre-
quency modulated tone and a push-pull dc amplifier. Using
a more complex system, two Kansas City, Mo., physicians
recentlv  diagnosed heart conditions of three patients in
Bethesda, Md., through a long-distance circuit which relayed
not only electrocardiograms and heart sounds, but clectronically
coded signals for pulse respiratory rates and volume.

e

RADIO TELESCOPE at the Mullard Radio
Astronomy Observatory of England’s Cambridge
University will use galvanized-iron wires stretched
across tubular steel frames in place of the usual
paraboloid reflectors. Shown here during construc-
tion before the installation of the 320 reflector
wires, the reflectors can move along 1,000 feet of
railroad tracks, and can rotate about the east—west
axis. Two small antennas can be positioned along
the giant reflector to cover the required area.
Resolution is equivalent to that of two antennas

each 800 x 500 feet.

Wide World Photos

SAFETY GLASS becomes an integral part of
the picture tube in a new process developed by
Coring Class Works, manufacturer of glass en-
velopes for picture tubes. The new tube has a
second contoured glass panel laminated perma-
nently to the original bulb. A clear liquid plastic
is cast between the permanent safety glass and
the picture-tube face. Insert shows the “twin-
panel” tube after curing, Finger indicates how the
glass skirt fits completely around the faceplate.
A different version of the honded safety glass
was introduced recently by Pittsburgh Plate Glass
Co. (RADIO-ELECTRONICS, October, 1958,
page 6).



electronics brings

Experiments show that
electronics may one day
restore sight to the blind

HE problem of restoring sight
by artificial means has intrigued
mankind since the dawn of time.
But although literature abounds
with examples of achieving this ob-
jective by miraculous processes, it took
modern electronics actually to turn
night into day for the sightless.
The dramatic event first occurred in
a Los Angeles, Calif., hospital’s operat-
ing room on the morning of Oct. 29,
1957. Tiny holes were drilled in the
skull of a volunteer patient. Wires finer
than human hairs were placed in the
holes. Then came the real heroes—two
home-made square-wave generators and
a pair of cadmium-sulfide photocells.
The result brought jubilation to a tiny
knot of doctors and nurses gathered
in the room. For a totally blind person
saw light—through the magic of elec-
tronics—for the first time in medical
history.

Problems to overcome

It sounds simple, but this simplicity
is deceptive. Actually, the process of
duplicating vision electronically is so
staggeringly complex that few scien-
tists, even after my initial experiments,
thought it possible. Many are still
skeptical. “Yes, you have obtained
light,” they protest, “but you will never
get true vision.”

Consider the most obvious difficulty.
Each retina, in back of the eyeball,
contains over one million individual
light-sensitive nerve cells. Each cell
is connected to its own nerve fiber. Col-
lectively, these nerve fibers traverse the
brain from front to back in two bundles
known as optic nerves.” In recesses
deep within the brain the optic nerves
pass through “relay stations” where
they are joined by other nerves pro-
viding interpretative functions. Here,
indeed, are point-for-point mosaics of
such intricacy that scientists have yet
to explore them fully. These visual
“cables” terminate in the very back of
the brain, in an area half the size of a
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By JOHN C. BUTTON, JR., M.D.

lemon, known as the visual cortex. It
is here that consciousness of vision
actually occurs, and it is this area
that was “tapped” by the author and
his associate, Dr. Tracy J. Putnam (a
famed brain surgeon, now chief of
neurosurgery, Cedars of Lebanon Hos-
pital, Los Angeles, Calif.).

The logic behind selecting this spot
is simple. First, the area is readily
accessible from a surgical standpoint.
More important, it is usually intact in
blind persons. Nearly all blindness is
caused by disease or accidents affect-
ing either the eyes themsclves or the
sight pathways forward of the visual
cortex. By “plugging” directly into the
visual cortex, all such parts are by-
passed. Vision could then be possible—
at least theoretically-—even in a person
without eyes.

The first step was to find a willing
volunteer patient. Fortunately I had
under my care a woman of 36, who
had been totally blind for eighteen
years and who was willing to undergo
the tests.

Two major problems now arose.
First, would electrical stimulation of
the visual cortex actually produce
flashes of light in our patient? It was
common knowledge that it would in per-
sons with normal sight. The phenome-
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Circuit of the vibrator supply.

non had been demonstrated on numear-
ous occasions during brain-mapping
studies at research centers in the
United States and Canada. But no
such tests had been performed on
truly blind individuals, who conceiv-
ably might not react in so-called normal
fashion.

Furthermore, most scientists felt
that sight cells in the brain of a person
who had been blind for any length of
time had probably atrophied or dried
up from extended lack of use. This
happens with most bodily functions if
they remain unused. Why, asked the
scientists, should the sight cells be the
only major exception to the rule?

A second basic problem faced us. If
electrical stimulation of the brain pro-
duced flashes of light, what then? How
could such flashes be correlated with
outside illumination to provide a prac-
tical measure of sight?

We answered the second question
first. The flashes of light (if they
occurred) would be induced by elec-
tricity of a certain frequency and
strength. To pick up evidence of outside
light rays we needed only a way to
convert light rays into electrical cur-
rent of the previously determined speci-
fication. This, we believed, could be done
using. cadmium-sulfide photocells con-
nected to the brain through a simple
vibrator power supply.

The answer to the first question
would have to await the results of our
first operation, which we scheduled for
Oct. 29, 1957.

Time to operate

The night before the operation a
small patch of hair was removed from
the back of the patient’s head and the
skin was prepared with antiseptics. In
the operating room the following morn-
ing, Novocaine was injected into the
skin of the area, but otherwise no anes-
thetic was used. A sleeping patient
could not tell us anything.

Four tiny holes were drilled through
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Testing to determine

optimum current —

620 ga was the re-
sult.

the back of the skull and four needles,
each four inches long, were inserted
through the holes directly into the sub-
stance of the brain. (This area of the
brain does not have nerves of sensation,
hence the patient experienced no pain.)
Four stainless steel insulated wires,
each 6 inches long and .003 inch in
diameter, were inserted through the
needles. To insure contact with the
sight cells 1 millimeter of insulation had
been scraped from the tip of each wire.
The needles were then carefully with-
drawn, leaving the wires approximately
2 inches deep within the brain and held
fast by tissue elasticity.

The first crucial moment had arrived.
Would we get flashes of light, or would
our courageous patient remain locked
in her closet of darkness?

We signaled, and a nurse quietly
trundled a surgical tray up to the
patient lying on the operating table.
On the tray were the two small, make-
shift supply units we had fabricated
only the day before out of second-hand
parts at a nearby electronics store.
Total cost, including a brace of cad-
mium-sulfide photocells attached to one
unit—3y§9.45. The vibrator’s simple cir-
cuit, with the photocells connected, is
shown in the diagram.

Here, perhaps, an explanation is
needed. This was medical history in
the making. We were about to embark
upon a sea that had been charted by
miracle-workers but never by scientists.
We were about to attempt to demon-
strate somethinng that wmost of our
colleagues had, by scientific logic,
“proved” impossible. Yet we were using
makeshift, home-made, second-hand
equipment of so primitive a nature that
grade-school students would have
laughed at it. Why?

There were two good reasons. First,
we couldn’t be sure what precise cur-
rent specifications would be required,
hence we didn’t have any way of know-
ing what type equipment (in simple,
available form) would best serve our
purpose. So we chose the most elemen-
tary—a primitive vibrator supply,
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Betty, holding

which we hoped would put out a square
wave of the proper strength and fre-
quency.

There was another good reason. We
lacked funds. Nobody had come along
to underwrite our tests. We had to do
things the cheapest way. Perhaps this
sounds “undignified” for research scien-
tists. Nonetheless, it is true.

The patient was lying quietly, ex-
pectantly, face down on a special
headrest. The four tiny wires dangled
from the back of her skull, their free
ends barely discernible in the reflected
glare of the operating-room light.

One of the vibrator supply units was
plugged into an outlet. Its two alligator
clips were clamped onto the free ends
of two of the wires.

“Betty,” I said, “tell us if you see
anything.”

A hush fell over the operating room.
Nurses, doctors, attendants—all paused
like statues. The current was applied.

“] see a flash! I see more! I'm seeing
flashes of light!”

A silent cheer seemed to emanate
from the white-garbed figures en-
cireling the patient.

“It’s . . . it’s gone! The flashes are
gone!” There was a throb of disap-
pointment in Betty’s throat.

My colleague and I looked at each
other, smiling beneath our surgical
masks.

“That’s as it should be, Betty,” I said,
trying to suppress some of the jubi-
lance I felt. “We’ve turned off the cur-
rent. Now—watch again.”

Another pause. Then . . . “There it
is! There they are! The flashes again!”

Again and again we manipulated our
single little dial. Again and again our
patient’s responses indicated without
question that she perceived flashes of
light.

It was time now to forget the drama
of the experience, at least for the
moment, and record our findings. After
multiple trials we determined that the
current giving our patient the keenest
flashes of light measured 25 volts and
620 pa at 75 pulses per second. The

the

photocell, locates the

candles on her birth-

day cake. Dr. Button
is at the right.

dc impedance between electrodes meas-
ured 40,000 ohms.

Surely this was far in excess of any
voltages encountered in the physiologi-
cal process of vision as provided by
nature! To be sure it was, but nature
does not have to contend with such
hindrances as electrode resistance,
which in our opinion was principally
responsible for our relatively high volt-
age. Normally, vision is produced when
light falls on the retinal cells in the
back of the eyeball. These light rays
first initiate a chemical response, which
is instantly converted into an electrical
current of almost infinitesimal propor-
tions and then transmitted to the very
center we had tapped—the visual cortex
in the back of the brain. But what na-
ture does, and what man must do to
duplicate her wonderful processes, are
sometimes vastly divergent.

Did the patient feel any discomfort
during the electrical trials? Beyond a
certain voltage point she became aware
of sensations of mild electric current
in her head, which she described as a
sort of vibration. But when the current
was kept at the previously determined
optimum level, 620 pa, she felt no dis-
comfort.

Phase two

Now, we were ready for the second
phase of our experiment. We had pro-
duced the flashes of light, proving,
among other things, that after 18
vears of total blindness, our patient’s
brain cells, for reasons we have yet
to determine, had not followed nature’s
usual rule and dried up.

But the flashes of light, dramatic as
they were to one accustomed to total,
permanent darkness, actually were of
no practical value. We still had to prove
that outside sources of light could be
picked up and fed to our patient’s brain.

I breathed a prayer and picked up
a double cadmium-sulfide photocell
which we had previously attached in
series with one vibrator supply. Theo-
retically, when the dial was set to ap-
proximate the current specifications we
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With vibrater hooked up, patient
can deteet light.

had already determined, the patient
should receive light impressions if she
pointed the cell at a light,

“Betty, hold this little gadget. It’s
like a tiny flashlight. Tell us if you see
anything.”

The massive operating-room lights
were turned off, and a gooseneck lamp
containing a 40-watt bulb was brought
up to the patient. Its switch was noise-
less—Betty couldn’t fool us or herself.

“There! There’s a light! It’s not a
flash. It stays on!”

Betty’s hand, holding the photoelec-
tric cells, had heen guided to within a
few inches of a burning 40-watt bulb.

“Now it's off. I don’t see anything.”

My colleague silently gave the well-
known Churchillian victory sign. The
light, sure enough, was off.

“Now, Betty, tell us when it comes on
again. Tell us whether it’s weak or
strong.”

There was a pause. Then . . . “There
it is! But it’s faint. Very faint.”

I was, in fact, holding the light
several feet from the photoelectric cells.
Gradually I brought it closer.

“Now it's getting stronger! Now it’s
much stronger! Oh . . . it's dazzling!”

The final test, in the operating room
that day, provided what was almost
a foregone conclusion. Betty would
have to find the light unaided.

She was placed in a sitting position,
given the photoelectric cell and told
to probe for the light.

“There it is! It’s there on my right
. . . over there. Right there!” she
finished with an emphatic shake of the
photocell as she pointed it squarely at
the lamp.

“Now it’s on my left. Now it’s there

. right straight ahead!”

The drama was not vet over. Betty
was given a day of rest, after which
the apparatus was suspended in a
shoulder-bag, still attached, of course,
to the tiny wires protruding from the
bandage in the back of her head. She
was on her own! Her task now was to
walk through an obstacle course con-
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The vibrator
and photocells
are shown in
the photo at
right.

sisting of lamps strategically placed
about a large room. Betty was also to
find the windows by perceiving day-
light.

It is almost an anticlimax to report
that Betty succeeded magnificently in
accomplishing these objectives. Her
final triumph came, perhaps, when she
perceived the candlelight on her birth-
day cake and accurately blew the
candles out.

Plans for the future

But we realized that our experiment,
though representing a milestone in
medical history, was only a primitive
beginning. To be sure, the initial experi-
ment has been improved upon. Re-
cently, new and smaller wires have been
implanted in Betty’s brain. By attach-
ing two square-wave generators simul-
taneously to two pairs of wires, Betty
could perceive, through two sets of
photocells, varying patterns of light.
These patterns were altered in ways
that we have yet to explain when the
square waves were rapidly changed to
sine waves and back again. Such pat-
terns constitute a step toward per-
ception of images and shapes, which
we believe we shall eventually obtain
as we refine our surgical techniques,
improve our electronic scanners and,
above all, learn a great deal more about
the physiology of vision.

In the immediate future, for instance,
we plan to insert not two wires, not
four, but several hundred. Their size
will be almost microscopic, hence there
will be no irritation of the brain.
Furthermore no wound will remain, as
we shall bury the wires permanently,
allow the skull and skin to heal, and
transmit the required current by in-
duction through a solenoid hidden in the
shafts of eye glasses. We are now de-
signing various miniaturized devices to
pick up visual currents, ranging from
tiny photosensitive image screens to
modified sonar units. The visual impres-
sions obtained by the blind, in the not
too distant future, will in our opinion
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approximate true vision—all through an
apparatus as simple and inconspicuous
as a hearing aid.

There are those who say our proj-
ect cannot be successfully completed.
Unfortunately, many with sight have
no vision. But many with vision have
no sight, and it is from these—from
among the brave Bettys who will con-
tinue to volunteer for our experiments
—that our faith, our hope and their
help will spring. END

Transistor Destructors

When working with transistors, T
have experienced a number of near-
crises because of blunders. Here are a
baker’s dozen of the most common trou-
blemakers, which I call “transistor de-
structors’:

1. Vtvm—improperly grounded or
switched to ohmmeter position.

2. Ohmmeter—set for lower ranges
where current is too high.

3. Transistor checker—improperly
set up to provide too much current
or voltage, or wrong parameters.

1. Wrong polarity—of one or more
leads.

5. Leads—that are easily moved into
shorting position on a breadboard.

6. Alligator clips—that short or pop
off, leaving high voltages between
transistor elements.

7. Oscillator—with too much feed-
back, causing junction punch-
through.

8. Soldering iron—with too much
wattage, too close to transistor.

9. Failure to check voltage—before
plugging transistor into socket.

10. Bias bleeder—that heats up and

burns into a short or open.

11. Heat sink—not large enough or

not fastened firmly to transistor.

12. Overdriving—when using signal

generator.

13. Reading this—while your tran-

sistor gets hot and your emitter
current avalanches.—E. G. Homer
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Electronic computers, gyroscopes and accelerometers, when properly combined,
form a sensitive guidance system that leads a guided vehicle to any spot on earth

Accelerometer used
in 5.000-mile range

ballistic missiles.

Inertial Guidance

Directs Planes
and Missiles..... .. ..

AQ—

Gyroscope used in 5,000-mile
range missiles has extremely
low drift rate.

NEW technique called “inertial
guidance” enables man to
match the ability of birds to
navigate unerringly over dis-
tances of thousands of miles without

using radio or radar. Furthermore,
TO INTEGRATORS
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Fiz. 1—Cutaway view of a simple ac-
celerometer. Any acceleration of the ve-
hicle in which the device is monnted
causes the mass to be displaced from
the center, producing a signal which is
proportional to the acceleration.
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ROLL GIMBAL
SERVO MOTOR

ROLL AX!S GIMBAL

AIRFRAME

AZIMUTH GIMBAL SERVO MOTOR™"

ACCELEROMETERS

STABLE ELEMENT

PITCH GIMBAL
SERVO MOTOR

Courtesy of Aviation Week

Fig. 2—The stable platform consists of two or three gyroscopes, plus two or three
accelerometers mounted in a gimbal arrangement which allows gyvros to keep
the aceelerometers fixed in space, no matter how the vehicle moves.

the inertial-guidance system can op-
erate in weather so bad that the birds
are grounded.

Inertial guidance will direct our
new intercontinental ballistic missiles
(ICBM’s) to targets 5,000 miles away
and will also direct our newest hombers,
the supersonic B-58 and hypersonic
B-70, to their targets. It recently was
used to guide the submarine Nautilus
on its polar mission.

An inertial-guidance system is com-
pletely self-contained in the missile or
airplane. It does not require ground-
hased radio or radar stations for assist-
ance, nor does it radiate any electro-
magnetic energy itself. Inertial sys-
tems do, however, make extensive use
of electronics.

There are a variety of possible iner-
tial system configurations, depending
upon the intended mission. However, all
operate on the same basic principle—
measuring accelerations of the missile
or airplane throughout the guided por-
tion of its flight. From these measured
accelerations an airborne computer sys-
tem can calculate how far the vehicle

has traveled and in what direction.

The only data the inertial system
computer needs is the position of the
target relative to the takeoff point. The
computer then continuously ecalculates
the vehicle’s position, compares it with
the desired course-to-target, and gen-
erates signals which automatically steer
the vehicle onto the correct course.

Because inertial systems are com-
pletely self-contained, do not themselves
radiate any electromagnetic energy and
do not need ground-based radio-radar
stations, they offer several important
military advantages:

Jam-proofness: There is no known
way to jam or confuse an inertial sys-
tem. By contrast, guidance systems
which use radio or radar can be jammed
or disrupted by enemy electronic coun-
termeasures equipment.

Security: Unlike radio—radar guid-
ance whose electromagnetic radiation
tips off enemy that the vehicle is com-
ing, making it possible to launch inter-
cepting aircraft or missiles, inertial
guidance gives no advance warning to
the enemy.

RADIO-ELECTRONICS



Mobility: Since inertially guided
missiles require no large ground-based
guidance system installations, they can
be launched from hidden sites or
quickly moved to other locations.

Certain limitations or disadvantages
are, however, inherent in inertial sys-
tems. For example, an inertial system
1s extremely costly because of the ex-
treme precision required to fabrieate
its components. Also, errors build up
with time, so accuracy is reduced on
long missions. However, there are
ingenious ways for getting around this
problem.

How does it work?

To understand how an inertial sys-
tem operates, we must first examine the
basic fundamentals. These are quite
simple. If you were told that an auto-
mobile had started from rest and was
accelerating uniformly at the rate of
10 feet per second every second, you
could calculate its distance at any given
instant. The formula is:

Distance 1, at’
where a is acceleration and t is time.

For example, after 1 second the car
will have covered a total distance of 5
feet (% X 10 X 1). At end of 2 sec-
onds the auto will have moved a total of
20 feet, and after 3 seconds a total of
45 feet.

If the car were equipped with a de-
vice which could measure and indicate
the acceleration, and if we had a stop
watch, seratch pad and pencil, we could
always caleculate how far we had
traveled.

Naturally, in a ear equipped with an
odometer—speedometer, there is no point
in going to such trouble to determine
how far we have traveled. But in an
airplane or missile there is no such easy
way of measuring distance covered
and hence we turn to inertial guidance.
An inertial system continuously runs
through the mathematical calculation
of the D Y% at® equation.

Measuring acceleration

To perform this computation, the
inertial system must continuously meas-
ure vehicle acceleration relative to the
earth. To do this, the system employs
devices known as “accelerometers.” One
of them is installed in the aircraft or
missile to measure accelerations along
its fore—aft axis. Another is installed
so as to measure accelerations at right
angles to the fore-aft axis—correspond-
ing to a line drawn through the
vehicle’s wings (or where its wings
would he if it had them). In certain
applications, primarily ballistic mis-
siles, a third accelerometer is installed
to sense accelerations at right angles to
the other two, essentially up—down ac-
celerations relative to the carth.

In principle, these accelerometers are
very simple devices, but in practice they
become very complex to achieve the ex-
tremely high sensitivity and accuracy
required. The simplest type of ac-
celerometer consists of a weight (mass)
which is suspended in an enclosure by
two springs (see Fig. 1).
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The stable platform on the right is
undergoing a final series of tests to
check its acenracy.

Inertial guidance gyros. accelerome-
ters and other critical components are
assembled, inspected and tested in air-
conditioned dust-free rooms to pre-
vent  contamination  and  resultant
inaccuracies.

ELECTRONICS
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When the accelerometer is at rest
(zero acceleration), the mass is cen-
tered relative to its enclosure by the
supporting springs. If the enclosure is
suddenly moved along its sensitive axis
(line running through springs and
weight), the weight will try to “sit
tight,”” until it is forced to come along
with the enclosure by the forces exerted
by the springs. This follows Newton’s
laws of motion which say that a body
at rest tends to remain at rest unless
acted upon by outside forces.

The amount that the weight is dis-
placed from its center (zero-accelera-
tion) position inside its enclosure is in
direct proportion to the magnitude of
the acceleration applied to the en-
closure. If a small electrical pickoff
(potentiometer, synchro, ete.) is added
to measure displacement of the weight
from its center position, the signal gen-
erated by the pickoff will be propor-
tional to acceleration, and the complete
device will function as an accelerom-
eter,

Because the accuracy of the inertial
guidance system can be no better than
the accuracy of its accelerometers, more
elaborate and more complex acceler-
ometers than the one described must be
used. The problem is made more diffi-
cult hecause of the wide range of ac-
celerations the device must measure—
from perhaps 100 G (100 times the
acceleration of gravity) to a few thou-
sandths or millionths of a G.

Some inertial systems employ what
are called “integrating accelerometers,”
which sense acceleration and simul-
taneously perform the operation of
“integration” so that their output
signal is directly proportional to the
vehicle's velocity or distance traveled.
The integrating accelerometer is more
complex than the elementary acceler-
ometer, hut simplifies the calculations
which must be performed by the sys-
tem’s computer.

In one respect, Nature appears to
have conspired to make inertial guid-
ance systems impractical. This prob-
lem arises because the accelerometer
which reacts to the vehicle accelerations
it seeks to measure also responds to the
force of gravity which it should ignore.

Thus an accelerometer intended to
measure horizontal accelerations along
the fore—aft axis of an airplane or
missile would correctly sense no accel-
eration when the vehicle is at rest, so
long as the accelerometer is truly hor-
izontal. But if the vchicle and accel-
erometer were slightly off level, the
accelerometer weight would be deflected
from center by gravity, and the in-
ertial guidance system would “think”
the vehicle had taken off when in fact
it was still at rest.

If this were the extent of the problem,
it could be easily solved by leveling up
the accelerometers bhefore turning on
the inertial system prior to takeoff.
But even if this were done, the missile
or airplane obviously is not going to
maintain a perfectly level attitude once
it has been launched.
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The basic prohlem, then, is how to
keep the accelerometers in position
throughout the mission to prevent them
from sensing gravity and confusing it
with accelerations due to actual vehicle
motion.

For a solution, inertial system de-
signers turn to the gyroscope, a device
that tries to hold its angular position
always fixed in space. The simple
spinning top, or the toy gyro which
children find so amusing, demonstrates
this principle.

The stable platform

A hasic gyro consists of a small fly-
wheel spun at extremely high speeds,
usually by an electric motor. The shaft
about which the flywheel rotates is
called the “spin axis,” and it is this
which the gyro seeks to hold fixed in
space.

If the gyro's spin axis is supported
in a suitable frame, called a “gimbal,”
and this frame is in turn supported
inside a larger gimbal, so that the
outer frame can be rotated freely about
the inner spin-axis gimbal, we have a
simple gyro. In practice, many gyros
have still a third gimbal which sup-
ports the other two.

When the gyro's flywheel has been
brought up to speed, the outer gim-
bal(s) can be rotated or moved to any
position without disturbing the position
of the spin axis—just as if it were
locked onto a distant star.

If such a gyro is installed in an air-
plane or missile, with its supporting
gimbal (s) attached to the vehicle’s
structure, the gyro will try to keep its
spin axis fixed in space regardless of
changes in vehicle attitude during the
flight.

If the spin axis is aligned with the
true vertical hefore takeoff, the gyro
will seek to hold this same position
throughout the mission. And if the
accelerometers are, in effect, mounted
on the gyro spin axis (at right angles
to it), they will remain horizontal
throughout the flight and cannot sense
the unwanted gravity acceleration.

If another gyro is installed so that
its spin axis is horizontal, instead of
vertical, and aligned with true north,
this gyro will try to keep itself aligned
with north during the flight. This pro-
vides a heading reference by which the
inertial system can vresolve vehicle
movement into distance traveled in
north—south and east—west directions.

Inertial systems usually employ two
or three gyros, depending upon the type
of gyro used. There are certain advan-
tages and disadvantages to each type
of configuration.

The combination of gyros, accel-
erometers, their supporting gimbals and
related mechanisms is called a “gyro-
stabilized platform,” or sometimes
“stabilized platform,” for short (see
Fig. 2).

Gyro drift
If gyros kept their spin axes fixed in
space indefinitely, the problem of de-

signing an inertial system would be
easy, but once again Nature conspires
to make the problem difficult. In prac-
tice, a shift in the position of the
spinning gyro flywheel on its shaft of
a few millionths of an inch can make
the gyro wander (“drift”) from its
original position. A speck of dirt or a
metal chip too small to be seen by the
human eye, except through a micro-
scope, in one of the gyro gimbal bear-
ings can also introduce serious errors
in gyro performance.

Any such drift in the position of the
gyvro spin axis tilts the accelerometers
off horizontal, causing them to sense
gravity acceleration, or shifts the head-
ing reference, making the system think
the vehicle is moving in a different
direction than it actually is,

At the end of World War II, the
gyros used in aircraft flight instru-
ments (to indicate airplane attitude
and heading) had drift rates of about
15° per hour. If inertial systems used
such gyros, guidance accuracy would
be completely unacceptable.

Today, industry builds gyros which
have drift rates of only .01° per hour.
Such a gyro has less drift after 2
months of operation than the post-
war flight gyros experienced in a single
hour. Gyros with still lower drift rates
are under development.

To build such extremely accurate
gyros, manufacturers must assemble
them in ultra-clean air-conditioned
rooms where the air is continuously
filtered to keep out microscopic-size
particles of dust. Employees must wear
lint-free nylon hats and coveralls, and
coats and tools are cleaned at least
once a day. No one can enter without
passing through airlocks equipped with
high-power blowers which dust him off
thoroughly.

Individual parts that go into the
gyro are inspected under microscopes
for possible burrs which might work
loose and find their way into bearings.
Deburring is done under a microscope,
using precision dental tools.

The thinking heart

The heart of any inertial system is
the computer which integrates accel-
eration signals to determine distance
traveled, resolves this into distance
covered in north—-south and east—west
directions, then compares this with the
path the vehicle must fly to hit its tar-
get, and finally it calculates what sig-
nals must be sent to vehicle’s controls
to maneuver it onto the desired course.

These computations must be per-
formed from takeoff throughout the
guided portion of the mission. For a
ballistic missile, where guidance lasts
only several minutes (from there on
the missile behaves like an unguided
projectile), the computer must work at
lightning speed and with extreme ac-
curacy. Unless errors in missile path
are quickly corrected, the missile may
go out of control or miss the intended
target by a wide margin.

Most of the new inertial systems
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under development use tiny digital com-
puters. These are first cousins to the
familiar giant computing brains, but
have been so miniaturized that thev
occupy no more than a couple of cubic
feet in volume. Some of the newer air-
borne digital computers for inertial
system use occupy less than 1 cubic
foot.

To reduce computer size, designers
have gone to all-transistor models. One
such computer, being developed fo:
intercontinental ballistic missiles, uses
approximately 1,200 transistors and
10,000 diodes. Choice of targets is made
by plugging appropriate subassemblies
into the computer.

Schuler-tuned systems

Although industry’s designers have
made remarkable progress in the past
10 years in improving the performance
of gyros and accelerometers, an ex-
tremely stiff price must be paid in
terms of manufacturing and inspection
cost to hold down errors in inertial
systems intended for use on long mis-
sions.

For example, an inertial navigation-
bombing system for use in a 1,000-mph
bomber, like the B-58, must maintain
good accuracy for 5 hours to reach a
target 5,000 miles away. This is more
than 60 times the period that an inertial
system must provide guidance for an
ICBM. This means that gyro drift
errors accumulate for 60 times as long
and hence can be something like 60
times greuter.

Fortunately, Nature lends a helping
hand here in the form of a principle
first suggested in 1923 by Dr. Maxmil-
lian Sechuler, a German professor of
applied mechanics. Applying this prin-
ciple of the “84-minute pendulum,” to
provide what often is called a “Schuler-
tuned” inertial system, greatly reduces
error buildup on long missions by ef
fectively washing out gyro drift and
some, but not all, of the accumulated
errors approximately every 84 minutes.

Hybrid systems

Even with Schuler tuning, it is not
easy to get the high-precision accura-
cies required for long military missions.
Another approach which eases the ac-
curacies required of gyros and accel-
erometers is to combine the inertial SVSs-
tem with some other navigation tech-
nique to form a hybrid svstem.

One such hybrid system uses a small
airhorne Doppler radar which measures
the vehicle’s ground speed accurately.
The Doppler radar is used to correct
for errors in acceleration measure-
ment while the vehicle is over friendly
territory where its electromagnetic
radiation does not give it away. Once
the vehicle approaches enemy territory,
Doppler radar can be turned off and
the system operated as a pure inertial
system.

Another possible hybrid system con-
figuration combines inertial and celes-
tial navigation techniques. Electro-
optical devices are available which auto-
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matically track a star, determining its
azimuth  (direction) and elevation
position. Two such devices, together
with a vertical reference such as a
stabilized platform provides, furnish
enough information for a computer to
calculate the vehicle’s position.

Such periodic star fixes ean be used
to correct any accumulation of errors
in the inertial system when suitable
stars are available for sighting. When
clouds prevent obtaining a star sight,
the system reverts to its pure inertial
mode of operation.

Size, weight and cost

Size, weight and cost of an inertial
guidance system depend upon its in-
tended use, including sueh factors as
mission duration and required aceuracy.
Although exact figures are not avail-
able because of military security con-
siderations, an inertial guidance Sys-

tem for ballistic missiles is believed to
weigh between 400 and 500 pounds, in-
cluding the computer. A single system
probably costs in the neighborhood of
$250,000.

With developments now under way,
weight of such an inertial system ought
to come down to perhaps 200 pounds
and its price down to perhaps $150,000.
For short-range uses, such as in heli-
copters for navigation where mission
times are measured in minutes and
extreme accuracy is not required, it is
possible to build an inertial guidance
system today which weighs less than
100 pounds.

Despite its weight and price, which
are high compared to other navigation
guidance techniques, the many attrac-
tive military advantages of inertial
guidance suggest it will find increas-
ing use in new military missiles and
aireraft. END
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TV repairs should present less of a
problem to the technician this year . ..
a survey of the mew sets shows that

DESIGN FOR

manufacturers have tilted at least one

ear in his direction

N the story of design for ’59, it can

hardly be disputed that one of the

most unusual and extraordinary is

that of the Philco Predicta line which
includes the slide-out “easy-service”
chassis and its separately and remotely
mounted picture tubes (to be discussed
in detail later). Although most other
companies have not made as extensive
changes in either cabinet design or cir-
cuitry, there are some very interesting
and welcome trends.

Easier to fix

Ease of servicing seems to be the ral-
lying cry with all manufacturers, and
some tremendous steps have been taken
in this direction. Especially is this true
of portables, which in the past, for the
most part, have been the nemesis of all
TV technicians (so much so that one
shop owner advertised for a *‘sawed-off”’
midget jeweler expressly to work on the
early monstrosities).

This vear, in almost all portables, the
picture tube is removed from the front.
Many are one-piece units so that the
entire chassis and picture tube may be
slipped out of the cabinet for service.
ITotpoint and G-E still have a cabinet-
mounted tube, but they have lengthened
voke and high-voltage leads so the set
may be operated on with the chassis re-
moved from the cabinet.

Phileo’s portable is the shortest of
the lot and uses the SF tube, discussed
later. It has a “wraparound” chassis
that may be removed from the cabinet
with comparative ease. However, it will
be almost impossible to replace compo-
nent parts, except tubes, without remov-
ing the picture tube as the wraparound
chassis is not just an advertising tag.
It literally wraps around the picture
tube in a semicircle and hugs it tightly.

Things to look for

Power transformers are coming back
this year, partly, we imagine, due to
the inherent mistrust of the service
technician of the “transformerless”
power supplies which have come to be
associated with series heaters. We note
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that where the “transformerless” cir-
cuit is still in use—and it is still the
favorite circuit for portables — the
smaller and more efficient silicon recti-
fier is fast replacing the selenium type.
Hotpoint and G-E are using germanium
rectifiers. Germanium gives slightly
more output than selenium types but
because it requires cooling fins, its size
approximates the selenium unit. Silicon
rectifiers, though, may be tucked away
almost anywhere, taking up little more
room than a 3AG fuse,

Crystal-diode horizontal phase detec-
tors are still in vogue this year and Ad-
miral, for one, has the detector unit
mounted on top of the chassis in a three-
prong socket, making replacement easy.
Most of these are selenium types but
germanium is also used. Germanium
types seem to be less affected by heat
and many technicians use them as re-

placements for selenium units. RCA
still uses the time-honored Synchro-
guide.

This year, an interesting and timely
trend is the inclusion of better audio
systems in many sets. Tone controls—
often dual types—placed on the front
panel, denote the manufacturers’ aware-
ness of the public’s interest in better
sound. Output transformers in many
Admiral models, for instance, are rated
at 10 watts, in contrast with the 5-watt
units previously used. Speakers plug in
on Admiral’s new models, making them
easier to service. Some manufacturers,
such as Phileco, have models with as
many at five speakers and advertise
“wraparound sound” with coded cabling
to prevent improper phasing. Electro-
static speakers are also used in some
models.

Service technicians will find the one-
piece chassis, such as used hy Admiral
and others, much easier to service. Ad-
miral’s chassis, like many others, is hori-
zontal. Printed circuitry is used in if,
video, audio and sync stages.

Admiral’s picture tube is mounted to
the front bezel, but the bezel is bolted to
the chassis and the entire unit slips out
the front much as Motorola has done

previously, although unlike Motorola,
there are no screws in the front bezel.
Five screws in the bottom are all that
must be removed to pull the chassis for
service, after the back cover is removed.
Picture-tube replacement in the Ad-
miral is done by removing nine screws
holding the chassis and tuner to the
front bezel and lifting the chassis and
tuner off, leaving the picture tube at-
tached to the front-panel bezel by a
single bolt clamp. Guides for the pic-
ture tube insure accurate centering of
the replacement.

Admirzal claims their new chassis
runs 18° cooler than previous nodels.
A corrugated cover on the power trans-
former and holes drilled around the
sockets of high-heat tubes aid in this
respect. Numerous other holes in the
chassis allow for more liberal passage
of air.

Speaking of cooling, Zenith again is
using a finned power transformer. The
size of the transformer proper is no
larger than those in many pre-war
radio receivers but the large fins make
the transformer’s overall size com-
parable to other power transformers
in TV receivers. This method of cool-
ing saves more material and wire, no
doubt making a substantial saving to
the manufacturer. Fins obviously keep
the transformer cool by exposing more
heat-conducting material to the sur-
rounding air.

Push-pull on—off switches are seen
on many 59 models. Switches of this
type allow the set to be turned on and
off without disturbing the volume set-
ting. Philco models have the on-off
switch on the channel selector. When
the channel selector knob is pushed,
the knob pops up, turning the set on
and exposing the channel numbhers.
Channel-indicator lights of various
sorts are being used extensively.

Picture tubes and printed circuits
Many manufacturers are using 110°
picture tubes but, surprisingly, several
manufacturers including DuMont, Ze-
nith and others, are using short-neck
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The Phileo Predicta Tandem uses a long cable and
a niultiple-contaet connector to join its remote pic-
ture tube to the main receiver chassis, which is on

a slide-out shelf,

90° tubes. The SF (special form) tube
used by Philco is a 110° tube but its
neck length is about 2 inches shorter
than the conventional 110° tube's. A
flat cathode instead of the conventional
round one is used in Philco’s SF tube.
(The EIA type number—just released
—is 21KAP4.) Admiral claims to have
circuitiy that eliminates arcing in the
110° tube, a rather prevalent fault of
early productions.

N-type fuses (the ones with ears)
are used on most chassis this year. This
fuse prevents installing an oversize
(or undersize) fuse but does increase
the number of exact replacement fuses
that the shop owner must stock.

Printed circuitry, widely used by
Philco, RCA and others, is not found
in either the Du Mont or Zenith chassis.
Printed circuitry created many dis-
turbing service problems especially at
the outset and is seldom trusted by
technicians yet, although there have
been improvements.

Printed circuitry has other disad-
vantages to the service technician: in
addition to its inherent delicacy, it
requires shielding. This shielding is
not usually installed with the technician
in mind, and because many circuits do
not operate properly without it, the
technician has to replace the shield
before he can determine if the repair
has been successful. This feature alone
can make technicians irritable with
their wives and families.

High-voltage and tuners

Most companies have upped the
“horsepower” for '59. High-voltage sup-
plies are being advertised at 18 and 20
kv. Higher voltage makes for more
brightness and better picture focus by
preventing blooming of the spot on high-
lights, but by the same token a higher
anode voltage requires more deflection
power, Because of this, we find hori-
zontal amplifier tubes of the higher
plate dissipation variety, such as the
6CD6 and 6DQ6, being used in these
hicher-voltage chassis.

Tuners are still mainly cascode in
the more expensive chassis but tetrode
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Transistor-powered

tuners, especially in portables, are ap-
pearing in increasing numbers. RCA,
Philco, Hotpoint and G-E have tetrode
tuners in several models. The tetrode
eliminates one grid, so noise is reduced,
while the high gain of the pentode is
maintained. As noise, theoretically at
least, is proportional to the number of
grids in a tube, the tetrode is a new
approach to the design of a low-noise
front end. The tube used is a 2CY) or
its 6-volt equivalent, the 6CY), Most
Magnavox, Sparton and Coronado
chassis use the neutralized triode 2BN 1,
6BN1 “fireball” tuner mmade by Stand-
ard Coil.

Remote control

Remote controls are available from
most  manufacturers this year. The
Zenith Space Command and a similar
unit called Son-R used with Admirals
work without circuitry in the control
unit and no connecting wires. A micro-
phone picks up 40-ke signals emitted
by tuned rods that are struck with a
hammer when a button is pushed. This
year there are step volume positions
on both the Space Command and Son-R.
RCA has announced, although they
evidently do not expect to market for
some time, a remote control for color.
Admiral’s Son-R remote unit is held
to the cabinet by a magnet when not
in use,

Color TV

RCA is still the only manufacturer
pushing color and the RCA color set
is similar in many respects to last
vear’s model but with some very defi-
nite and worth-while improvements.
The convergence controls are mounted
on a panel board (with the exception of
the dec center-convergence magnets on
the picture-tube neck) that hangs from
the top, inside the cabinet. When mak-
ing convergence adjustments, the panel
board with the controls is removed and
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Wizard
for color TV provides remote adjust-
ment of color recciver controls,

Wireless

placed on two screws which hold it up-
right at the back and above the cabinet.

The picture tube of the RCA color
set is all glass as was the 58 model.
To increase the apparent brightness
of the tube, the shadow-mask holes
have been enlarged around the center
of the tube face. These larger holes
allow more light to strike the face
plate near the center of the tube where
most of the action takes place.

Although at first thought this might
appear to complicate convergence due
to impurity, this is not the case. Center
convergence and purity have always
been fairly simple to come by. Actually,
overall convergence of the new RCA is
much easier, due largely to improved
circuitry and the go—no-go action of the
dynamic convergence controls. The re-
sult of turning a control is a definite
change, permitting you to see what is
happening, quickly and unquestionahly.
Action of these controls is as definite
as height or linearity adjustments of
black and white. Potentiometers are
used for most settings; the three coil-
type adjustments have fast threads
and may be quickly set with the con-
ventional hexagon tool.

New tubes

In general, service technicians and
especially shop owners are somewhat
fed up with a new crop of tubes each
vear, because it increases shop in-
ventories and also increases the num-
ber of tubes that must be carried on
each call. In fact, it has been rumored
that one manufacturer of golf buggies
is considering building a motorized
tube caddy. Be that as it may, we find
these new tubes and there are no doubt
others. The 1K3 and 1G3 are high-volt-
age rectifiers, similar to the 1B3. The
GE A8 is similar to the 6U8. 'CY7 and
'DR7 series are twin triodes used as
vertical oscillator and amplifier. The

(Continued on page 78)
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“HEATHKITS

gave me my start and I'm still sold!”

%, .. they are my lowest cost way to real quality and dependability in electronic
equipment of any kind . ..

... The clean, modern styling of HEATHKITS make me proud to own them. They make
a handsome and useful addition to my workshop.

. . . Rigid quality standards of components used in HEATHKITS assure me of
performance equal to or surpassing instruments costing many times more.
... after assembling a HEATHKIT myself, I know what “makes it tick™. . . I know that
the thoughtful circuitry design and name-brand components used throughout guarantee
me years of trouble-free service.
.. . HEATHKITS cost me half as much as ordinary equipment . .. and I get so much
more. In assembling my own instruments I am sure of the quality that goes into them.
Plus the complete assembly and operating instructions as well as detailed schematics

that are at my fingertips for future reference.”
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NEW: Stereophonic Sound for
your home with the new
HEATHKIT STEREO CENTER. This,

and other exciting new high

fidelity developments are now
available from the world’s

largest maker of “do-it-yourself”
electronic kits.

NEW: For the Ham Radio fans—

an oll new Ham Transmitier

and companion Receiver—

featuring all the latest

developments in Ham
communication—including single-
sideband operation.

NEW: A competely up-to-date
Oscilloscope answering the long

felt needs of electronic

engineers ond servicemen

everywhere.

NEW: A host of newly developed
morine instruments for the

sofety and convenience of "
the boot owner, el

® Y, The HEATH TIME PAYMENT PLAN

HEATH COMPANY Benton Harbor 20, Michigan allows you to outfit your whole
workshop at one time with

needed test instruments while you

[l'%:ylbsld/ary of Daysirom, Inc. pay in easy monthly instaliments.
|
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PROFESSIONAL OSCILLOSCOPE KIT

An exciting development in the Heathkit test instrument line
is the introduction of the Heathkit model OP-1 Professional
Oscilloscope. Emphasizing complete flexibility in any appli-
cation, the OP-1 features DC coupled amplifiers and also DC
coupled CRT tube un-blanking. The triggered sweep circuit
will operate on either internal or external signals and may be
either AC or DC coupled. The polarity of the triggering sig-
nal may also be selected, and any point on the wave form
may be selected for the start of the sweep by using the “trig-
gering level” control. An automatic position is also provided,
in which the sweep recurs at a 50 cycle rate, but can be driven
over a wide range of frequencies with no additional adjust-
ments. The sweep frequencies are provided by switch-selected
base rates of 2 and .2 milliseconds/CM, and 20, 2. and |
microseconds/CM, in conjunction with a continuously variable
10 to ! multiplier. Sweep frequencies are calibrated to within
10% at all control settings, and the sweep frequency may be
reduced by adding capacity to the “ext. cap™ binding post on
the front panel. A SADP2 flat face CR tube is used for ac-
curate readings on an edge lighted grid screen. A high quality
conetic-fernetic CR tube shield prevents stray AC fields from
distorting trace. A 12-position vertical attenuator is calibrated
in volts-per-CM and the horizontal sweep is calibrated in time-
per-CM. Prewired terminal boards are used for rapid, casy
assembly of all critical circuits. Simply install and connect
the color coded leads. Power supply is transformer operated
utilizing silicon diode rectifiers and is fused for protection..
Under development for over a year the OP-1 promises out-
standing results in any application requiring the use of an
oscilloscope.

Laboratory
Performance At Less
Than Utility Scope
Price

HEATHKIT
0-12

“EXTRA DUTY” 5 GSCILLOSCOPE KIT

Top quality features at half the cost of erdinary equipment suin o the ad-
vantages of this popular kit. Critical abservations in your laboratory or
shop are handled easiiy, with clear, sharp patiern displays in every apphca-
tion. Vertical frequency response extends from 1 CP5 1o 5 me &0 5 db
—5 db without extra wwitching, Respanse ix down only 2.2 db ai 1.58 me.
The Heath patented swoap circuit functions elfectively from 10 CPS 1o betier
than 500 ke in five steps, glving vou 5 times the usual sweep obtained in
other scopes. An autnmatic syne circuit with self-limiting cathode follower
provides excellent linearity and lock-in chiracteristics Extremely short
retrace time and efficient blanking action, Hoth vertical and horisental
output amplifiers are push-pull and the scope Incorgorates 2 |V peak-to-
peak calibrating source, step attenuatid and frequency compensated verti-
cal input, plastic molded copacitorms and top guality puris throughout.
The 1i-tube circuit features a SUPH cathode ray tube, and provision 4
made for Z-axis input for intensity modulation of the beam. Frequency
response of the horizontal amplifier 1s within * | db from | CPS 10 200 ke,
Horizontal sensitivity is 0.3 volts RMS per inch. Construction is sumplified
through the use of two metal circuit boards and precut, cable wiring harmness.
Shpg. Wt. 22 ]bs.

19568

HEATHKIT
OP-1

1797

Here’s the scope you’ve
been waiting for!

A Scope You Will Be
Proud To Own

HEATHKIT
OM-3

GENERAL PURPOSE 5" OSCILLOSCOPE KIT

For servicing and routine laborstary work this fine kit is a favorite with
technkcinng throughout the country, 11 incorfporales many extras not ex-
pectod ot tho low price. Features wide vertical amplifier frequency response,
extended sweep generator operation, and improved stability. Frequency
response of the vertical amplifier is within + 3 db from 4 CPS to 1.2 mc.
Vurtical sensitivity is 0% volis RMS per inch at | ke, Sweep generator
functions rellably from 20 CPS to over 150 ko, A modern etched circuit
hoard is featured for high stability and reduces assembly time considerably.
Stundurd componenis ore mounted on this board with esch position clearly
marked preventing wiring etrors. Both verticil and hosizontal amplifiers
are push-pull types. Llsss & SAP1 CRT. Provision for external or internal
sweep or sync, built in 1 V peak-to-peak reference voltage and calibrated
grid screen. An adjustable “spot shape™ contral (s provided to insure a
=harp trace. Input to the vertical amplifiers is through a siep attenuated,
frequency compensated circuit. The ©OM-3 is an extremely versatile in-
strument and has a maltitude of practical uses in electropic testing fields.
Particularly useful in alignment of ielevision recelvers, for testing audio
amplilbers and circuits, and checking the guality of modulated RF signals
in Ham Radio transmitters. Shpg Wi 22 s
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HEATHKIT

CD-1

Cash In Now On Color TV

% 10 VERTICAL COLOR BARS
% CRYSTAL CONTROLLED ACCURACY
% CHOICE OF 6 DIFFERENT PATTERNS

For fast,
easy alignment
of TV sets

TV ALIGNMENT GENERATOR KIT

This gencrator has many special
design features for flexible, easy
operation and reliability. The all-
electronic sweep circuit insures sta-
bility and covers 3.6 mc to 220 mc¢ in
four bands. Sweep deviation is con-
trollable from 0 to 42 mc. Crystal
and variable marker oscillators are
built in. Crystal (included with kit)
provides output at 4.5 mc and multi-
ples thereof. Variable marker pro-
vides output from {9 to 60 m¢ on
fundamentals and .from 57 to 180
mc on harmonics. Effective two-way
blanking and phasing control also
provided. A truly outstanding num-
ber of features at a tremendous price
saving. Shpg. Wt. 16 lbs.

HEATHKIT
L_AG-10

Sine and
square waves for

countless uses

SINE-SQUARE GENERATOR KIT

High quality sine and square waves
are produced by this generator over
a wide range. Frequency response is
£1.5 db from 20 CPS to | mc on
both sine and square waves, with
less than .25%, sine wave distortion,
20 to 20,000 CPS. Output impe-
danee is 600 ohms on sine wave and
$0 ohms on square wave (except on
10 volt range). Square wave rise
time less than .15 microseconds.
Five-position bandswitch—continu-
ously variable tuning—shielded os-
cillator circuit—separate step and
variable output attenuators inranges
of 10, 1 and .1 volis with extra range
of .01 volt on sine wave. Shpg. Wt.
12 1bs.

COLOR BAR AND DOT GENERATOR KIT

Colored television is now a reality and as the number of these
sets increase the need for a reliable service instrument is ap-
parent. Nothing on the market ... in this type of generator
has as many features as the CD-1 at such a tremendous price
saving. This unit combines two basic color service instruments,
a color bar generator. and white dot generator in one versatile
portable unit which has crystal controlled accuracy and stability
for steady locked-in patterns (requires no external sync leads).
Color receivers converged with the CD-1 will still be con-
verged properly on a television program from the station. The
13-tube circuit has been carefully laid out for case of assembly
and provides choice of six different patterns. Produces white-
dots, cross hatch, horizontal and vertical bars, ten vertical
color bars, and a new shading bar pattern for screen and back-
ground adjustments. Variable RF output on any channel from
2 to 6. Positive or negative video output, variable from 0 to 10
volts peak-to-peak. Crystal controlled sound carrier with
off-on switch. Voltage regulated power supply uses long-
life silicon rectifiers. Kit includes three crystals and test lead,
plus an information packed instruction manual covering con-
vergence. and screen and background adjustments of a color
TV set. Compare with other generators on the market and you
will see that this instrument is loaded with extras and top

quality all the way through. Shpg. Wt. 13 Ibs.
HEATHKIT
MM-)

.

High accuracy
in a

HEATHKIT
M-1
$1795

An all-round
meter of

portable meter

20,000 OHMS/VOLT VOM XIT

This meter is ideal for use in field
applications where accuracy is im-
portant. Employs a 50 ua 414°
meter, and features 1% precision
multiplier resistors for high ac-
curacy. Requires no external power
for operation (batteries supplied).
Sensitivity is 20,000 ohms-per-volt
DC and 5,000 ohms-per-volt AC.
Measuring ranges are 0-1.5, 5, 50,
150, 500, 1500 and 5,000 volis AC
and DC. Measures direct current in
ranges of 0-150 ua, 15 ma, 150 ma,
$00 ma and 15 a. Resistance multi-
pliers are x I, x 100 and x 10,000
Covers -10 db to +65 db. Batteries
and test leads are also included with
this kit. Shpg. Wt. 6 lbs.

many uses

HANDITESTER KIT

Small enough to cargy with you
wherever you go, this fine handi-
tester is ideal for use in portable
applications when making tests
away from the work bench or as an
“extra” meter in the service shop,
when the main instruments are oc-
cupied. The combination function-
range switch simplifies operation.
Measures AC or DC voliage from
0-10, 30, 300, 1000 and 5000 voits.
Direct current ranges are 0-10 ma
and 0-100 ma. Ohmmeter ranges are
0-3000 and 0-300,000. Top quality
precision components employed
throughout. Very popular with
home experimenters and electri-
clans. Shpg. Wt. 3 lbs.

RADIO-ELECTRONICS



ETCHED CIRCUIT VTVM KIT

The fact that this instrument is outselling all other VTVM's
says a great deal about its accuracy, reliability, and overall
quality. The precision and quality of the components used in
this VTVM cannot be duplicated at this price through any
other source. Its attractive appearance as well as its perform-
ance will make you proud to own it. A large 42" panel meter
is used for indication, with clear, sharp calibrations for all
ranges. Front panel controls consist of a rotary function switch
and a rotary range selector switch, zero-adjust and ohms-ad-
just controls. Precision 1% resistors are used in the voltage
divider circuit. An etched circuit board is employed for most
of the circuitry, cutting: assembly time and eliminating the
possibility of wiring errors. It also assures duplication of lab-
oratory instrument performance. This multi-function VTVM
will measure AC voltage (RMS), AC voltage (peak-to-peak),
DC voltage and resistance. There are 7 AC (RMS) and DC
voltage ranges of 1.5, 5, 15, 50, 150. 500 and 1500. In addition
there are 7 peak-to-peak AC ranges of 0-4, 14, 40, 140, 400,
1400 and 4,000. Seven ohmmeter ranges providing multiplying
factors of x 1, x 10, x 100, x 1000, x 10 k, x 100 k and x |
megohm. Center scale resistance readings are 10, 100, 1000,
10k, 100 k ohms, | megohm and 10 megohms. A zero-center
scale db range is also provided. Battery and test leads included
with kit. Shpg. Wt. 7 Ibs.

HEATHKIT
$2595

World’s largest selling
VIVM kit

% LARGE EASY-TO-READ 4%" 200 UA METER

% 1% PRECISION RESISTORS EMPLOYED FOR HIGH
ACCURACY

HEATHKIT
T-4
19

Locate faults quickly
by tracing signals

HEATHKIT
Cc-3

Checks all types of
condensers accurately

HEATHKIT
$G-8

Easy-to-build—prewound
and calibrated coils

ek

DECEMBER,

CONDENSER CHECKER XIT

Check unknown condenser and resistor values
quickly and accurately. Capacity measurements
are made in four ranges of .00001 mfd-.005 mfd;
001 mfd-.5 mfd; .1 mfd-50 mfd; 20 mfd-1,000
mfd. Checks paper, mica, ceramlc, and electro-
Iytic condensers. Leakage test provides switch
selection of five polarizing voltages, 25 volts 10 450
volts DC to indicate condenser operating quality
under actual! load conditions. Electron beam
“‘eye’” tube indicates balance and leakage. A spring
return test switch automatically discharges con-
denser under test and climinates shock hazard to
the operator. Measures resistance from 100 ohms
to 5 megohms in two ranges. Shpg. Wt. 7 Ibs.

HEATH COMPANY + a subsidiary of Daystrom

1958

VISUAL-AURAL SIGNAL TRACER KIT

Here is a brand new signal tracer completely re-
designed with compact dimensions and new cir-
cuit layout. Features built-in speaker and electron
beam “eye” tube for signal indication and a
unique noise locator circuit. Ideal for use in AM.
FM and TV circuit investigation. RF and audio
inputs are provided in one convenient probe with
switch on probe 1o select either input. Useful for
checking microphones, phono cartridges, record
changers, tuners, etc. Makes a handy substitution
speaker for servicing TV sets at the shop. Trans-
former operated for safety and high efficiency.
Complete with test leads and informative con-
struction manual. Shpg. Wy, 6 lbs.

RF SIGNAL GENERATOR KIT

Save valuable time in aligning RF tuned circuits of
all kinds with this easy-to-use kit, Also a quick
way to trace signals in faulty RF, IF and audio
circuits. Designed for general service applications-
the SG-8 covers 160 ke to 110 mc on fundamentals
in five bands, and from 110 mc t0 220 mc on cali-
brated harmonics. The entire oscillator circuit is
bullt on a special sub-chassis, using prewound and
calibrated coils. No further calibration is required
so It is ready to use as soon as construction is
completed. RF output is in excess of 100,000
microvolts, controlled by both step and continu.
ously variable controls. Complete with output
cable and instructions. Shpg. Wt. 8 ibs.

+Inc. * Benton Harbor 20, Mic¢ch.
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Beautifully Styled with Plenty of Room
for the Most Complete Stereo System

AVAILABLE IN THE FOLLOWING MODELS:

Model SE-1B — Stereo Equipment Cabinet (birch)

Model SE-1M— Stereo Equipment Cabinet
(mahogany)

14995

Model SC-1BR — Stereo Wing Speaker Enclosure
(birch—right end)

Mode! SC-1BL— Stereo Wing Speaker Enclosure
(birch—left end)

Model SC-1MR — Stereo Wing Speaker
Enciosure (mahogany—right end)

Model SC.1 ML — Stereo Win$ Speaker
Enclosure (mahogany —left end)

33995

STEREO EQUIPMENT CABINET KIT

Imagine! . .. Stereophonic sound in your own home. This
superbly designed cabinet holds all of your hi-fi stereco equip-
ment and lends striking elegance to your living room. The at-
tractive gold and black panels, trim and hardware brilliantly
highlight the overall effect. Rich toned grille cloth, flecked
in gold and black, complement the cabinet. The unit has ample
room provided for an AM-FM tuner, tape deck, stereo pre-
amplifier, amplifiers, record changer. record storage and
speakers. Beautifully grained %" solid core Philippine ma-
hogany or sclect birch plywood is used for construction. The
top features a shaped edge and sliding top panel for casy
access to the sterco tape deck and stereo preamplifier. Slid-
ing doors are employed for convenient front access to the

Model HH-1B Birch
Model HH-1M Mahogany

Now only 529995 each

The Same Superior Performance
At a New Low Price

“LEGATO’’ HI-FI SPEAKER SYSTEM KIT

The increasing sales of the Legato has made more economicai
quantity production possibie so we are passing the savings on to
you by offering you this magnificent speaker system at a reduced
price. Truly a “‘queen” among hi-fi speaker systems, the Legato
was specially designed to meet and surpass the most stringent re-
quirements of high fidelity sound reproduction. Two 15" Altec
Lansing low frequency drivers cover frequencies of 25 to 500 CPS
while a specially designed exponential horn with high frequency
driver covers 500 to 20,000 CPS. A unique crossover network is
built in making electronic crossovers unnecessary. Internal re-
flections are absorbed by splayed back panel and a 3" fiber glass
lining. The Legato ecmphasizes simplicity of line and form to blend
with modern or traditional furnishings. Cabinet construction is
34" veneer surface plywood in cither African mahogany or white
birch and measures 417 L. x 2214” D. x 34° H. All parts are precut
and predrilled for casy assembly. Shpg. Wt. 195 lbs.

changer and record storage compartment. All parts of the
cabinet are precut and predrilled for simple assembly. The
speaker wings and center cabinet may be purchased separately
if desired. Note: the kit is delivered equipped with panels pre-
cut to accommodate Hecathkit components and also blank
panels to cut out for your own equipment. Measurements of
the individual component areas follow: tape deck and pream-
plifier area 203" L. x 173" W. x 10” D.. record changer area
21" W. x 16” D. x 958" H., record storage area 22%" W. x
142" H. x 122" D, spcaker wing area (inside) 14”7 W. x
295" H. x 15%” D., AM-FM Tuner area 202" W. x 5'4"
H. x 14" D., amplifier (2 areas) 15%” W. x 10%"” H. x
13%” D.

OPTIONAL LEGS
EXTRA

HEATHKIT
§5-2

Economical Hi-Fi For Your Home

“BASIC RANGE’* HI-FI SPEAKER SYSTEM KIT

True high fidelity performance at modest cost make this basic
speaker system a spectacular buy for any hi-fi enthusiast. The
amazing performance of this popular kit is made possible by the
use of high quality speakers in an enclosure specially designed to
receive them. The cabinet is a ducted port bass reflex type ¢n-
closure 1114 H. x 23 W. x 1134” D. It features an 8" mid range
woofer to cover 50 to 1600 CPS and a compression-type tweeter
with flared horn covering 1600 to 12,000 CPS. Both speakers aie
by Jensen. The adjustable flared tweeter horn allows spcaker to
be used in either upright or horizontal position. The cabinet is
constructed of %’ veneer surfaced plywood suitable for light or
dark finish of your choice. All wood parts are precut and pre-
drilled for easy assembly. Shpg. Wt. 25 Ibs.

Attractive brass tip accessory legs convert SS-2 into attractive
consolette. Legs screw into brackets provided. All hardware in-
cluded. Shpg. Wt. 3 Ibs. No. 91-26 $4.95

RADIO-ELECTRONICS



HIGH FIDELITY TAPE RECORDER KIT

Popular request for high quality, low cost tape recording and play-
back facilities have prompted the addition of this fine unit to our line.
The TR-1A provides monaural record /playback with fast forward
and rewind functions. Incorporates separate erase and combination
record /playback heads. Two speeds, 7V4 and 334 IPS, are sclected
by changing beit drive. Flutter and wow arc held to less than 0.35¢ .
Frequency response at 71, IPS 2.0 db 50-10,000 CPS, at 334 1PS
+2.0 db 50-65,000 CPS. The extremely simple mechanical assembly is
ideally suited to kit construction. One control lever selects aill func-
tions on deck, greatly simplifying operation. Mount in vertical or
horizontal position. The model TE-1 record /playback tape pre-
amplifier, supplied with the mechanical assembly, provides NARTB
playback equalization. A record interlock prevents accidental tape
erasure. Recording level is indicated by a 6E5 “"magic cye™ tube. A
two-position input selector switch provides for mike or line input.
Scparate record and playback gain controls. Filament balance control
allows adjustment for minimum hum level. Cathode follower output
from playback channel is approximately 600 ohms impedance. Two
circuit boards are used for casy assembly. Templates and instructions
are provided to cut out panels for mounting. Overall dimensions of
tape deck and preampare 155" W. x 1314" H. x 8"D. Signal-to-noise
ratio is better than 45 db below normal recording level with less than
17 total harmonic distortion. (Tape mechanism not sold scparately.)
Shpg. Wt. 22 ibs.

TAPE RECORDER ELECTRONICS KIT

The model TE-1 Electronics Kit can be purchased separately to re-
place the electronics in your present tape recorder, or used in addition
to it for sterco playback of pre-recorded tapes where a second play-
back channel is required. Circuit may be modified for use with
different head types. Shpg. Wt. 9 Ibs.

HEATHKIT

TR-1A

{Includes tape deck, tape recorder
electronics, mike and roll of tape.)

Make Your Own
Home Recordings
HEATHKIT

TE-1
$399s

HEATHKIT
§S-18B
59995

Fill out the Hi-Fi Range
of Your §5-2 Speaker

HEATHKIT
SW-1

“RANGE EXTENDING’’ HI-FI

SPEAKER SYSTEM KiT “SPEEDWINDER" KIT

Save Time Rewinding Tape

HEATHKIT
TK-1

All The Tools You Need For
Building Heathkits

COMPLETE TOOL SET
A clear illustration of just how easy Heathkit

This is not a complete speaker system in itself,
but is designed to extend the range of the SS-2.
The SS-1B uses a 15* woofer and a small super
tweeter to supply the very high and very low fre-
quencies to fill out the response of the basic SS-2.
The S§8-2 and SS-1B when used together, form an
integrated fourspeaker system. The §S-2 and SS-1B
combination provide an overall response of +
db from 35 to 16,000 CPS. The kit includes circuit
for crossover at 600, 1600 and 4,000 CPS. Im-
pedance is 16 ohms and power rating is 35 watts.
A control is also provided to limit output of super
tweeter. The handsome cabinet measures 29 H. x
237 W. x 17%" D. Constructed of beautiful 34"
veneer surface plywood. Complete step-by-step
instructions make this kit easy to build. No wood-
working experience required. Shpg. Wt 80 bs.

This handy device leaves your tape recorder frec
for operation while it rewinds tape at the rate of
12007 in 40 seconds. Prevents unnecessary wear (o
the tape and recorder by eliminating wear against
guides and heads. It will handle up 10 1014” tape
reels as well as 800 reels of 8 and 16 millimeter
film. A very useful aid to operators of movie
projection equipment. The Heathkit Speedwinder
features an automatic shutoff which prevents
whipping of tape when it has rewound. A manual
shutoff is also provided. An automatic braking
device is built in for protection against power
failure. Driven by a heavy duty four pole motor.
Handsome cabinet is constructed of furniture
grade plywood. Step-by-step instructions are
provided to make this kit easy to assemble even
by one with no experience. Shpg. Wt. 12 1bs.

building is. The pliers, diagonal sidecutters, two
screw drivers and soldering iron are all the-basic
tools you neced for building practically any
Heathkit. Pliers and sidecutters are equipped with
insulated rubber handles. The American Beauty
soldering iron has a replaceable tip 1o facilitate
cleaning. All the tools are of top quality case
hardened stecl for rugged duty and long life. With
these simple, inexpensive tools in your hand you
need not be afraid to tackle the most elaborate
kit. The manual included with this handy kit
provides you with many useful tips on the use and
care of your tools. It shows the all important step
of making proper solder connections. A truly
worthwhile investment for the beginnier in etec-
tronlc kit bullding. Shpg. Wt. 3 Ibs.

HEATH COMPANY ¢ a subsidiary of Daystrom, Inc. * Benton Harbor 20, Mich.
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HEATHKIT
SP-2
Model SP-1 (monaural)
$37.95

Model C-SP-1 (converts SP-1 to0 SP-2)
$21.95

Control both stereo

channels simply
and conveniently

HEATHKIT
WA-P2

"’15

Finger-tip controls for
your operating convenience

““MASTER CONTROL” PREAMPLIFIER KIT

Designed as a control center for basic amplifiers the WA-P2 pro-
vides you with true high fidelity performance for the finest audio
systems. Fiveswitch-sclected inputsaccommodate arecord changer,
tape recorder, AM-FM tuner, TV receiver, microphone, etc., each
with level control. Provision is also made for a tape recorder out-
put. Ideal for “‘remote” installations, the WA-P2 features a low
impedance cathode-follower output circuit aillowing greater length
of output lead. Full frequency response is obtained within =115
db from 1510 35,000 CPS and will do full justice to the finest avail-
able program sources. Equalization is provided for records through
separate turnover and rolloff switches for LP, RIAA, AES, and
early 78’s. A special hum balance control allows setting for mini-
mum hum level. Power for operation is required from basic ampli-
fier or external source. Shpg. Wt. 7 lbs.

MONAURAL-STEREO PREAMPLIFIER KIT

This expertly designed preamplifier provides all the controls
required for either standard monaural (single channel) or
stereo (dual channel) sound reproduction. Features building
block design...you can start with a basic preamplifier and
add a second channel for stereo later on, without rewiring.
Second channel plugs in for fast conversion. The complete
model SP-2 (stcreo) features twelve separate inputs, six on
cach channel with input level controls. Six dual-concentric
controls consist of : two 8-position selector switches, two bass,
two treble, two volume level and two loudness controls, a
scratch filter switch and a 4-position function switch (scparate
on-off switch). The function switch provides settings for ster-
eo, two-channel mix, channel A or B for monaural use. In-
puts consist of tape, mike, mag phono and three high-level
inputs. Tape input has NARTB equalization and input selec-
tor provides for RIAA. LP, 78 record compensation. EF86
tubes are used in the input stages along with hum balance
controls to assure low hum and noise. Two cathode follower
outputs with level controls provided in addition to two sepa-
rate tape outputs for sterco recording. A remote balance con-
trot with twenty feet of cable allows balancing the stereo sys-
tem from listening position. Construction is greatly simplified
through the use of two printed circuit boards (one in each
channel) and encapsulated printed circuits. The beautiful vinyl
clad steel cover has leather texture in black with inlaid gold
design. Built-in power supply.

HEATHKIT
UA-1

21

A low cost
versatile performer

“UNIVERSAL” 12-WATT AMPLIFIER KIT

A truc high fidelity performer in every sense of the word, the UA-1
makes an ideal basic amplifier for any hi-fi system and is a perfect
addition to gear your present hi-fi system for sterco sound. Uses
6BQS5/EL84 push-pull output tubes for less than 2% harmonic
distortion throughout the entire audio range (20 to 20,000 CPS) at
full 12 watt output. The on-off switch is located right on the chassis
and an octal socket is provided for connecting a preamplifier for
remote control operation. The specially designed output trans-
former provides excellent stability and frequency response. Taps
for 4, 8 and 16 ohm speakers, with switched damping for “unity™
or ‘“‘maximum’ on the 16-ohm tap. An input level control is pro-
vided for use in wired music systems where a preamplifier is not
required. This versatile unit is the latest addition to the fine line of
Heathkit basic amplifiers. Shpg. Wt. 13 Ibs.

RADIO-ELECTRONICS



DELUXE AM-FM TUNER KIT

Outstanding features in both styling and circuitry are com-
bined in this 16-tube deluxe AM-FM combination tuner to
bring you the very finest in program sources, for your listening
enjoyment. Features include three circuit boards for easy con-
struction and high stability—prewired. prealigned FM front
end—built-in AM rod antenna—tuning meter—AFC (auto-
matic frequency control) with on-off switch and flywheel
tuning. AM and FM circuits are separate and individually
tuned making it ideal for stereo applications. Cathode follower
outputs with individual controls are provided for both AM and
FM. Other features include variable AM bandwidth, 10 kc
whistle filter. tuned-cascode FM front end, FM AGC and
amplified AVC for AM. The unique IF limiter design auto-
matically provides the number of limiting and IF stages re-
quired for smooth non-flutter reception. The silicon diode
power supply is extremely conservatively rated and is fuse
protected assuring long service life. A tuning meter shows
when the station is tuned-in for clearest reception on AM or
FM. Use of three circuit boards greatly simplifies construc-
tion of circuit. you do only a minimum of wiring. All IF trans-
formers and coils are prealigned so it will be ready to operate
as soon as construction is completed. Appearance of this top-
quality unit is further enhanced by the vinyl-clad steel cover in
black with inlaid gold design. A multiplex jack is provided
for addition of converter unit to receive multiplex sterco
broadcasts on FM. A top dollar value.

Q&ﬂ-—%

HEATHKIT

PT-1

$8995

A deluxe AM-FM
tuner combination
loaded with extras!

DECEMBER,

HEATHKIT
BC-1A

526

Wide range broadcast reception

HIGH FIDELITY AM TUMNER KIT

This AM tuner was designed especially for high fidelity applica-
tions. [t incorporates a special detector wsing crystal diodes, and
the IF circuit features broad bandwidth to assure low signal
distartion, Audio response i3 == db rom 20 CPS to 9 kc, with §
db of pre-emphasis at 10 ke to compensate for station rolloff,
Sensitivity and selectivity are excellent and the tuner covers the
entire broadcast band from 550 to 1600 kc. Quiel performance is
assured by a 6 db signal-to-noise ratio at 2.5 uv. Prealigned RF
and [F coils eliminate the need for special alignment equipment.
Incorporates«AVC, two outputs, two anténna inputs, and built-in
power supply. Edge-lighted glass slide rule dial for easy tuning.
Your “best buy” in an AM tuner. Shpg, Wt 9 Ibs.

HEATHKIT
FM-3A

ﬁ:ﬁ L L]

Enjoy static-free FM entertainment

HIGH FIDELITY FM TUNER KIT

FM programming, your least expensive source of high fidelity will
provide you with years of rea! enjoyment. This beautifully styled
FM tuner features broad-banded circuits for full fidelity and better
than 10 uv sensitivity for 20 db of quieting to pull in stations with
clarity and full volume. Covers the complete FM band from 88 to
108 mc. Stabilized, temperature-compensated oscillator assures
negligible drift after initial warmup. A ratio detector provides
high-efficiency demodulation without sacrificing hi-fi performance.
IF and ratio transformers are prealigned, as is the front end tuning
unit, making special alignment equipment unnecessary. Edge-
lighted glass slide rule dial for easy tuning. You need not wait to
have FM in your home at this low price. Shpg. Wt. 8 Ibs.

HEATH COMPANY * a subsidiary of Daystrom, inc. * Benton Harbor 20, Mich.
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HEATHKIT

W-7M

T

55 watts of hi-fi power at

only $1 per watt

s BEAUTIFULLY STYLED IN BLACK AND GOLD

% UNITY OR MAXIMUM DAMPING

-~ s

HEATHKIT
W-6M
Plenty of Reserve Power
Without Distortion

“HEAVY DUTY' 70-WATT HI-FI AMPLIFIER KIT

Here is an amplifier that will provide the extra
“push’” necded to drive any of the fine speaker
sysiems available today, for truly fine performance
at any power level. Silicon-diode rectifiers are
used to assure long life and a heavy duty trans-
former gives you extremely good power supply
regulation. Variable damping control provides
optimum performance with any speaker system.
Quick change plug selects 4, 8 and 16 ohms or 70
volt output and the correct feedback resistance.
FreQuency response at | watt is from S CPS to 80
k¢ with controlled HF rolioff above 100 ke, At
70 watts output harmonic distortion is below 29,
20 to 20.000 CPS and 1M distortion is below 19.
60 and 6.000 CPS. Hum and noise 88 db below
full output. Metered balance Circuit. Designed
especially for easy assembly and years of depend-
able service. Shipped express only. Shpg. Wit
$2 tbs.

o

o=

“EXTRA PERFORMANCE’/
35 WATT HI-FI AMPLIFIER KIT

Another Heathkit first! An honestly rated high power amplifier
with many top quality features at less than a dollar per watt.
Full audio output is conservatively rated at 55 watts from 20
CPS to 20 kc with less than 2% total harmonic distortion
throughout the entire range. Unique paired output connections
permit instant switch selection of “unity” or “maximum®™
damping factors for all 4, 8 or 16 ohm specakers. Each output
has an optimized current feedback circuit for unity damping
so that there will be no compromise in performance when
any of the impedances is used. This current feedback circuitry
is entirely shorted out when not in use to obtain the highest
possible damping factor. Features include level control and
“on-off " switch right on the chassis plus provision for remote
control from precamp, etc. Famous *“bas-bal” circuit conven-
iently balances EL-34 output tubes. These heavy duty push-
pull tubes operate into a high quality tapped-screen trans-
former designed especially for this unit. A 70-volt output on
the transformer provides for P.A. or large music systems. The
silicon diode power supply features a protection device that
controls current until tubes have warmed up, greatly increasing
service life of all components. The stylish black and gold case
measures 6” H. x 8%2” D. x 15” W. Convenient pilot light on
the chassis. Thoughtful circuit layout makes this kit easy to
build. Dollar for watt you can’'t beat this buy. Shipped express
only. Shpg. Wt. 28 |bs.

& e
HEATHKIT HEATHKIT
W-5M W4-AM

Top-Flight Performance
for the Critical Listener

25-WATT MI-FI AMPLIFIER KIT

Considered top value in its power class by lcading
independent rescarch organizations. the W-5M
incorporates all the design features required by
the super critical listener. Features include a
specially designed Peerless output transformer and
KT66 tubes. The circuit is rated at 25 watts and
will follow instantaneous power peaks of a full
orchestra up to 42 watts. A “‘tweeter saver™ sup-
presses high frequency osciliation and a new type
balancing circuit facilitates adjustment of the
‘*dynamic”’ balance between output tubes. Fre-
Quency response is 1 db from 5 CPS to 160.000
CPS at | watt and within 2 dh from 20 to 20,000
CPS at full 25 watts output. Harmonic distortion
is less than 1% at 25 watts and 1M distortion is
1% at 20 watts (60 and 3,000 CPS, 4:1). Hum and
nbise are 99 db below 25 watts for truly quiet per-
formance. Rich black and gold colored styling.
Shipped express only. Shpg. Wt. 31 Ibs.

Faithful Sound Reproduction
with Minimum Investment

20-WATY HI-FI AMPLIFIER KIT

This fine amplifier will amaze you with its out-
standing performance. ltfeaturesa true Williamson
circuit with extended frequency response. low dis-
tortion, and low hum levels. Enjoy true hi-fi with
only a minimum investment compared to other
units on the market. 588] tubes and a special
Chicago-Standard output transformer are em-
ployed to give you full fidelity at minimum cost.
Frequency response extends from {0 CPS to 100 ke
within *1 db at I watt assuring you of full cover-
age of the audio range. Clean. clear sound am-
plification takes place incircuits that hotd harmonic
distortion at 1.5% and IM distortion betow 2.7%
at full 20 watt output. Hum and noise are 95 db
betow full output. Taps on the output transformer
are at 4, 8 or 16 ohms to match the speaker system:
of your choice. An outstanding performer, this
investment will bring you years of listening enjoy-
ment. Shipped express only. Shpg. Wt. 28 lbs.

All basic amplifiers recommended for use with model WA-P2, SP-1 or SP-2 preamplifiers

RADIO-ELECTRONICS
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HEATHKIT
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“BOOKSHELF’ 12-WATT AMPLIFIER KIT

The model EA-2 combines eye-pleasing style and color with
many extra features for high quality sound reproduction. This
fine amplifier provides full range frequency response from 20
to 20,000 CPS within # 1 db. Harmonic distortion is less than
1% at full 12 watt output over the entire range (20-20,000
CPS). IM distortion is less than 1.5% at 12 watts with low
hum and noise. Miniature tubes are used throughout the ad-
vanced circuitry, including EL84 output tubes in a push-pull
tapped-screen output circuit using a special designed output
transformer. Transformer has taps at 4, 8 and 16 ohms. The
model EA-2 has its own built-in preamplifier with provision
for three separate inputs, mag phono, crystal phono and tuner.
The mag phono input features RIAA equalization. Separate
bass and treble controls are provided with boost and cut action.
A special hum-balance control assures quiet operation. The
luxury styled cabinet has a smooth simulated leather texture
in black with inlaid gold design and is constructed of vinyl
plastic bonded to steel. It resists scuffing, wear, abrasion, and
chemicals. The front panel features brushed-gold trim and
buff knobs with gold inserts for a very pleasing appearance.
An amber neon pilot lamp indicates when the amplifier is on.
Cabinet measures 12%2” W. x 3346” D. x 4% " H. making it
suitable for use on a bookshelf, end table, etc. High quality
is emphasized throughout for performance matching ampli-
fiers costing many times more. Shpg. Wt. 15 Ibs.

HEATHKIT

EA-2

Combines beauty, style
and quality

% LESS THAN 1% DISTORTION AT FULL OUTPUT OVER
ENTIRE AUDIO RANGE.

% BUILT-IN PREAMPLIFIER

HEATHKIT HEATHKIT
AV-3 AW-1

HEATHKIT
A9-C

A Bargain Package of

Invaluable for Measure Exact

DECEMBER,

Power and Performance

GENERAL-PURPOSE 20-WATT AMPLIFIER KIT

The A9-C combines a preamplifier, main amplifier
and power supply all on one chassis providing a
compact unit to Rl the neced for a good high fi-
delity amplifier with a moderate cash investment.
Designed primarily for home installations, it is
also capable of fulfilling P.A. requirements. The
preamplifier section features-four separate switch
selected inputs. Separate bass and treble tone con-
trols offer 15 db boost and cut. A true high fi-
delity performer, the A9-C covers 20 to 20,000
CPS within £ 1 db. Front panel is detachable. and
can be installed on the outside of a cabinet where
the chassis comes through, for custom installa-
tions. A fine unit with which to start your hi-fi
system. Shpg. Wt. 23 lbs.

Hi-Fi Testing

AUDIO VTVM KIT

Critical AC voltage measurements are made casy
with this high quality vacuum tube voltmeter
which emphasizes stability. broad frequency re-
sponse and sensitivity. Features large 414 200
microampere meter. with increased damping in
the meter circuit for stability in low frequency
tests. Extremely high voltage range handles meas-
urements from a low value of | miilivoit to a
maximum of 300 volts. AC (RMS) voltage ranges
are: 0-.01, .03, 1. .3, 1, 3, 10, 30, 100 and 300
volts. Db ranges cover —52 to +52 db. Employs
19 precision multiplier resistors for maximum
accuracy. High input impedance (I megohm at
1,000 CPS). Frequency response is essentially flat
from 10 CPS to 200 kc. Shpg. Wt. 6 Ibs.

Power Output

AUDIO WATTMETER KIT

Here is a fine meter to accurately measure output
wattage. Five power ranges cover 0-5 mw, 50 mw,
S00 mw. S w and 50 w full scale. Five switch se-
lected db ranges cover — 10 db to +30.db. All
indications are read directly on the large 414" 200
ua meter. Frequency response is £t db from 10
CPS to 250 kc. External or internal loay resistors
are selected with convenient frent panel switch.
Non-inductive load resistors.are buit in for 4,
8. 16 or 600 ohms impedance. Precision multiplier
resistors are used for high accuracy and incorpo-
rates a crystal diode bridge for wide-range fre-
quency response. Modern styling and convenient
front panel design. Cabinet is ventilated to allow
efficient cooling of load resistors, Shpg. Wt. 7 Ibs.

HEATH COMPANY ¢ a subsidiary of Daystrom, Inc. < Benton Harbor 20, Mich.
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CHAIRSIDE ENCLOSURE KIT

This Chairside Enclosure lets you combine all of your hi-fi
equipment into one compact control center and, at the same
time add a beautiful piece of furniture to your home. The
CE-1 is designed to house the AM and FM tuners (BC-1A
and FM-3A) and the WA-P2 preamplifier along with the
majority of record changers which will fit into the space pro-
vided. Adequate room is available in the rear of the unit to
house any of the Heathkit amplifiers designed to operate with
the WA-P2. The enclosure is flexible enough to give you a
large choice in component installation. If only one tuner and
the preamplifier are used, the two units can be installed in the
tilt-out drawer, or if more convenient, either unit can be placed
in the space provided in front of the changer compartment.
The tilt-out shelf can be installed on either right or left side
and the lift-top lid is similarly designed to lift from either side
depending on your choice during construction! Good ventila-
tion is achieved through appropriately placed slots in the
bottom and back of the enclosure. Overall dimensions are
18”"W. x 24" H.x 352" D. The changer compartment meas-
ures 173" L.x 16" W.x 9%"” D. All parts are precut and
predrilled for easy assembly and attractive hardware is sup-
plied to match each style. The contemporary cabinet is avail-
able in either mahogany or birch and the traditional cabinet
is available in mahogany only. Furniture grade plywood can
be finished to your taste. Shpg. Wt. 46 lbs.

$4395

aach

CONTEMPORARY
Model CE-1B Birch
Model CE-1M Mohogony

TRADITIONAL
Model CE-1T Mohogony

Combine all your Hi-Fi equipment

in this attractive cabinet

HEATHKIT HEATHKIT HEATHKIT
AG-9A AA-1 HO-1

3 Avudio test instruments
in one compact unit

Your own source of
Hi-Fi audio signals

Check amplifier
distortion quickly

72

AUDID SIGHAL GEMERATOR MIT

The model AG-9A Is “"mode o order” for high
fidelity applications, and provides guick and ac-
curnte selection of low-distortion signals from 10
CPS 1o [0 k¢ Three rodary switches select two
significant figures and a muoltiplier o determineg
audio frequency. Incorporates step-type and a
continuoasly variable output attenuntor. Chutput
indicared on largs 414" panel meter, calibrated in
volts and db, Attenuator Syatém operatesin 10 db
steps, . corresponding b0 meter  calibration, in
ranges of 0-.003, 01, 05, .1, .5 1. 3 and 18& volts
RMS5. “Load” switch permits use of buili-in 600-
ohm load, or external lead of different impedance.
Output and lrequency indicators accurate Lo with-
in & 477, Distortion less than .1 of 17 between 20
and 20,000 CPS. Shpg. Wi 8 lba.

AUDIO AMALYZIER KIT

Complere high fideliry testing facilities are yours in
the AA-1, Tt combhines the functions of three
separate instruments; an AC Y TVM, audio wan-
meter and a complete 1M analyzer with fillers and
high and low frequency oscillntors builtin. YTV M
ratiges are: 0-.00, .03, .0, .3, 1, 3, 10, 30, 100 and
500 volts (RMS), Db scale reads from -65 1w +52
dbm, Wattmeter ranges are: 15 mw, 1.5 mw, 15
mw, 150 mw, L5 w, % w and 130 w, IM wnles
are 195, 39, 105 3095 and 1009 Ml scale.
Provides internal load resistors of 4, §, 16 or 600
ohms, Combining and consohdating Tunciions
reduces the number of test leads and controls re-
gquired Tor the same test. Compléte instructions
are provided for easy assembly, alio valuable in-
lormation on wse of instrument, Shpg, Wi 13 Iha,

HARMONIC DISTORTION METER KIT

Valuahle in both designing and servicing of audio
cireuits, the HD<1 osed with an audio signal
generator, will accurately measure harmonic dis-
tortion at any or ol fregquencies between 20 and
20,000 CP5. Distortion 15 read on panel meter in
ranges of 0-1, 3, 10, 30 and 100% full scale. Full
scale voltage ranges of 0-1, 1, 10 and 30 volts are
provided for the initin] reference settings. Signal-
tn=noise Tatio is measured on a separate meter
scale calibrated in db. Features high input im-
pedance | 0,000 ohmas) and 1% precision resis-
tars b the VTV M volinge divider circuit for excel-
lent gensitivity and accuracy, High quality com-
ponents insore years of dependable service. Com-
plete instructions provlded lor easy assembly and
pperation. Shpg. W 13 1ba,

RADIO-ELECTRONICS



TRANSISTOR PORTABLE RADIO KIT

The overwhelming sales of this outstanding transistor portable
have made a substantial price reduction possible ... in addi-
tion, an all new plastic molded case adds the finishing touch to
the exceptional circuitry. Six name-brand (Texas Instrument)
transistors are used for extra good sensitivity and selectivity.
The 4” x 6” PM speaker with heavy magnet provides excellent
tone quality. Use of this large speaker and roomy chassis make
it unnecessary to crowd components adding greatly to the ease
of construction. Transformers are prealigned so it is ready for
service as soon as construction is completed, A touchup in
alignment is easily accomplished on a station by following
simple instructions in manual. Alignment tool furnished. Has
built-in rod-type antenna for reception in all locations. Six
standard size D" flashlight cells are used for extremely long
battery life (between 500 and 1000 hours) and they can be
purchased almost anywhere. Cabinet is two-tone blue molded
plastic with pull-out carrying handle. Dimensions are 9%2” L.
x 7% " H.x 4” D. Shpg. Wt. 6 lbs.

Model XR-1-L.: Identical to XR-1-P except in genuine leather
case. Rich. warm sun-tan tone. Leather carrying strap included.
Shpg. Wt. 7 lbs.

lLeather Case: can be purchased separately if desired. Fits all
XR-1P’s and XR-1's. No. 93-1. Shpg. Wt. 3 Ibs.  $6.95.

HEATHKIT
cT1

$7s

HEATHKIT
DF-1

Test condensers right
in the circuit

Pin-point your
exact location

IN-CIRCUIT CAPACI-TESTER MIT TRANSISTOR RADIO DIRECTION
FINDER KIT

Check moat capacitors Tor “open’
or “short™ right in the ciccuit with
this handy kit Detects open capac-
itors from atout 50 mmi up, not
shunted by an excessively low resist-
ance value, Checks shoried capaci-
pows apy to 20 mid (Aol shunted by

This transistior radio compass will
double as a partable radio, Covers
the standard broadeast band from
540 1o 1600 ke, Tdeal for use aboard
bowts and skso on land by hunters,
hikers, etc. A directional high-Q
lesa than 10 olims), (Coes not detect ferrite antenna rolaies from the
leakage nor check electrolylic con- froni panel to obtan o fix on & sia-
densers.) Employs a élcycle fre- tHon A [ ma mefer serves as noll
quency for the shori test and o 19 and tuning indicator, Prealigned TF
mugacycle froguency lor the open tramaformers —six transislor sircuil

DECEMBER,

test. Uses electran beam “eye™ fube
for quick indication, Test leads in-
cluded. Shpg, Wi, 5 I,

Powered by tiny %-voli hattery with
spare incloded. Dimensions 795°
WS 3" H. 535" 1. Shpg. We. $lbs.

HEATHKIT

MODEL XR-1-L

$3495

HEATHKIT
XR-1-P

Newly designed plastic
case . . . new low price!

% 4" X 6” SPEAKER FOR "'BIG SET"* TONE
% LONG BATTERY LIFE (500 to 1000 Hours)

HEATHKIT
FD-1

(6 volt model FD-1-6)
(12 volt model FD-1-12

]

Detects
gas fumes

FUEL VAPOR DETECTOR MIT

Protect your boat and passengers
agoinst fire and explosion with one
of these Tuel vapoer detector kits
Indlcates the presence of fumes on o
three-color “wale-dangerous” meter
scole and immediateby shows il it is
safe 1o start the engine. A pilot lamp
shows when the detectior is operat-
ing. Eaxy 1o build and install, even
hy one not having previous expe-
rience. Operates Trom your Boal
battery, The kit i complete with
heavy-duty neoprene insalated cable
and includes spare delector unil
Shpg. 'Wi. 4 tha

HEATHKIT
MC

$42%

Save your
boat batteries

MARINE CONVERTER KIT

Charge & or 12 valt batteries with
thii miarine converter and battery
charger, A panel mounted 25 am-
pere meter continuously monitors
the charging current. Moisture and
fungus proofed for rugged marine
wie. Cenvection cooling prevents
unaale temperature risc. The MC-1
has no moving paris. tubes nor
Blowers 1o wear out or break. Mount-
ing brackets are supplied for easy
imtallation on any bout. Ideal for
keeping baiteries fully charged or to
supply extra curreni for appliances,
Shpg. Wi 16 Iba

HEATH COMPANY +* a subsidiary of Daystrom, inc, * Benton Harbor 20,Mich.
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“APACHE’ HAM TRANSMITTER KIT

Fresh out of the Heath Company laboratories, the brand-new
“Apache” model TX-1 ham transmitter features modern styl-
ing and the latest in circuitry for extra fine performance. The
“Apache” is a high quality transmitter operating with a 150
watt phone input and 180 watt CW input. In addition to CW
and phone operation, built-in switch selected circuitry pro-
vides for single-sideband transmission through the use of a
plug-in external adapter. These SSB adapters will be available
in the near future. A compact, stable and completely redesigned
VFO provides low drift frequency control necessary for SSB
transmission. A slide rule type illuminated rotating VFO dial
with vernier tuning provides ample bandspread and precise
frequency settings. The bandswitch allows quick selection of
the amateur bands on 80, 40, 20, 15 and 10 meters. (11M
with crystal control). This unit also has adjustable low level
speech clipping and a low distortion modulator stage employ-
ing two of the new 6CA7/EL-34 tubes in push-pull class AB
operation. Time sequence keying is provided for “chirpless”
break-in CW operation. The final amplifier is completely
shielded for greater TV! protection and transmitter stability.
Die-cast aluminum knobs and front panel escutcheons add to
the attractive styling of the transmitter. Pi network output
coupling matches antenna impedances between 50 and 72
ohms. Shpg. Wt. 107 Ibs.

$50.00 deposit required on C.0.D. orders. Shipped motor freight unless other.
wise specified.

HEATHKIT
TX-1

Complete Versatility for Top-
Notch Amateur Communications

% NEWLY DESIGNED VFO—ROTATING SLIDE RULE DIAL
* MODERN STYLING—PROVISION FOR SSB ADAPTER

HEATHKIT
DX-100

$s189*°

You'll be Proud to Own
This Outstanding Performer

HEATHKIT
DX-40

Phone & CW Facilities
aft Low Cost

HEATHKIT
DX-20

An Ideal
Code Transmitter

74

DX-20 CW TRANSMITTER KIT

Designed especially for CW work, the DX-20
features high efficiency at low cost. An ideal rig
for the novice or advanced-class CW operator.
Plate power input is 50 watts, and covers 80, 40,
20, 15, I1 and 10 meters with single knob band-
switching. Features a single 6DQ6A tube in the
final amplifier stage and a 6CL6 as a crystal oscil-
lator. Pi network output circuit matches various
antenna impedances between 50 and 1000 ohms
and reduces harmonic output. Top-quality parts
are featured throughout, including *‘potted™ trans-
formers, etc., for long service life. Complete shield-
ing to minimize TVI. Removablg. metal pull-out
plug on left end of cabinet provides access for
crystal changing. Very easy to build with complete
instructions supplied. Shpg. W1. 19 1bs.

DX-100 PHONE AND CW TRANSMITTER KIT

Well known for its high quality and fine per-
formance the DX-100 features a built-in VFO,
modulator, and power supply, complete shiclding
to minimize TVI, and a pi network coupling to
match impedances from 50 to 600 ohms. RF out-
put is inexcess of 100 watts on phone and 120 watts
on CW, for clean strong signals on all ham bands
from 10 to 160 meters. Single knob bandswitching
and illuminated VFO dial and meter face add real
operating convenience. RF outputstage uses a pair
of 6146 tubes in parallel. modulated by a pair of
1625’s. High quality components are used through-
out, such as potted transformers, silver-plated or
solid coin silver switch terminals, aluminum-heat
dissipating ¢aps on the final tubes, copper plated
chassis, etc. Shpg. Wt, 107 ibs.

$50.00 deposit required on C.0.D. orders. Shipped
motor freight unless otherwise specified.

DX-40 PHONE AND CW TRANSMITTER KIT

An outstanding buy in its power class the DX-40
provides both phone and CW operation on 80, 40,
20. 15, Il and 10 metérs. A single 6146 tube is used
in the final amplifier stage to provide full 75 wau
plate power input on CW, or controlled carrier
modulation peaks up to 60 watts for phone opera-
tion. Modulator and power supplies are built in
and single-knob bandswitching is combined with
the pi network outputcircuit forcomplete operating
convenience. Complete shielding to minimize TVI.
Provision is made for three crystals. A four-position
switch selects any of the three crystals or a jack for
external VFO. Crystal sockets are reached through
access door in rear of cabinet. High quality
D’Arsonval movement panel meter. Shpg. Wit
25 1bs.

RADIO-ELECTRONICS



“MOHAWK’' HAM RECEIVER KIT

Here is a ham receiver that any radio operator would be
proud to own. The “Mohawk™ has all the functions required
for high quality communications with clear, rock-steady re-
ception on all bands. This [5-tube receiver features double
conversion with IF’s at 1682 k¢ and 50 k¢ and covers all of
the amateur ftrequencies from 160 through !0 meters on
seven bands with an extra band calibrated to cover 6 and 2
meters using a converter. Receiver accommodations are pro-
vided for these converters which will be available in HeathKits
soon. The “Mohawk™ is specially designed for single-sideband
reception with crystal controlled oscillators for upper and lower
sideband selection. A completely preassembled, wired and
aligned front end coil assembly assures ease of construction
and top performance of the finished unit. Other features in-
clude five selectivity positions from 5 ke to 500 CPS. bridged
T-notch filter for maximum heterodyne rejection, and a built-
in 100 kc crystal calibrator. The set provides a 10 db signal-
to-noise ratio at less than | microvoit input. Front panel
features S meter, separate RF, IF and AF gain controis, T-
notch tuning, T-notch depth, ANL. AVC, BFO, bandswitch,
tuning. antenna trimmer, calibrate set. calibrate on, CW-
SSB-AM, receive-standby, upper-lower sideband, selectivity,
phone jack and a wide band rotating slide rule type vernier
tuning dial with easy to read calibrations. Shpg. Wt. 67 lbs.

$50.00 required on C.O.D. orders. Shipped motor freight wnless otherwise
specified.

HEATHKIT
B-1

Get Proper Match
Between Transmitter
and Antenna

HEATHKIT
AM-2

Measure Standing
Wave Ratio

HEATHKIT
RX-1

Now in Kit Form a Top

Quality Ham Band Receiver

% PREWIRED AND ALIGNED FRONT END COIL ASSEMRBLY.

% CRYSTAL CONTROLLED OSCILLATORS FOR DRIFT-
FREE RECEPTION.

=

HEATHKIT
vX-1

Eliminates Hand
Switching

HEATHKIT
PM-1

Quick Check of
Transmitter Operation

DECEMBER,

BALUN <COIL KIT

Unbalanced coax lines used on the
most modern transmitters can be
matched to balance lines of cither
75 or 300 ohms impedance by using
the model B-1 Balun Coil Kit. Can
be used with transmitters and re-
ceivers without adjustment over the
frequency range of 80 through 10
meters, and will handie power inputs
up to 200 watts. Cabinet size is 10°
square by 5° D. and may be located
any distance from the transmitter or
antenna. A protective cover is sup-
plied to prevent damage in outdoor
installations. Shpg. Wt 4 Ibs.

REFLECTED POWIER METER KIT

The maich of your antenna trans-
mission system can be checked by
measuring the forward and reflected
power or standing wave ratio from
1:1 to 6:1 with this fine unit. De-
signed to handle a peak power of
well over | kilowatt of energy the
AM-2 may be left in the antenna
system feed line at all times. Band
coverage is 160 meters through 2
meters. Inputand outputimpedances
for 50 or 75 ohm lines. No external
power required for operation. Cabi-
net size is 73" x 4'w" x 4% Shpg.
Wt. 3 Ibs.

ELECTRONIC VOICE CONTROL KIT
This unique device allows you to
switch from receiver to transmitter
merely by talking into your micro-
phone . . . you get the advantage of
“telephone-type conversation™ as in
single sideband but with regular AM
transmission. The unit is adjustable
to all conditions by sensitivity con-
trols provided. A variable time delay
control changes the ‘“‘hold™ time.
Provision is made for receiver and
speaker connections and also for a
117 voltantennarelay. Built-in power
supply. Complete instructions pro-
vided. Shpg. Wt. 5 Ibs.

RF POWER METER KIT

This self contained unit requires no
power for opcration. You simply
place it close to the transmitter
antenna tosample the RF field which
is then indicated on the panel meter.
Operates withany transmitter having
an output frequency between 100 ke
and 250 mc, regardless of power.
Sensitivityis 0.3 volts RMSfullscale,
and a special control on the panct
allows for further adjustment of the
sensitivity, Measures 334" W, x 614"
L. x 2" D. An easy way to put Your
mind at eas¢ concerning transmitter
operation. Shpg. Wt. 2 Ibs.

HEATH COMPANY ¢ a subsidiary of Daystrom, inc. * Benton Harbor 20, Mich.
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DUAL-CHASSIS 20 WATT HI-FI 12 UTILITY SPEAKER ALL-BAND RADIO KIT CRYSTAL RADIO KIT
AMPLIFIER KIT . ,

4

Model W3-AM

Mode! 401-6 I par. |

S (Shpg. Wi, 29 Ibs. | 4 i

o .. (Shpg. Wt. 7 1bs.) I o

4975 -
50 1 L]
' s7 a0 @ ®
Model AR-3 $ 95 Model CR-1 S¥9s5
(Shpg. Wt. 12 Ibs.) 29 {Shpg. Wt. 3 1bs.) 7
{less cabinet}
L e TSR e Y ey EE=ar e SEaEee s e SEEgE = S = -4 = S e Cosees TS SR
BROADCASYT BAND RADIO KIT BELECTRONIC CROSSOVER KIT Q" MULTIPLIER KIT “AUTOMATICY CONELRAD

ALARM KIT
! | * ¢ °

o 3 & 4
Model XO-1 Model QF.1 )
O Tk 18°5 | e wor 0 150 SIB?5 B (shca. wr. 1 b $Q9s et $1395

(Shpg. W/t 10 Ibs.) (less cabinet) {Shpa. Wt. 4 Ibs.)
EEEE=ES N e R e T L S S TR e e, W e e gl Ty e L NS S=Swes —wt gt -

GRID DIP METER KIT VIBRATOR POWER SUPPLY KIT VARIABLE FREQUENCY PROFESSIONAL RADIATION

OSCILLATOR KIT COUNTER KIT
Model GD-1B 6 volt Model VP-1-6 Mode! VF-1 Mode! RC-1

{ & {Shpg. Wt. 4 Ibs.) 12 volt Model VP-1-12 . — (Shpg. Wt. 7 Ibs.) (Shpg. Wt. 8 Ibs.})
!

(Shpg. Wi. 4 Ibs.)

52195 $'|950 57995
5795 £ 4
eq.
L .
. - » :
\ - | 4
mEosEST=3% =EETEE 4 VP T N e e e Y N B S R S S A 0, v RO L TR
ISOLATION TRANSFORMER KIT ELECTRONIC SWITCH KIT REGULATED POWER SUPPLY KIT VOLTAGE CALIBRATOR KIT

X

3

Model I1T-1
{Shpg. Wt. 9 Ibs.)

$16°°

Model 5-3 $ 95 Model PS-3 (3 50 Model VC-3 $ 50
(Shpg. Wt. 8 Ibs.} 2' {Shpg. Wt. 17 1bs.} 35 {Shpg. Wt. 4 Ibs.) lz
[ ae S S FRNeS _te o —Se T ——acH = YRS = SR e A =R FewseL T To | R BTN e St
DIRECT-READING CAPACITY TUBE CHECKER KIT RESISTANCE SUBSTITUTION
METER KIT e

EASY TIME PAYMENTS BOX KIT

Model RS-1
AVAILABLE FOR YOUR {Shpg. Wt. 2 Ibs.)

——h Bk _—
Model CM.1 et © i CONVENIENCE . . . 5550
(Shpg. Wt. 7 Ibs.) B

' N ) CONDENSER SUBSTITUTION
el 52950 ny order totaling $90 or mare con BOX KIT

be paid for in smoll monthly pay- Model CS-1
Model TC-2 ments (send for complete details). (Sheg. Wr. 2 Ibs.}

53495

(Shpg. Wt. 12 Ibs.}) 5550
E—— - > & ’ =
CATHODE RAY TUBE LABORATORY RF DECADE CONDENSER KIT
CHECKER KIT GENERATOR KIT Madel DC-1
{Shpg. Wt. 3 Ibs.}
2 H 50
Model CC-1 16
Shpg. Wt. 10 Ibs.
oy { ) \ DECADE RESISTANCE KIT
\ $ 95 Model DR-1
@ 24 (Shpg. Wt. 4 Ibs.}
2 (3 95 Model QM-1 S 50 - 50
N ads tod 48 (Shpg. Wt. 14 Ibs.} 44 19

(Shpg. Wt. 16 Ibs.}
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TV PICTURE TUBE TEST ADAPTER®
FOR TC-2 AND TC-2P

PORTABLE TUBE CHECKER KIT

Model TC-2P
(Shpg. Wt. 15 1bs.)

Model 355

,o (Shpg. Wt. 1 1b.}

53895 5450

SCOPE PROBES
Scope Demodulator Probe Kit

MODEL A-1 Model 337-C
(Shpg. Wt. 20 1bs.) . (Shpg. Wt 1 1b.)

O -~ $350

55995
Low Capacity Probe Kit

Model 342 —
(Shpg. Wt. 1 1b.) &Q
5350

ELECTRONIC [IGNITION
ANALYZER KIT

Etched Circuit RF

Probe Kit No. 309-C

Shpg. Wt. 1 |b. $3.50
=0

BINDING POST KIT BATTERY TESTER KIT

Y /7

Mode| BT-1

ﬁl (Shpg. Wt. 2 Ibs.)
1~ J —\ Model 362

%' (Shpg. Wt. 1 Ib.) 5850

7 ' $qo0

VIVM PROBES ENLARGER TIMER KIT

30,000 Volt DC HV
Probe Kit No. 336
Shpg. Wt. 2 1bs. $4.50

Peok-to-peak Voltage
Probe Kit No. 338-C
Shpg. Wt. 2 1bs. $5.50

Model ET-1 $ 50
(Shpg. Wt, 3 1bs.) Il

“LOW RIPPLE”” BATTERY
ELIMINATOR KIT

Model IB-2A

{Shpg. Wt. 12 Ibs.)

[ paE— s =

Model BE-5 95
55950 (Shpg. Wt. 21 Ibs.) s39
I e e e T ey = P

ORDER DIRECT BY MAIL ... from the
WORLD’S LARGEST MANUFACTURER

OF ELECTRONIC INSTRUMENTS IN KIT FORM

Save Y5 or more over equivalent ready-made products by
buying direct and assembling them yourself. You gain price-
less knowledge through complete and informative construc-

tion manuals.

Address

BLANK

NOTE: All prices and speci-
fications subject to change
without notice.

City & Zone._

ORDER‘ Nome
|
|
L

Enclosed find ( ) check ( ) QUANTITY [

money order {or. _ L s e —

Please ship C.0.D. postage

enclosed for__ -pounds | I

On Express orders do not include —

transportation charges—they will | l

be collected by the express agency

at time of delivery. 7|
|

|
On Parcel Post Ordersinclude post- |

e —— . — 3 =

Ttem [

ELECTRONIC ANALOG
COMPUTER KIT
Full Computer Group C

594500 #, fisae 0P

Free |
Catalo) peay

L Y
Send for this = & b
informao l

tive booklet e — -
Y describing these ond mony other

Write for free folder. do-it-yourself Kkits.

=% oS ol S S TS TNl T, i e TIL TR TN

SHIP VIA
[ Parcel Post
O Express

O Freight

State
PLEASE PRINT O Best way

MODEL NO. |  PRICE

age for weighl shown. All prices |
are NET F.0.B. Benton Harbor
Michigan, and apply to Continental l
U.S. and Possessions only.

O SEND FREE Heathkit Catalog

POSTAGE

| TOTAL

DECEMBER, 1958
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TELEVISION

4.5 MC TAKEQFF & TRAP

: %
2 BAWEB-A Q90
VIDEOAMPL = | —=-&

AGC TO IF AMPL

250V
3.9 MEG
AGC TO 22MEG| 470K
TONER | &7 B 1c%
TO T33 3w o
- - .J_.-_,
. FROM
VIDEO
DET
FROM FRINGE
FLYBACK | LOCK
nev

9 B
I
' ______
22 MEG

- T

b = TO SOUND LIMITER

! 137uH
B (8
Hl |
i 18K
-l S35k
c22
b 'IloI
ook | 68K
% S470ppt G 220K
' SYNC TO VERT
L.0033 8 HORIZ 0SC
el 47K
7ov | ]
—
A A— 10K
6.8 MEG W
=0l
150 v

AGCDELAY =
65V

Fig. 1—Keyed age and noise-inverter civeuit in Zenith 153820 chassis.,

(Continwed from page 61)

G6BQ5 is similar to the 6AQ5; 6DK6
sintilar to 6BZ6. The 6GEBS8 video ampli-
fier and sound amplifier is similar to
the 6AWS8. G6CK4 is similar to the
6AH6 and is used in vertical-output
stages. The 2CY5, ete. already men-
tioned are tetrode rf amplifiers. The
6BD5 is used as a vertical output in
some Admiral sets. A 12D4 damper is
a new tube in the Philco line. Also, the
9BRY7, 9-volt equivalent of the 12BRT,
is used as phase comparer and sync
separator.

Audio  FM detecters are almost
universally of the gated-beam type first
used by Zenith several years ago. Ze-
nith still uses the 6BNG or its heater
variation but the 3DT6 or 6DT6 is
still used by most manufacturers in a
slightly different circuit and usually
with no bhuzz control. Admiral and
Zenith are using neutralized triode
first audio if amplifiers. Zenith uses
the triode half of a 6BE8, Admiral uses
the triode half of a 6AWS.

Keyed age is in evidence again this
vear. All but one RCA model has
keyved age and most other manufactur-
ers are using it extensively, especially
in their more expensive lines.

Tube and component-saver devices,
even in power transformer sets, are
more in evidence. RCA's portable, as an
example, has B-plus delay until the
tube heaters are warm, activated by
a resistor-heated bimetal strip in the
power transformer’s primary circuit.

Keyed-agc—Zenith 15820

The circuit for keyed age and noise
cancelling used in this set is an inter-
esting and novel combination of these
two important functions (see Fig. 1).
The tube used for this purpose is a
special design, and one half of this
dual pentode is also used as a sync
separator. Details of circuit action are
described in “New TV Tube Does 3
Jobs,” RaDIO-ELECTRONICS April, 1958,
page 102, However, a glance at some of
the troubles that can come up in sets
using this circuit is helpful,
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In this eircuit (Fig. 1) the age is fed
to the if through a 470,000-ohm resis-
tor with C7 a 0.33-#f capacitor filter-
ing out horizontal keying pulses and
stabilizing the age. If this capacitor
opens, it causes severe hending or tear-
ing due to the introduction of horizon-
tal Keying pulses on the agc line, as
well as amplified and distorted sync
pulses. Partial opening of C7 may cause
only poor vertical lock. The age line
should be checked with a scope to de-
termine if it is clean when obscure
sync or bending problems occur.

The noise-cancelling portion of this
circuit is rather critically biased and
has high-impedance circuits. Probably
the biggest offender, especially for in-
stability, will be leakage through C22.
Leakage through C38 would cause in-
sufficient age due to the path to ground
through the horizontal output trans-
former.

The Predicta line

As indicated earlier, the Philco
172 6AWB 1.5k
T W S33k/ew
PS
IST VIDEO AMPL e ?___"f'll [o
syt
oo |2 | e
o |3 | o

(chassis 9L37, 9L38) Predicta line is
somewhat revolutionary in design. The
circuitry of the 9L37 (picture tube
mounted on top of cabinet) is rather
conventional but the 9YL38 with its re-
mote picture tube has circuitry that
will be of special interest to the TV
service technician.

Fig. 2 shows the interconnecting
cable connections between the chassis
and picture tube. The cable is flat, 25
feet long, plugs into the main chassis,
and contains 17 wires carrying power,
high-voltage, vertical and horizontal
deflection current, vertical retrace, re-
mote-speaker wiring, remote-interlock
wiring and video. The connectors are
round, with a key similar to that of a
tube socket.

The video signals are no doubt the
most difficult of any of the above to
transfer through a cable. Philco has
solved this problem by transforming
the video to a low impedance, so that
capacitance effects are minimized.
However, changing video to low imped-
ance is more involved than changing a
narrow-band signal.

A circuit that has small frequency
discrimination is resistance-matching
and is used in the 9138 Philco chassis