!

HUGO GERNSBACK, Editor

Build a Bandwidth
Marker Generator

FM Tuner is Easy
To Build and Align

New Unijunction
Transistor-Diode

Build a Preamp
For Tape and Mike

Polarizing
The Diode )

(See page 4)
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tubes
can

be oU MUNT

Now there's no need to mix brands when it comes to tubes — you can
carry the famous Du Mont picture tubes and back them up, clear across
the board with a complete line of receiving tubes from Du Mont.

Du Mont now offers a complete line of tubes for every television,
radio, audio and electronic need, and every one is quality-checked to
Du Mont's high electronic standards.

Go Du Mont all the way . . . and watch your sales soar! Write for com-
plete details, or ask your Du Mont distributor. ..

Television Tube Division,

ALLEN B. DUMONT LABORATORIES, Inc., Clifton, N.).

°
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Learn Rudio-Televiﬂg
{ 5L

Servicing or Communicatio
by Practicing at Hon
in Spare Time

N.R.I. SENDS kits with which vou p.:
tice building circuits common to adio
and TV sets. You LEARN-BEY-DOING
to locate Radio-TV troibles. As part of
N.R.IL Servicing Course. »ou build V' scuum
Tube Vo tmeter and AC-DC receiver. Use
VTVM 1o conduct 2xperiments.
earn extra money fixing

sels in spare time.

~"€] Fast Growing Fleld Oﬂers You

Good Pay, Success, Bright Future
( /~ ﬂ glget;;;;_h;tg;gg\;';g;;;'('“'g_‘zr‘\, Added Income Soon - $10, $15
| h

has special appeal to ambitious a Week in Spare Time
men not satisfied with their  Soon after envolling. many NRI students
- p - job and earnings. More than gtart to earn $10, $15 a week in spare time
ﬁ"- J 4,  1.000 Radio and TV stations. fixing sets. Some pay for their traming and
4 . ‘ More than 150 million home enjov extra luxuries this way. Some make
RADIO-TV BROADCASTING (see abve: offers 7 (" and auto Radios. 40 million  enough to start their own Radio-TV shops.
important positions as Operators and Techn:cians U S TV sets. Color TV promises NRI training is practical —gets quick results.
RADIO-TYV SERVICING Technicians see below Founder added opportunities. For the Easv to understand. well illustrated lessons

needed in every community Their services are trained man. there are rood jobs, bright fu- , . o i N
respected. thewr skill apqrecited e an. g Jobs, brig feach you basic principles. And vou LEARN

tures in Radio-TV" Servicing or Broadcasting. BY-DOING hy practicing with kits of equip-
T[l)'ain'ng If)LUS OPPOlég"“l,V 1S thet 'd"": ment which “bring to life” things vou studv

combina.ion for success. plan now to ge 5

into Radio-TV. The technical man is looked Find Out What NRI Offers

up to. He does important work, gets good NRI has trained thousands for successful

pay for :t. Radio-Television offers that kind careers in Radio-TV. Study fast or slow—as

of work NRI can supply training quickly. vou iike. Diploma when you, graduate. Mail

without expense of going away to school.
Keep vour job while training. You learn
at home in vour spare time. NRI is the
OLDEST and LARGEST home study Radio-
TV school. Its methods have proved success-

coupon now. Paste it on a postcard or mail in
envelope. ACTUAL LESSON FREE. Also 64
page catalog that shows opportunities, shows
equipment vou gel. Cost of NRI courses low
Easy terms. NATIONAL RADIO INSTITUTE,

ful for more than 40 vears. Dept. 7GF. Washington 16, D. C.

N.R.l. TRAINED THESE MEN FOR SUCCESS SEND FOR BOTH FREE g
The
ﬁ "1 was repairing Radios (. SERVICING
by 10th lesson. Now
- TV

hnvo good job.
R. INDEMUTH.

‘Doing spare time re-

E

National Radio Institute
Dept. 7GF Washington 16, D. C.

pairs on Radio and TV
\oon servicing full

tune.” CI.YDE HIG

|
|
Fort Wayne, Ind I\ GINS, Waltham, Mass I Mail me Sample Lesson and 64-Page Catalog
4 A | FRF , >
FREE. (No salesman will call. P'lease write plainly.
“I had a  successful T here are a number of |
Kadio repair shop. Now  § 3 NRI graduates here. | | Name. e SRR S Age___
I'm Engineer for — ™ can thank NRI for this ™ I
WHPE."” V.W WORK- . jcn.” JACK WAG- .‘; B Address. _ R Sty <R T E—
MAN. High Point, N.C. _g NER, lexington, N. C 5 |
I Ciny Zone State. .
VETERANS Approved Under G.1. Bills ! _ accreditcd member Nationai Home stuay Covncit e
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Radio-Electronics

Formerly RADIO (RAFT ® {ncorporating SHORT WAVE (RAFT ® TELEVISION NEWS ® RADIO & TELEVISION®

EDITORIAL

29  Medical Electronics—Hugo Gernsback

AUDIO—HIGH FIDELITY

\/30 Applying Variable Damping—Norman H. Crowhurst

33 Simple Preamp for Tape and Mike—Munnie Horowitz

14 Electronic Voice for Silent Chief—Arthur S. Goodwin

35 High-Quality Audio Amplifier—A. Y. C. Tang

36 Modern Phonograph Cartridges, Part IV—Julian D. Hirsch
3% Simplest Electronic Organ, Part I—Harold C. Hubbard

47  New Records—Monitor

TEST INSTRUMENTS

42  Flyback and Sweep Circuit Testers—Robert F. Scott
‘45 Bandwidth Marker Generator—Richard Graham
47 Build a Versatile Probe Set, Part II-Euarl T. Hansen

RADIO

50 Experimenter’s Power Supply—Thomas R. Hughes
533 Re: FM-3 Afc Conversion
54 Easy-to-Align FM Tuner—Robert Abbatecola

WHAT’S NEW

56 Pictorial Report of New Developments

TELEVISION

7 TV Service Clinic—Conducted by Jerrv Kass

V39 Servicing Modern Damper Circuits—Matthew Mandl
76 TV Dx—Robert B. Cooper, Jr.

78 Saved by the Scope—Robert G. Middleton

79 Transoceanic TV Dx—Culvin R, Graf

ELECTRONICS

82 Power Factor . . . What It Means—H. P. Manly
91 Using the Unijunction—Louis E. Garner, Jr.

124 Books 114 Patents
120 Business and People 109  Question Box
123 Corrections 116 Radio-Electronic

14 Correspondence 193 1 C]i“'“itls .

- o 22 Technical Literature
M e, D V rees 101  Technicians’ News
i Mews Briefs 111  Technotes
949  New Tubes and 118 Try This One
Semiconductors 100 35 Ycars Ago

ON THE COVER ——

Winsome operator at the
Hughes Aircraft semiconduc-
tor plant in Los Angeles

checks germanium diodes .

with special instrument which

indicates visually and au- o~
dibly whether the diode’s po- [

larity coding is correct.

NEXT MONTH: TRANSISTOR AMPLIFIER-MODULATOR DELIVERS 10 WATTS ©

SERVICING GATED BEAM DETECTORS ® INEXPENSIVE INSTRUMENTS AS SERVICE AIDS

0 Q
* N
‘ Curnt

Associate Member Institute of High Fidelity Mfrs., Inc

RADIO-ELECTRONICS, jJuly 1957, Vol. \\\lll No. 7. Tublished monthly at Mt Morris, I, by Gernsback Publications, lne. Seeond-class mail privileges aunthorized

at Mt Aorns, 11 Copyright 1 < Publications, Inc. A vikhts reserved under Universal, Inuter
SUBSCRIPTION RATES: U N pos Ae\mms and Canada, $4.00 for one year; $7.00 for two yvears; §!
tor one year; $8.00 for two years; $10.50 for three years. A1l other countries $5.00 a year: rs
SUBSCRIPTIONS: Ad liess (nnv\ponrhuce to Radio-Electronics, Subscription Dept., 404 N, Wesley Ave., Mt.

and Pan

ational
" rm three vears;

\nierican (‘np\l ight Conventions.
single copies 35¢. Pan-American countries $4.50

$12 00 for three years. .
1ll., or 154 West l4th St., New York 11, N. Y. When

requesting a change of address, please furnish an _address label from a recent issue,  Allow one month for ch.mge of adrlress.

GERNSBACK PUBLICATIONS, INC. Executive Editorial and Advertising Offices, 154 wWest 14th St., New York 11,

Chairman of the Beard ; M, Harvey Gernsback, P’resident; G. Aliquo, Secretary.
BRANCH ADVERTISING OFFICES and FOREIGN AGENTS listed on page
POSTMASTER: It undeliverabl send TForm 55378 100 RATHO-ELEC
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You get 19 big kits
of equipment!

GOOD JOBS . . . MORE MONEY
SECURITY . . . ALL CAN BE YOURS

YOU are needed in the great modern Tele-
vision-Electronics industry. Trained techni-
cians are in growing demand, at excellent
pay, in sales and service, manufacturing,
broadcasting, telecasting, communications,
research, and many other important branches
of the field. National Schools Master Shop-
Method Training, with newly added lessons
and equipment prepares you in your spare
time right in your own home for these fasci-
nating opportunities. QUR OUTSTAND-
ING METHOD IS PROVED BY THE
SUCCESS OF GRADUATES ALL OVER
THE WORLD!

YOUR TRAINING 1S ALL INCLUSIVE

We prepare you for a long list of job
opportunities. Thousands of TV and Radio
receivers are being sold every day—more
than ever before. And, now, Color TV is
here. Applications of Electronics in industry
—AUTOMATION —are growing in tre-
mendous strides. The whole field is alive —
opening up new, important jobs rapidly.
National Schools complete training program
qualifies you in all phases of the industry.

YOU EARN WHILE YOU LEARN
Many students pay for their entire training —
and more — with spare time earning. We'll show
you how you can, too! Early in your course you
receive material that shows you how to earn
extra money servicing TV and Radio receivers,
appliances, etc., for friends and acquaintances.

JULY, 1957

RADIO-ELECTRONICS

LEARN ALL g pypgy

OF THE INDUSTRY
BY SHOP MeTHoD

HOME TRAINING

1. Television . 3

¥ faies ; d Recordin
including Color TV A '

& Hi-Fidelity

<N

2. Radio . .. AM,‘ M 6. Automation
3 lndustfial Electronics 1. FCC License Preparation
4, Communications 8. Radar & Micro Waves

— -
—

Let National Schools of Los

Angeles, a Practical Resident
Technical School for over 50
years, train you at home by
Shop-Method for unlimited
opportunities in Ail phases of
TV, Electronics, Radio.

YOU GET EVERYTHING YOU NEED

Clear, profusely illustrated lessons, shop-
tested manuals, modern circuit diagrams,
practical job projects—all the valuable
equipment shown above—many other ma-
terials and services —consultation privilege
with our qualified staff, and Graduate Em-
ployvment Service. EVERYTHING YOU
NEED for outstanding success in Electronics.

INDUSTRY NEEDS YOU. NATIONAL SCHOOLS
WILL TRAIN YOU. SEND FOR FACYS TODAY
NO OBLIGATION.

YOU LEARN BY SHOP METHOD . ..
you do servicing, circuit analysis, and do
over 100 down-to-earth experiments. You
build a Superhet Receiver and a modern TV
Receiver, from the ground up, including a
new, big screen picture tube. You also re-
ceive a professional, factory-made MULTI-
TESTER. All of this standard equipment is
yours to keep . . . at just one low tuition.

Approved for -7

BeTTrE
Gl Training gkt i Erﬁﬂfifﬁﬂml
NATIONAL SCHOOLS

LOS ANGELES 37, CALIF.

NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
LOS ANGELES 37, CALIFORNIA
,GEY FASY SERVICE - MAILNOW TO

NATIONAL SCHOOLS, DEPY.RG-77
’ 4000 S. FIGUEROA ST.
' LOS ANGELES 37, CALIF,

Rush free TV-Radio "Opportunity” Book and sample
I lesson. No salesman will call.

NAME

ADDRESS

CITY ZONE STATE

[0 Chech it interested ONLY in Resident School traineng at Los Angeles
VETERANS: Give date of Dischorge

-
-
i o

| T Y X . L L &
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" brighter
TV picture

|

e
Keep your customers sold on you! Use
the exact same tubes leading inde-
pendent set makers specify. Tell your
supplier you'd rather have Tung-Sol
Tubes.
Tung-Sol Electric Inc., Newark 4, N. J.

OTUNG-SOL

MAGIC MIRROR ALUMINIZED
PICTURE TUBES

RECEIVING TUBES

Ministure Sealed Beam Signal Radio and
Lamps Headlamps Flsshers TV Tubes
Aluminized Special Semiconductor
Picture Tubes Purposs Tubes Products

News

OPERATION SMOKE-PUFF, the first in a
series of attempts to establish two-way
radio communications by bouncing sig-
nals off man-made clouds of ionized
gas, will get under way some time this
month. The project will be conducted
by the United States Air Force and
the nation’s amateur radio operators.
Rockets will be fired 70 miles into the
ionosphere to release nitric oxide gas in
an attempt to create an artificial
reflecting layer.

Amateur frequencies used in the test
are between 14 and 148 mc. Tests are
planned for morning twilight, noon,
evening twilight and possibly at night.
Due to the Earth’s curvature, the
chance of signal bounce is limited with-
in a circle of roughly 700 miles radius
around Alamogordo, N. M.

In March, 1956, an Aerobee rocket
released a cloud of gas which was
detected by radar. However, to check
the possibility that the radar reflection
was a coincidence, the assistance of
amateur operators is requested to con-
firm the existence of artificial clouds.

SUNSPOT STUDY repudiates the popular
belief that all sunspots are bad. Results
of a 10-year study of solar radio dis-
turbances reported by John H. Nelson
of RCA Communications Inc. “prove
that transmitting conditions on inter-
national radio circuits actually get
better as the number of sunspots in-
creases. This leads to only one conclu-
sion,” Mr. Nelson continued, “as far
as we are concerned—we like sun-
spots.”

Mr. Nelson, RCA’s propagation an-
alyst or “radio-weather” man, has been
studying the sun from a skyscraper
observatory in downtown Manhattan
since 1946.

.

| T
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Briefs

One part of his report stated, “There
is, of course, such a thing as a bad
sunspot but, fortunately for inter-
national radio communications, there is
an oversupply of good sunspots—more
than enough to counteract the effects
of the occasional bad ones.”

As an example of how this theory
works, Mr. Nelson cited an incident
that occurred in February, 1956. From
a low point of 40, the sunspot count
climbed to 270 in 8 days. Despite this
situation, signaling conditions on all
of RCA’s radio circuits actually im-
proved—positive evidence that even a
radical increase in sunspot activity
doesn’t necessarily bring on a period
of bad radio weather.

A SILICON CARBIDE rectifier has been
operated at temperatures from 100°
to +1.200°F, the General Electric
Research Laboratory announced. Sim-
ilar devices made with other semi-
conductor materials, notably silicon,
have been able to operate only up to
the 400-500°F range.

Dr. Guy Suits, G-E vice president
and director of research, said, “Most
of the semiconductor devices now on
the market have been made from single-
element materials—principally germa-
nium and silicon—but future progress
appears to depend on learning more
about compounds. A major problem in
all semiconductor research, that of
achieving extremely pure materials,
becomes increasingly difficult when
move than one element is involved.”

It was emphasized that the silicon
carbide rectifier is still in laboratory
development.

TRANSPARENT PHOSPHORS have been
applied to C-R tube screens by a method
developed by Dr. Charles Feldman, a
Naval Research Laboratory physicist.
While probably too expensive for
immediate use in TV picture tubes, the
method promises much for the future
of both monochrome and color tele-
vision.

To place a phosphor coating on a
sheet of glass, using Feldman’s method,
the phosphor is first allowed to evap-
orate in a vacuum. It decomposes and
is condensed on the heated glass sur-
face. Then it is fired in a suitable
atmosphere and baked. This process
forms a phosphor with excellent crystal
structure, required for good lumines-
cence.

The Feldman tube retains contrast
even with a photoflood lamp held close
to its face. This is possible because the

RADIO-ELECTRONICS
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This may be Your MAIL COUPON TODAY!

DeVry Technical Institute
4141 Belmont Ave., Chicago 41, Iil., Dept. RE-7-N
Please give me your FREE booklet, */Electronics and YOU,” and tell

me how | may prepare to enter one or more branches of Electronics
as listed below.

to a more

Name Age
1 Please Print
SECURE FUTURE
3 City = __Zone State

[J Check here if subject to military training.

DeVry Tech’s Canadian Training Center is located
2025 at 626 Roselawn Avenue, Toronto 12, Ontario

ey TR 2 Gk, o PRI DL S
v R

Men 17-55...
Prepare at Home for an Interesting and
Profitable Future in the Great Fields of

ELECTRONICS

as used in

GUIDED MISSILES, erc

There are big opportunities for men 17 to 55 in the
exciting, profitable fields of Electranics. For more than
26 years we have been preparing men in their spare
time at home without interfering with their jobs.
During these years, to name a few, we have trained
laborers, farmers, clerks, factory workers and salesmen

following the same basic method used in our
Chicago and Toronto training laboratories. So regard-
less of your experience, why don’t you write for FREE
facts today? There is no obligation.

; Live-Wire
- Employment AN INDEX TO A
Service BETTER JOB, A BRIGHTER FUTURE

DeVry Tech’s Placement
Department is in contact
with some of the best-
known employers in the
Electronics field. The serv-
ite Is free to all grad-
vates—and DeVry Tech’s
record in helping to place
men has been outstand-

ing.
NO ADVANCED EDUCATION OR PREVIOUS

TECHNICAL EXPERIENCE NEEDED !

FREE| i

ey
Booklet!

Technical =
4

We'll give you
a free copy of
an interesting
booklet, ‘‘Elec-
tronics and YOU.”” See for
yourself how you may take
advantage of the opportun-
ities in this fast.growing
field.

""One of North America’s Foremost Electronics Training Centers”

Communications L Radar

Television . Micro-Waves
Radio o Industrial Electronics

Computers ®  Automation Electronics

Draft Age?

We have

valuable in-

formation for Accredited Member

of National Hame
Study Council

every man of

draft age; so

f if you are sub-

ject to military

service, be sure

. / "l ‘m‘ ““ V to check the coupon. 42 = e :
DeVRY TECHNICAL INSTITUTE 4141 BELMONT AVE.

Formerly DeFOREST'S TRAINING, INC. CHICAGO 41, ILLINOIS

JULY, 19587
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Centralab

dual-speaker

switch kit

Surely your reputation means more to vou than
the pennies yvou save by installing an inferior
dual-speaker switch. Then, why gamble? Espe-
cially when it costs so little more to go first class

with the PK-300 switch kit.

The PK-300 is vour “seven-come-eleven™ com-
bination that keeps customers sold. Here's real
quality — a switch with silver-plated, double-

wiping contacts — a dial plate

that’s etched to

stay legible long after conventional painted

tvpes have worn off.

So don't settle for just any switch kit {or your
auto-radio and other dual-speaker jobs. Pick up

a PK-300 kit at vour Central
Write for Catalog 30.

o

ab distributor.

&

out of your service

A DIVISION OF GLOBE-UNION INC.

B 022G EAST KEEFE AVENUE *»  MILWAUKEE 1, WISCONSIN
P-1658

Here’s the

number

reputation

Dual-speaker
swutch

2. ftched mounting
brachet and dial

. Sphit-knurt
= pointer knob

Self tapping
sCrews

5. Easy-to-follow
instructions

www.americanradiohistorv.com

NEWS BRIEFS

(Continued)

out standard TV tube

(left).
light from the floodlamp passes through
the transparent phosphor and is ab-
sorbed by the blackened interior of the
tube, instead of being reflected by the
phosphor, as in present tubes.

For color TV, three layers of dif-
ferent phosphor compounds would be
laminated on one glass surface. Color
would be selected by varying the deflec-
tion voltage. Although this has been
proposed before, it was not possible
without transparent phosphors.

TOLL TELEVISION could draw a “gilded
curtain” over TV screens across the
country, warned Donald N. Martin,
assistant to the president of The Na-
tional Association of Radio and Tele-
vision Broadcasters (NARTB) in an
address to the Vermont Federation of
Women’s Clubs.

He feels that one of the major
threats posed by toll television is the
fact that ability to pay will become
the factor determining who sees what.
In areas served by only one station,
toll TV would mean a total blackout
for those who could not atford decoding
fees.

Even though the FC(C has been
considering the question for some time,
Martin believes that such a revolu-
tionary proposition should be decided
by Congress.

I.ight washes

Calendar of Events
Britsh IRE Convention, June 27-July 1.
University of Cambridge, England.
Annual Electronics Clinic and Fair, Aug.
2—4, Texas Hotel, Fort Worth, Tex.
NATESA Convention, Aug. 16-18, Chi-
cago Sheraton Hotel, Chicago, 11l
West Coast Electronic Show and Conven-
tion (WESCON), Aug. 20-23. Cow Palace.
San Francisco, Calif.
12th (General Assembly of International
Scientific Radio Union, Aug. 22-Septem-
ber 5, National Bureau of Standards,
Boulder, Colo.
American Institute of Electrical Engi-
neers Pacific General Meeting., Aug. 28—
30, Pasxco. Wash.

National Radio & Television Exhihition
Aug, 24-Sept. 7. Earls Court. London.
England.

SPOT WOBBLE, a technique for moving
the electron beam in a picture tube up
and down about 15 million times a
second, eliminates those familiar black
scanning lines.

Research has shown that the viewer
moves back from the screen until he

RAD!'O-ELECTRONICS
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Save onFamows Kight® Hi=FI

THE VERY BEST FOR LESS: Knight Custom components
are built to ALLIED'S own special high standards to deliver

L et

é outstandir;g musical quality with distinguished appearance at EXCLUSIVE WITH
¢ money-saving minimum cost. Each unit is unconditionally
guaranteed for one full year. A l l I E D
I . s . . B | o % &
e 1
Sensational K“'Qh' Tri- F 'SAVE! | Knight "'Tri-Fi”’ Speaker Installed in
3-Way 12" Hi-Fi Speaker Knight-Klipsch Enclosure

Comes to you ready to play —
completewith Knight ““Tri-Fi”’
speaker installed in handsome
Knight-Klipschenclosure. En-
closure is designed to use walls
of room to extend bass range;
“Tri-Fi" speaker covers en-
tirespectrum of audible sound.
Enclosure measures 32 x 21 x
1414". Speaker impedance, 16
ohms; power handling capac-
ity, 25 watts. Available in
Blonde or Mahogany finish.

MORE FOR YOUR
HI-FI DOLLAR

aieos — § A0S0
SPECIAL PRICE

¢ Heavy 1%-Pound Alnico-V Magnet
; ! - © 3 Radiating Elements for Smooth Response
! ! ..} ® Compression-Type Horn-loaded Tweeter

Q f/l b ® Response, + 5 db, 35-15,000 Cycles!
Qqua tOt Q Qgt Here’s incomparable Hi-Fi speaker

value—the new 3-way type Knight “Tri-Fi” combining a 12"

o g e T g g

cone for_bass reprod'uct'ion, a speci_al conical radiator fo:: mid- You save $12.50 over the price
frequencies and a built-in compression-type tweeter for highest Save $]2.50 4ot
! : . of the separate units! Shpg.
frequencies. Includes L-pad tweeter level control with calibrated wt.. 44 1b
dial and control knob. Full 134-pound woofer magnet for solid ALLIED'S $ 50 S- .
bass response; heavy rattle-proof frame. Overall range is + SPECIAL 94 DZ 787. Blonde ﬁnlSh..
5 db, 35-15,000 cps. First crossover at 2,000 cps; automatic PRICE 94 DZ 786. Mahogany finish.
crossover from mid-range to tweeter at 4,000 cps. Cone reso- AL $0050
i nance: 50 cps; power capacity, 25 watts program material; im- ALLIED'S OWN KLIPSCH- Each, only............ 99
pedance, 16 ohms. Diameter 12-1/16"; depth, 8". Unconditionally LICENSED ENCLOSURE Only $9.95 down
guaranteed for one full year. Shpg. wt., 12 lbs. on our Easy Pay terms
81 DX 839. Knight ""Tri-Fi” Speaker, only. . .......... 34930 P
Only $4.95 down on our Easy Terms Save $44.72 On This Qllﬂ'lty Knlght

El ot %

"'Space-Saver’' Hi-Fi Phono System

TOP VALUE knight HI Fi (OMPONENTS

ONLY
Deluxe 24-Watt Amplifier “Space-Saver”’ Deluxe Basic FM-AM Tuner. Matches
design; response, + 0.75 db. 20-40,000 DeLuxe amplifier; AFC; tuning meter;
cps; 12-position compensation; vanal)lc tuned RF on FM and AM; FM discrimi-
damping; loudness control; rumble ﬁlter, nator; 2 cathode followers; exceptional
tape }:lead llnb;mt. hum balance. U.L. sengitivity. FCC Approved Radiation;
proved. 30 lbs. U.L. Approved. 17 lbs. i i-Fi
Model 9452709, Net. ............. $94.50 Model 94 SX 711, Net . .. ......... $99.50 ONLY Top value in a superb Hi-Fi

music system. You save
$19950 $44.72 over cost of individ-
ual components. No cabinets

required. Includes Knight

12-Watt “Bantam’ Amplifier; Garrard RC

121-4 Changer and base, with G.E. RPX
052-A Triple-Play Cartridge (diamond-sap-

ONLY

- $6450

"Bcn'um |2-WuH Amplifier. Response, "Bantam’’ Basic FM-AM Tuner. Matches 3 R 5 Kl i
.5 db, 20-20,000 cps; 3-position com- “Bantam” Amplifier; AFC; FM limiter IIJ(thehSt{lzl,? TTI{.nIl?g.ht Klﬁps?h en(l:llojure W{:‘h

pensatlon variable damping; loudness and discriminator; output level control; night ri-I1 speaker installe (s.pec1 &
B control; built-in preamp; tape head input; IRF stage; high sensitivity; temperature- Blonde or Mahogany finish). Easy to install
e 7mputs “Space-Saver’’ design. U.L.. Ap- compensated oscillator. FCC Approved anywhere. Shpg wt., 92 lbs,
b proved. 18 lbs. Radiation: U1.1.. Approved. 13 Ibs. 92 PA K ht Ph Svyst
_ Model 945X708. Net . ............ $64.50 Model 945X 710. Net. ............ $74.50 e 505. Knig onoisystem. 519950
% EASY TERMS AVAILABLE il .

Only $19.95 down on our Easy Terms

50 B R G w
ALLIED RADIO {

. PO S0P OO0 OO SOOI ODOESOIBINEIISS [ NN RN N ]

& Ohdeh 6’[0“1 ¢ ALLIED RADIO CORP., Dept. 2-G-7 our 3

Lo . f e 100 N. Western Ave., Chicago 80, lIl. 3:;’:‘ .

[ ] -

5 metica s Tyoi- o Centern ¢ :

» : Ship the following KNIGHT Hi-Fi equipment................ :
i

SPECIAL VALUE SUPPLEMENT NO. 165 5 080 65 330 880AA0AG BAAAE 0 AR AAAABAAGE AR S AGA AAEEE BABOAEE00 .

i) e 3 . L4

§ ﬁm‘%l Send for it. Packed with top values in Hi-Fi o $....... enclosed. (All prices Net F.0.B. Chicago) .

L ]

= & § systems and components; Recorders and supplies) + [JSend FREE ALLIED Supplement No. 165 »

& ] ‘ f_: all-new Public Address systems and = :

3 ! components; super-value build-your-own : Name ... e e e, PS

- B %: Knight-Kits: Amateur equipment; electronic tubes : d :

— j and parts; tools, books, etc. FREE—send coupon M /X L e e SR oo a D Ao R Da A a Ba AR B AG ARG 6 AGACAEEA0863000000 o

today for your copy of ALLIED Supplement No. 165. : ity . e Zone..... State......... :

00 0 0000 00 0000000000606 06060000000O0OCCGSIOOOIGS

JULY, 19587
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sturdy, steel PERMA-TUBE TV
masting is corrosion proof

Perma-Tube, most famous name
in TV masting, stays strong be-
cause it is corrosion proof. Perma-
Tube is treated with vinsynite—
then coated with a metallic vinyl
resin base both inside and outside.
Perma-Tube is guaranteed to
be free from rust in a salt spray
test of 500-hours minimum to
ASTM Specification 13 117-49T.
Longer mast life is assured.
Resistance to bending in Perma-
Tube is greater than in galvanized
masting. Machine-fitted joints
speed field assembly, insure close

tolerance for strength and rigidity.
Joints are stronger than the tubing
itself.

Five diameters of fitted joint
Perma-Tube are available, ranging
from 214" OD to 14" OD. Tele-
scoping masts can also be erected
up to 50 feet high, using 10 foot
lengths of high strength J&L 16-
gauge Perma-Tube.

Get complete details on popular
Perma-Tube TV masting. Write to
the Jones & Laughlin Steel Cor-
poration, Dept. 496, 3 Gateway
Center, Pittsburgh 30, Pa.

Jones & Laughlin

STEEL

... great name in steel

www.americanradiohistorv.com

NEWS BRIEFS

(Continued)

| W . 4o
Photos show value of spot wobble. Top,

a normal TV picture. Bottom, same
picture with spot-wobble system.

just fails to distinguish these lines.
If they are reduced or eliminated, tele-
vision pictures of a larger size can be
viewed with comfort at shorter dis-
tances.

Using the new technique, developed
by Dr. E. Atti and J. A. Hall for
Westinghouse, one of the picture tube’s
focusing grids is split in half. The split
grid still serves its normal function
of concentrating the beam on the screen,
but at the same time acts as a pair of
deflecting plates, to which a fluctuating
voltage is applied to wobble the beam
up and down at a 15-me¢ rate. The

| voltage is supplied by a single tube

fitted to the socket into which the TV
picture tube is plugged.

Difficulties inherent in carlier spot-
wobble systems (see RADI0-ELECRONICS,
September, 1953), used mostly in
Britain, are avoided or greatly reduced.
The British system, which used coils on
the tube’s neck, radiated interference
which was detrimental to reception on
some channels.

THREE NEW TV STATIONS have ap-
peared since our last report:

WSOC-TV, Charlotte, N. C............. 9
KHVH-TV, Honolulu..._..._._.......... 12
WLBR-TV, Lebanon, Pa.._....._...... 15

(This station returns to the air

after having been absent since Oc-

tober 16, 1954.)

Two Western stations have changed
their call letters:

KOLD-TV, Tuecson, Ariz....._.......... 13
(formerly KOPO-TV
KELP-TV, El Paso, TexX...........c....... 13

(formerly KILT)
Three stations have closed down:

WCMB-TV, Harrisburg, Pa........... 27
WGBS-TV, Miami, Fla....__._......... 23
KPTV, Portland, Ove.. ... 27

These changes bring our total of op-
erating U. 8. stations up to 499 (407
vhf and 92 uhf). Of these, 25 are non-
commercial (6 uhf).

Canada inaugurated its 39th station
with:

CFCR, Kamloops, B. C.................. 4

RADIO-ELECTRONICS
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Act Now!

JuLy,

1957

If you have had any practical experience—Ama-
teur, Army, Navy, Radio repair, or experimenting.

Here Is Your

We Guarantee Coarantes

To Train and Coach You At Home In If you fail to pass your Com-

Spare Time Until You Get mercial  License exam after
completing our course, we

° guarantee  to  continue your

Your Fcc Llcense training without additional

cost of any kind, until you

successfully obtain your Com-
mercial License.

EFFECTIVE

JOB FINDING
SERVICE HELPS CIRE
TRAINEES GET
BETTER JOBS

ffective Job Finding Service Helps CIRE Trainees Get Better Jobs

Chief Engineer Test Engineer
“'Ninee enrolling  with Cleveland  Inst

received my 15t elass license, served

engineer and am now  Chief  Enginee! t ot Westinghouse). A

WAIN. I also have a Motorola 2-Way Servive Sra- ease wits involved. My Cleve

tion.  Thanks to fhe Institute  for waking  this ing plaved a mador role in g

possible™, Lewis M. Owens, Columbia, Ky, position, Boyd Daugherty, Falls Chireh,
Ajrlines

Enoa vear and a hall, he reeeived his first elass FCC License, 1e Gs continning his training with Cleveland
Institute. Mis goal is muech hizher than tis present position with Fastern Aivlines, so he ix adding technical
“know-how™ to his practical experience, Lab Thomps=on, Nashvitle 14, Tennessee

HERE'S PROOF

FCC LICENSES

ARE OFTEN SECURED
IN A FEW HOURS
WITH QUR
COACHING

Here's Proof FCC Licenses Are Often Secured
In A Few Hours With Our Coaching

Name and Address License Time
John H. Johnson, Boise City, Okla. 1s¢ 20 weeks
Prentice Harrison, Lewes, Delaware 1s¢ 27 weeks
William F. Masterson, Key West, Fla. 2nd 24 weeks
J. A, Niedeck, Bethlehem, Pa. 2nd 8 weeks
Gerald J. Collier, Columbus, Ohio 2nd 16 weeks

EMPLOYERS
MAKE JOB OFFERS

LIKE THESE TO OUR
GRADUATES EVERY -

MONTH B

SN N N K N N N N N B B B

Broadcast Station in lllinois: "We are in need of an engi-

Qurs is the only home study course
which supplies FCC-type examina-
tions with all lessons and final tests.

Employers Make Job Offers Like These
To Our Graduates Every Month

neer with a first class phone license, preferably a student of Your FCC Ticket
Cleveland Institute of Radio Electronics; 40 hour week plus B ized b

8 hours overtime." Is recognize Y
West Coast Manufacturer: "We are currently in need of employers as proof
men with electronics training or experience in radar mainte- of your

nance. Welwould appreciate your referral of interested per- technical ubilify

sons to us.'
-~ F--------------------II-------

Cleveland Institute of Radio Electronics Home Stady Coltnei]
Desk RE-7, 4900 Euclid Bldg., Cleveland 3, Ohio

Please send I"ryvA Booklets prepared to help me get abead in Electronies.
1 have had training or expericnce in Eleetronies as indicated below:

7 M

O Radin-"PV Servicing [ Brondeasting CJOther . 0 L L
O Manutacturing 1 Howe Experimenting

Accredited by National

litury O Amatenr Radio 7 Telephone Combany

[

In what Kind of work are you new engawed? L

In wt

ut hranch of Eleetronics are yon interested

Name

Ade Adledress L

Zone StateoLLL L
Speetal Taition Rates 1o Membhers of Armed Forees

1

wWwWWwW. americanradiohistorv.com
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everyone’s acclaiming the extraordinary new

i - .

0 85
$5985

SR z s

1.mil diaﬂ_ldﬁd stylus!

uxva/lve -Lnporise
pIChRUPL-arrr?

WITH ITS DWN BUILT-IN CARTRIOGE CONTAINING AN EASILY REPLACEABLE STYLUS...ALL STYLUS SIZES ARE AVAILABLE INCLUDING THE EXCLUSIVE % MIL

The all-knowing, the cognoscenti, music critics
and record-playing enthusiasts have accorded
the Fluxvalve-Unipoise Arm an acceptance
never before seen in the history of Hi-Fi equip-

This combination of features is ex-

B ——

clusive with the Fluxvalve-Unipoise:

® Very high compliance
® Very low tracking force, 2-4 grams

o

- ment. Here is the ultimate a.rm-cartridg‘e for ® Resonance-free, flat frequency re-
perfect tracking ... for minimum stylus wear sponse to 30ke
E ... for maximum record life and for optimum ' ® Distortionfree dynamic t'kai”? r
? performance...there’s nothing like it...noth- : mxml:s :t';fjs :?Sumng el il
. ing to compare. : ® Minimum record wear é
i  The Fluxvalvg;Unipoise Arm, latest develop- @ Feather-weight, airframe design -
. - ment in record-playing arm-cartridge combi- ® Single friction-free pivot bearing o
\ nations, embodies all the features exclusive ® High output _ :
® Easily replaceable styli

to the Fluxvalve ... and at the remarkably low
- price of $59.85 for the arm-cartridge combina- : :’"'a-dynam;c styling ,'o match ultra- s
- tion —including 1 mil diamond stylus! ARy .

OCEANSIDE, N.Y

- 7y »
_ Professional Audio Components c( ;% m Wm éﬂ'@ %/’ %&IZC&

EXPORT: AD. AURIEMA, INC.. B3 BROAD ST.. NEW YORK / CANADA: CHARLES W. POINTON LTD., 6 ALCINA AVE,, TORONT?j

Enjoy a demonstration at your hi-fi sound studio . .. you'll hear the difference. For the dealer nearest you or for literature write Dept. P-16A

12 RADIO-ELECTRONICS


www.americanradiohistory.com

Learnto Service TV Sets-

make or model-Quickly

i There are plenty of Gvc:o‘:l
§ Men with Know-ho ;

-

d Jobs for
nd Skill

17" Picture Tube, Components
and Tubes for TV Receiver,
5" Scope, Signal Generator,
HF Probe—all included.

NRI Professional Television
Training Helped These Men

g ‘I cannot praise NRI's TV
" Course highly enough. 1
have my own spare time shop
and all the TV work I can
handle.,”” GERALD G. STE-
THEM, Belpre, Ohio,

T e

“It takes the kind of expe-

rience you offer to really

- ~ learn Professional TV Serv-

icing. You learn more and

. ! remember more.” E. RAVIT-
- SKY, Northumberland, Pa,

How TO
w THE

TOP
N TV

VICING
SER top TV Servicemen . . .
UNF, VHF and COLOR TV
graduates of NRI. Mail the coupon,

JULY, 1957

COUPON BRINGS IMPORTANT

BOOK FREE

If you want to go places in TV servicing,
act quickly to find out what NRI's Profes-
sional TV Course offers. Get this book and
judge for yourself how this course
further your ambition, Many of tomorrow’s
men who can service
. will be

NRI ALL PRACTICE Method

trains you at home to hecome
aProfessional TV Serviceman

You learn the time saving techniques,
methods used by top TV Servicemen

This is 100% learn-by-doing, practical training. NRI supplies all
necessary equipment, all tubes, including a 17-inch picture tube:
and comprehensive manuals covering a thoroughly planned program
of practice. You learn how experts diagnose TV receiver defects

quickly

audio and video-——and how to fix them accurately.

You get actual experience aligning TV receivers, isolating com-
plalqts from scope patterns, eliminating interference, using ger-
manium crystals to rectify the TV picture signal, adjusting the ion
trap and hundreds of other val-

uable Professional techniques. YOU Get COLOR Tv BOOkS

will

r------

NATIONAL RADIO INSTITUTE
Dept 7GFT, Washington 16, D.C.

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

L]
Early — Learn - hy-Doing
The day vou envoll, NRI sends you
special Color-TV textbooks to speed
vour knowledge of this fast growing
phase. Many full color pictures, dia-
grams. To cash in on Color TV vou
need the kind of training NRI sup-
plies. We supply all components to
build Oscilloscope, Probe, Signal Gen-
erator. TV Set, show you how to con-
duct experiments, practice TV repairs.

OLDEST, LARGEST Radio-
TV Home Study Training

This is professional training. not for be-
ginners, If you have some knowledge of
Radio-TV or have had some Radio Shop
experience this course
is for YOU. Conveni-
ent  monthly terms.
Mail Coupon for Cat-
alog FREE. National
Radio Tnstitute. Dept.
“GFT. Washington 186,
D. C.

L 8 B B _§ N N ¥ 4 |

...................... i Zone. L State . :

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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meucasn

Now...look to ELGIN for
research, design and
manufacturing leadership

American’'s FULL VISION—FULL
SOUND audio equipment now comes
to you from Elgin! Warehouse and serv-
ice facilities are being maintained in
California, of course; but manufacturing
and product development have been
moved to Elgin to work hand-in-glove
with Elgin's well known styling and elec-
tronics research experts, You can expect

the best . . . in appearance and per-
formance . . . from American Micro-
phones.

Does your equipment require a specially
designed microphone? American is now
better equipped than ever to help you!

an Amwca/z Mmeﬁféw

for every use!

FOR BROADCAST QUALITY

1. DR330 Cardioid Dynamic and Ribbon
Microphone meets strictest require-
ments of tv-radio broadcasting and
motion pictures.

2. Presidential Series Dynamic Omni-
Directional Microphone is rugged, com-
pact, quickly converts to 6 oz. hand
microphone.

FOR RECORDING AND
GENERAL P. A. USE

3. D22 Dynamic Omni-Directional Micro-
phone is a beauty queen—and depend-
able too. Quickly converts to hand use.
FOR TAPE RECORDERS

4. Versatile microphone is designed for
hand or desk use, weighs only 2 ounces,
yet gives outstanding performance.

FOR SOUND-POWERED
TELEPHONES

5. No external power source required
for this lightweight, sensitive unit.
Rugged and extremely versatile.

FOR RUGGED, DEPENDABLE
OUTDOOR MICROPHONES

6. A mobile microphone that resists
moisture. ldeal for ship-to-shore and
aircraft installation. High output, shock
resistance.

ELECTRONICS DIVISION

14

ELGIN NATIONAL WATCH COMPANY
107 National Street, Elgin, Illinois
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1 Correspondence

TUBE TESTER

Deur Editor:

On page 123 of RADIO-ELECTRONICS,
February. 1957, there was an item by
Thomas Oda Miller on the model 534
Hickok tube tester. While it was offered
in an excellent spirit, I would like to
clarify two points.

A shorted 0.1-¢f capacitor used on
the short switch of the 534 will cause a
neon glow in all short positions only
when there is a tube in the socket.

Concerning the wiring of the lugs
on the switches, I believe if Mr. Miller
would examine them closely he would
find that a very fine piece of wire has
been wrapped around the lugs before
soldering. This was done to prevent the
lugs from separating during normal
use of the switch.

The space which vou have devoted is
appreciated. This instrument is now
obsolete, but there are still thousands
of them in the field and in use today. I
am sure your readers will appreciate
the service notes you have given them
on this tester.

C. E. LENKE
Hiclol Electrical Instiiwment Co.
Cleveland, Ohio

LOUDSPEAKERS AND
ACOUSTICS FUNDAMENTALS
Dear Editor:

As the pioneer, and possibly the
leading exponent, of smallish cone
speakers for the best quality repro-
duction, I have a feeling that Mr. Paul
Klipsch’s letter on the above subject
in Rabplo-EvLEcTRONICS (May, 1957)
mayv be directed against me on account
of iy contributions to the technical
press during the past year. The ques-
tion is, is what was written true?

Mr. Klipsch has made some notable
contributions to audio knowledge in
the past and it is a pity that he has
abandoned the scientific attitude and
become dogmatie and inaccurate. He
states, on no quoted authority, that “an
excursion of .06 inch . . . is regarded
as about the maximum limit for toler-
able distortion.” In the same issue on
page 45, Mr. A. L. George says, “In
some high-fidelity speakers such as the
Hartley, cone excursions on the order
of Y inch are handled almost disdain-
fully by the powerful magnet struc-
ture.”

Mr. George correctly points out that
a wide-range speaker requires a large
magnet to provide the extended field
needed by a voice coil having a large
| excursion and in point of fact my
! speakers have, for 30 years, had to pass

RADIO-ELECTRONICS
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how long would it take you
to solve this service problem?

SYMPTOM:

from blacks)

in just minutes for only

| *22{3 per model!

Let’s take a look at this problem: A
smeared picture such asillustrated above
is caused by excessive low-frequency re-
sponse coupled with poor high-frequency

Smeared Picture
(showing black
streaks trailing

CONTRASTZ |
CONTROL

o i

o G
@ 02

| .| KEYED T
i ¥ SYNC

AL
GRID

response. Look for the following possible
causes:

Defective video amplifier, video output, or Picture tube
Low value of coupling capacitor C51 or C53

Low value of grid resistor R46 or ‘R52

4. Open cathode bypass capacitor C50 or C52

5. Open series-peaking coil L23 or L21

6. High value of plate resistor R44, R48 or R49

1.
2.
3.

With the applicable PHOTOFACT Folder at your fingertips,
you trouble-shoot and solve this problem in just seconds.

Here's how:
Check the Video Detector (V7) and the Video Amplifier (V8).

Just refer to the Tube Placement Chart (you'll find it in every
PHOTOFACT TV Folder) for quick location of these tubes.

(Based on an actual case history taken from the Howard W. Sams book '‘TV Servicing Guide')

Tubes okay?—then: Check the waveform at pin 7 of V7.
The correct waveform is shown right on the PHOTOFACT
Standard Notation Schematic. Waveform correct >—then:
Check the voltages in the Video amplifier and Video out-
put stages to determine which part is defective. The cor-
rect voltages appear right on the exclusive Standard Nota-
tion Schematic, along with resistances (shown in easy-to-
read chart form). Exclusive PHOTOFACT chassis photos
with ““call-outs” keyed to the schematic help you locate
the faulty parts in just minutes.

Whatever the trouble, you'll locate it faster and easier
with a PHOTOFACT Folder by your side. Be sure to use the
complete Replacement Parts List to select the proper
replacement for the repair.

Use the servicing method you prefer—checking of waveform, voltage or resistance—
you’'ll find all the information you need at your finger-tips in PHOTOFACT.
For only *2V2¢ per model, PHOTOFACT helps you solve your service
problems in just minutes—helps you service more sets and earn more daily!

MONEY BACK
GUARANTEE!

@

Got a tough repair? Try this—at Howard W. Sams'
own risk: see your Parts Distributor and buy the
proper PHOTOFACT Folder Set covering the re-
ceiver. Then use it on the actual repair. If PHOTO-
FACT doesn’t save you time, doesn't make the job
easier and more profitable for you, Howard W.
Sams wants you to return the complete Folder Set
direct to him and he’'ll refund your purchase price
promptly. GET THE PROOF FOR YOURSELF—
TRY PHOTOFACT NOW!

JULY,

1957

BT 0 mams

FREIGEALT FLOERS

JN

FOR SERVICE
TECHNICIANS ONLY

Fill out and mail coupon
today for Free subscription
to the Sams Photofact Index
—your up-to-date guide to
virtually any receiver model
evertocomeinto yourshop.
Send coupon now.

*Based on the average number of models covered in a single set of PHOTOFACT Folders.

HOWARD W. SAMS & CO., INC.

Howard W. Sams & Co., Inc.
2205 E. 46th St., Indianapolis 5, Ind.

card) is attached.

{J Put me on your mailing list to receive the Sams Photo-
fact Index and Supplements. My (letterhead) (business

www.americanradiohistorv.com

]

1

1

!

1

]

]

]

1 O1'm a Service Technician: 3 full time; 3 part time

)

1 My Distributor is: =3

]

I Shop Name

]

1 Attn: -

]

t Address:

]

1 City Zone State.
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BUILD THE BEST—

knight-
Kits

X
knight=kits

X
knight=kits

EASY TERMS AVAILABLE

NEW knight-kit HI-FI VALUE
30-WATT DELUXE AMPLIFIER KIT

B Y
N R e
A
. "

o New Printed Circuit Switches!
Model Y-762 o Three Printed Circvit Boards!

$7495 ® 8 Inputs @ Full Equalization!
o Full 30 Watts e Custom Case!
A Hi-Fi triumph at low cost! Linear-deluxe
Williamson-type power amplifier circuit (Aaw-
less response + %4 db, 15-100,000 cps at full
30-watt level!); equalization for all records,
within 4 db of recommended accuracy; 2 ex-
clusive new printed-circuit switches; 3 printed-
circuit boards for quickest, easiest, error-free
construction; separate continuously variable
Level and Loudness controls; 8 inputs for
every signal source; DC on all filaments of
preamp tubes; exclusive 3-way speaker selector
switch (use speakers of mixed impedance with-
out mismatch!); Power Amplifier Distortion—
Harmonic, 0.55%, at 30 watts— 1M, 0.749% at
20 watts; rumble filter switch; variable damp-
ing. With beautiful “'space-saver’ case—ready
for easy. money-saving assembly.
$749

Shpg. wt., 32 lbs.
Model Y-762. Net F.O.B. Chicago....

See our Supplement No. 165 for additional
knightakit Hi-Fi valves

SUPPLEMENT
featuring knight-kits
Send for our FREE Supple-
ment No. 165 featuring 45
great Knight-Kits, including
Test Instruments, Hi-Fi,
Hobbyist and Amateur kits,
Write for your copy today.

ALLIED RADIO

CORRESPONDENCE (Continued)

a test of Ye-inch total ewcirsion without
cross-modulation. On the other hand I
believe I am right in saying that the
speaker units used by Mr. Klipsch in
his assemblies have the limited excur-
sion to which he refers and must con-
sequently have the distortion which he

' deplores.

It is obvious to any observer that
most speakers do have tight suspension,

simply to produce the maximum middle- |

range output for the minimum expendi-
ture on magnet steel. But to cite this
as a reason why smaller cone speakers
cannot move
simply ridiculous. Among the famous
names in speaker design who knew
how to design good speakers can be
mentioned Rice, Kellogg, H. J. Round
and Voigt, and they all used free sus-
pension.

Equally absurd is the statement that
“the undistorted output of a small cone
at low frequencies would be too small
to hear.” This, of course, derives from
his supposition that a cone cannot
move more than .06 inch without dis-
tortion occurring. The lack of truth in
this statement must be obvious to
hundreds of thousands of discrimin-
ating listener—users of various types
of speakers (including my own) who
seem to be able to derive a great deal
of enjoyment by listening to what I
maintain is much less that an acoustic
watt, but the real point at issue is the
argument developed from the assump-
tion that a 10-inch piston is capable
of producing only .0072 watt at 60
cycles, to take one set of Massa figures.
If we accept the Massa data (published
in 1942), which I for one do not, having
compiled quite different figures in my
own vresearch department over the
period 1927-34, the Hartley 215, with a
permissible amplitude of 0.375 inch,
will produce .0072 X 6.25 — .04b acous-
tic watt at 60 cycles. Can this be heard?

I have recently completed a strictly
controlled series of tests on an investi-
gation into cone behavior. The efficiency
of the 215 is certainly not more than
5%, and the mean ac input to the
speaker during the tests was 1 watt,
thus giving an acoustic power output
of .05 watt. The “audience” was chosen
from expert musicians or music lovers,
and they had no difficulty whatever in
hearing what was going on, whether
the output was sine wave or music.

The tests went below audible frequency, |

but several observers stated that re-
sponse in the 30-40-cycle range was

perfectly satisfactory. A pilot speaker |

with a 55-cycle bass resonance was used
as a demonstration of frequency trip-
ling when trying to reproduce fre-
quencies below the bass resonance.

I believe that an acoustic watt in an
ordinary livingroom would be unbear-
ably loud. His citation of Keller’s pro-
posal to use 54 8-inch cones indicates
that the sound output is going to be
very considerable indeed, but Mr.
Klipsch’s implied argument can be
destroyed if he will just convert the

(Continued on page 20)
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more than .06 inch is |

| There was an old woman

Who lived in a shoe

Had so many children :
She knew not what to do ‘¢~

2\

The children were naughtyl// g
And so filled her with dread
That the little old woman
Wished she were dead

A simple solution

Which brought happiness
Was the prompt installation
| of Norelco...F.R.S.

These wonderful speakers }xf’J;g;
(Twin-coned and true) ';f '
‘ Produced marvelous music

Throughout the shoe

The effect . . . tranquilizing g
The children . . . asleep &;Z
Now the little old woman ifems--
Good order can keep “t=

For the full throated music
Resounds through the shoe
The children are spellbound
As you will be too

So go to your dealer
Do it today
And find out how “Hi-Fi"%§
Your victrola can play

*
/%re/co g:%d Speakers are avail-

able in 5”7, 8” or 12” sizes in standard
impedances. Priced from $6.75 to
$59.98. Blueprints are available for
the do-it-yourself enclosure builder.
Norelco Enclosures are available in
three swzes, priced from $33.75 to
$119.95.

ADD TO...andimprove any sound system
with /%re/co@ *FULL RESPONSE SPEAKERS
Write today to Dept. D7 for brochure

and prices of these unique speakers.
NORTH AMERICAN PHILIPS CO., INC.

High Fidelity Products Division
230 Duffy Ave. Hicksville, L. 1., N. ¥,

|
l
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Rohn FEpY

only complete line of

OMMUNICATION TOWERS

proven in Profits and Customer Satisfaction

@ HOT DIPPED
GALVANIZED

The finest, most durable finish is avail
able for ROHN Towers and accessories

. all done entirely on the ROHN
premises under careful ROHN super-
vision.

¢ UNEQUALLED DESIGN
AND ENGINEERING

ROHN is the only design that has stood
up over the years. ROHN has been first
and foremost . . . and always the leader
in new products to meet the changing
demands.

® MASS PRODUCTION
FOR LOW COSTS

ROHN was the first to utilize mass
production techniques to build a supe-
rior tower at the most competitive
prices. This means no sacrifice in qual-
ity yet far greater profits for you.

® UNIVERSAL CUSTOMER
ACCEPTANCE

Thousands and thousands of installa-
tions prove the ROHN line first in
customer satisfaction,

@ PIONEER
MANUFACTURERS

Pioneers in tower manufacturing—and
today one of the world’s largest manu-
facturers of this type equipment. The
ROHN Company was built on satisfac-
tion on the part of distributor, dealer
and customer alike.

o COMPLETE LINE

Only ROHN offers a full line—one de-
pendable one-stop source for all TV in-
stallation equipment. Save headaches,
save shipping costs, save time . .. use
ROHN unequalled service exclusively.

ALSO

0. ﬁtower

“All-Purpose” tower-

Fulfills 7595 of your general
tower needs—is structurally as
sturdy —yet costs less than the
well-known Rohn No. 10 Tow-
er. 1deal for home and indus.
trial installations, communica-
tion requirements . . . eliminates
stocking many different tower
models. Self-supporting to 50 ft.
or guyed to 120 1. Easy to climb

Package Tower

“'Space Saver'' — cuts storage space
300% or more!

® 0 ¢ ¢ HIGHLIGHTS OF THE ROHN LINE ©¢ ¢ o o

COMMUNICATIONS
TOWER

No. 40

For extreme
heights and com-
munication pur-
poses of all kinds,
the Rohn No. 40
gives you strength
and durability on
which you can
depend. The time
tested and proven
equllateral triangle de-

for fast, efficient servicing. Util-
izes " Magic Triangle'’” which in-
sures far greater strength and
stability. Permanent hot-dipped
galvanized coating. Dependabil-
ity — a feature customers de-
mand — is assured with the
Rohn No. 6 Tower. . de.
signed to "'stand up’ “for years

Popular PT-48 has almost 50’ of
sturdy tower within 2 compact 8’ x

20" package! "'Magic Triangle" de-
sign is adapted to a pyramid shape
using a wide 19" base with progres-
sively decreasing size upward. De-
creases your overhead ... easy to
transport and_assemble — cuts s ip+
ping costs. Galvanized throughout.

sign using extra heavy
duty tubing and corru-
gated steel cross-bracing
is utilized. The No. 40
1s structurally sound so
you can install it for
heights up to 300’; or
at lesser heights when
considerably greater

s\
|

NS

to the rigors of weather and
climatic conditions.

Rotor posts, house brackets, eave
brackets, peak and flat roof mounts,
instant drive-in bases, hinged base
sections, telescoping mast bases, guy-
ing brackets, UHF antenna mounts,
erection fixtures, variety of mounts
and supports for masts or tubing,

Telescopmg Masts
Heavy-duty hot-dipped galvan.

ized steel tubing and rigid joints
give extraordinary strength.

Quick installation . .. mast at.
tached to base —antenna fixed,
then mast hoisted quickly to
desired height. Utilizes special
clamp and guy ring arrange-
ment. Flanged interior section;
crimped exterior section gives
mast stability that can't be beat.
Complete with guy rings and
necessary erection parts. In 20,
30, 40 and 50 ft. sizes. Bases
and ground mounts available.

a full line of ROHN ACCESSORIES

tower installation accessories, TV
service tables, mast and TV hot-
dipped galvanized tubing, guy rings,
“twister-anchors’””, rubber tower
grommets, insulator sections, hinged
rotor platform, accessory shelf and
platform and dozens of other items.

Available in heights of 24, 32, 40,
48, 56 and 64 feet!

strength is required be-
cause of excessive wind
or antenna loading. Use
for radio telephone,
broadcasting, micro-
wave relay and all other
such communication
purposes. If a particular
job calls for this type
tower, save real money
by using ROHN tow-
ers.
Note: For lesser
heights, use the Rohn
! No. 20 or No. 30
- . Tower,

ROWNFOLD-
OVER TOWERS

These unique fold-over tow- il
ers are perfect for experi-
mentation, TV service de-
partments, amateur use, and
special purposes. Uses regu-
lar ROHN tower sections
with kit. Now available in
standard No. 10 tower to
50‘, and in ROHN No. 30
& No. 40 towers for heavy-
duty use.

MAIL THIS COUPON FOR FREE LITERATURE!

r———————

Rohn Manufacturing Company
116 Limestone, Bellevue
Peoriq, lllinois

Gentlemen: Please rush me complete details on the full

line of Rohn Towers and Accessories.

Get the complete catalog TODAY! Firm
ROHN Manufacturing Company T Tite
116 LIMESTONE, BELLEVUE Address -
PEORIA, ILLINOIS City State
JULY, 1957 17
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20,000 megawatts

What's this “’big feller’” doing in a service ad?
The story behind it is important to you.

ek

i’ The “big feller” is known as a “low-inductance energy-storage
capacitor.” It’s made by Tobe, and used in nuclear research.

And get this . . . it has a rating of 100,000 volts. What’s more, it is
capable of delivering a peak power of 20,000 megawatts.

This is just one example of the many types of capacitors Tobe

has been building for 35 years. This fact is important to you because
g the new quality line of Tobe service capacitors is built to the same
A high standards. The line includes all the popular types required

E to meet 90% of all replacement needs.
4

You’ll be pleased when you switch to Tobe. So will your
customers. See your Tobe jobber today for full details, or write
Tobe Deutschmann Corp., Service Div.,

2900 Columbia Ave., Indianapolis, Ind.

Capacitors « Pioneers Since 1922

18 RADIO-ELECTRONICS
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FILL OUT AND MAIL TODAY—FOR FREE BOOKLET!

|
| CAPITOL RADIO ENGINEERING INSTITUTE | To help us answer your request l
. |
I ECPD Accredited Technical Institute Curricula. Founded 1927 intelligently, please give the |
fo 2 N L
| Dept. 147-D 3224 16th St N.W., Washington 10, D. C. LX) T, I
| EMPLOYED
I
| Please send me your course outline and FREE lllustrated Booklet Rl |
| “Your Future in the New World of Electronics” . . . describing I
| opportunities and CREI home study courses in Electronic Engineer- TYPE OF I
| ing Technology. Q | PRESENT WORK I
| CHECK [ Electronic Engineering Technology i
FIELD OF Broadcast {AM, FM, TV) Engineering Technolo
g g gy I
| GREATEST [] Television Engineering Technology SCHOOL
| INTEREST ] Aeronautical Electronic Engineering Technology NN LIORL {
I
I ELECTRONICS l
| NOME e s e AGRL EXPERIENCE I
I Street ] e O S |
l City Zone .....State i
I Check: [] Home Study [ Residence School [Tl Korean Veteran T
T :

... and 2 minutes of
your time will get you
started toward success in

Radio-TV-Electronics

The same combination of coupon, scissors and a
few minutes have started thousands of ambitious
young men on the CREl way toward Electronics career
success. Let them do the same for you. We
send you a newly-printed, fact-packed book, ‘‘Your
Future In The New World of Electronics,”” which
gives you the whole story, tells you how to prepare

,  for high pay, security,
satisfaction, and the good things
of life. Don't put it off.

Do it right now.

JULY, 1957
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BUILD THE BEST—
suio ALLIED’S own

knight-

kits

Here is a typical Knight-Kit value—
-available only from ALLIED—one of
45 gr2at Knight-Kits you'll find
in our special Supplement No. 165.
Write for your FREE copy today.

knight-kit HOBBYIST VALUE
2-"RANSISTOR POCKET RADIO

It’s fun to build this efficient pocket-size
broadcast band radio. Entirely self-con-
tained, complete with built-in antenna (no
external antenna required), battery and
earphone. Features reflex-type 2-transistor
circuit. Printed circuit panel simplifies as-
sembly. Has high-gain ferrite-core antenna;
super-sensitive miniature dynamic earphone
for excellent tone quality; variable capacitor
for accurate tuning; months of dependable
operation from single long-life alkaline cell
battery supplied. Two simple controls—
On-Off-Valume and Tuning. Handsomely
styled leatherette carrying case. Fits coat
pocket or may be worn from belt; only
4 x 38 x 13{”. Complete, with step-by-step
instructions. Shpg. wt., 134 lbs. §1465
Model Y-262. Net, F.0.B, Chicago.. 514

OTHER knight-kit HOBBYIST VALUES
e )

N ‘@é»
\ 5>

“10-iN-1" LAB KIT “6-IN-1" LAB KIT
v-265 $]263 Y-770 $793

““OCEAN HOPPER"
RALIO KIT SW RECEIVER KIT

v-730 $]9% v-140 S]|3

See our Supplement No. 165 for 12
other knight-kit hobbyist valuves

3-WAY PORTABLE

SUPPLEMENT

featuring knight-kits

Send for our FREE
Supplement No. 165
teaturing 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist

. and Amateur Kits. Write
for your copy today.

ORDER FROM
ALLIED RADIO

Dpt.02-G-7,100 N. Western Ave,, Chicago 80, Il

20

CORRESPONDENCE (Continued from p. 16) |

Massa figures into curves plotted on
one sheet of paper, a curve for each
cone diameter from 5-18 inches. He will
find that, whereas the required ampli-
tude for low frequencies drops rapidly
in the 5-10-inch range, it then changes
very little up to 15 inches and there
is hardly anyvthing to be gained at all
by increasing the cone size to 18 inches.

To conclude, little speakers are not
the only ones to have had big claims
made about them but, leaving the
Madison Avenue technique on one side,
it is as true in speaker design as in
other technical fields that knowledge
of theory and practical experience in
the laboratory and outside it are essen-
tial for proper design. I understand that
Mr. Klipsch is best known for his work
on enclosures, but the best enclosure in
the world is not enough. The speaker
that drives it must be good too, and
free from all defects so far as our
knowledge permits. H. A. HARTLEY
London W, 6, Kngland

LUMISTRON PROBLEMS
Dear Editor: |
This letter is in reference to an |

article by Mahommed Ulysses Fips,
IRE, on the Lumistron which was fea-
tured in the April Issue of RaDpIO-
ELECTRONICS. ‘

This article was misleading in stat- |
ing that the average home cxperi-
menter could construet a Lumistron.
Had I not had the facilities of the Gen-
eral Electrie X-Ray Laboratories, con-
struction of this unit would have been
impossible.

The information in the article was
clear enough in describing the receiver,
but we had much difficulty with the
transmitter. In fact, we revised the
basic wiring before getting an opcrable
unit.

We also found that very good color
TV reception is possible if the lens is
exposed to noon-day sun for 30 min-
utes. We believe this is due to the ex-
cessive radiation given off by the sun
at that time; it seems to have a pe-
culiar etfect on the special metals in
the glass.

Thanking you for publishing the
basic requirements for a Lumistron,
PETER OLSEN

General Electric Co.
Milwaukee, Wis.

I'D LIKE TO SEE
Dear Editor:

In Rabpio-ELEcTRONICS of May, 1957.
you ask for devices or circuits readers
might care to see. Hence this request:

A circuit or device that might help
me clean the air in my little bungalow.
Something all-electronic.

I’ve noticed many little advertising

novelties run by a pendulum and a
small electromagnet. This brings to

mind an electric elock run in the same
manner. E. H. HANSEN
Metuchen, N. .J.
(Commercial clocks using the above
principle have been made.—FEditor)
END

www.americanradiohistorv.com

THE RIGHT

move

IS TO

ASTRON

Everyday more servicemen are buying
Astron Exact Replacement Capacitors. They
know they can count on Astron’s no-call-
back construction every time . . . they're
“staminized.”

Protect your reputation as a dependable
serviceman by using guality capacitors . . .
buy Astron.

BLUE POINT® Paper
Tubulars. Finest plastic-
cased capacitor made;
exclusive seals lock-ott
moisture, lock-in leads;
tough heat-proo{ shell;
clearly marked.

TWIST-PRONG ‘‘SAFETY
MARGIN''*Etectrolytics
Wide range of single/
multiple-section types;
reliable operation up to
85° C; clearly marked
terminal code.

TYPE AP — Ceramic-
Casea Tubulars.Rugged,
oil-impregnated, paper
section construction;
non-melting end seals
hold leads firm; eco-
nomical for all replace:

TYPE ES “SAFETY MAR-
GIN” Tubular Electroly-
tics. Plastic-wrapped,
moisture-proof sections;
conservatively rated;
high quality foil speci-
ally etched; pre-tinned
leads.

MINIMITE* “‘SAFETY
MARGIN"'* Miniature
Electrolytics. Very sta-
ble capacitance charac-
teristics; low resistance
contacts; crystal clear
markings; specially
sealed against moisture.

TYPE E “SAFETY MAR-

GIN" Screw-Base Elec-
trolytics. Mount quickly,
easily with supplied
palnut; pre-stripped,
pre-tinned leads; stable
operation; special ter-
minal design stops
moisture damage.

FREE SERVICING AID

Astron offers a
wide variety of ma-
terials to help you
service better . . .
send for your copy
of handy, pocket-
sized Replacement
Catalogue AC-4D ...
it will save you

*Trade-mark

€C O R P O R A Y
259 GRANT AVENUE. E. NEWARK. N. J.

RADIO-ELECTRONICS
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Mr. Independent Service Dealer. ..
IF YOU'RE FEELING THE SQUEEZE of

Rising Costs ¢ Natronal Service Company Competition o Lack of Manpower

i

Better look into the

BONDED ELECTRONIC TECHNICIAN PROGRAM

Today, more than ever before, qual-
ifying as a Raytheon Bonded Elec-
tronic Technician will help you in
many ways:

First, your service work is backed
by a Bond issued through one of
America’s largest insurance com-
panies. This bond means you can
charge and get a proper price for
your work because the bond creates
customer confidence in your shop.

ALYRE L7}
1 c"

all these

JULY, 1957

Newton, Mass.

Raytheon mokes

Sccond, you get the services of
Western Union “'Operator 25,”
who, in answer to requests, is send-
ing customers to Raytheon Bonded
Dealers from coast to coast.

Third, you get the backing of na-
tional advertising which sells your
bonded service as the customers’
best buy:

Fourth, you become a member of a
national group of service dealers
who can feature the national sym-

Receiving ond Cothode Ray Tube Operations

bol of superior TV-radio serv-

ice . . . the Raytheon Bonded
Decal. Yet you retain your own
independence.

Fifth, you'll find technicians pre-
fer to work for Raytheon Bonded
Dealer organizations because these
companies have earned the respect
of their customers.

Your Raytheon Sponsoring
Bonded Tube Distributor will be
glad to explain the program to you.

TV-Radio service is your business ... serving you is ours

RAYTHEON MANUFACTURING COMPANY

¢ Chicago, Ill. * Atlanta, Ga. + Los Angeles, Calif.

Semiconductor Diodes and Transistors, Nucleonic Tubes, Microwave Tubes.

wWWW . americanradiohistorv.com

Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes, ®

Excellesce in Eloctronics
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Giant over-the-horizon antenna designed hy Bell Telephone Lab-

boots

e W ..

oratories for “White Alice,” Air Force Alaskan defense communi-

cations network.

T‘HE huge antenna systems which
project ultra-high frequency radio
communications beyond the horizon
hegan when a Bell Telephone Labhora-
tories engineer became intrigued with
a strange phenomenon. Although these
radio waves were supposed to be use-
ful only over line-of-sight distances,
the waves displayed a mysterious tend-
ency to take off in a giant stride to
antennas beyond the horizon.

This phenomenon had been studied
both here and abroad, but no practical
use was seen until the engineer became
interested and thoroughly sifted the ex-
perimental data. He came up with the
stimulating conclusion that over-the-
horizon transmission is far stronger
and much more dependable than was
generally supposed. Further he pre-
dicted that it could be utilized to sup-
ply dependable broadband communi-
cations. He and his associates at Bell
Laboratories confirmed the prediction
experimentally, then drew up require-
ments for the first over-the-horizon
UHF transmission system.

22

This pieneer work at Bell Telephone
Laboratories has greally increased the
usefulness of UHF communications.
For example, over-the-horizon trans-
mission now provides critically impor-
tant communications between remote
military outposts in the Arctic and in
the far nerth.

For the Bell System it can provide
important new links for telephone con-
versatiors and television,

Kenneth  Bullington,
B.S.EEE, University
of New Mexico; M.S,,
Massachusetts  Insti-
tute of Technology:
recipient of the 1956
Morris Liebmann Me-
morial Prize and the
1956 Stuart Ballantine

; 5 5 Medal for his contri-
butions in the field of over-the-horizon ultra-
high frequency radio transmission.

BELL TELEPHONE LABORATORIES

How UHF radio

got seven-league

Experimental antenna used in early over-
the-horizon UHF radio transmission re-
search. Research extended transmission
from 30 miles line-of-sight to 200 miles.

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

www.americanradiohistorv.com
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offers you the
finest training
- at home In

. ‘.1.#""'.

Radio-TV \ *
electronics, ' <=
TV servicing, ks

Color TV  \ &=

b g = 3 - r3

Pay-as-you-learn. You need pay for only one
study group at a time. Practical work with

- | very first lesson. All text material and equip-
ment is yours to keep. Courses for the beginner
and advanced student.

RCA Institutes, Inc., Home Study Dept. RE.77 |
350 West Fourth Street, New York 14, N. Y, I
Without obligotion, send me FREE 52 page CATALOG on Home |
Study Courses in Rodio, Television and Color TV. No Salesman will call. |

I

RCA INSTITUTES, INC.

A SERVICE OF RADIO CORPORATION of AMERICA
350 WEST FOURTH STREET, NEW YORK 14, N.Y.

— i —— —— —
>
a
a
=
®
-
-

. KOREAN VETS! Enter discharge date
L L A C A L P L 2 UL To save time, paste coupon on postcard '
5001 Cote de Liesse Rd., Montreal 9, Que. G e e = o — o —— . ——— — — — — — &) l
JULY, 1957 23
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FOR
RELIABILITY...
WHICH
CAPACITOR
DO YOU
PREFER?

BURTON BROWNE/New York

PYRAMID...

SAID

4.6

OUT OF
EVERY 6
SERVICEMEN

CAPACITORS —RECTIFIERS
FOR ORIGINAL EQUIPMENT—FOR REPLACEMENT

{> FYRAMID wccnc convmer

1445 HUDSON BLVD., NORTH BERGEN, NEW JERSEY

RADIO-ELECTRONICS
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give them

It's easy for vcu tc give your cus-
s ’tomers EXACTLY what trey
L wartg..and at the same time -
= EXACTL/whm,sBEsTwor%;yQ
.becausz CDR ROTORS are
the single answe-! fﬁe‘é&:{&pieteg@;
lire wits a model for avery

e

S - . . -
= need.. .proven performance

J : ' and cependability through
N : . yeers of experience. ~his
I : compoinazicn has made CDR
—~ A 7 ROTOKRS the favorites
g N ! : - eve-ywhere.,.that is why
! [ vour customrers
should ~ave CDR
ROTORS!

ROl

Especlally“lmportani for
color TV reeeptlon. =
: Crmea( funing. requgne- 1

@mws.cau iagg cor Rotors.

JULY, 1957 25
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ELECTRON TUBES

SEMICONDUCTORS

TECHNICIAN'S
HANDBOOK

| ELECTRON TUBES

... by and for the
technician, $1.50 net

SEMICONDUCTORS

ENGINEER'S
HANDBOOK

... by and for the
engineer, $7.80 net

Two new CBS handbooks

The new CBS Technician’s Handbook

S

CHECK THESE FEATURES

o

i

Jy

and Engineer’s Handbook are complete. . Techniciar's Handbook Engineer's Handbook
They contain data for receiving, special i o =
dy. ! mb ! ]Il Y lllg,]§ ] :% e Comprehensive data for all popu- e Complete RETMA engineering :é
and picture tubes as well as crysta 10@es 5;% lar types design data |
and transistors. Designed for on-the-job o - Reference data for seldom-used * Seldom-used types tabulated for
use, they are sing]e, compact, handy ;;‘:;i types, grouped by application quick reference ‘ el

volumes that lie flat. They feature
modern styling for quick, easy refer-
ence. Supplementary services are avail-
able. Ask to see these Handbooks at your
CBS Tube distributor’s. You will want
them both.

)
4,
.

All popular spzcial-purpase tubes
and semiconductors

450 pages
Handy 5% by 9 inches
e Rugged plastic binder

SR

= Appendix espzcially prepared for
service technicians

* 300 two-color design curves
* 650 pages, two colors

* Handy 8% by 9% inches

e 16-ring metal binder

* Appendix includes description of
terms, symbols, characteristics
ratings, etc.

oS

7|
3

hi

32 % £ i W
e R s SR

Reliable products
through Advanced-Engineering

tubes - semiconductors

CBS-HYTRON, Danvers, Massachusetts

A Division of Columbia Broadcasting System, Inc.

26 RADIO-ELECTRONICS
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KEW!12-WATT Williamson-type HIGH
FDElITY INTEGRATED AMPLIFIER HF12

- with Preamplifier,
\ Equalizer &

@9 Control.Section
-»w*“"""'“?m*u” WIRED *57°

Compact, beautifully packaged & styled. Provides
ccmplete “front-end” facilities and true high
hieh.y performance. Direct tape head & mag-
netic phono inputs with NARTB (tape) & RIAA
{phono) feedback equalizations. 6-tube circuit,
daal triode for variable turnover bass & treble.
fe=dback-type tone controls. OQutput Power: 12
w cont., 25 w pk. IM Dist. (60 & 6000 eps @ 4:1):
153% @ 12 w; 0.55% @ 6 w; 0.3% @ 4 w.
Freq. Resp.: | w: =05 db 12 cps — 50 k¢; 12 w:
*20.5 db 25 ¢ps — 20 kc. Harmonie Dist: 20 eps:
2% @ 42 w; 1% @ 25\«'; 30 eps: 2% @ 11 w;
V“" @63w 40 cps: 1% @ 12 w; Vo% @ 9.3 w;
2000 cps: 2% @ 12 w; 10 ke: 1% @ 10 w; 4%
@ 6 ‘w. Transicnt Resp: excellent square wave
rc:»rpdnc(ion (4 uscc rise-time); negligible ring.
ing, rapid settling on 10 kc square wave. Inverse
Feedback: 20 db. Stability Margin: 12 db. Damp-
img- Factor: above 8, 20 cps — 15 kc. Speaker
Cennections: 4, 8 16 ohms. Tone Control Range:
@ !9 ke, =13 dh: @ 50 cps, =16 db. Tubes:
2-ECC83/12AX7, 1-ECC82/12AU7,2.EL84,
1EZ81. Size: HWD: 3%” x 12”7 x 84" 13 lbs,
COMING SOON

NEW! 50-WATT
Ultra-Linear
HIGH
FIDELITY
POWER
AMPLIFIER

HF50 KIT *57° WIRED *87°

Like the HFG60 shown below, the HF50 features
virtually absolute stability, flawless transient
response under either resistive or reactive (speaker)
load, & no bounce or flutter under pulsed condi-
tions. Extremely high quality output transformer
with extensively interleaved windings, 4, 8, & 16
ohm speaker connections, grain-oriented steel, &
fully potted in scamless steel case. Otherwise iden-
tical to HF60, Output Power: 50 w cont., 100 w pk.
IM Distortion (60 & 6000 cps @ 4:1): below 1%
at 50 w; 0.5% @ 45 w. Harmonie Dist.: below
0.5% between 20 cps & 20 ke within 1 db of rated
rower. Freq. Resp. at 1 w: ==0.5 db 6 cps —60
ke: 0.1 db 15 eps — 30 ke at any level from 1
mw to rated power; no peaking or ragredness
outside audio range. Att other spees identical to

HF60 helow, Matching cover Modol E-2, $4.50.

The specs are the proof...

NEW BEST BUYS by

e o @
| S
HIGH FIDELITY PREAMPLIFIER

=nre1a kit 24%  wireo *37%°

vath Power Supply: #Hr61 KiT *29°%, wiren $44%

V7ill not add distortion or dctract from the wide-
band or translent response of the finest power

. amplificrs at any control scttings. High quality
¢ feedback circuitry throughout plus the most com-

R

)

p ete control & switching facilities. Heavy-gauge
sclid brushed brass panel, concentric controls,
o3e-riece- brown enamcl steel cabinet for lasting

awractive appearance. Feedback-type, sharp cut-

o £(12 db/octave) seratch & rumble filters. Low.
d stertion fcedbaek equalization: 5 most common
recording curves for LPs & 78s including RIAA.
Low-distertion feedback tome contrels: provide

lzrge boost or cut in bass or treble with inid-freqs:

8% valume unaffected. Centralab printed-circuit
Senior **‘Compentrol’” loudness eontrol with con-
cantric level contrel. 4 hi-level switched inputs
(" unier, tv, tape, aux.) & 3 low-level inputs (sepa-
Yzte iront pamnecl low-level input sclector permits
cencurrent use of changer & turntable). Proper

_p-ck-up loading & atenuation provided for all

AL R T

qaality cartridges. Hum bal. contrel. DC super-
inposed on filament supply. 4 convenience out-
i@s. Extremely flat wideband freq. resp.: =1 db
8-100,000 cps; 0.3 db 12-50,000 cps. Extremely
rensitive. Negligible hum, noise, harmonic or 1M
d stortion. Size: 4.7/8” x 12-5/16” x 4-7/8”. 8 lbs.

NEW

Genuine
heavy duty 8”
compression-driver exponential horn tweeter
control,
colorztion ov artificial brilliance.
reflex birch hardwood cabinet (uot a kit) constructed 10
high quality standards.
framed by a smooth-sanded solid birch molding.
measured 2 ft.
chamder with 1 watt input — Weofer: =4 db 80-1800 cps;
Tweeler: =2 db 2800-10,000 ¢ps: Crossover Region:
2800 «ps, shiift in level over this region depends on tweeter
level contro! setting.
23x117x9”.

the “BEST BUYS” NOW iN
STOCK at your nearest distributor.

See

Fid out coupon on other side for
FREE CATALOG.

Resp,
Prices 3%

higher on West Coast,

Size:

COMPLETE with FACTORY-BUILT CABINET—
2-WAY HI-FI SPEAKER SYSTEM #HFs1 *39%

84 Withers Street, Brooklyn 11, N. Y.

60-WATT Ultra-Linear
HIGH FIDELITY POWER AMPLIFIER #HF60
with ACRO TO-330 OUTPUT TRANSFORMER

KIT #72% WIRED *99°

Superlative pcx(onn.mcc, obtained lhmugh (mest
components & circuitry. EF86 low-noise voltage
amplifier direct-coupled to 6SN7GTB cathode
coupled phase inverter driving a pair of Ultra-
Linear connected push-pull EL34 output tubes
op:.rned with fixed bias. Rated power output:
60 w (130 w peak). IM Distortion (60 & 6000
cps at 4:1): less than 1% at 60 w; less than
0.5% at 50 w. Harmonie l)lslornon less than
0.5% at any freq. between 20 ¢ps & 20 ke within
1 db of 60 w. Sinusoidal Freq. Resp.: at 1 w:
35 kc at any level from | mw to riated power; no
peaking or raggedness outside audio range. Square
Wave Resp.: excellent from 20 cps 10 25 ke, 3 uscc
rise-time. Sensitivity: 0.55 v for 60 w. Damping
Factor: 17. Inverse Feedback: 21 db. Stability
Margin: 16 db, Hum: 90 db below rated output,
ACRO T0-330 Output Transformer (fully potred).
Speaker Taps: 4, §, 16 uhms. GZ34 extra-rugged
rectifier (indirectly-heated cathode eliminates high
starting voltage on clectrolytics & delays B+ until
amplifier tubes warm up). Input level contrel,
Panel mount fusec holder. Both hias and DC ~—
balance adjustments. Std octal socket provndcd for
pre-amplifier power take-off. Size: 7”7 x 14" x 8",
30 Ibs. Matching cover Model E-2 $4.50.

‘_’-wny hook-shelf size speaker syvstem. Jensen
woofer (6.8 o7. magnet) & matching Jensen
with level
Smooth clean bass & crisp extended highs free of
Factary-huilt tuned bass

grille cloth
Freq.
awav on principal axis in anechoic

Ncutral acoustical

1800

Power-handling capacity: 25 watts.

25 Ibs. Wiring Time: 13 nnn.
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Muatehing cover

NEW!

50-WATT
Ultra-Linear

i e HIGH-
G @ Q@G0 FIDELITY
INTEGRATED POWER AMPLIFIER HF52

with Preamplifier, Equalizer & Control

KIT *69” WIRED *109° Section

Combines a power amplificr section essentially
identical to the HF50 power amplifier with a
preamp-cqualizer control section similar to HF20
below. Provision for usc with clectronic crossover
network & additional amplifier(s). Sece HF50 for
response & distortion specs: HI'60 for square wave
response, rise-time, inverse feedback, stability
margin, damping factor, speaker connections:
HF20 for preamplifier, equalizer & control section
description. Hum & noise 60 db below rated out.
put on magnetic phono iuput (8 mv input for
rated output), & 75 db below rated output on
high level inputs (0.6 v input for rated output).
Maodel E.1, £4.50.

COMPLETE with Preamplifier, Equalizer
& Control Section
20-WATT Ultra-Linear Williamson-Type
HIGH FIDELITY AMPLIFIER #HF-20

KIT *49° WIRED *79°

A low-cost, complete-facility amplifier of the
highest quality that sets a new standard of per-
formance at the price, kit or wired. Rated Power
Qutput: 20 w (31 w peak). IM Distortion (60 &
6000 cps/4:1) at rated power: 1.3%. Max. Har.
moniec Distortion between 20 & 20,000 eps at 1
db under rated power: approx. 1%. Mid-band
Harmonie Distortion at rated power: 0.3, Poucr
Response (20 w): =05 db 20-20,000 ¢cps: =1.5 db
10-10,000 cps. Freq. Resp. (V4 w): =05 (U) 13-
35,000 c¢cps: =1.5 db 7-50,000 cps. 3 feedback
cqualizations {or LPs & 785. Low-.distortion feed-
back tone controls: large boosts or cuts in bass or
treble with mid-fregs. & volume unaffected. Loud-
ness control & separate level set control on front
pancel. Low Z output to tape recorder. 4 hi-level
switched inputs: tuner, tv, tape, aux: 2 fow-level
inputs for proper loading with all cartridges. Hum
bal. control. DC supcrimposed on filament supply.
Extremely fine output transformer: interleaved

windings, tight coupling. careful balancing, grain-
oriented steel. 844
Matching cover

27 x 157 x 107, 24 lbs.
Madel -1, $4.50

Turn page for other EICO ad.
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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
SRR T ] WIRED
< oo B a’-ﬁ-":“ 36995 511995

W
!g = S M
1. @ « @

o o b Y 10T

Entirely electronic sweep circuit (no mechanical
devices) with accurately-biased increductor for
exce:lent linearity. Extremely flat RF output: new
AGC circuit automatically adjusts osc. for max.
output on cach band with min. ampl, variations.
Exceptional tuning accuracy: cdge-lit hairlines
climinate parallax. Swept Ose. Range 3-216 mc in
S fand. bands. Variable Marker Range 2.75 1nc in
3 fund. bands; 60-225 me on harmonic band. 4.5
me Xtal Marker Ose.. 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, R¥ Coarse (4-step decade). Cables: out-
put,* ’scope. horiz., 'scope vertical, Deep-ctched
satin aluntinum panel; rugged grey wrinkle steel
cabinet. -

NEW! RF e ——
SIGNAL GENERATOR -z
#324 ¢ ;
KIT WIRED

$26” s3gs 2 ¥ @

150 ke to 435 mic with ONE gencrater! Better
value than generators selling at 2 or 3 times its
cost! Tdeal for IF-RF alignment, signal tracing &
trouble-shooting of TV, FM, AM sets; marker
gen.: 400 cps audio testing: fab. work. 6 fund.
ranges: 130-400 ke, 400-1200 ke, 1.2-3.5 me,
3.5-11 me, 11-37 me, 37-145 me:; 1 harmoenic
band 111-435 me. Freq. accurate to +1.5%: 6:1
vernier tuning & excellent spread at most impor-
tant alignment fregs. Etehed tuning dial, plexi-
glass windows, edge-lit hairlines. Colpitts RI" osc.
dircetly plate-modulated by K-follower for
improved mod. Variable depil of int. mod. 0-30%
by 100 ¢ps Colpitts os¢. Variable gain ext. ampli-
fier: only 3.0 v needed for 30% mod. Turret-
mounted coils stug-tuned for max. accuracy. Fine
& Coarse (3-step) RTE attenuators. RF output
100,000 uvi AT sine wave output to 10 v. 50-ohm
output Z. h-way jack-top binding posts for AT in/
out il connector & shielded cable for RT out.
12A17, 12AV7, selenium rectifier; xmfr-operated.
Deep-ctched satin aluminum panel; rigged grey
wrinkle steel cabinet.

TURN PAGE
FOR MORE
EICO VALUES

Prices 5% higher on West Coast.
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NEW! DYNAMIC
CONDUCTANCE

o IO " Tegren dhsse
| haamsat == N (| { WIRED

S 9t 8097
COMPLETE with steel cover and handle.

SPEED, case, unexcelled accuracy & thovoughness.
Tests all receiving tubes (and picture tubes with
adapter). Composite indication of Gm, Gp & peak
cmission. Simultancous sel of any 1 of 4 combina-
tions of 3 plate voltages, S screen voltages, 3 ranges
of continuously varmble grid voltage (with 5%
accuriate pot). New sevies-string veoltages: for 600,
450, 300 ma types. Sensitive 200 ua meter. 5
ranges meter sensitivity (1% shunts & 5% pot).
10 SIX-position lever switches: freepoint connec-
tion of cach tube pin. 10 pushbuttons: rapid insert
of any tube eloment in leakage test circuit & speedy
sel. of individual sections of muiti-section tubes in
merit tests. Direet-reading of inter-clement leakage
in ohms, New gear«driven vellchart, Checks n-p-n &
p-n-p transistors: sepiarate meter readings of col-
lector leakage curvent & Beta using internal dc
power supply. Deep-ctehed satin aluminum panel;
rugged grev wrinklesteelcabinet. CRA Adapter $4.50

NEW!

. COLOR

and Monochrome
DCto 5SMCLAB& TV
5" 0SCILLOSCOPE
#460
V/IRED
57995 $r2950

o Features DC Amplifiers!

Flat from DC-1.5 mc, usable to 10 mc. VERT.
AMPL.: sens. 25 rms mv/in; input 7 3 megs;
direct-coupled X push-pull thruout; NK-follower
coupling bet. stages: {-step freq-compensated
attenuator up to [000:1, SWEEP: perfectly linear
10 cps-100 ke (ext. cap. for range to | ¢ps); pre-
set TV V&H pesitions; auto. sync. ampl. & lim.
PLUS: direct or cap. coupling; bal. or unbal.
inputs; edge-lit engraved lucite graph screen;
dimmer: filter: bezel fits std photo cquipt. High
intensity trace CRT. 0.06 uscc rise tune. Push-pull
hor. ampl., flat to 100 kc, sens. 0.6 rms mv/in.
Built-in volt. calib. Z-axis mod. Sawtooth & 60 cps
outputs. Astig. control. Retrace blanking. Phasing
control.

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

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

Uni-Probe — excdlusive with
EICO — only 1 probe performs
all functions!

Latest circuitry, high sensitivity & precision, wide
ranges & versatility. Calibration without removing
from cabinet. New balanced bridge circuit. High
Z inpur for negligible loading. 412" meter, can't
burn-out circuit. 7 non-skip ranges on every
funection. 4 functions: +DC Volts, —DC Volts, AC
Volts, Ohms. Uniform 3 to | scale ratio for extreme
wide-range accuracy. Zero eenter. Onc 7ero-adj. for
all functions & ranges. 1% precision ceramic multi-
plier resistors. Mcasure direetly peak-to-peak volt-
age of complex & sine waves: 0-4, 141, 12, 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, 6ALS, selenium rectifier; xfmor-
operated. Deep-etched satin aluminum panel,
rugged grey wrinkle steel cabinet.

® Send for

(. FREE CATALOG S

Address

now
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5” PUSH-PULL
0SCILLOSCOPE
=425
KIT $44.95
Wired $79.95

7" PUSH-PULL
0SCILLOSCOPE
=470

5 KIT $79.95
7 Wired $129.50

TUBE TESTER
4625

KIT $34.95
Wired $49.95
» tests 600
mil series
string type
tubes
e illuminated
roll-chart

Pix Tube Test Adapter . . ..$4.50

S Sep. volt-
meter &
ammeter
KIT
£ 32995
CE | wired
.0 $38.95

6V & 12V BATTERY ELIMINATOR &
CHARGER =1050

Sep. hi-gain RF
& lo-gain audio
inputs.
Special noise
locator. Calibra-
ted wattmeter.

KIT $24.95
wired $39.95

20,000 Ohms/Volt
MULTIMETER 7£565

KIT 24.95
Wired $29.95

1000 Ohms/Volt
MULTIMETER
7536
KIT $12.90
Wwired $14.90

- Reads 0.5 ohms
e —500 megs, 10
- ¥ mmfd—5000 mfd,

3 power factor.

<
N KIT
$19.95

» % ® Wired

$29.95
R-C BRIDGE & R-C-L COMPARATOR
29508

VTVM 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 $5.75
Direct ... ... $3.95
Low Capacity ... $5.75

EICO, Brooklyn 11, N.Y. c-7

Show me HOW TO SAVE 50% on Test Equip-
ment and Hi-Fi. Send me FREE Catalog and
name of neighborhood distributor.

RADIO-ELECTRONICS


www.americanradiohistory.com

Radio-Electronics

Hugo Gernsback, Editor

MEDICAL ELECTRONICS

... New Developments in Bio-electronics . . .

EW branches of electronics are more rewarding than
the comparatively recently opened field of biological, or
medical, electronics. By “rewarding” we refer, not to
pecuniary remuneration, but rather to the far greater
rewards attendant on relieving intolerable human suffering,
conquering disease and circumventing operative procedures.

The animal body is so constituted that direct access to its
innermost sites is difficult, if not impossible in some of its
parts. The most intricate machine can be opened up without
destroying any of its components. Not so the animal or
human machine. During a surgical operation, we must cut
through living tissue, muscles, nerves or bones. True, these
usually will heal well after a lapse of time, but they will
never again be exactly the same. Scar tissue, adhesions,
weakened muscles and structural defects remain.

Often, too, explorative operations are necessary because
we still have not learned how to view our internal organs
directly. Often such operations are in vain—the disease may
have advanced too far. We have pointed out in the past that
once electronoptics is achieved—the wedding of ultra-short
millimeter waves with light waves—we will then have an in-
strumentality with which the physician or surgeon can view
even the inside of your heart or the marrow in your bones.
The medical man can then focus his vision directly on any
nerve or blood vessel he selects. Yes, in time we will see these
organs in full color, too—not in vague indistinct shadows
as with present-day X-rays.

While a prodigious amount of medical research goes on
all over the world, it is to be regretted that not a sufficient
amount of electronie—biological research is pursued. The
reason is that commercial electronic research pays far more.
Medical research is usually by grant in various institutions
and the monetary reward is often modest. Rarely does a
medical research team have an electronic scientist on the
staff and, when a particularly knotty problem arises, outside
electronic specialists are invited to help solve the difficulty.
Likely as not the electronic consultant is not interested in
any monetary award—there may not be any. Often the con-
sultant accepts the challenge from purely humanitarian con-
siderations.

Thus, recently, when Dr. John T. Farrar of the Rocke-
feller Institute and the Veterans Hospital Administration,
conceived the idea of a “radio pill” (RaDIO-ELECTRONICS,
June, 1957), Dr. Vladimir K. Zworykin of TV fame (who
is also an honorary vice president of RCA) was consulted.
He also happened to be an affiliate in biophysics in the
Medical Electronies Center of the Rockefeller Institute.
It fell to him to work out the electronic design and problems.

While the electrocardiograph has proved an important
tool for the heart doctors, it still leaves much to be desired.
The clectrocardiograph, as is well known, records the heart
impulse electrically. The pulsing heart generates its own
current. This the electrocardiograph measures and records
on a tape. Even the best modern instruments are difficult
to attach to the patient, who must be firmly and positively
connected with electrodes strapped to both legs and arms
and the region over the heart. This is usually done with a
messy conductive salt salve. Even then, the instrument occa-
sionally gives faulty readings. It would seem that, by purely
inducto—capacitive means, the sensitivity of the electro-
cardiograph could be vastly improved. Inasmuch as the heart
is in reality an electrical generator, we can imagine two
large helical inductances—one strapped to the chest, the
other to the patient’s back. By means of a special amplifier
attached to these inductances, the output of the heart and
any irregularities in its action will be recorded by the in-
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strument. Admittedly, a good deal of research must be done
before such an inductocardiograph will be perfected.

Heart microphones are becoming more and more refined.
A recently perfected one is only about as thick as the lead
in a pencil. Such microphones are of great value to the
heart surgeon who must know exactly where the patient’s
heart is defective. The heart normally has a number of
valves and chambers, any of which might be faulty. Prior
to surgery, one must know just where and how extensive
the defect is. This is done by exploring the heart by feeding
a tiny microphone through a vein in the arm and thence
directly into the heart. The patient lies over an X-ray tube
while a technician watches on the fluoroscope screen the
progress of the microphone as it goes into the various heart
openings. Another technician listens to the heart noises,
which give him the information needed. All the while the
patient is conscious and there is little or no pain.

The electrohysterograph is another new device coming into
use by gynecologists. It throws a great deal of light on the
various phases of pregnancy. It was developed by Dr. S. D.
Larks, biophysicist of the University of California Medical
School. The recordings of the electrohysterograph, compared
to those of the electrocardiograph and the electroencephalo-
graph, give characteristic tracings of the electrical activity
of the female uterus. To take a recording, electrodes of the
device are merely taped on the skin over the uterus. Recently
a complete electrical record of a birth of a baby from the
onset of the labor to delivery was obtained. There also seem
to be differences in the electrical patterns of the pregnant
and nonpregnant uterus. The electrohysterograph thus may
be a new tool to verify pregnancy.

The Electronic Baby was a fanciful essay authored by
the writer in the Digest of Digests for Christmas, 1946. A
mythical Dr. Gagnon first built an ectogenetic—electronic
gestation apparatus. Then he extracted an ovum from his
wife’s ovaries. The egg under the microscope was then
fertilized by the professor’s own live spermatozoon.

The fertilized egg was now placed in a rubberized elastic
bulb. Highly elastic, it could stretch from the size of a pear
to a large melon. It was also transparent and the growing
child could be watched day and night, so no accidents could
occur. The bulb had two rubber hose connections to supply
the mother’s own blood plasma and dispose of waste fluids.
Besides the Dblood, other necessary chemicals were fed the

embryo so that the food supply was exactly like that of a,

mother during actual pregnancy.

After nine months, the birth itself was an anti-climax.
The mother assisted the birth—after all, it was her own
flesh and bleod. But there was no labor, no birth pains, no
illness, no hospitalization—just an electronic machine.

The writer naturally was dumbfounded when several
months ago he learned that a New York physician, Dr.
Emanuel M. Greenberg, was actually working on an artificial
womb! While Greenberg’s apparatus will not start with a
fertilized egg, like the one described 11 years ago, it closely
follows the writer’s arrangement. As all obstetricians know,
many mothers cannot carry their pregnancies to full term.
There are premature births, many so early that they cannot
survive even in incubators. Thus in the United States alone,
thousands of children die annually.

It is to save these prematures that Dr. Greenberg is now
working on an artificial womb, which closely parallels
the writer’s gestation apparatus. He will merely transplant
the premature fetus into an elastic rubber container, similar

- to the one described, until the baby comes to term. —H. G.
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AUDIO—HIGH FIDELITY

applying
variable

HE history of variable damping—

like that of other innovations in

the audio field—has been one of

tremendous initial prestige, fol-
lowed by disillusionment which has
driven it into obscurity probably much
further than it deserves.

Until I wrote about it before (RADIO-
ELECTRONICS, November, 1955, “Vari-
able Damping . .. How Good Is It?”),
I thought the basic idea was pretty
simple: variable damping just means
varying the source resistance of the
output amplifier. Correspondence and
discussion since then scem to show that
I had oversimplified it!

This basie idea can be explained
briefly as follows: if an amplifier does
not change its output voltage when a
load is connected it has zero source
resistance, which corresponds to “in-
finite” damping. (Damping is defined
as the reciprocal of the ratio between
source resistance and load impedance,
and the reciprocal of zero is infinity.)
Putting some resistance between this
imaginary ‘“zero-resistance” amplifier
and the load would produce different
damping faectors. A resistance equal to
the load would give a damping factor
of unity (1).

At first infinite damping. or zero
resistance, seems to be the limit. But
then, quite some time ago, someone
pointed out that even with zero resist-
ance the voice coil resistance of the
loudspeaker is still in the cireuit and
provides some damping. To eliminate
this, the amplifier should have a nega-

RESPONSE WITH MIN DAMPING

RESPONSE
08

RESPONSE WITH MAX DAMPING™

FREQ
Fig. 1-—Variation of amplifier response
with adjustment of damping control.

FEEDBACK VOLTAGE FEEDBACK

ATTEN
'_L

AMPLIFIER

LOW PASS
FILTER

CURRENT FEEDBACK

- —
Fig. 2—Block diagram of a damping
control used in Bogen amplifiers.
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tive source resistance to cancel out the
effect of voice coil resistance. So a
source resistance equal to the load
(voice coil) resistance (called a damp-
ing factor of —1) has been called
“ultimate damping.”

Different opinions

In my earlier article I pointed out
that varying the source resistance will
vary the frequency response of an
amplifier (Fig. 1) because of the speak-
er’s impedance. It has been argued
by some that this change in frequency
response is not inherently due to dif-
ferent damping. The argument appears
to be that we want to hear the change
made by damping on transient behavior
alone. To isolate this effect the response
should be maintained flat under all
conditions of damping. This is what
the designers of the Bogen amplifier
attempted to do. Fig. 2 is a semi-block
diagram of their damping circuit and
IFig. 3 shows its main features.

The circuit varies the amplifier’s
behavior only al the low-frequency end
because the variable current feedback
is bypassed at higher frequencies by the
4-pf capacitor C1. So for the medium
and high frequencies the voltage-
connected feedback conneecting to the
top of the 2,200-ohmm resistor R1 is the
only one effective.

At low frequencies variable current
feedback is applied to the bottom end
of R1 because of the reactance of Cl.
Feedback can be varied from positive
to negative by the 25-ohm potentiom-
eter R2 connected across the dropping
resistors R3 and R4 in the common
lead of the voice coil output. With the
slider all the way over to the R3 end,
the current feedback is entirely posi-
tive. When the slider is all the way
over to the other end, connected to R4,
the current feedback is negative. With
the slider in mid-position, there can be
no current feedback as it is effectively
at ground.

The dashed lines in Figs. 4 and 5
indicate the response of this ecircuit
when operated into a resistance load.
The solid lines indicate the amplifier
response when operating into a speaker
load.

When the current feedback is nega-
tive, the increased dynamic impedance
of the speaker at its low-frequency
resonance (Fig. 1) reduces the feed-
back and so offsets the reduction in gain
over this range of frequencies.
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Various methods and

their relative merits

By NORMAN H. CROWHURST

When the current feedback turns
over to positive so as to raise the gain
at the low-frequency end, the dynamic
impedance of the speaker at resonance
reduces the amount of current feedback
and tends to hold gain nearer level.

When there is no current feedback,
the source resistance of the amplifier
is entirely determined by the voltage
feedback. There is a slight rise in
frequency response due to the dynamic
impedance of the speaker at this point.

The solid-line curves of Fig. 4 show
the variation in frequency response for
one particular speaker’s impedance
characteristic. This one has a marked
resonance. In good speakers the res-
onance should be well damped acous-
tically, in which case the effect will be
much less marked and the range of
responses will be closer to that of Fig. 5.

10puf
.E ! DIRECT COUPLER TO

PHASE SPLITTER
172
12AT7 S'%0%

B+

QUTPUT TRANS

R2 A DAMPING CONT

SHITCH CLOSED WHEN SLIDER 15 AT X
Fig. 3—DPartial circuit of Bogen
DB20DF, showing essential components
of variable damping circuit.

We realize from an examination of
the curves in Figs. 4 and 5 that this
method does tend to offset the change
in frequency response at the low end
produced by the change in damping
factor in conjunction with the speak-
er’s impedance characteristiec. In this
way the change in performance will be
more nearly that due to damping factor
alone, isolated from the change in
frequency vresponse effect. However,
this method has the disadvantage that
its compensation for frequency response
variation is fixed by the design of the
amplifier and does not automatically
adjust according to the impedance
characteristic of the speaker.

Another disconcerting factor is that
the maximum damping factor (if a

RADIO-ELECTRONICS
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point beyond infinity can be called
maximum) produced by the maximum
positive current feedback results in a
considerable rise in gain below the
dynamic resonance of the speaker while
the opposite condition of minimum
damping factor (negative currvent feed-
back) results in a rapid rolloff at this
point. The former condition can result
in excessive amplification of undesir-
able rumble frequencies and may even
cause overloading because the amplifier
cannot handle them adequately at this
increased amplification.

If a high-quality turntable which
does not give rise to any appreciable
amount of rumble is used, this aspect
of the problem will not be so serious.

Now, to turn to methods of applying
variable damping that do not introduce
frequency discrimination: any arrange-
ment of this kind will introduce a
variation in frequency response, meas-
ured as volfage across the speaker
terminals, like that in Fig. 1.

Is constant power possible

As some manufacturers specify the
performance of their variable-damping
control in terms of poiwer delivered to
the speaker, we have to compare the
two forms of reference to avoid confu-
sion. In the condition for maximum
damping, shown as a straight-line re-
sponse in Fig. 1, the voltage across the
speaker is constant, but as the imped-
ance varies at different frequencics the
speaker will not draw constant current.
It will take less current where the
impedance is higher. This means that
the power response under maximum
damping condition is the inversion of
the speaker impedance characteristic
shown in Fig. 6.

Going to a condition of minimum
damping — where the source impedance
is greater than the load impedance —
the tendency is to deliver constant cur-
rent to the speaker, which means that
the voltage developed across it will be
proportional to its impedance and hence
the power curve is the same shape as
the impedance curve shown in Fig. 6.

At some intermediate condition there
should be a point where the amplifier

will deliver c¢onstant power to the
speaker. Some manufacturers make

claims that imply this or that their
particular cireuit does actuzally achieve
constant power drive. As any cir-
cuit really produces only an equivalent
source resistance in the amplifier, let's
briefly analyze what we can expect.
Fig. 7 shows the equivalent eircuit
where R1 is the amplifier source re-
sistance, R2 the resistance component
of the speaker impedance and X, it’s
reactive component.

Assume that we have a speaker whose
impedance characteristic is that shown
in Fig. 8-a, varying between 16 and 10
ohms. We can use this to determine the
power and volt-amp va character-
istic delivered to the speaker by using
a source resistance of 25 ohms, which
is an approximate geometric mean
between 16 and 40 ohms.
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The speaker will receive equal power
and equal va at its minimum and
maximum impedances in the vicinity of
low-frequency resonance because the
impedance at the peak in the impedance
characteristic is resistive and hence va
and watts will be identical, as at the
lowest extremity where the impedance
is also resistive.

The 25-ohm speaker impedance is not
resistive — only 16 ohms is resistive and
the remainder (approximately 19
ohms) 1is reactive., So for calculating
the va we multiply the current taken
by the circuit by the voltage across
both X and R2, while for caleulating
the watts delivered to the speaker we
multiply the current by the voltage
across R2 only. At the high-frequency
end, impedance again reaches 40 ohms.
This is also not a resistive impedance,
but consists of a resistance of approx-
imately 16 ohms with a reactance (at
a different phase angle) of about 37
ohms. This means there will be a big
discrepancy between the va and the
power delivered to the speaker as rep-
resented in the ecurves in Fig. 8-b.

These curves represent the nearest
approximation to constant power
or for constant va that can be
delivered to a speaker with this im-

pedance characteristic. Any different
value of source resistance will result
in even more variation of both va

and watts with frequency. From this
it is obvious that no circuit can aito-
matically provide a speaker with con-
stant power at different frequencies as
the impedance varies but, by judicious
adjustment of the control, it may be
possible to achieve an approach as elose
as that seen in Fig. 8-b.

Do not assume that this is the opti-
mum condition. It would be such only if
the working efficiency of the speaker
were uniform at all frequencies. The
condition represented in I'ig, 8 cor-
responds with a damping factor of about
0.6, which is much lower than is gen-
erally considered optimum. Also the
speaker is considered to have the same
efficiency at its dynamic resonance
where it has a resistive impedance of
40 ohms as it has at a frequency when
its impedance is little more than the
voice coll resistance.

Most speakers have a considerably
improved power-conversion efficiency at
their dynamic resonance in comparison
with that in the region of 100 cycles.
This is another way of saying that the
damping factor for a speaker with this
kind of impedance characteristic will
probably be more than 0.6.
Constant-feedback types

Now we will consider ways of apply-
ing the damping factor without provid-
ing frequency response compensation
in the manner of the Bogen circuit.
Several circuits have tried to produce
true variable damping with a single
control. This is possible.

In the Fisher Z-Matic circuit (Fig.
9) this method of control is achieved
by placing a potentiometer between a
point on a voltage divider across the
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output transformer secondary and the
far end of a series resistor in the
common lead. The voltage-divider point
supplies negative voltage feedback and
the series resistor provides current
feedback. When the slider is at onc
end of the potentiometer, the feedback
is entirely voltage—at the other end it
becomes entirely current feedback.

In this kind of circuit, if the load
impedance connected to the amplifier
output is correct and resistance values
have been correctly chosen, the amount
of feedback applied at different points
will be constant but the proportions will
change from voltage to current accord-
ing to the position of the slider. An
important point to notice is that if the
resistor in the common lead for current
feedback is correct for one output
tapping, it will not be right for the
others. In some practical cireuits a
compromise value is chosen, but the
Fisher Z-Matic switches the resistance
value when the tap is changed.

Another circuit that does this, but
requires two potentiometers, is used in
the Fairchild 275 amplifier. Here the
controls (Fig. 10), instead of being as-
sociated with the output transformer,
are at the other end of the feedback
network in the cathode circuit of the
input stage. To arrange for uniform
high-frequency compensation to stabi-
lize the amplifier under all conditions,
the voltage feedback employs a 30-uuf
capacitor (C1) in shunt with a 47,000-

8a

OUTPUT TRANS IMPEDANCE SW
QUTPUT
TERMINALS

In la o—¢——0

DAMPING IK
?AIN

172 12AT7
IST AF AMPL

INPUT 22

Fig. 9—Fisher Z-Matic circuit applied
to model 70-A amplifier.

! TO NEXT STAGE

° Yo t
\ = O
= Nowwes ot} _______
SW CLOSED AT MAX
Fig. 10—Partial circuit of Fairchild
model 275, showing feedback network
with variable damping incorporated.
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e
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1/2 P-P DRIVER
68

—1.0047

VOLTAGE FEEDBACK

Fig. 11 — Model 232B Scott
amplifier partial cirecuit.

(8, ,220ppt
=

RI9

22MEGT,
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FEEDBACK
16,
8n
1614.(2) 4n
PWR OUTPUT
2a
R37@2 27K CI8  680upt B+ —o0
——oGND
R38y SOK o CURRENT FEEDBACK =

®~——DAMPING CONT

ohm resistor (R1) while the current
feedback uses a combined resistance
and inductance in addition to the 220-
puf capacitor (C2) shunting the 2,200-
ohm resistor (R2). The resistance-
inductance combination is actually
achieved by winding an air-core in-
ductance with resistance wire.

The Electro-Voice circuit, published
in RaApro-ELECTRONICS, March, 1955
(“Variable Damping in Audio Ampli-
fiers,” by Robert F. Scott), employs
another variant of this arrangement.
The Scott 265A amplifier also shown in
that issue uses a dual control, the
voltage feedback being fed into one side
of the phase inverter while the current
feedback goes to the cathode of the
input stage.

A more recent introduction to the
Scott line, the 232B shown in Fig. 11,
provides a successful method of variable
damping control using only one poten-
tiometer. However, the position of the
resistance in the circuit is such that
it serves a double function. Its more
obvious function is to vary the current
feedback from the resistor in series
with the output. At the same time, it
varies the negative voltage feedback
from the plate of the second stage V1-b
to the cathode of the first stage V1-a,
because the cathode resistance consists
of a 4,700-ohm resistor (R4) in parallel
with a 2,700-ohm resistor (R387) and
the variable 50,000-ohm resistor (R38)
in series plus—what is negligible to the
cathode circuit—the 0.2-ohm resistor in
series with the output.

When R38 is at its zero end, current
feedback will be maximum; at the same
time voltage feedback from the plate
of V1-b to the cathode of V1-a will be
minimum because R4 will be shunted
down with R37. When R38 is at maxi-
mum, the current feedback will be
reduced to a minimum and the voltage
feedback will be increased to a maxi-
mum because R4 will be virtually un-
shunted.

Beyond-the-infinite damping

Each of the circuits that vary both
voltage and current feedback use only
negative feedback under all circum-
stances and produce damping factors
that are always in the positive region.
Some seem to think, following reasoning
similar to that of Bogen, that we should
carry the damping factor through in-
finity and some distance into the nega-
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tive region. They also feel that they
would like to keep the circuit as simple
as possible and avoid ganged controls.
To do this, they vary only the current
feedback from positive to negative.

There are two ways to do that.
Voltage feedback is invariably provided
as well to produce an initially low
damping factor as a starting point.
Sometimes the voltage feedback is pro-
vided over a longer loop than the cur-
rent feedback, while at other times the
current feedback utilizes the longer
loop. In each case the voltage feedback
tends to stabilize the gain, but the
proportion of voltage and current feed-
back changes with the position of the
control so as to vary the source im-
pedance or damping factor. Apart from
possible stability problems when a
speaker is connected, the fact that the
overall amount of feedback changes
without changing other circuit con-
stants means that the frequency re-
sponse of the amplificr must change as
well, even with a resistance load.

It is somewhat difficult to predict how
this change will occur when the voltage
feedback is over the longer loop but,
if the current feedback is over the
longer loop, the predicted kind of re-
sponse variation — working into a re-
sistance load — is shown in Fig. 12 for
a typical case. By careful design, the
frequency at which the change in re-
sponse occurs may be pushed beyond
audible limits, but this does not alter
the fact that it ocecurs — it merely
minimizes its audible effect and it can
still cause drastic effects upon tran-
sients, not connected with the effect of
the damping on the loudspeaker.

For the reasons last mentioned, I
would prefer any of the circuits shown
which do vary woltage and current
feedback at the same time to keep
approximately constant total amownt of
negative feedback, particularly those
of Figs. 9, 10, 11 and the varieties
shown in the March, 1955, issue. END

Fig. 12—Variation in overall response
as the current feedback is varied.
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Use your amplifier with a tape deck or microphone

Simple preamp for

=

By MANNIE HOROWITZ *

IGH-FIDELITY amplifiers sel-
dom provide for using mnicro-
phones. Many owners feel that
a mike input will not only per-
mit them to put the amplifier to PA
use but would make their hi-fi equip-
ment more versatile when recording.

Playback direct from a tape head
is not possible with regular amplifiers.
The tape-head output must be fed
through a properly equalized preamp
which is in turn fed to a high-level
input of the main amplifier.

Many people connect the microphone
or tape head into phono inputs. Due to
the phono equalization, the microphone
sounds too bassy or muffled and the
tape is improperly reproduced.

This preamp provides properly com-
pensated inputs for both tape head and
microphone. The desired input as well
as the proper response curve (Fig. 1)
is chosen by the four-pole double-throw
switch. Two poles on the switch pro-
vide equalization, a third selects the
input and the fourth shorts the remain-
ing input to ground to avoid cross-talk
between channels. QOutput from this
unit is fed to a tape or auxiliary input
on the combined amplifier or preamp.

The circuit (Fig. 2) is of the feed-
back compensation type similar to the
one I have used in the phono stage of
the Eico HF-20 amplifier and HF-61
preamp. The feedback is from the
second plate through the compensating
network to the cathode in the first half
of the 12AX7. The low output inped-
ance (4,500 ohms) due to feedback
makes a cathode-follower output un-
necessary. The output cable was kept
short and made from low-capacitance
shielded wire (less than 80 uuf per
foot) to limit any loss of highs.

The unit pictured was built on a
home-made chassis 5 x 3 x 2 inches. This
limits the size of the components and
adds to the difficulty of wiring. I recom-

* Project enginecr, Electronic Instruments Corp,
(EICO), Brooklyn, N. Y.

JULY, 1957

i

LINE CORD

SHIELDED CABLE
TO AMPL

AUDIO—HIGH FIDELITY

S

Preamp with self-contained »wer supply.

. 4

RECT

Underchassis parts layout. Everything but tube and transformer goes here.

mend that a standard chassis 6 x 4 x 2
inches, with a bottom plate, be used.
This may be made from No. 20 plated
steel or aluminum.

Construction aids

All parts except the selector switch
are mounted in the chassis. When the
tube socket is mounted, let pins 1 and
9 face the rear. The power transformer
is mounted so the heater and high-
voltage leads are toward the center. One
single-lug tie point is placed under one
mounting screw of the power trans-
former and the other under one of
the mounting screws of the tube socket.
Both these lugs are under the com-
ponent mounting screws that are to-
ward the rear of the chassis. The re-
maining transformer screw and tube
socket mounts get a ground lug each.

The wiring is best done in sections.
The power transformer primary, .02-uf
line bypass capacitor and an on—off
switch are wired according to the
schematic. The .02-uf capacitor s
soldered to the ground lug at the trans-

wwWw.americanradiohistorv.com

Fig. 1—Response curves of preamp;
a—microphone; b—tape head.

former while the line cord and one side
of the primary use the tie lug at the
transformer as a junction point.

The secondary leads of the trans-
former, the electrolytic capacitor and
the vacuum-tube socket are then wired.
All ground connections are made to the
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PHONQ PLUG

==

>
TO AMPL

JH

o C8T02
Y —
i <F
115V AC = Q100K
e >
- .-'I

o [6.3v/6A 4 j
]

R1—120,000 ohms
R2—! megohm
R3, 6—200,000 ohms, carbon deposited
R4—2,700 ohms

R5—2.2 megohms

R7—2,200 ohms

R8—390,000 ohms

R9—100,000 ochms

R10—68,000 ohms

All resistors '/ watt 10% unless indicated otherwise

Cl, 2, 4, 6, 8—.02 pf, disc ceramic
C3—10 pf, 6 volts, electrolytic
C5—500 ppf, disc ceramic, 10%

Al,l.

ground lug at the tube socket. The tie
lug is used as a B-plus junction point
for the 200,000-ohm plate resistors.
The 4-inch leads are left hanging free
from pins 2 and 3 on the socket. One
end of a .02-uf capacitor is left free
while the other end is connected to
pin 6. These leads and the capacitor are
to be connected to the selector switch
and are not cut to their final lengths
until the switch has been mounted. Do
not forget to connect heater pins 1 and
5 to ground at the socket, as well as
any shielding mounted on the socket.

The selector switch is very similar
to the Centralab type PA-1010. Since
that switch is available at the parts
jobber’s, a drawing (rear view) for
prewiring it is shown (see Fig. 3). The
resistor and capacitor leads connect-
ing to the switch are % inch long. The
remaining lead of the components is not
cut until the switch is mounted.

When the switech prewiring is com-
pleted, mount it with lugs 6 and 7
closest to the chassis. The two resistors
from the switch are connected to ground
at the input jacks. The tape volloff
capacitor (C6) is grounded at the
tube socket. The tape jack is con-
nected to the lead from lug 11 on the
switch and the mike jack is connected
to the capacitor prewired to the switch.

Connect the lead from pin 2 on the
socket to lug 10 on the switch and the

10 42 )

Fig. 2—Circuit of the
one-tube preamp.

C7—30-50 pf, 150 volts, electrolytic

I, 2—phono jacks
S1—4- pole double-throw (Cenfralab PA-1010)
T—Power transformer, primary 115 volts, secondary

115 volts, 15 ma dc 6.3 volts, 0.6 ma (Trnad R54X)
Y—ECC83/I ‘247
Rectifier—selenium, 50 ma (Sarkes Tarzian model 50)
Chassis—é x 4 x 2 inches, with bottom plate
Socket—9-pin miniature, shielded, with tube shield
Tie lugs—I terminal (2)

Switch, spst toggle

Phono plug

Line cord with piug

Miscellaneous hardware

pin 3 lead to lug 1. Connect the re-
maining .02-pf capacitor to lug 4. The
shielded lead from the output cable is
covered with spaghetti and connected
to a ground terminal at the socket
while the center wire gets connected to
lug 4 on the switch.

Run the output cable through the
hole on the side of the chassis and
solder a phono plug on the free end.

For a minimum of noise, be certain
that all connections are solid and clean.
Use your favorite contact cleaner to
clean the socket and switch. It is best
to use carbon-deposited resistors, es-
pecially in the plate circuits. The tube
used in the experimental model was the
Amperex low-noise, low-microphonic
ECC83/12AXT.

Hum and noise measured better than
45 db below 0.5-volt output. Experi-
menting with more filtering, de fila-
ments and full-wave rectification may
improve this. However, Audio League
reports seem to indicate that noise
levels of this magnitude are negligible.

It should also be noted that the
microphone input had a tendency to
oscillate when open. About 15 puf
across the input eliminated this. The
capacitor was omitted from the cir-
cuit since connecting a microphone
load automatically puts large capaci-
tances across the input, making the
unit completely stable. END

TO PIN 3 ON SOCKET

Rl 120K d

X
TO GND AT INPUT JACK

R2 IMEG
TO PIN 2 ON TUBE SOCKET

10 JI a,,02
)

¢ 1 5 o5 02
a& **T0 GND AT TUBE SOCKET PIN 5
5N
b

CENTER oF/oUrPUT LEAD PHONO PLUG

GND LUG NEAR SOCHET TO (4

Fig. 3—Prewiring circuit of selector switch S1.
Do this wiring before mounting switch.
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ELECTRONIC VOICE
FOR SILENT CHIEF

By ARTHUR S. GOODWIN

HIEF Mazeppa, a wooden Indian

who has not uttered so miuch as a
grunt in 70 years, now possesses a
voice — thanks to electronics.

Chief Mazeppa has stood guard at
the door of Greenfield’s Smoke Shop in
St. Thomas, Ontario, Canada through
long weary years. He has always been
undaunted by the stares and comments
of curious tourists, although it is quite
possible he would have liked, on oc-
castion, to talk back to a few.

Jack Greenfield, the present custodian
of Chief Mazeppa, has fitted this stolid
citizen with an intercommunication unit.
The venerable redman can say hello to
passersby and even strike up a con-
versation with startled strangers.

a representative
of an almost extinet tribe, is rolled in-
side the shop at night as a precaution
against kidnaping.

The first time that the noble chief
tried out his voice was a bright Satur-
day morning. He chided a girl who was

The dusky warrior,

having her picture snapped with her
arm draped rather lovingly about him.
It took the visitors several moments
before they recovered from their sur-
prise and found the source of the In-
dian’s voice. Chief Mazeppa had made
more new friends, and Mr. Greenfield
was able to welcome them to the city.
The Chief has been silent for 70
years, but with the aid of a tiny loud
speaker tucked under his right arm, he
is the only wooden Indian able to catch
up with a lifetime of conversation. END
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Completed 20-watt amplifier.

There's plentr of room under this atplifier’s chassis.
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AUDIO—HIGH FIDELITY

Compact 20-watt hi-fi amplifier is built on 9 a7 x 2-inch chassis
Tl

High-Quality
Audio
Amplifier

UMEROUS basic audio amplifier
circuits, usually employing com-
plex theories to achieve higher
fidelity, have been published.

However, only people who have the
expensive test equipment, time. patience,
money and the ability to solve problems
can atford to experiment with such
circuits. Sometimes a slight change of
electrical components could lead the
experimenter into scveral weeks of
misery.

Here we present a basic audio ampli-
fier “ which provides 20 watts of audio
power with only 1.5/ intermodulation
distortion at rated output.

This amplitier can be built on a
9 x 7 x 2-inch chassis because of its
simple circuitry. Layout of the compo-
nents has been tested and proved to be
good design.

[.et us look at the clectronic design
(see diagram). Two 1614’s are used in
push-pull to obtain the required 20-watt
output. With cost limitations in mind.
a Stancor A-8072 output transformer

was  used in Ultra-Linear fashion.
Overall responsce of 20-20,000 cyeles
*AEL 30W developed by Audio Electronic
Laboratories, Comboidge, Mas-,

R1—pot, 500,000 ohms (Mallory SU-50)
R2—pot, 60 ohms, 2 watts, wirewound
(Mallory M-60PK)
R3—pot, | ochm, 4 watts, wirewound (Mallory M-1PK}
R4—100 ohms, 10 watts
R5—20,000 ohms, 5 watts
R6—33,000 ohms, i/ watt
R7, 13—47,000 ohms, 2 watts
R8—270,000 ohms, 2 watts

TERMMNAL STRIP R9—300 ohms, 4 watts
e O RIO, 1, 14—470,000 ohms, /; watt
B R12—680 ohms, |/; watt
o B RI5—3,000 ohms, |/, watt
— 0 X R16—25 ohms, 10 watts
—a1dn AP Cl, 2, 3,5, 9—.047 uf, 600 volts
—r‘pa NOTUSED - CL | C4—250 uf, 50 volts, electrolytic
C6—47 upf, 600 volts

W ust C7—16 pf, 600 volts, electrolytic

C8—20-20 pf, 500 volts, can type electrolytic
Jl—phono jack

J2, 3—pin jacks

Tl—power transformer, 900 volts ct, 125 ma; 5 volts,

23a/10¥ K0a/0W |20K/5W.
€1 =F (8-a

3 amps; 6 volts 3 amps (Chicago PY-200)

T2—output transformer, primary, 9,000 or 10,000
ohms; secondary, 500. té and 8 ohms, with
6,000-ohm taps, used for secreen connec-
tion (Stancor A-8072; Merit A-3i0t, UTC
CG-19 and UTC S-16)

VIi—I12AX7

V2, 3—1614

Y4—5U4GB or GZ34

switch—spst

Chassis—7 x 9 x 2 inches

Fuse—3 amp (3AG)

Fuse holder—finger type

Miniature socket—9 pin (1) and shield

Circuit of AEL 30W.
JULY,

1957

_ "
BV ‘[\mv/'l'

Octal sockets (3)

Terminal strips (3)—barrier type screw, 4 terminals
(Jones No. 141); also Jones No. 2000 terminal
strip No. 2005, Jones lug type terminal strip

o.
Miscellaneous hardware
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within 2 db is easily achieved. Further
investigation showed that UTC-CG19,
Merit A-3101. even UTC-S16 trans-
formers, can be used satisfactorily in
the circuit without changes.

The split-load or cathodyne phase
inverter is quite linear due to its large
amount of inverse feedback. Distortion
is very low. The required gain comes
from a single 12AX7 triode stage.

Overall negative feedback voltage is
taken from the secondary of the output
transformer and applied to the first
triode stage. To compensate individual
speakers we incorporated variable-cur-
rent feedback which can be turned off
if desired. Through a listening test
one can determine what the optimum
amount of current feedback should be.

The power supply is conventional,
using an R-C filter circuit. The require-
ment is a power transformer capable
of supplying 450 volts at 120 ma. A
Chicago PV-200 is recommended. The
rectifier is a 5U4-GB used for its slen-
der shape and good heat dissipation con-
struction. A current-limiting resistor
saves the first electrolytic capacitor,
which should be a high-quality unit.

The layout of the chassis has been
carefully designed. Use a 7 x 9 x 2-inch
chassis. (A larger chassis may be
necessary due to variations in trans-
former size. Measure the transformers
you obtain and determine the chassis
size.—FEditor) Drill all the holes in the
side. Then proceed to drill holes for
mounting capacitor and tube sockets,
also for the terminal strips and
the test jacks. Mount the power trans-
former beside the audio output trans-
former, then all other components.

Study the circuit again and get
ready to solder. See photo for place-
ment of resistors and capacitors. Lay-
out of hookup wires is not critical. A
common ground bus should start at the
phono socket which contacts the chassis.
If there are other ground points on the
chassis, hum might be introduced from
the ground loops.

Check the finished amplifier, making
sure everything agrees with the cireuit
diagram. Make sure there are no vis-
ible shorts between wires or wire and
chassis. Insert the fuse and connect
the speaker to the proper impedance
of the output transformer. Plug in the
line cord and turn the unit on.

If the amplifier oscillates, unplug the
line cord and check the schematic again.
If no error is found, reverse the pri-
mary leads of the output transformer
to the plates of the 1614’s. Reverse the
leads to the screen grids of the 1614’s.

Before using the amplifier in a sys-
tem, balance the pair of 1614 tubes.
Use a dc voltmeter between the test
sockets. Rotate potentiometer R2 until
there is no voltage difference between
these points.

With the amplifier in an audio sys-
tem, tune in a program and adjust cur-
rent feedback control for best listening.

There should be no problem of over-
heating. The operating temperature of
the chassis should be around 130°F.

END
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Amplitude-responding
caitridges

Purt 1V

By JULIAN D. HIRSCH

N the preceding articles we described

a number of magnetic cartridges.

Despite their constructional differ-

ences, the operating principle of all
these units is the same. They deliver
an output voltage proportional to the
velocity of stylus motion imparted by
the record groove.

In this concluding article, we describe
a few amplitude-responding types. The
output of these cartridges depends only
on the amplitude of stylus displacement.

An examination of the RIAA record-
ing characteristic (see Fig. 1) shows
the reason for one of the major advan-
tages of amplitude-responding pickups.
The solid line in Fig. 1 shows the actual
recorded velocity of the record when
RIAA equalization is used. The dashed
line shows the response of the playback
equalizer required to deliver a flat out-
put from such a record with a true
velocity-responding pickup.

Fig. 2 shows the recorded amplitude
of the same RIAA record. Below ap-
proximately 500 cycles these records
are, roughly speaking, recorded with
constant amplitude. Between 500 and
2,500 cycles a constant-velocity char-
acteristic is used and above 2,500 cycles
a pre-emphasis in recording converts
the response to constant amplitude.

A perfect amplitude-responding pick-
up would give a reasonably flat output
from such a recording. With a slight
modification of the mid-frequency re-
sponse (usually accomplished in the
mechanical design of the cartridge) the
better constant-amplitude cartridges
deliver an output flat within =2 or 3
db over the entire recorded range when
playing an RIAA equalized recording.

Most amplitude-responding car-
tridges are the piezoelectric type. These
make use of the faet that, when a
crystal of Rochelle salt or a small piece
of barium titanate ceramic which has

www.americanradiohistorv.com

Above—Sonotone series 3 cartridge.
Below —Electro-Voice model 84.

been properly treated is bent or twisted,
a potential is developed between its op-
posing surfaces. Although Rochelle salt
crystals have been used for many years
in low-cost phono cartridges, they are
subjeect to deterioration from heat and
humidity. Ceramic cartridges, on the
other hand, are virtually indestructible
in normal use and practically all the
better amplitude-responding cartridges
have ceramic elements.

Sonotone series 3 ceramic cartridge

The Sonotone series 3 cartridge (see
photo) is the latest and finest of ce-
ramics developed by the Sonotone Corp.
Fig. 3 is a sketch of its internal con-
struction. The ceramic element is ap-
proximately % x 1/16 x 1/64 inch.
One end is clamped between rubber
blocks which serve as damping elements
and hold the electrical contacts against

N £ OUTPUT OF VELOCITY-
~ RESPONDING PICKUP
AN FROM RIAA RECORD
~
ST FLAT EQUALIZED OUTPUT
L~~~

™S
\\ RIAA_PLAYBACK
« EQUALIZATION
N\

~
~

5001 2.5C
FREQ

Fig. 1—-RIAA recording characteristic
and complementary playback equaliza-
tion curve.
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JEWEL THRUST BEARING

HEIGHT ADJUSTMENT SCREW.

LIFT BUTTON
COUNTERWEIGHT

e
*=——JEWEL BEARING

~——DYNETIC CARTRIDGE
L~OFFSET NEEDLE

Above

BUTTON SPRING

Shure Studio Dynetic pickup.

the silver-coated surface of the ceram-
ic. Near the element’s other end an-
other rubberlike damping block posi-
tions the element and provides some
damping and vertical compliance. At
one end of the element a short, stiff
metal strut is firmly fastened. At the
other end of this strut is a forklike
depression. Up to this point the series
3 carvtridge is very similar to Sonotone’s
lower-priced series 2 and generally
quite similar to most other low-cost
ceramic cartridges. Two unique fea-
tures of the sertes 3 are the damping
vane and the special hollow stylus arm.

A= seen in Fig. 3, the damping vane
is attached to the lever arm which
bend: the end of the ceramic element.
The region surrounding this vane is
filled with a special damping grease.

The 2rease offers resistance to any
rapid motion of the vane and thus
lanips mechanical resonances in the

moving system of the cartridge.

Earlier Sonotone ceramic cartridges
used a stylus mounting generally sim-
ilar t» the one in series 3 cartridges.
The styvlus jewel is located at the end
of a meral arm, the other end of which
is fastenad to a damping material. The
torklik= end of the driving arm which
protrudes from the cartridge body en-
gages the stylus arm approximately at
itz mid-point.

[r the turnover cartridge, model 3T,
the entire stylus arm may be rotated

! 3UTAT OF UNEQUALIZED AMPLITUDE - RESPONDING
ACAUP ;IAA RECORD

I

00 500 2.5K
FREQ

Fig. 2—Output of unequalized ampli-
tude-responding pickup from a RIAA
record.

FIXED RUBBER SUPPORT

~#——DAMPING GREASE

TS

HOLLOW STYLUS ARM FIXED END OF STYLUS BAR

Fig. 3—Internal construction of Sono-
tone 3T cartridge.

JULY, 1957

ARM-RE ST MAGNET

COUNTER~
WEIGHT

MOUNTING SPRING
DYNAMIC DAMPING

"™COVER PLATE

MOUNTING SCREWS

Right—Moving-magnet

180° by flipping the stylus lever from
one side of the cartridge to the other.
The stylus assembly is mounted at a
slight upward angle so that the stylus
arm is always being pressed against
the driving arm. There is enough flex-
ing at the base of the stylus arm to
allow the stylus assembly to be rotated.

Although the series 3 stylus looks like
the series 2, it is actually a hollow tube
of light metal. In earlier types of Sono-
tone cartridges, a solid stylus arm was
used. The hollow arm, of course, has
lower mass and therefore improves
high-frequency response.

The output of the Sonotone series 3
cartridge 1is approximately 0.5 volt
from a normal LP record. It has a com-
plianee comparable to that of many
magnetic cartridges (2 X 10 em/
dyne). The stylus mass is only 6 milli-
grams. The normal tracking force is
4-6 grams in a good professional tone
arm or 6-8 grams in a record changer.

In common with all ceramic car-
tridges, the Sonotone series 3 requires
a rather high terminating resistance if
proper bass response is to be realized.
At least a 2-megohm resistance should
be used. Higher wvalues will slightly
emphasize the bass, while lower values
will give a thinner bass. To use this
cartridge with a preamplifier that is
equalized for magnetic cartridges, a
simple R-C network (see Fig. 4) will
convert the amplitude response of the
cartridge to velocity response. The
values shown in Fig. 4 will result in a
response flat within 1.5 db from 20—
12,000 cycles on a velocity basis. The
value of R determines the voltage ap-
pearing at the preamp input and should
be in the region of 10,000-47.000 ohms.
Incidentally, this network will perform
a similar function for any amplitude-
responding cartridge though the smooth-
ness of the final response will naturally
depend on the quality of the cartridge.

Electro-Voice model 84

The E-V model 81 cartridge is a
ceramic type designed to cover an audio
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Fig. 4—Adapter network converts am-
plitude response to velocity response.

Fig. 5 (Right)—Mounting of ceramic
element in Electro-Voice model 84.
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ote offset stylus.

range of 20-15,000 cycles with a re-
sponse flat within = 2.5 db when termi-
nated in 3 megohms or more. Like the
Sonotone cartridge, its output is ap-
proximately 0.5 volt. The lateral com-
pliance is high (1.2 X 10~ em/dyne)
and most of the general statements
made about amplitude-responding car-
tridges apply to it.

The E-V model 84 is normally sup-
plied as a single-stylus cartridge, with
a choice of 1- or 3-mil sapphire or
diamond styli. A turnover version is
also available, which consists of two
cartridges mounted back to back in a
voke. The internal structure of the E-V
84 is different from that of other ce-
ramic cartridges. Fig. 5 is a sketch of
its moving system.

The lateral compliance is largely ob-
tained from the short, thin metal strip
marked “compliance arm”. One end of
this strip is firmly clamped to the body
of the cartridge case and the other is
driven by the stylus. The stylus arm is
long (about % inch) so that the lateral
compliance at the stylus tip is high de-
spite the relatively stiff metal section.

The ceramic element is driven from
the point where the stylus arm joins
the compliance arm. It makes an angle
of approximately 20° with the stylus
arm. The fixed end of the ceramic
element is supported in a block of rub-
berlike damping material. The electrical
connections are made at this end. The
vertical compliance of this cartridge is
obtained largely through the use of a
long stylus arm of thin cross-section.
The lateral compliance arm is rather
stiff in the vertical plane.

E-V obtains smooth, wide-range re-
sponse by a novel damping system. The
entire body of the cartridge—including
the complete ceramic element, the com-
pliance arm and the portions of the
stylus arm within the cartridge—is en-
closed in a damping grease, apparently
a silicone, with the appearance and con-
sistency of cold cream. The nonreplace-
able portion of the stylus arm protrudes
from the cartridge body through a rub-

METAL SUPPORT CLAMPED TO CARTRIDGE CASE

COMPLIANCE ARM

CARTRIDGE

FIXED STYLUS BAR GUTPUT

CERAMIC
LY ELEMENT
RUBBER SEAL RUBAERLIKE
SUPPORTING BLOCK
REPLACEABLE STYLUS BAR
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ber seal. It is a hollow tube of rectangu-
lar cross-section, into which a replace-
able stylus is inserted.

The mid-range response of the E-V
84 is slightly modified from a true
amplitude response to give a more
nearly flat response to an RIAA equal-
ized record. E-V also sclls an adapter
unit which converts the response of its
cartridges to a velocity characteristic
for use with magnetic preamplifiers.
This is essentially the same sort of

Weathers F-M capacitance cartridge.

network described with the Sonotone
cartridge.

An interesting variation of the model
84 is the 84-M, designed to drive a
magnetic preamplifier input stage hav-
ing a 47,000-chm input resistance. It
delivers a flat response from a constant-
velocity signal with about 30 millivolts
output from an LDP record. Presumably
the inherent response of the 84-M is
an unmodified constant-amplitude re-
sponse in contrast to the internally
modified response of the standard model
84. When converted to a velocity char-
acteristic by simply using a low-resist-
ance termination, the response is flatter
than would be obtained from the usual
ceramic cartridge connected thus.

Although the K-V 84 is somewhat
different in physical form than most
other high-quality cartridges, a com-
plete kit of adapting bushings and
screws is supplied for installing it in
most tone arms and changers.

Weathers FM capacitance pickup

The Weathers FM capacitance pick-
up, though an amplitude-responding
device, has little in common with the
ceramic cartridges previously described
or with any other cartridge for that
matter. It is characterized by the high-
est compliance (14 X 10~ em/dyne),
the lowest moving mass (1 milligram)
and the lowest stylus tracking force
(1 gram) of any pickup available.

This has been achieved by using a
pickup structure in which lateral stylus
displacement varies the capacitance in
the grid circuit of a rf oscillator. This
frequency - modulates the oscillator,
which operates in the vicinity of 20
me. A simple but ingenious cireuit
utilizes the small variation in plate
current of the oscillator as its frequency
is varied to develop an audio voltage
output proportional to the amplitude of
the stylus displacement. The output of
the oscillator unit is at a high-im-
pedance level so the length of shielded
cable connecting it to the amplifier
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should not exceed 4 fect.

Due to the unusually low stylus force
and high compliance of this cartridge,
it is recommended for use only in the
special Weathers arm designed for it.
The arm is made of light wood and in
its current version uses viscous damp-
ing in both lateral and vertical planes.

Another unusual feature of the pick-
up is the small sable brush which is
mounted on the side of the cartrvidge.
This brush serves a dual purpose: It
prevents lint from accumulating on the
stylus and interfering with its proper
operation and it absorbs most of the
downward force of the arm. This actual
downward force is about 3 grams, yet
only 1 gram is etfective as stylus force.
The Weathers stylus-force gauge shows
that only 1 gram of upward force is
needed to lift the stylus out of the rec-
ord groove, yet 3 grams is required to
lift the brush completely from the rec-
ord surface. This makes the pickup
much easier to handle since there is a
strong tendency for a l-gram pickup to
float out of the user’s hand.

Fig. 6 is a sketch of the Weathers
pickup system. The stylus is electrically
a part of the outer shell of the cartridge
while the inner or stationary electrode
is insulated from the cartridge shell.
Inside the plastic body of the cartridge
is a small stepup autotransformer. Its
output is fed through a 4-foot length of
special flexible shielded wire to an oscil-
lator. Since this lead forms a part of

pickup has been announced by Shure
Brothers, Inc. Dubbed the Studio Dy-
netic, it is sold only as a complete sys-
tem with pickup and matching arm.

The pickup offers several unique fea-
tures. The cartridge itself is very small
and plugs into a special fitting on the
arm. The horizontal pivot is close to the
stylus, An adjustable counterweight
permits setting stylus force between
1 and 2 grams. The arm itself does not
move in the vertical plane. A small
plastic button on the top of the arm is
depressed to raise the stylus from the
record surface. It is not possible to dam-
age the stylus or the record accidental-
ly. Jewel bearings are used for both
lateral and vertical pivots. A novel
damping system, described as ‘*“dy-
namic damping,” which does not affect
the tracking of even severely warped or
eccentric records, is used in the arm.

A closup of the cartridge shows the
required offset angle built into the
stylus shoe. The arm is straight and
the stylus is replaceable.

Fig. 7 illustrates the internal con-
struction of the Dynetic cartridge. Two
identical coils are mounted symmet-
rically with respect to the permanent-
magnet rod attached to the stylus shoe.
Lateral motion of the stylus rotates the
magnet about its long axis and alters
the balance of magnetic flux entering
the cores of the two coils. This gener-
ates a voltage in the, coils proportional
to stylus velocity. Due to the symmet-
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Fig. 6—Weathers FM pickup has huilt-in stepup transformer, oscillator circuit.

the oscillator’s tuned circuit, it must
be used in the length supplied. and not
shortened nor extended.

Oscillator adjustment iz simple and,
once made, remains relatively un-
changed. The oscillator unit has two
optional outputs: One, marked AES,
provides an output equalized for the
AES recording characteristic. This
may be fed direetly to the input of a
power amplificr. The second output is
marked PREAMP and is a constant-
amplitude response output. An adapter
unit is available which converts this
constant-amplitude response to a veloci-
ty response. When it is used, the sys-
tem may be plugged into the magnetic
input of a conventional preamplifier.

The stylus is mounted on a plate
which may be easily slid in or out of
the cartridge without tools. Both 1-
and 3-mil styli are available and a turn-
over model of this cartridge has two
cartridges back to back in a yoke.

Shure Studio Dynetic pickup

In the first article of this series a
statement was made that no moving
magnet pickups are currently on the
market. Since then, a moving magnet
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rical coil structure, hum pickup from
external magnetic fields is minimized.
A high-permeability shield is also in-
corporated in the pickup. The magnet
does not exert a significant attraction
to a steel turntable.

The lateral compliance of the Dy-
netic pickup is greater than 6 X 10~*
c¢cm/dyne, and the effective mass at the
stylus tip is 1.5 milligrams. In spite of
these high-performance parameters, the
styvlus is replaceable by the user with-
out difficulty. The output of this car-
tridge is of the order of 5 to 6 millivolts
and its impedance is sufficiently low so
that considerable lengths of shielded
cable may be connected to it without
adversely affecting its high-frequency
response. END

oL N
:W:lmm STYLUS SHOE

o

Fig. 7—Construction of Shure Studio
Dynetic pickup, a moving magnet car-
tridge.
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BEVBKARD & TUHING CAPRCITONS
Fig. 1—{perational sequence of zimple 3-octave instrument. [Dﬂ[jﬁo oo °BE]E]|_]

By HAROLD C. HUBBARD

INCE the development of the vacu-
um-tube audlo oscilator and the
early days of the Trautonium
and Theremin, radio technicians
and experimenters have dreamed of
making a simple musical instrument
that would have a selection of tone
qualities, be easy to play and inexpen-
sive and easy to build. Here is such
an instrument. This electronic organ
uses a new type of one-tube oscilla-
tor and a tone changer that produces
reed, string and flute tones, plugs into
the mike jack of an existing amplifier
and operates without a B-supply.
Other monophonic instruments de-
veloped in the past were rather compli-
cated when we consider that they pro-
duced only one note at a time. Con-
structing these instruments meant
much work and a considerable outlay
of cash, and then the result was too
often a novelty instead of a musical
instrument,
It would seem that a solo (single
note at a time) musical instrument

would be easy to design, but this has
heretofore.

not been the case While

A10F BOARD

TONE. CHANGER prono woror |
() H | | i
=] [ 1 H
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EofE; G \ Fi BRACKET
e M Cam e
£3VAL PR SUPPLT L VEAATD

frequency stability is not as important
as in polyphonic instruments, it should
be such that the instrument is in tune
without any adjustments each time it

is plugged in. Ordinarily this means

a well-regulated power supply which
increases the cost. If the device is
really simple, it lacks musical quality—
sounding either monotonous as a pro-
ducer of sine waves or, if relaxation
oscillators were used, the low notes
were a semimusical buzz,

A unique oscillator

This article tells how to build a
simple electronic musical instrument
using the Hubbard oscillator upon
which patents will soon be issued.
It can be built in a few evenings at a
cost of only a few dollars. Yet it
will not sound like a musical code
oscillator and key-click filters are not
needed. DMore than one flute quality
can be had and it will be a little more
than a sine wave. Also, a string tone
can be produced with precise propor-
tions of harmonics with fundamental
so that the composite will have body in

TUNING COiL

PLUG TO AMPL

Simplest Electronic Organ

A monophenic electronic organ featuring an unusual oscil-
litor that operates without plate or grid voltoge supplies

the medium-low register like a bass
viol and not like an electronie
squawker,

It may be well to point out to ex-
perimenters who are beginners in elec-
tronic music that the fundamental is
absent in the lowest register of many
instruments generally since the body
of column of that instrument will not
resonate at such a low frequency. In
this case, just as in the instance of
musical output from a small speaker,
the ear supplies the fundamental. If
a heavy fundamental is added at this
low fundamental frequency and if the
act of the ear supplying the fundamen-
tal is part of the characteristic of a
certain instrument, then the simulated
tone will not sound like the true in-
strument.

In this instrument, it was decided
where either a string or reed tone
was desired, the harmonic content at
different frequencies would be a funec-
tion of a resonating circuit, that cir-

cuit being a ‘“resonator” or “sound
box,” thus producinz more natural
music. Also, it makes it possible to

SIGNAL COIL (VOLUME
CONTROL)

The organ with cover removed. Only three stop switches are on these models.
Circuits shown provide wider range of tone coloring with four switches.
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CI—.056 uf
C2—0.35 pf
C3—0.4 uf
C4—0.34 uf
C5—0.25 uf
Cé, 8—0.2 pt
C70.28 pf

C12—0.13 pf
C13, 42—0.1 pf
C14-0.107 pf
C15—.09 uf
Clé6—.07 pf
C17—.065 uf
C18—.06 uf
C19—.04 pf
C20—.05 pf

C21—.042 pf
C22, 23—.03 pf
C24—.021 pf
C25—.024 uf
C26—.022 puf
C27, 28, 29—.013 pf
C30—.009 uf
C31—.008 pf
C32—.0058 uf
C33—.006 pf
C34—.0045 uf
C35, 36—.004 uf
C37—400 puf
C38—.02 uf
C39—100 puf
C40—.03 pf
C41—.01 pf
C43—.003 uf

All capacitors, poper, mica or ceromic, 100 volis or

STOP BOARD  _

PL-5.’!_PHONE PLUG TO MIKE JACK |

higher. C1 through C36 should be selected from cn

ossortment of standard volues and podded where

necessary for proper tuning.

R1—750,000 ohms, 12 watt or larger

R2—1,000 ohms, /2 watt or larger

Tl—audio output transformer, 50,000 ohms plate-to-
plate primary, 3-6 ohms secondary (Chicage
RO-113 or equivalent) secondary not used

T2—audio output transformer, 14,000 ohms plate-to-
plate primary, 16 ohms secondary (Chicago
Standard RO-II1 or equivalent)

Ll—see text Part 2

L2—2,000 turns No. 26 dcc wire (see Fig. 3)

L3—Waldom |,500-ohm universal replacement speaker
field coil

Y—I17L7-GT, 66, 6Y6 etc., see text

SI, 2, 3, 4—spst switch, toggle or equivalent

Terminal strips, mounting boards, keyboard from toy
piano, see text

Parts for vibrato, see text

Fig. 2—Schematic diagram of the organ using a 117L7-GT. Power line supplies only the heater.

have as high as 10 tone colors of around
15 cents each. (At an octave relation-
ship of 1 to 2 there are 1,200 cents in
an octave—100 cents between two re-
lated semitones.) The actual construc-
tion and wiring are so simple a sche-
matic and a few hints are all that are
necessary. The device is built in four
parts as shown in Fig. 1: the oscillator,

ALUMINUM CHANNEL

E

;wﬂ N

STOP BOARD

SPONGE RUBBER KEY STOP

e &
-t

SWITCHES FORM STOP BOARD

keyboard and tuning capacitors, stop
board and vibrato. The original instru-
ment (Fig. 2) uses a 117L7-GT. A
second model, used in some photo-
graphic illustrations, has a 6\V6 con-
nected as in Fig. 3.

The choice of tubes is left to you.
Most tubes will work when connected
as triodes. A power amplifier tube is

TOY PIANO KEYS 6V6

TUNING BUS
CATHODE BUS

WIOUNR

_TONE CHANGER

MASONITE PANELS

recommended for the oscillator because
its cathode emission is higher than in
voltage amplifier types. The 117L%7-GT
seems to be less susceptible to line-
voltage drops of long duration. but
many of these tubes have high leakage
and will not operate in this circuit.
The 6V6 fed by a 6.3-volt filament
transformer will reflect line drops of

T (OUT PUT XFORMER)

ALUMINUM CHANNEL

One of many models. This one is shown with 1-octave keyboard.
Dots on “tabs” show switch positions for different tone colors.
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Fig. 5—DParts layout for oscillator.

long duration, but not enough to be
serious. This type of tube must also
be hand-picked for oscillation. Most
6L6’s and 6Y6’s are excellent in this
circuit. As many as eight 6Y6’s have
been tried in the same chassis with
the frequency varying only about %
cycle. If the instrument is moved
around into locations of low line volt-
age, it can be tuned either by induc-
tance in the grid circuit or by varying
slightly the resistance across the sec-
ondary of the output transformer.
These voltage problems are not com-
mon in most localities and should not

JULY, 19587

be c¢onfused with surges and fluctua-
tions of short duration which are of
no consequence in this device.

Parts placement, shielding

Placement of parts is not critical
except for the vibrato motor and the fil-
ament transformer (if a 6V6 is used).
These must be kept 2 feet or more
from the oscillator. if unshielded.
Slight 60-cycle beats can spoil a sweet
cutting string tone. For this reason,
the filament transformer and vibrato
were mounted as shown in Fig. 4, put
into a case and left as a power supply
near the 117-volt outlet.

If it is desired for some reason to
mount the transformer near the oscil-
lator, then the oscillator must be
mounted in a box made of 14-inch steel.

Either the 117L7-GT or 6V6 model
oscillator parts can be mounted as
shown in Fig. 5. Use a Masonite panel,
do not use metal chassis or shields
unless the whole unit is shielded. Metal
chassis and partial shields merely act
as sensitive probes for 60-cycle pickup.

The stop-board panel is a piece of

www.americanradiohistorv.com
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Masonite trimmed to dimensions to
suit the case you select. No finished
size is given because some builders will
want the oscillator chassis mounted at
the end of the keyboard, others the
arrangement used on the 117L7 model.

The holes for the switches are drilled,
then the panel is sprayed flat black.
Color spray paint in pressure cans may
be used if desired. When dry, masking
tape is used, just leaving the “stop
tabs” to be sprayed white right over
the flat black. See photos. This dressed
the stop board up more than the switch-
es could do, and it is a good way to
indicate which tone colors you may
have by showing the switch positions.

It is recommended the oscillator
chassis be built first. Plug it into an
amplifier and try different tubes. Re-
member the B-plus “power supply” is
the electron space charge of the tube
and a good tube will cover a much
greater range than a poor one. Spend
a few minutes here trying different
tubes even though the first one pro-
duces amazing results.

During this procedure, hook different
values of capacitors between points
X in Fig. 3. Also, short across tie
points marked “to vibrato.” Cement
or solder a small Alnico bar magnet
(the type glued to many novelties) onto
a thin 6-inch steel ruler (the kind sold
in dime stores). Let the Alnico slug
vibrate or oscillate near the core of
T1 while holding the opposite end of
the sciale between thumb and fore-
finger. By changing values of capaci-
tors at points X in Fig. 3 you can
enjoy the tone colors possible while
producing different frequencies. A
decade or substitution box will be a
handy item here as well as later in
final tuning. A switch across points
Z serves as a key during this test.

The oscillator chassis can be wired
and assembled in very short order and,
outside of added keyboard capacitors,
is the generator for all frequencies
and shaper for all tones. Once you see
how simple it is and listen to it experi-
mentally you will have all the inspira-
tion needed to build the keyboard and
vibrato to be described in the conclu-
sion of this article.

(Before writing us and quoting os-
cillator and vacuum-tube theory as
proof of the impossibility of this cir-
cuit, we suggest that you give it a
try. Parts can be found in the average
junkbox. We know it works. We've
tested a simple 4-note oscillator and
have heard tape recordings made with
a 3-octave instrument.

The transformers that work best at
lower frequencies are those with a high
inductance and low resistance. Power
transformers with the high-voltage
secondary as the oscillator coil and the
117-volt primary as the output coil
have been made to work as low as 25
cycles. Tubes that will not work as
a triode alone can be made to oscillate
by cascoding as in the 117L7 circuit
where the pentode cathode is returned
to the plate of the diode section.—
Editor) TO BE CONTINUED
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TEST INSTRUMENTS

Tlhrce test instruments that speed serciciug

BSCURE troubles in horizontal
deflection circuits are often
hard to localize, particularly
when failure of one component

causes others to change value or break
down. When such troubles occur, the
technician must locate and replace all
defective components before applying
power to the set for more than a few
seconds at a time.

Failure to locate all faults can
damage expensive components just re-
placed. For example, an open cathode
resistor in the horizontal oscillator may
leave the output tube without excita-
tion. This, in turn, can cause the out-
put tube to go gassy and may burn out
the flyback transformer. If a technician
spots a defective flyback transformer
and vreplaces it without determining
the cause of the trouble, subsequent
tests with power applied to the set
can damage the transformer just re-
placed.

Test-equipment manufacturers have
recognized the need for speedy and
complete testing in deflection circuits

H

/ 18,734 KC

FLYBACK and
SWEEP-CIRCUIT

By ROBERT F. SCOTT

and have developed a number of new
instruments for this purpose.

Dynamic sweep analyzer

The Win-Tronix model 820 Dynamic
Sweep Circuit Analyzer is a signal-
substitution type instrument for local-
izing trouble in sync, sweep oscillator
and output circuits, output trans-
formers, yokes, and picture and damper
tubes. Its circuit is shown in Fig. 1.

When the FUNCTION switch is thrown
to SIGNAL SUBSTITUTE, Vl1-a oscillates
at approximately 15,734 cycles and
applies a sawtooth signal to the HORI-
ZONTAL GRID DRIVE output jack and the
grid of V2, the built-in horizontal out-
put stage. This setup localizes trouble
in horizontal deflection circuits.

In a set with no raster. the oscil-
lator tube is pulled or the grid cou-
pling capacitor is cut loose from the
horizontal output grid. If the raster
returns when the 15-kc signal is applied
to the output grid, the trouble is some-
where in the oscillator circuit. No
raster indicates output civeuit trouble.

TTEST @GND

vi-a &b 12AU7

SI01-¢

these difficult circuits

Next, the test leads are connected
between the output jack at the plate
of V2 and the output plate cap on the
primary of the flyback transformer. A
raster on the screen accompanied by a
dim glow on the OVERLOAD indicator
shows that the defect is between the
grid and plate circuits of the set's
horizontal output stage. It can now be
pin-pointed by measuring the de volt-
ages on the horizontal output tube’s
screen and cathode.

If the raster does not appear when
the transformer is driven by the ana-
lyzer or if the OVERLOAD lamp glows
brightly, there is a defect in the yoke,
flyback, width coil, damper tube or
associated components. One by one,
disconnect the width coil, keyed agc
connections, R-C network across the
horizontal yoke windings and all other
components not absolutely needed for
high voltage and deflection. A compo-
nent or network is defective if a raster
is obtained and the OVERLOAD lamip
drops to normal brilliance when it is
disconnected from the circuit. If the

]
2
[
3
4

270K

U NEON
2 Sl0t-e .
o N
3 v 047 :
4 I 60\
G 1 - S
' 1« o)
100K €220k <IMEG -l VERT DRIVE

IRON CORE FLYBACKS
Alfl CORE FLYBACKS

TYPE BL & WH YOKES
Si02-3 3' COLOR YOKES
O o O \ 0

CALIBRATE

047 4
-

HORIZONTAL 6BQB-GA
LTI 4ln  VORIZ OUTAUT 6x4

- RECT

% 27K v3
AVAVA'
6ND ‘ 7
45 20+ 31000 5
= POWER,

SHORT TEST

Fig. 1—Circuit of the model 820 Dynamic Sweep Analyzer.
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GND GND
VERTICAL SYNC CABLE ADAPTER FOR POSITIVE & NEGATIVE PULSES

Pacag ! PEUTURN !

FRDM HORIZ GRID DRIVE
T3 TV TEST POINTS

™ TV TEST FROM VERT DRIVE JACK

POINTS

M GND
HORIZONTAL SYNC CABLE ADAPTER,NEGATIVE PULSES ONLY

Fig. 2—Cable adapters used with the
820 produce sync pulses.

overfoad still exists, look for a short
in the flyback transformer.

Failure of the overload indicator to
lizht at all shows an open circuit in
the output section. Check or replace
the damper tube and fuse in the boosted
B-plus circuit and check the primary
and high-voltage windings of the fly-
back with an ohmmeter or the con-
tinuity-test circuit in the analyzer.

Test for shorted turns

Throwing the function selector to
SHORT TEST sets up the analyzer for
detecting  shorted turns in flyback
transformers and yokes. V1-z is con-
verted to a blocking oscillator operat-
ing at around 500 cycles. Its grid is
tied to the grid of Vi-b through a
270,000-ohm resistor. Now, V1-b oper-
ates as a de amplifier with a 100,000-
ohm plate load resistor shunted by a
neon lamp in a voltage-divider network.
The TYPE selector switch is thrown to
CALIBRATE and the calibrate-frequency
{CAL-FREQ) is adjusted so the neon
indicator flickers slowly and steadily
with the test leads open.

The TYPE selector is then thrown to
the position specified for the type of
flvback transformer being tested. The
plate cap is removed from the output
tube, the damper and high-voltage
rectifier tubes are removed, the yoke
ping is pulled or the hot lead dis-
connected and one lead of the width
coil is broken. The test leads from the
analyzer are then connected across the
flyvback terminals specified in the
manual. If the neon lamp continues to
ticker, the flyback is not shorted and
should now be tested for continuity and
leakage between windings.

The test procedure for yokes is
basically the same as for flybacks. They
are disconnected from the flyback and
the damping resistors are cut loose
from the vertical winding.
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Right — Win-Tronix
Dynamic Sweep Cir-
cuit Analyzer.

Below left — Sync

pulse adapter for the

Win - Tronix model
820.

Below right—Model

382 In-Circuit Hori-

zontal System Ana-

lyzer made by Simp-
son.

TEST INSTRUMENTS

The first step in checking the ver-
tical deflection eircuit is to disconnect
the output grid coupling capacitor from
the oscillator or discharge tube and
apply a 60-cycle sawtooth from the
VERT DRIVE jack to the output grid. If
vertical deflection returns, the trouble
is at some point ahead of the output
grid. The test lead is then moved back
step by step toward the oscillator until
the defective stage or component is
located.

If deflection does not return with
the drive signal applied to the output
grid, the trouble is in the vertical out-
put transformer or the yoke. If the
yoke checks good, the trouble is in the
output transformer and its replacement
is necessary.

Continuity tests

Cirecuit continuity is tested with the
selector switches set to CONTINUITY
TEST and CALIBRATE and the CAL-FREQ
control turned fully clockwise so the
neon indicator lights when the test
leads are shorted. A continuous and
steady glow of the indicator shows
continuity when the test leads are
connected across yoke windings, coils
on flybacks and other transformers,
speaker voice coils, resistors and tube
heaters and filaments.

www.americanradiohistorv.com

Test for leakage
Leakage resistance up to 300 meg-

ohms between windings or between a
winding and core is tested with the
820 adjusted for continuity tests and
the test leads connected to separate
windings or to a winding and the core.
A component with no appreciable leak-
age will cause the indicator lamp to
go out. If it flashes, leakage resistance
in megohms is approximately equal to
50 times the interval between flashes
in seconds. For example, one flash every
6 seconds shows leakage resistance of
300 megohms or so and one every 3
seconds indicates leakage of approx-
imately 150 megohms.

Sync troubleshooting

Vertical roll and horizontal pulling
are often caused by an open circuit,
short or other defect that prevents an
adequate syne signal from reaching the
deflection oscillators. These defects can
be localized by signal substitution with
the 820. Fig. 2 shows simple adapters
that can be used to convert the saw-
tooth signals available at the VERT
DRIVE and HORIZONTAL GRID DRIVE jacks
into syne pulses.

The vertical sync adapter provides
signals with vpositive- and negative-
43
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Knight-kit Flyback Checker.

ciated components without disturbing
the receiver circuitry. It tests flyback
transformers, yokes, width and lin-
earity coils and measures capacitance
from 10 puf to 0.1 pf in three ranges.
The circuit is shown in Fig. 3.

When testing for shorts, the 6K6-GT
operates as a 1-ke oscillator with feed-
back supplied through the grid winding
of the oscillator transformer. It is
keyed on and off at a 60-cycle rate by
the ac plate voltage from the 116-volt
tap on the power transformer. Strength
of oscillation is indicated by a 60-pa
meter with a full-wave rectifier con-
nected across 68,000 ochms of the 268-
000-ohm grid leak. The in-circuit test
is made with one test lead clipped to
the horizontal output plate lead and the
other to ground.

This effectively the

places entire

05C TRANS

PHRTRANS o v
I::} 5.2 M[ [%
.,L—_, ||6V I'R()N'l'°
|| 5
I:'a, 472.5K 52 ¢ j
315V
AN i

METERADJUST || =22

52 SW-POS 2 - SHORTS
3 - CONTINUITY
4 - 1000 MMFD
5-.0l MFD
6 - IMFD

Fig. 3—Simpson model 382 In-Circuit Horizontal System Tester circuit.

6S4-A
AUDIO OSC

POS 2= CONTINUITY

CALIBRATE

—£ajOUTPUY
) crone

3- SHORTED TURNS g.
~a + LS|
\—!‘ﬁ" ,

Fig. 4—Circuit of the 1-tube Knight Flyback Checker.

going pulses or negative and positive
pulses alone.- This enables the tech-
nician to duplicate the normal vertical
sync signal at any point in the sync
chain. The horizontal sync adapter
provides negative pulses only.

The model 915/960 Sync Pulse
Adapter (see photo) is available for
use with the 820. It provides both nega-
tive- and positive-polarity vertical and
horizontal sync pulses.

Simpson 382

This instrument is called the In-
Circuit Horizontal System Analyzer be-
cause it permits initial tests for shorts
in the output transformer and its asso-
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horizontal output circuit in parallel
with the grid winding of the oscillator
transformer. A shorted turn anywhere
in the horizontal output system reduces
the circuit Q to the point where the
voltage developed across the 68,000-ohm
resistor causes the meter to read RE-
PLACE.

Open circuits do not load the test
oscillator so when you have an in-
operative circuit that tests Goobp, check
the continuity of the yoke, linearity
and width coils and the individual
windings of the flyback transformer.

When the FUNCTION switch is turned
to CONTINUITY, the meter and its recti-
fier are in series with the test leads
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across the 315-volt section of the power
transformer. The circuit then operates
as an ac ohmmeter, indicating con-
tinuity by reading in the Goop area of
the bottom scale and an open circuit
by reading REPLACE.

The capacitance ranges use an ac
ohmmeter circuit with the scales cali-
brated in capacitance units. The meter
deflection is determined by the range
and the ac reactance of the capacitor
under test. Approximately 315 volts is
applied to the test leads on the 10-
1,000-ppf range, 31.5 volts for capac-
itors up to .01 uf and 3.15 volts for
values to 0.1 pf.

Knight-kit flyback checker

Allied Radio’s flyback checker kit is
similar in its basic operation to the
Simpson 382 and most of those cur-
rently available. It checks for shorted
turns in flyback transformers, yokes,
width and linearity coils and other
inductors with a Q of 1 or higher and
inductance between 3 mh and 2 henries.
Continuity checks can be made in any
circuit or component with resistance
from 0 to 500,000 ochms.

The circuit of the Knight-kit checker
is shown in Fig. 4. The tube is an audio
oscillator with feedback from plate to
grid supplied through transformer T2.
Power transformer T1 supplies t0-cycle
ac to the plate so the circuit oscillates
only on that portion of the input cycle
that makes the plate positive with
respect to the cathode. The grid returns
to ground through the CALIBRATE con-
trol, the 47,000-ohm resistor and one
winding of TZ2. The strength of oscilla-
tion is indicated on a 400-za meter in
series with the grid.

The component being tested for
shorts is connected in parallel with the
grid winding of T2 through the test
leads. The added inductance raises the
oscillator frequency and increases grid
current causing the meter to read in
the coop area of the scale. If the
inductor has one or more shorted turns,
it absorbs power from the feedback
circuit and the meter pointer falls to
zero or some point in the SHORTED
TURNS section of the scale.

Continuity tests are made with the
element or circuit under test connected
directly between the oscillator grid and
ground. If the circuit resistance is less
than % megohm, the grid current drops
and the meter indicates that continuity
is OK. An open circuit or one with
resistance above 500,000 ohms or so
will not affect the oscillator’s operation
and the meter reads OPEN. END

NEXT MONTH
By Robert F. Scott
Inexpensive Instruments

as Service Aids

RADIO-ELECTRONICS
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SIG GEN

VARIABLE
FREQ
0SC

. RFOUTPUT

By RICHARD GRAHAM

HE typical radio-TV signal gener-

ator is a paradoxicul piece of

equipment. It is usually required

to cover a frequency range of 125
ke to 215 me, a frequency ratio of 1,700
to 1. On the other hand, it must be
accurate enough to scerve as a marker
cvenerator for TV and FM receiver
alignment,

These two requirements are incon-
erwous. The wide frequency range
covered in five or six bands always
results in insufficient bandspread for
marker purposes. Any technician or
experimenter who has tried to measure
the bandwidth of an FM or TV if strip
accurately hy using a servicing type
of signal generator will attest to thut.

It is generally agreed that the uc-
curacy of most signal generators is
adequate for alignment purposes. Ac-
tually it makes little ditference if, for
example, the eenter frequency of an
FM if is 10.5 me instead of 10.7.

We can say that, while the accuracy
of the usual signal generator is accept-
able, the ditferential accuracy necessury
for bandwidth measurements or marker
purposes is poor because of poor band-
spread.

This situation is easily corrected with
the accessory unit described here. The
bandwidth marker generator is used
with a signal cenerator and acts as an
electronic  bandspreader at any fre
quency of the signal generator.

The bloek diagram of the marker
venerator is shown above and the sche-
matiec at the rvight. The signal gen-
erator’s output is fed to a frequeney
mixer in the marker generator. The
output of a vfo in the bandwidth marker
is also fed to this mixer. The mixer’s
output is four frequencies which cor-
respond to the sum and difference of
the two input frequencies as well as
the two mixer input frequencies. A
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parallel-tuned circuit in the output of
the mixer selects the desired sum fre-
quency. This output appeuars across
a high-impedance parallel-tuned circuit
and is transformed to a low impedance
by a cathode follower,

The vio is designed to cover two
bands of frequencies. The oscillator
covers 54) to 3.5 me or a frequency
change of 500 ke in one range and 5
to 10 me in the second. Iktfectively the
signal cenerator output can be shifted
within 500 ke or 5 me.

Using the marker generator

Suppuse we wish to align an M
tuner and want to tell accurately when

6BES

TEST INSTRUMENTS

Adapt your signal generator
to measure intermediate-
frequency bandwidths

the if bandwidth is 200 ke at the 3-db
points. If the response is made much
wider than this, the sensitivity of the
tuner will sutfer; if it ts made narrow-
er, the audio quality deteriorates to an
obvious extent.

Now, if the vfo in the bandwidth
marker generator is made to operate
over a frequency range of 5.0 to 5.5
me and the signal generator is set at
54 mec, the mixer output, which will
be the sum of these two frequencies,
can he varied over a range of 104 to
10.9 mec. This frequency change at 10.7
me of only 500 ke is accomplished by
adjusting the marker generator’s eali-
brated oscillator. The rvesult is a max-

6cC4

ta:Fa

65 WA 3EL RECT R4
53 I . +1 /1w 1
-0 N T T
=l B PTV/
mac ¢ i

' 6.3/2A TO HTRS (PINS 3 2 4)

R1—10,000 ohms

R2—27,000 ohms

R3—1,800 ohms

R4—1,000 ohms, | watt

R5—100,000 ohms

All resistors Y, watt unless noted

Cl, 2—7-45-uuf ceramic trimmers

C3—7S uuf, air variabie

C4—22 puf 500 voits, mica

C5, 6, 8 10, 11—.01 uf, 600 volts, disk ceramic

C7—20-20 pf, 150 volts, electrolytic

C9—50 put, air variable

JI, 2—coax connectors

L1—36 turns, tapped 10 turns from bottom end,
No. 30 silk-covered wire, CTC LS4 !/;-inch-
diameter slug-tuned form.

L2—I5 turns, tapped 8 turns from bottom end,
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Circuit of two-tube marker generator.

No. 30 silk-covered wire, CTC LS3 3-inch-
diameter slug-tuned form.

L3—rf choke (Ohmite Z14)

S|—spdt rotary

S2, 3—spst toggle

T—power transtormer, primary 17 volts: secondary
125 volts, 50 ma, é volts 2 amps

Vi—éBES

V2—4C4

Sefenium rectifier—é65 ma

Sockets (2}, 7-pin miniature

Tube shield

Chassis—4l/; x 8 x tY; inches

Cabinet—b x 5 x 9 inches

Knobs

Miscellaneous hardware
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Space no problem under chassis of this marker generator.

imum of 500 ke of frequency change at
10.7 me with a bandspread of 180° on
the marker generator’'s dial.

While the 500-ke frequency change is
ideal for FM tuner alignment, it is too
narrow for TV work. Here is where the
5-10-mec range comes In. It will give a
calibrated frequency ehange up to b me
in the same manner as in the previous

example.

The bandwidth marker uses two
tubes. Mixer and oscillator are com-
bined in one 6BE6. The cathode fol-

lower output is a 6C4.

The two oscillator ranges are selected
by switching variable trimmer capac-
itors C1 and C2 in series and shunt
with C3, the main oscillator tuning
capacitor.

The tuning of the mixer output
covers 10 to 25 and 23 to 48 me in two

46

ranges. Switch 82 shorts out part of
the mixer plate coil (L2) to ehange the
tuning range. This frequeney range
covers the common FM and TV inter-
mediate frequencies,

The nnit is honsed in a 6 x 5 x 9-
inch alaminum utility box. Construec-
tion is straightforward. Details can be
seen in the photographs. It is advisable
to mount L2 and 82 close together.
This prevents additional capacitance
that can cause a dead spot in the out-
put tuning when switech S2 is closed.

Alignment procedure

This requires a receiver capable of
tuning 5-10-mec range.

The first step in alignment is to set
trimmers C1 and C2 at approximately
mid-eapacitance. Set the main variable
tuning ecapacitor C3 for maximum
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capacitance. Set S1 to the 5-me¢ povition.,
Tune the receiver to b mc. Pluce the
receiver antenna near the generator.
Adjust coil L1 until the oscillater
carrier is heard. Now set S1 to the
500-ke position. Adjust C2 until the
oscillator carrier is heard «t 5 mc in
the receiver. Tune the receiver tc 5.5
me. Set €3 for minimum capacitance.
Adjust C1 until the oscillator carrier
is heard at 5.5 me. Repeat adjustments
of C1 and C2 several times since each
will affect the other. It also may be
necessary to set S1 back in the 5-mec
position and readjust L1.

This procedure will automatically in-
sure that the oscillator will reach 10 nic
when St is in the 0-5-mc position and
('3 is rotated to minimum capacitance.
However, it might be better 1o check
this point by setting the receiver tc 10
me with the antenna near L1 and
rotating C3 toward minimum capac-
itance. A strong carrier should be
noted at some position of C3, at or near
minimum capacitance. If it isn't, repeat
the alignment of L1, C1 and C2.

\When the frequency extremes of the
oscillator are set on both ranges, it is
necessary only to set the receiver to
the intermediate frequencies to cbtain
the remaining calibration points. When
the calibration is completed, it’s a2 good
idea to coat the cardboard scale with
colorless nail polish or Polystyrene @
dope to give it a hard surface.

1.2 can be adjusted by setting the
receiver to 10 me. Place the antenna
near the cathode-follower output. Set
a signal generator feeding into the rf
input connector on the front punel to
5 me. With the internal oscillator at
5 me, 82 open and C9 at maximum
capacitance, adjust L2 for maximum
output in the receiver. This adjust-
ment can also be made in the initial
use of the instrument as an oscilloscope
frequency marker. At this time C9 is
set at slightly less than maximum
capacitance and L2 adjusted for max-
imum marker height on the scope.

To use the bandwidth markcr gener-
ator it is always necessary to remember
that the output frequency will differ
from the signal generator frequency
by 5 me. If the desired output fre-
quency is 10.7 me, the signal generator
is set for either 5.7 or 15.7 me. The
lower frequencies usually have more
bandspread on most signal generators
—hence greater accuracy. Therefore it
is usually better to use the lower fre-
quency. Switch S2 is set for the fre-
quency output range and C9 s
adjusted for maximum output. This is
done during the visual alignment of the
if under test. Simply adjust CY for
maximum marker pulse height.

The bandwidth marker gencrator is
applied to circuits and alignment prob-
lems in precisely the same manner as
the signal generator was when used
alone. Except now, of course, the
marker generator frequency dial is
adjusted to give specific frequency
changes called for in alignment proce-
dures. END

RADIO-ELECTRONICS
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By EARL T. HANSEN

AST month we described the construc-
tion and application of direct-
alignment, isolation and high-
frequency probes. We continue

with another probe that any oscilloscope
owner will find valuable for extending
the usefulness of his instrument, the
low-frequency detector probe (Fig. 1).

This is a half-wave shunt type crystal
demodulator probe for general use in
rf ecircuits where wide-band audio (or
video) output is not required. The
low frequency referred to is the mod-
ulated signal range and not the rf
under observation. The useful rf range
is approximately 100 ke to 250 me.
The audio output range is from dc to
about 10 ke. The input capacitance is
2,5 upf and causes very little loading
or detuning in critical circuits. Resistor
R2 in Fig. 1 isolates the cable from the
rf source and consequently eliminates
cable resonance.

100yt 100K~ R2 ,

A, ° r“\‘]imt DIODE

Fig. 1—Low-frequency detector probe.

The probe can be used for signal
tracing in the tuner and if strip of a
TV set although the horizontal sync
will be attenuated and distorted. If the
technician is interested only in the
presence of the signal and is not con-
cerned with sync clipping, ac ripple,
ctc., this probe is quite satisfactory.
It is recommended for use in radio rf
and if circuits. On local AM broadcast
stations a signal can probably be ob-
served on the loop antenna and followed
through the receiver to the detector.

This is the probe for observing the
response curve or aligning a single
video if stage. To view the response
curve of a single stage, the properly
terminated sweep generator output
cable is connected to the grid of the
preceding stage. The low impedance of
the cable swamps out the grid tuned
circuit and prevents it from influencing

LOW -FREQ DETECTOR PROBE TO SCOPE

IF SWEEP GEN
CONNECTED HERE

200.0. SWAMPING RESISTOR
CADDED TEMPORARILY)

Fig. 2—How if response of a single
stage is observed.
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the curve. The detector probe is con-
nected to the plate of the following stage
(Fig. 2). To prevent T3 from influene-
ing the curve and being detuned by the
probe, the coil must be shunted with a
swamping resistor; 200 ohms is a
typical value. With this arrangement
the response curve of T2 and its trap
is presented on the scope. Any regenera-
tion in the stage would show up as a
sharp peak. Do not overload the stage;
it would cause a distorted response
curve.

The 200-ohm swamping resistor could
be included in the probe but this would
limit its use. Connect the resistor as
close to the tuned circuit as possible.
This avoids long leads in a resonant
loop, as would be the case if the resistor
were in the probe.

Video amplifier bandwidth can be
checked by connecting the detector
probe to the grid or cathode of the
picture tube, whichever the signal is
applied to. A video sweep generator is
then connected to the grid of the video
amplifier tube. Its frequency sweep
must range from 0 to 5 me. The hori-
zontal input to the scope is connected to

rSWEEP GEN ZERO-BEAT POINT

4.5 MC TRAP

Fig. 3—Video response curve, as shown
by the low-frequency detector probe.

a 60-cycle variable-phase ac source, as
in other response-curve presentations.
Some scopes have this source built in;
others must use the source provided
by the sweep generator. The observed
curve will be similar to Fig. 3 in a
normal video amplifier.

Another important use for this probe
is sweep-checking the bandwidth of
chrominance amplifiers in color re-
ceivers. This applies to chroma circuits
ahead of the demodulators as well as
1 and Q bandpass amplifiers after
synchronous demodulation. The setup
is very similar to that described for
video amplifiers. The sweep generator
(0-5 mc) is again connected to the
grid of the video amplifier. The probe is
applied to any luminance or chro-
minance circuit up to the picture tube
and the cumulative response curve at
that point seen on the scope. Adjust
the chroma gain and generator output
to give sufficient amplitude but do
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BU". a versatile probe set

Part

II: Construction and application
of low-frequency detectur
and low-capuacitance probes

not distort the signal by overloading.
Markers may be injected by lightly
coupling a signal generator to the video
amplifier grid.

Both the high- and low-frequency
detector probes can also be used with
a vtvm to indicate relative values of rf
and can be calibrated to give accurate
readings up to the voltage limitations
of the diode crystals used.

The builder may prefer to call this
probe “rf demodulator,” which may be
more descriptive of its general-purpose
use.

Low-capacitance probe

This is probably the most widely used
probe in the group, particularly in TV
servicing (Fig. 4). It is also known as
the high-impedance probe. The band-
width is more than adequate and ex-
ceeds that of most scopes, being fiat
from de to over 10 mec. Resistive and
capacitive loading are only one-tenth
of that with the direct probe. The only
disadvantage is the 10-to-1 attenuation.
However, this is inconsequential be-
cause of reserve oscilloscope gain and
the high-amplitude signals usually en-
countered in TV circuits.

This probe is used when it is desired
to observe a signal waveform with a
minimum of circuit loading. This would
apply to the video detector and all the
circuitry beyond it, including the sync
section, sweep oscillator and amplifiers,
blanking, horizontal afe, chroma band-
pass, color ape, synchronous demodula-
tors, power supply and audio. The ex-

Fig. 4—Low-capacitance probe.

ception is the high-voltage pulse at the
fiyback transformer. A special high-
voltage capacitive divider probe is best
for this application. Nevertheless, the
low-capacitance probe can be used to
get an accurate picture of the wave-
form if the tip is held an inch or two
away from the point to be tested. This
would present the waveform on the
scope but it would be difficult to meas-
ure the peak-to-peak value by this
method,

This probe is the only one in the
group which requires adfustment when
built. It must be adjusted to give equal
attenuation at all frequencies. First
make sure the input step attenuator
in the scope is properly compensated.
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To do this, use the direct probe and
view the composite video signal on the
video detector loa 1 resistor of a normal-
ly operating TV chassis. Use a 30-cycle
scope sweep. The presentation should
be similar to that of Fig. 5. It will
probably be inverted—the important
point is to make sure the vertical and
horizontal sync pulse tips have the
same apparent amplitude.

Should the image be similar to that
of Fig. 6 or 7, refer to the scope in-
struction manual for adjustment pro-
cedure. Make this check at all settings
of the attenuator switch. If the ampli-
tude is not sufficient at the high at-
tenuation position, move the direct
probe to the video amplifier output for
greater deflection. If the scope does not
have an input attenuator switch, these
checks can be disregarded if a wave-
form similar to Fig. 5 can be seen on
the scope.

If the signal shown is similar to Fig.
7 and no means of adjustable com-
pensation is included in the scope, the
instrument should be considered in-
adequate for any TV service work
except alignment and response-curve
checks.

The next step is to determine the
value of the scope input resistance so
that the proper value of R3 (Fig. 4)
can be determined. If the scope has
response to de, turn the input switch
to the de position and measure the
input resistance from the vertical
terminal to ground, with the scope off.
Input resistance of a non-de scope can
be measured as in Fig. 8. A 60-cycle ac
voltage (6.3 volts is satisfactory) is
applied to the vertical input of the
scope and the vertical amplitude ad-

Fig. 5—Composite

video signal at out-

put of video ampli-

fier, as seen with

the low-capacitance

probe. Sweep rate
30 cycles.

Fig. 7—Video
through the low-
capacitance probe
when there is in-
sufficient compen-
sation.

justed to show a large deflection cover-
ing a certain number of divisions. A
variable resistance (0 to 5 megohms)
is placed in series with the 60-cycle
voltage source and the vertical input
terminal. This resistance is varied until
the screen image indicates one-half the
previous amplitude, The variable re-
sistance is removed and measured with
an ohmmeter. This is equal to the scope
input resistance R5 (Fig. 9).

To nake the probe’s 10-to-1 attenua-
tion correct, the value of R3 must be
nine times the resistance of R5. Ex-
ample: R5 is 0.5 megohm. Then R3
equals 0.5 X 9, or 4.5 megohms. A
1.7-megohm Y -watt resistor would be
satisfactory.

This resistor determines the low-
frequency attenuation ratio. The high-
frequency attenuation or compensation
is determined by the ratio of C2 in Fig.
4 to C5 in Fig. 9, the latter being the
total cable and scope input capacitances.
C2 must be one-ninth the value of C6.
Since C5 is not known or easily meas-
ured, it is simpler and more accurate
to estimate the capacitance and adjust
it to an exact value, using a video
signal. Since the input capacitance C5

- to the scope and cable will be some-

where between 55 and 125 puf, an ap-
proximation of C2 would be 8 or 10
ppf. This value can be tried and a
signal from the video amplifier ob-
served.

If the value is exactly correct, the
horizontal and vertical sync pulses
will be at the same level, as in Fig. 5.
If the vertical pulse extends beyond
the edge of the horizontal portion as in
Fig. 7. capacitor C2 is too low and
should be increased by a twisted wire

Fig. 6—Video sig-
nal as seen with
the low-capacitance
probe when it is
overcompensated.
Sweep rate 30
cycles.

Fig. 10—Same sig-
nal as Fig. 5 with
the scope sweep
rate changed to
7,875 cycles.
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gimmick or by substituting a capacitor
of slightly greater value. If the vertical
pulse group is depressed in the hori-
zontal as in Fig. 6, capacitor C2 is too
large. This can be changed to one of
lower capacitance or a variable trimmer
(3-30 guf) can be added to the input
of the scope and adjusted to accomplish
the same effect. The amount of input
capacitance added to the scope by this
variable trimmer is negligible and it is

SCOPE SCOPE
@ R4 @

—_——10 [,
6.3VAC VERT IN BVAC 0-5MEG VERT IN
—— 1o HO

Fig. 8—Method of determining scope
input resistance. See text.
SCOPE

F\E‘MAIJ: PHONO CABLE CONNECTOR

I ""I T tca 208

304 9
d2¢3 N TS
L\;}-é—_

5= TOTAL SCOPE & CABLE CAPACITANCE
Fig. 9—Breakdown of total scope and
cable capacitances.

a very accurate method of adjusting
probe compensation. :

Many low-capacitance probes have
a variable capacitor in the probe itself.
This necessitates a larger and bulkier
housing. A little extra effort in adjust-
ing the probe during construction allows
a light streamlined job to do all the
larger ones will, and do it more con-
veniently.

It is interesting to note that Figs. 6
and 8 indicate that, when the probe is

RADIO-ELECTRONICS
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improperly compensated, the picture
information modulates the amplitude of
the sync pulse tips. An open agc bypass
capacitor in a TV set can cause a sim-
ilar effect (Fig. 6 especially).

On some scopes probe compensation
holds entirely correct at only one setting
of the scope input attenuator. This is
because the scope input capacitance
changes slightly when the attenuator
is switched. Little can be done about
this without considerable modification
to the scope. Therefore the probe should
be adjusted to the most often used
setting of the attenuator. The changes
in compensation caused by switching
are usually very slight and are men-
tioned only in explanation of effects
that might be temporarily puzzling.

When using this probe with scopes
that have built-in peak-to-peak voltage
calibrators, keep in mind that the pres-
entation on the scope tube will be one-
tenth that actually in the circuit under
test.

Figs. 4, 10, 11 and 12 shew video
signals at the output of the video am-
plifier with a properly adjusted low-
capacitance probe. Fig. 11 shows hum
modulation causing poor sync and im-
proper shading of the TV picture. The
cause in this case was an oscillator
mixer tube (5J6) with heater-to-grid
leakage. Fig. 12 indicates horizontal
sync pulse distortion causing horizontal
and vertical jitters. The cause was an
ungrounded picture-tube coating and
two missing' tuner-tube shields, allow-
ing the high-voltage pulses to be ra-
diated into the tuner circuits.

To summarize, the direct probe is
used for audio or other signals where
some circuit loading will not be objec-
tionable. The alignment isolation probe
is used at the video detector load resis-

Fig. 11— Video
with excessive 60-
cycle ac. Video am-
plifier output
through low-capa-
citance probe.
Sweep rate 30
cycles.

tor or tuner check point when the re-
sponse curve is to be viewed. The high-
frequency detector probe (video if) is
used for signal tracing in the if section
of a TV chassis. The low-frequency de-
tector (rf demodulator) probe is used
for general signal tracing in  rf-if
circuits and for bandwidth checks in
video and chroma circuits. The low-
capacitance probe is used in all other
applications, especially when minimum

TEST INSTRUMENTS

Fig. 12—Video sig-
nal with distorted
sync pulses. Low-
capacitance probe
at video-amplifier
output. Sweep rate
7,875 cycles.

under test is
END

loading of the circuit
desired. Pleasant probing!

Parts List

RI, 2—100,000 ohms

R3—To be determined, see toxt

R4—5-meg pot

R5—input resistance of scope

C1—100 ppf

C2—To be determined, see text

C3, 4, 5—Distributed capactances in probe and scope

D—CK708, IN295, IN34 crystal diode or equivalent,
see text

Primer for Tube Buyers

Q I sometimes see tubes advertised for sale at

A

JULY,

prices much lower than list. How come?

Not all tubes are of the same quality. Some
dealers offer seconds, rejects or otherwise less
than perfect tubes at lower prices.

Isn‘t that illegal?

No! Unethical —Yes, since the reader has the
right to expect that unless otherwise stated the
tubes offered for sale are new and unused.

Well, why do you permit such advertising?

RADIO-ELECTRONICS doesn’t. Maybe we’re old
fashioned, but the publishers of RADIO-ELEC-
TRONICS insist that their readers be told what
kind of tubes they are being offered. Since

1957

wwWw.americanradiohistorv.com !

> O

January 1956 we have demanded that mail
order tube advertisers state specifically that the
tubes advertised are new and unused, not re-
jects or rebranded merchandise. If the tubes
do not meet those standards., the advertisers
must say so.

Well what do you gain out of that?

Financially, if that's what you mean. we gain
nothing! In fact, if you check back over issues
prior to January 1956, you’ll find we’ve lost
some of this advertising. But we are protecting
our readers—and our advertisers. And since
we're not in business for just the fun of it, we
feel that that will help build our circulation—
and our advertising income.
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Fized and variabie
sections provide hwide
range of dec voltages

By THOMAS R. HUGHES

HIS power supply is designed for
operating two or three pieces of
equipment at one time for testing
and developing receivers, power
amplifiers, ete. It consists of three sep-
arate sections: a main plate supply
providing a fixed de voltage; a supply
of 0-350 volts de, variable, for fixed
bias or other purposes; a supply of
0-24 volts de, variable, at 83 amperes
for a filament supply of low-level stages
or other low-voltage needs.

Each section (Fig. 1) is completely
isolated from the line and other sections
by its own isolating transformer, pre-
venting feedback or crossover within
circuits being fed. Aside from the door-
bell transformer and 26-volt 3-ampere
selenium rectifier used in section 3, and
the 1-to-1 ratio isolating transformer
used in section 2, all major components
can be bought at stores dealing in war
and manufacturer’s surplus stocks.

Section 1 is a standard power pack
fed from a TV plate and filament trans-
former rated at 800 volts center-tapped
and 225 milliamperes. One 6.3-volt wind-
ing delivers 10 amperes, one 1.5 amperes
and one 5-volt winding 3 amperes. The
B-plus output of this section can be

Top — The completed experimenter’s
power supply; with cover lifted all con-
trols are exposed. Center—Rear view
shows the output connections. Bottom
—Underchassis wiring and parts layout.
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jumped from around 350 volts to over
400 by switching a 10-uf heavy-duty,
oil-filled shunting capacitor ahead of
the first smoothing choke.

This supply is well filtered by two
10-henry chokes and 40-uf shunting
capacitors with a variable voltage-
divider resistance load. No voltage
regulation is used in any of the three
sections because they are well under-
rated for normal use.

The second section is a selenium rce-
tifier voltage-tripler circuit, using a
four-deck selector switch to change
from a single half-wave to a doubler
and then to a tripler connection, giving
a selection of three voltage ranges.

At these ranges the voltage can be
gradually faded toward zero by a rheo-
stat in the 117-volt line ahead of T2.
In this way it is not necessary to sacri-
fice any dc¢ power by IR loss in volt-
age dividers or fixed resistors.

This supply contains a 10-henty
smoothing choke and 16-4f capacitor, to
iron out ripple. All components are
rated for at least 200 ma.

The third section consists of a 3-
ampere full-wave selenium rectifier fed
from the secondaries of a heavy duty
doorbell ringing transformer. With a
two-deck selector switch, the secondary
taps of this transformer can be re-
connected from 8 to 16 or 24 volts. The
output is filtered by 8,000 uf.

Here again, the secondary voltage
is lowered by a rheostat and resistors
on the line side of the transformer and
the I’R loss avoided on the dc side.
A selector switch inserts additional re-
sistors in series with the rheostats if
the load is too light to produce the
required voltage dropping within the
rheostat winding. A double-throw tap
switch determines whether the resistor
bank will be used with section 2 or 8.

AC RECEPTACLES

i

Design of Chassis

The chassis was laid out to shield the
filtered sections from the ac compo-
nents and conductors and separate the
selenium rectifiers and capacitors from
all heat-producing parts. An aluminum
plate was used for the deck to which
all transformers and chokes were bolted,
thus, there could be no magnetic path
from one to another through it. All
cores were rotated 90° from adjoining
units.

The aluminum plate was mounted ap-
proximately 4 inches high to give plenty
of room for mounting capacitors and
rectifiers underneath. The heat-produc-
ing parts were mounted above the deck
where plenty of air circulation is per-
mitted by cane-metal covers (See
photos).

To protect the controls on the front
and the plugs to be inserted on the
rear from mechanical injury, both the
front control and rear terminal panels
are recessed.

The front half of the cane-metal
cover is hinged and tilts back over the
rear. The rear half of the top can be
lifted off pegs without removing any
screws but the back vertical section
of the screen is serewed in place be-
cause the same screws and nuts hold
some chokes and transformers in place.

The two ends of the chassis were
made from 20-gauge galvanized sheet
steel and the front panel and rear
terminal board and bottom cover plate
were made from remnants of 24-gauge
galvanized sheet steel.

Fig. No. 2 shows how the material
was cut and bent to make the two
ends. In each position that tinsnips
could not reach, a row of four small
holes was drilled for starting a saw
and a fine-tooth hacksaw blade (pointed
like a keyhole saw) was used to saw
along the line. Bends were made by
clamping between pieces of angle iron
in a 4-inch vise and creasing with a
light hammer.

The drum-shaped rolls at the top
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Fig. 2—Layout for construction
power-supply cabinet.

2-inch-diameter metal shafting at the
place and bending the top extension
down over it to meet the front part.
Where there was overlapping, the edge
was trimmed off with a hacksaw. Small,
aluminum countersunk head rivets were
used to fasten a small patch of sheet
metal inside this joint. The joint was

C RI-RS USED TO MAKE 25K SHUNTING LOAD corners were made, after all bends filled with acid-core solder and then
i were complete, by clamping a section of the rivet heads and solder were
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6000pf/6V (3- 20004 IN PARALLEL
Resistors: |—500, |—I1,000, 1—2,500 ohms, 10 watts; {contacts on 2 decks); |—3-pole 3-position 3-deck Miscellaneous: |—selenium rectifier, 26-volt, 3-amp,
R1-5 (see text): 1—I5 ohms, 20 watts; |—500-ohm selector switch; |—4-pole 3.position selector switch; full-wave bridge type; 3—selenium rectifiers, 150-

0.3-ampere wirewound rheostat; |—500-ohm 25-watt
wirewound rheostat.

Capacitors: |—I10 uf, 600 volts, oil filled, paper;
I—16 pf, 2—40 pf, 3—80 pf, 450 volts, electrolytics;

2—1,000 puf, 25 volts, electrolytics; 3—2,000 uf, &
volts, electrolytics.
Switches: |—4-pole double-throw selector switch

4—spst; |—dpst, 10 amperes,

Transformers aond chokes: [—shielded transformer,
800 volts ct at 225 ma, 6.3 volts at 10 amp, 6.3 volts
at 1.5 amp, 5 volts at 3 amp; l—isolation trans-
former, 40 watts; |—bell transformer, 117 volts to 8,
16, 24 volts at 3 amp: 2—|0-henry 200-ma, 150-ohm
shielded smoothing choke,

volt, 250-ma, half-wave type; 2—3-amp fuses and
holders; |1—0.25-amp fuse and holder; I—l-amp fuse
and holder; I—high-voltage fuse and holder; 1—0.25.
amp Slo-Blo fuse and holder; 1—5U4G and socket:

|—117-volt pilot lamp and assembly; |—chassis and
cabinet (see text); l—line cord; knobs, output
terminals.

Fig. 1—The experimenter’s power supply is actually three independent systems.
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smoothed down
surface.

The chassis sections are bolted to-
gether with 6-32 machine screws and
nuts and the bottom cover plate at-
tached at blind flanges by sheet-metal
serews.

Because the cover tips back over the
top, there was no logical way of mount-
ing a handle in the center for carrying
the chassis. The outfit weighs around 40
pounds and any handle must be sub-
stantial. The 1%x3%-inch sections were
bent in near the top in each end to pro-
vide flush hand holes. Thus, both hands
are used to carry the set and the
handles provide a smooth surface for
distribution of pressure on all fingers.
In addition, a certain amount of venti-
lation is provided at these locations for
transformers located in the ends.

flush with the outer

Ventilating covers

Cane metal is intended for ventilat-
ing panels in doors of water-heater
cabinets, ete., in kitchens or service
porches and can be bought in sheets
at hardware stores or cabinet shops.
Along the edges and running through
its pattern are strips of solid metal
about 1/8 or 3/16-inch wide. I always
lay out covers so that solid strips are
along the edges to give a finished ap-
pearance. If this is not possible, fold the
sharp ends of the lattice work back
over a piece of soft iron wire (any
gauge from 16 to 10) to form a neat
rolled edge.

At the sides of the front cover that
tips back to expose the controls, 3;-inch
flanges were bent over to give it
strength. Where it was bent to conform
to the 1l-inch radius rolls at the top
corners of end pieces, the lattice-work
sections were carefully trimmed out
of the flanges, with diagonal cutters,
to meet after the roll was made. These
tips were joined by soldering (with
acid-core solder) to make the side flange
continuous around the bend.

For the hinge, the back edge of this
cover was rolled over a 3/16-inch rod;
it doesn’t matter where the lattice work
is cut off. Fig. 2 shows a 5-inch flange
bent down at the inside top edge of
the end pieces. A hole was drilled in
this flange at each end to receive the
hinge rod. The rod is cut to extend past
the flanges and can be slid endwise
while inserting in one end and then
slid back through the hole in the other
end.

The cane-metal section above the
terminal board at the rear was flanged
at the bottom for bolting in place and
along the sides for finishing. At the
top corners things didn’t jibe for se-
curing it by bolts through the flanges.
So, to finish and strengthen the top
edge and fasten it to the chassis ends,
two small angles were bent from 24-
gauge sheet steel. These were fitted
together, one inside the other, with
ears on the ends of one for bolting to
the chassis end sections.

These angles were clamped over the
edge of the cane-metal back piece by
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three 4-36 machine screws with the
nuts topside. The top cover that mates
with this section had the flange bent
under so that openings in the cane
metal would seat over these three screw
tips and hold it in place. Some small
angle clips were bolted to the end sec-
tions, just back of the hinge, to hold
the front edge of this section.

Angle clips were bolted to the front
control panel and riveted to the end
sections for supporting the aluminum
deck section. Soft %-inch tinner’s rivets
were used on the ends, with the heads
inside. The holes were countersunk
from the outside so that after the
rivet ends were peened into the flared
holes they could be smoothed down
flush with the outer surface of sheet
metal,

The top edge of the control panel
was doubled over to leave a finished
edge. A sheet of .012-inch Lucite was
crimped under this folded edge with
a piece of 1-inch medical tape folded
over the Lucite and extending past the
edge of the metal to keep from cut-
ting the Lucite. Before the controls
were finally installed, the Lucite was
pulled down over the front of the
panel and held in place with pieces of
small chrome auto-molding and 4-36
screws and nuts.

A razor blade was used to cut out
the Lucite at the holes for control
shafts. Then a piece of white paper was
placed behind the Lucite and holes cut
through it also. I typed labels and
instructions on this paper. Then the
controls were ready for installing. Lock-
nuts were used front and back on the
shafts of all controls. The front nut
was adjusted for the desired length
of the shaft and tightening was done
by the rear nut so that the Lucite
would not be damaged.

Fuses and controls

Since this unit is to feed various
equipment, all sections are fused. Three
fuses are in the transformer primaries
and a fourth is used for all four ac
line plugs. The fuse in the center-tap
lead of the plate supply is mounted
in a clip inside the chassis, above the
aluminum deck.

Since the contacts of the voltage-
range selector switches short adjoining
clips as they are rotated, it is well
to de-energize the primary while shift-
ing to the next range.

The section-2 range selector (upper
left-hand corner of panel) controls the
four decks of contactors (Sl-a—d). The
control to the right of it is the section-
2 voltage reducer.

When section 2 is connected to a load
requiring its full rated 200 ma, this
rheostat will fade the voltage down to
30%, or less, of full range. However,
when it is connected to a lighter load,
additional 10-watt resistors are con-
nected in series with the rheostat. The
control directly below the voltage re-
ducer is the resistor selector.

To the right of the section-2 voltage
reducer is the section-3 reducer. It con-
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trols a 500-ohm 0.3-ampere rheostat.
This rheostat will also need resistors
inserted in series with it for controlling
light loads.

Below the section-2 range selector, at
the left of the panel, is the handle of a
2-deck tap selector. This switech trans-
fers the resistor selector from one rheo-
stat to the other and leaves the re-
maining rheostat connected straight
through.

To the lower right hand of the other
control knobs is the section-3 range se-
lector. It controls a three-deck selector
switch (S2-a-c¢), with S2-¢ switching
in a capacitor.

Since I could obtain only two 1,000-
uf capacitors at 25 volts from surplus
stocks but could get plenty of 2,000-uf
units at 6 volts, I use the third deck
to switch in three 2,000-uf capacitors in
parallel on the 8-volt range. I need the
6.3 volts mostly and this satisfactorily
clips ripple.

Assembling

Before assembling, I painted the in-
side of the end sections, the aluminum
deck and the cane-metal grilles with
some tough auto enamel which was
left over from another job. These parts
were baked in the sun for a week
before assembly.

All capacitors except C1 were of the
aluminum-can twistlock variety, mount-
ed in groups on sections of 3/32-inch
electrical fiberboard by drilling holes
in the fiber for the tabs to extend
through and crimping the tabs. They
were mounted so no cans touched any
part of the chassis as the chassis was
not used for any ground path.

The three selenium rectifiers were
mounted in a row by passing an %-inch
rod through the brass tubes in their
centers. The ends of the rod were
threaded with a 6-32 die for nuts to
mount brackets at the ends and keep
the rectifiers from rotating.

Holes were made through the alumi-
num deck with a 1 1/16-inch knockout
punch at locations where groups of
wires had to pass through. Switch S1
was mounted on the aluminum deck by
a bracket at its rear.

Since the most complicated wiring
was in the connections between this
control and the rectifiers and capacitors
of the section-2 tripler circuit, a start
was made with these parts mounted
on the aluminum deck. After all con-
nections were made between the rec-
tifiers and capacitors below deck and
the selector switch above, the final
leads were extended for connecting to
other components as assembly pro-
ceeded.

The double-throw tap selector switch,
which mounts snugly below 81, was
wired next and mounted in its slot on
the control panel with leads brought out
for connecting to surrounding controls.
Pieces of white medical tape were used
to stick tabs on the leads and they were
identified by writing on the tabs with
a lead pencil.

In assembling the chassis, the flanges
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at the sides of the control panel lock
behind the flanges of the end sections
to conceal their edges. While these
flanges were hooked together and the
end sections spread apart, the alumi-
num deck was inserted into the end
sections. The deck was then lowered
onto its supporting clips as the ends
were swung into position and the shaft
of S1 was inserted through its hole
in the front panel.

The other selector switches were
wired and leads brought out before
mounting in place on the panel because
the controls fit together too snugly for
wiring in place.

Only a fair mechanic who has done
a little shaping of sheet metal should
tackle the construction of the chassis.

Terminal board

Some of the rear plugs are not
readily available but were sorted out
of surplus odd lots in supply houses.
So-called battery plugs were used for
some of the low-voltage connectors al-
though such are not normally intended
for use as convenience outlets. They
are not provided with a large enough
fiber insulating plate that they can
be mounted in an opening through the
sheet metal. Instead, I drilled a %4-inch
hole in the sheet metal where each
connecting pin reaches through, allow-
ing a clearance all around the pins of
at least 1/16 inch from the metal. The
plug receptacles were then mounted
back of these holes by two 4-36 screws
and nuts.

By having a different type of plug
for each voltage or class of supply,
no one will make a mistake and damage
some equipment by plugging it into
the wrong outlet.

A four-prong Jones plug was used
for supply from section 2 although
only two prongs are of any value. There
are two plugs of the same type con-
nected in parallel for each of the
classes of supply normally used. This
is so that two pieces of equipment can
be furnished plate or filament voltage
at the same time. And, of course, all
plugs are polarized.

The plugs and switches of the ac
line were shielded as much as possible
from the rest of the chassis. All line
wires pass from the front to the rear
through the trough raceway. These
shields were made from scraps of thin
metal.

It is possible that this shielding was
unnecessary but I took every precau-
tion possible to prevent hum pickup.
I even fed the indicator light at the
top of the control panel by a two-
conductor shielded cable from below.

Shielded feeders are brought up
from the filtered B plus of section
1 to a terminal plate in the top of
the chassis. Various resistors can be
grouped at this terminal plate for a
shunting load or voltage dividers
(R1-5). Resistors R1-3 are chosen to
add with R4 and R5 (if needed) for
making up a usual shunting load of
25,000 ohms. END
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FiMi-3 AFC Conversion

Had trouble adding age to your Heathkit
FM-3 o1 34 tuner? Try these suggestions

E have received inquiries
from readers who did not
get satisfactory performance
after adding afc to their
Heathkit FM-3 tuners as described in
the January 1957 issue. Heath Com-
pany engineers had previously success-
fully modified several tuners and re-
port, on inquiry, that the main difficulty
seems to be in the germanium afe diode.

Two diodes of the same type may
have conductance curves that vary
widely. Optimum performance is usu-
ally obtained when the diode is operated
on the knee of the curve. The best
operating point for your diode can be
obtained by varying the cathode volt-
age of the 6C4 until the afc action is
most positive or until a fairly strong
station covers the widest possible tun-
ing spread.

If the afc does not work the 6C4
operating voltages are incorrect, the
diode is reversed or one of the newly
installed components is defective. To
change the operating point of the di-
ode, try a different value of resistance
for the 6C4 plate load resistor, cathode
resistor or by loading the grid with a
fairly high resistance to ground. This
applies only to the modification where
the 6C4 cathode supplies bias and actu-
ating voltage for the diode as in Fig.
3 of the article.

When it is impossible to obtain cor-
rect calibration after conversion, it
will probably be necessary to replace
the 10- or 14-upf NT50 temperature
compensating capacitor (across the os-
cillator coil on the tuning assembly)
with a lower value. Try a 4.7-puf N750
unit.

A substantial improvement was made
in two of the tuners by increasing the
size of the capacitor (10 wuf) in series

A value of around 20 upuf worked nicely.
In some cases, this larger coupling
capacitor may affect calibration and
necessitate a reduction in the tempera-
ture-compensating capacitor mentioned
above.

This afe circuit is sensitive to signal
strength. Control action is usually good
on strong and medium signals but may
be slight or non-existant on weak ones.
The if alignment must be good or the
set will respond only to very strong
signals.

T0 GSC PLATE (6U8 PIN 13
TO 64 PLATE
TO RF & IF AMPLS (PN 52

6X4 15&5»( 47K

100a  IK/2W

TESE N

= Fig. I
TO OSC PLATE (6U8 PIN 1)
TO §C4 PLATE (P I}

20 2%_:' 150V
[

TO RF & IF AMPLS j
6.6k <
6X4 xS
w2 N
[ 3-1‘!‘"--*- A A4 --+
2 T”?."v“’-" 2 isov
L .
= Fig. 2
Modifying the FM-3A. Most of the

circuit differences in the FM-3 and
FM-3A are at points involved in the atc
modification. In the FM-3 the 6C4
alone is decoupled from all other cii-
cuits by a 47,000-ohm resister and 2-uf
capacitor as in Fig. 1. The diagram of
comparative circuits in the FM-3A
(Fig. 2) shows the oscillator and 6C4
decoupled from the remaining circuits
by an 8,200-ohm resistor and 20-gf ca-
pacitor. If your tuner is a model
FM-3A, change its circuit to agree with
that of the FM-3 before modifying for

with the diode and the oscillator grid.  afe. END
’commg...
’ in
' xt  TRANSISTOR AMPLIFIER-
[>[> ne MODULATOR delivers 10 watts.
! This easily built amplifier will in-
. month S terest phono amateurs and audio
|ssue." enthusiasts alike.
SERVICING GATED BEAM DETECTORS
INEXPENSIVE INSTRUMENTS AS SERVICE AIDS
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FM tuner

By ROBERT ABBATECOLA

NE of the major drawbacks in
the construction of an FM
tuner is the problem of align-

ment after it is built. The
tuner described in this article is de-
signed to overconie this obstacle by

using a 6BNG gated-beam limiter—detec-
tor tube, a type used in many modern
television receivers,

The tuner is constructed on a 5 x 7
X 2-inch chassis although it could also
be built on a smaller one. Only stand-
ard, easily obtained components are
used. The construction itself will pre-
sent no problems if all the usual pre-
cautions for building a vhf tuner of this
kind are taken. For instance, keep all
component leads and wiring as short
as possible and use a separate ground
tie point for each individual tube and
its components. To help prevent oscilla-
tion, connect the center ground post of
each tube socket to the nearest ground

6co6)

POWER
ADAPTER
|

This FM tuner
ts «lso easy to
construct #

point. Use ceramic or mica-filled sockets.

This tuner has only four high-gain
tubes (Fig. 1). A 6CB6 pentode is used
for the rf amplifier, feeding the pentode
section of a 6US8, used as a rf mixer.
The 6US triode section acts as a Hartley
oscillator. From the 6U8& mixer, the
signal is fed to the 6CB6 10.7-mc if
amplitier. The last tube is a 6BNG6
limiter—detector. This tube also provides
age for the tuner, through a 1N120
diode connected to the quadrature grid
and coil. Fig. 2 shows the top of the
chassis, illustrating the parts layout.
It will help keep component leads short.
The tuning capacitor is mounted in the
center of the chassis. The 6CB6 rf
amplifier is mounted to the right of the
tfront section of the variable capamtor
with antenna coils L1 and L2 directly in
front of the tube at the top of the
chassis to isolate them from the rf
stage. A short length of 300-ohm ribbon

scsg]

Tuner

8

TUNING
CONTROL.

with adapter for power connection to

amplifier.

Hne is run to the antenna terminal.
The U8 is mounted on the left side,
opposite the middle section of the tun-
ing capacitor. The rf coil is under the
chassis (Fig. 3) directly below the
middle section of the tuning capacitor.
The last section of the tuning capacitor
is used as the local oscillator, and the
oscillator coil is mounted under the
chassis, Y0° out of line with the rf coil
to help prevent mutual coupling. A
small copper shield is mounted on the
chassis to shield the rf coil from the
oscillator coil. Next in line is T1, then
the 6CB6 if amplifier, then T2 with the
6BN6 last. No volume control is in-
cluded in the design of the tuner be-
cause most amplifiers already have one.
After the photographs were taken,
a 6E5 was added to aid in tuning. Al-
though not essential, the 6E5 can be
used in aligning the tuner.
The tuner is connected to

a power

3

VY
-
=

3,001 7 600V CERAMIZ

Cl-a, -b, -c—3-gang 20.upf-per-section variable
C2, 3 4750 uuf ceramic trimmer

Cs5'to CI9, C2l, C31 to 34—.001-puf 600-volt ceramic
C20, 28, 29—.0I-uf ceramic
C22—.001 pf

C23, 24—47-upf mica
C25—S5-puf mica

C26—33-upf mica
C27—2.5-puf mica
C30—10-upuf mica

C35—10-uf 450-volt electrolytic
C36—.001-uf 600-volt ceramic
All resistors 1/ watt
R1—470,000 ohms

R2—100 ohms

R3, 12, 19—33,000 ohms

R4, 13—470 ohms
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RS, 10, 20—I megohm

R&, 847,000 ohms

R7, 3—4,700 ohms

RIT1—I50 ohms

R14—250-0hm carbon potentiometer

R15—220 ohms

R16—22,000 ohms

RI7—1,500 ohms

R18—82,000 ohms

R21—3.3 megohms

Li—I turn No. 16 enamel wire,
close to ground end of L2

L2—3Y, turns No. 16 enamel wire, Y4 inch ID,
3 inch long

L3, 6, 7, 8, 9, 10—14 turns No.
3/I6 inch ID closewound

L4—3 turns No 16 enamel wire, Y4 inch, |

/4 inch 1D,

spaced

22 enamel wire,

D, % inch

Fig. 1—Schematic diagram of the FM tuner.
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long

L5—3//, turns No. 16 enamel wire, !4 inch ID, 5/16
inch long, tspped !5 turn from ground end

L11—34 turns No. 30 enamel wire on ¥-inch-diameter
iron core, slug-tuned coil form {Cambridge
Thermionic Corp. LS3 or equivalent).

DI—INI20 crystal diode

Tl, 2—10.7-mc FM if transformer (J. W. Miller 1463
or equivalent)

Sl—3-pole 2.position rotary switch {Mallory 3242J
or equivalent)

VI, 3—6CBb

Y2—56U8

Y4—6BNS

YS—&ES

Chassis,

ware.

output connectors, knobs, assorted hard-
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LI.LLZ IN FRONT OF TUBE'

Vi Gl

Fig. 2—Top chassis view, indicating
layout of large components.

supply delivering 250 volts at 40 ma, or
power can be taken from the amplifier,
since little current is needed.

We made an adapter from an old tube
base and an octal socket (see photo
at the head of the article) to allow
taking power from the amplifier with-
out installing an additional socket in
the power supply. The adapter is
plugged into one of the output tube
sockets and the tube plugged into the
socket on the adapter. To wire the
adapter we soldered wires to all the
pins on the socket. Then, using a four-
conductor cable we connected leads to
the screen grid terminal, filament ter-
minals and the ground terminal, bring-
ing the cable out through a hole drilled
in the tube base. Next we brought the
wires from the socket down through
the respective tube pins and soldered.

Alignment procedure

To align the tuner all that is re-
quired is a rf signal generator and
a vtvm. If a 6E5 eye tube is used, it
will be connected to the age line at
the junetion of R1, R5, R10, R1Y, and
the chassis ground measuring the age
voltage. Therefore, while it would be
handy to connect a vtvm at this point,
it is not entirely necessary. With the
tuner turned on, check the eve tube
or vtvm. The eye should be fully open
and the voltmeter should read less than
1 volt. If the eye is not fully open or
the voltmeter reads more than 1 volt,
the tuner is probably oscillating. Take
some .001-zf ceramic ecapacitors and
connect them at different points in the
circuit to see if the oscillation will
stop. Any point in the circuit can be
bypassed with the .001-pf capacitors
except control grids or plates. In our
tuner, we found that, by substituting
a .01-gf capacitor in place of a .001-uxf
cathode bypass on the 6CB6 if amplifier,
we were able to eliminate the oscilla-
tions. Each tuner presents a different
problem and the above solution will
not apply in every case.

After checking the tuner for oscilla-
tions, connect an rf signal generator
through a .001.xf capacitor to the

JULY, 1957
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Fig.3—Small parts
layout as seen un-
der the chassis.

control grid, pin 2, of the 6U8 and
ground. Turn the tuning capacitor
until its plates are fully intermeshed.
With the signal generator adjusted for
a 10.7-mc¢ unmodulated signal and with
the vtvm or eye tube connected as
described above, adjust if transformers
T1 and T2 and quadrature grid coil
L11 for maximum voltage or a minimum
shadow on the 6E5. Reduce the output
of the signal generator as the age volt-
age increases, repeating the adjustments
on T1 and T2 and L11 each time. The
next step is to align the rf seetion. The
signal generator should be tuned to
about 106 mc and connected to the
antenna input terminals of the tuner.
The tuning capacitor is tuned for an
indication on the vtvm or the 6ES5.
If there is none, try adjusting oscillator
trimmer capacitor C4 to get a sipnal
with the tuning capacitor near its
minimum capacitance. Then adjust the
rf and antenna trimmer capacitors C2
and C3 for maximum indication.

If your signal generator does not
cover the FM band (88-108 mc). con-
nect an antenna to the tuner and see
if an FM station can be received. Know-
ing the frequency of the station. adjust
the oscillator trimmer capacitor, bring-
ing the station to about the proper
position of the tuning capacitor. Peak
the rf and antenna trimmer capacitors
for maximum indication. Adjust the
tuner to receive a station toward the
high end of the band and readjust the
oscillator trimmer if necessary. Also,
repeak the rf and antenna trimmers
for maximum agc voltage. Next. tune
to a station at the low end of the band.
Should the FM band go beyond the full
range of the tuning capacitor, spread
the oscillator coil out slightly and re-
adjust the oscillator trimmer capacitor.
If the band is covered by a small
portion of the tuning range, squeeze
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TUNING CONTROL

COPPER SHIELD

the oscillator coil slightly and realign.
Now for the tracking of the rf and
antenna coils. Tune to a station at the
high end of the band and adjust the
rf trimmer for maximum age voltage.
Then tune to a signal at the low e¢nd
of the band and retune the rf trimmer
capacitor for maximum voltage or eye
closure, noting whether the trimmer
has to be increased or decreased in
capacitance. If its capacitance has to
be decreased, separate the turns of rf
coil L4 slightly. If an increase is necces-
sary, squeeze the turns of the coil 1.4
together slightly. Repeat this procedure
until there is no change of the trimmer
capacitor either at the high or low end
of the band. The tuning capacitor will
then be tracking across the whole band.
The above steps also apply to antenna
coil L2.

With the tuner connected to a suit-
able amplifier, tune in the weakest
receivable station and adjust the 6BNG
cathode potentiometer R14 for the best
quality and minimum hash, not for
maximum gain. You will notice that
hash and distortion will increase on
either side of this point. Once this ix
done readjustment will not be necessary
for a long time or until the 6BN¢ is
replaced. Use a carbon potentiometer.

In the off position switch S1 dizcon-
nects the heater, B plus and output of
the tuner, connecting a phonograph to
the amplifier. In the on position. heater
and B-plus voltages are supplied to
the tuner, the phonograph is removed
from the input of the amplifier and the
tuner is connected. We used a TV
antenna coupler on our regular tele-
vision antenna to receive both the
television and FM signals. A folded
dipole on the tuner will work well for
local stations, or a regular FM antenna
can be installed to obtain more distant
stations. END
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QUALITY CONTROL

signals for maintaining TV pic-
ture quality are now being
transmitted by the ABC tele-
vision network. They appear on
the viewer's screen as two
bright horizontal lines in the
“vertical interval” shown here
at the top of the screen. They
would normally be blocked out
by the receiver mask. The
viewer may get a correet pic-
ture by rolling the bar down a
little with the hold control and
setting the brightness till the
gray portion between the two
bright lines just hecomes black.

The signals are even more
valuable to engincers at net-
work stations, who watch the
square waves on their wave-
form monitors {shown at left).
The signal is referred to as an
Amplitude  Reference  Signal
and takes 4 of the 525 scanning
lines. Tts height scts the level.
Bottom of the pulses is the
black, top the white reference.
Distortion or misshaping of the
square waves indicates corre-
sponding distortion of the sig-
nal. Thus ringing, peaking, loss
of frequencies at either end of
the video spectrum can be rec-
ognized and identified immedi-
ately.

ELECTRONIC DRIVE operates this new hi-fi turntable at
four speeds without mechamical switching. Not only is more precise
and trouble-free speed control claimed than with mechanical speed-
change systems. but it works on 50-cycle or other non-standard cur-
rent. The drive civeuit powers a hysteresis motor with 30-, 60-, 81- or
141-cycle ac. Tn effect, the motor becomes a four-speed unit.

The belt-driven turntable, introduced by Fairchild, uses five tubes
in the drive unit. A 12BH7 double triode in a Wien hridge oscillator
circuit supplies voltage of tae desired frequency to a 12BH7 push-
pull preamplifier. which feeds another 12BH7 driver. This is cathode-
coupled to a pair of push-pull class-B 25BQ6-GA’s, which supply the
motor through a matching output transformer.
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END OF THE BREADBOARD
and research kits is foreshadowed by this
Transimulator, with the help of which
practically any transistor circuit can be de-
signed without arranging components, cut-
ting wires or making Fahnestock clip con-
nections. It is made by Sprague Products
Co. “for transistor circuit designing.” Short
of bigh power, the manufacturer states,
any ac or direct-coupled amplifier stage,
multivibrator, switching, phasing or push-
pull circuit can be simulated with any de-
sired tvpe of transistor. Everything for re-
sistance-coupled stages is built in, with
voltages, biases and loads continuously
variable. Almost any desired external con-
nection, including extra voltage supply,
meters, degeneration, bypass, various types
of coupling and, of course, signal input
and output can be made at the five-way
binding posts on the panel of the Tran-
simulator,

SOLID, OPAQUE METAL

windows and lenses made from a silicon
material have been developed by Ray-
theon. The new optical material, purified
to 1 part impurity in 100 million, allows in-
visihle heat ravs from subzero targets to
reach a supersensitive infra-red detector.
Use of this material may make it possible
to detect enemy planes, ships and missiles
from longer distances in total darkness
without revealing the observer’s position.
The silicon optical parts could also be used
as prisms, lenses and windows in devices to
analvze petroleum products and help chem-
ists to identify new compounds needed for
better plastics and other synthetic materials.

RADIO-ELECTRONICS
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HE wuse of printed

television receivers is increasing

rapidly, and service technicians

must adopt special techniques in
repairing this relatively new tvpe of
wiring. These techniques do not con-
sist of any new approach to servicing
or troubleshooting procedure-—basical-
ly, this need not change. However,
certain new tools and methods are
required and should be used in the
recommended manner.

“Printed” circuits in various branches
of electronies are of many types. Two
are used predominantly in television
receivers — etched circuits, using a
photoengraving process, and plated
circuits, used for the past few vears
by Motorola. Of the two, the etched
cireuit is the most popular and is easily
distinguished by certain characteristics.
The conductor pattern is noticably
raised over the face of the insulating
board by as much as .003 inch. The
edges of the conductors are not as
smooth as those of plated circuits. This
can be seen easily with a magnifying
glass. Finally, the back of the etched
conductor is extremely rough.

An etched circuit is made from a
laminated plastic board having a sheet
of thin copper foil bonded to one side.
A layout diagram of the desired circuit
is made, and then a photographic nega-
tive is made of the drawing. The copper
foil is then coated with a material that
makes it photosensitive.

A contact print of the negative is
made on the copper foil, which is then
photographically developed. Finally,
after developing, the phenolic board is
immersed in an etching solution. In
the etching process the unexposed por-
tions of the copper foil are eaten away,
leaving a precise copper reproduction
of the desired circuit bonded to the
board. Using this process, line width
of as little as .01 inch can be repro-
duced accurately. Holes are then
punched in the board, into which the
leads of the various components are
inserted. These are mounted oh the
side opposite the copper wiring. When
all the parts are mounted and mechan-
ically tightened, the entire wiring side
of the board is dipped into molten
solder to make all connections simul-
taneously. In this process the copper
wiring is also tinned. The last step
consists of applying a coating of sili-
cone resin varnish to the wiring to
prevent short circuits due to dust and
moisture.

In working with these etched cir-
cuits, the technician can work on the
top side of the board and still see the
printed circuit by placing a lamp of
about 50 watts under the board. (Some
of the early printed circuits were not
translucent.—Editor) Do not use a
lamp of more than 75 watts as over-
heating can easily damage the copper
foil and the laminate board.

On the subject of heat, a low-wattage
soldering iron is desirable. Although
a 100-watt iron can be used with care,
a smaller unit of 35 to 50 watts is

cirenitry in
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advisable. Only in extreme emergen-
cies or after considerable experience
with etched circuits should a soldering
gun be used. In keeping with the low-
heat approach, a low-temperature rosin-
core solder (607 tin and 407/ lead)
should be usnd. Shorts from excess
solder form easily and are difficult to
find. Thus, use solder sparingly to keep
it from spreading.

Broken wiring
In general, standard components are
used in printed-circuit boards. How-

ever, in continuity checking extreme
care must be used in checking for
breaks in the foil. Many technicians

have found it profitable to invest in a
magnifying glass. Breaks in the wir-
ing are sometimes hairline thin and
easily overlooked.

If the break is very small—just a
crack—it can be fixed by flowing some
molten solder into it. If the separation
is large—1/32 inch or so—the break
should be jumped with a piece of solid
hookup wire, allowing some slight
overlap on each side. Pigtail trim-

model etched circuit board.
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mings from resistors and capacitors
are splendid for this purpose. In com-
paratively rare cases, when the break
is very large and the jumper wire may
cause a short, use an insulated wire.

If the copper foil becomes raised
from the board due to excessive heat
or mechanical prying, cut off the raised
portion and treat the separation simply
as a large break in the wiring.

Should it be necessary to remove a
printed-circuit board, do so with cau-
tion. (Normally this will be done only
when the entire board is to be replaced.
Under these conditions damage to the
board is of no consequence.—Editor)
In some cases the slightest flexing of
the board will cause the foil and
mounting lugs to loosen. Thus, before
removing the mechanical binding de-
vices that hold the board, clear any
wiring or mechanical obstructions
around it.

In sets using wire-wrap connections
on the board where the connection has
been opened, do not wrap the wire back
onto the original terminal after the
repair has been made. A good pro-
cedure is to cut the wiring to the board
(where necessary), leaving about %
inch of the color coded wire as a refer-
ence point for reconnection—made by
soldering to the wire-wrap lug.

When printed-circuit boards are
mounted to the chassis by lances to
which they are soldered, removal re-
quires a specific procedure. To prevent
bending the board, apply heat to the
point where the eyelet of the etched
board is soldered to the lance, and
simultaneously apply pressure to the
back of the board through the board
hole in the chassis. When the solder
melts, gently force the board forward
to the point where the lance is flush
with the eyelet. Then let the junction
cool. Do not try to clear the eyelet
from the lance in one operation. Con-
tinue this procedure at all lances hold-
ing the board. Then when each lance is
flush with its eyelet, follow the same
procedure a second time to clear each
eyelet from its lance and free the board
from the chassis.

While flexing the printed-circuit
board should be avoided, in some stub-
born cases of intermittent circuitry
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Fig. 1—Brightness control modifica-
tion in Admiral 22C2 chassis.

it may be helpful. A slight flexing of
the board sometimes aids in localizing
a trouble such as an intermittent break
in the wiring.

In probing printed circuitry, it is
often necessary to remove the silicone
resin on the wiring. This can best be
done by using a silicone solvent, such
as Xylene. Almost as effective, depend-
ing upon the resin, is lacquer thinner
or denatured alcohol. Where work has
been completed and the wiring is to
bz re-covered, clear lacquer can be
applied with a brush. Krylon spray also
serves this purpose extremely well.

The precise approach to servicing
printed circuits depends upon the par-
ticulur set and trouble. The above,
however, is a general outline to be
used on all such sets.

Excessive brightness

I have a peculiar case of too much
minhmum brightness on an Admiral
chassis 22C2. With the brightness con-
trol set to its maximum counterclock-
wise position, instead of the pictire tube
being cut off, the brightness just di-
minishes slightly and bright retracc
lives can be seen. I have experimented
with o« vertical retrace blanking cir-
cnit but this only affects the retrace
lines. The brightness potentiometer has
been replaced, along with all other com-
povents in the cathode and control grid
cirenits of the picture tube. I have
noticed trouble similar to this on other
sets of this type, but mone quite so
bad. I wonld appreciate some type of
blauking cireuit or other change that
might correct this condition.—T. R.,
Detroit, Mich.

The solution to this problem can be
stated rather exactly since this is a
common trouble in the Admiral 22C2
and similar chasses. Fig. 1 shows the
brightness control circuit of this model.
As can be seen, the voltage on the
control gvid ean be varied from ground
potential to some B-plus value. The
voltage on the cathode is relatively
fixed, being determined largely by the
voltage divider formed by resistors R1
and R2. What has happened is that
the voltage on the cathode is not suf-
ficiently positive so that, even with
the control grid at ground potential,
the bias on the 21EP4 is not enough
to bring the tube to cutoff.

The solution, therefore, is simple. [t
consists of varying R1 and R2 so as
to place a higher voltage on the cathode
of the 21EP4. This can be done by
decreasing the value of R1 and increas-
ing the value of R2. A wide range of
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values can be used, but these shown
(R1, 270,000 ohms; R2, 1 megohm) have
been tried in numerous sets and provide
excellent brightness operation, with the
tube going into cutoff when the bright.
ness control is turned counterclockwise,

Parasitic oscillations

The raster on a Westinghouse chassis
V-2:42 is covered with sharp horizontal
streaks and has a scalloped effect from
top to bottom. This trouble takes place
whether or not a station 1s tuned in and
in some instances the condition gets so
bad that the picture breaks up and
tears.
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directly in parallel with the flyback
winding and the damper circuit. If
this does not completely cure the
trouble, change the value of capacitor
C428 from 0.1 uf to approximately
.047 pf. The higher capacitive react-
ance will help squelch parasitic oscil-
lations.

Power transformer hum

A wvery annoying case of hum has
developed in an Olympic DA chassis
after the set has been in operation for
2 hours or so. The hum appears to be
coming from the power transformer.
This unit is a peculiar box type trans-
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Fig. 2—Stop parasitic oscillations in a Westinghouse V-2342.

I noticed something that may give a
clue to the trouble. When the brightuess
is dcereased, the amount of streaking
and scalloping increases. When the
brightuess is increased, the trouble is
almost eliminated and there is a normal
picture. The sctting of the horizontal
hold control has some effect on the
trouble, but not much. The trouble ap-
pears almost certain to be in the hori-
zontal sweep cirenit. I have checked as
best I can, but have not been able to
come up with a solution. I hurve replaced
the horizontal oscillator and output
tubes, the damper and the high-voltage
reetifier. All these check good, as do
all components in these circunits.—F. N,
Olympia, Wash.

Trouble such as streaking and scal-
loping can be caused by a great many
defects, but occurring together and
with the effect that the brightness
control has, this seems almost certainly
a case of some sort of parasitic oscil-
lation. The principal effect of varying
the brightness is to vary the load on
the high-voltage power supply, and
thus vary the high voltage. In cases
of parasitic oscillations in the hori-
zontal output circuit, the solution is
usually in loading down the troublesome
individual circuit. In this case it ap-
pears very much like the fault lies in
the damper circuit.

Since you have changed the tube,
first try placing a 3.3-zh choke in the
cathode lead of the 12AX4 damper
(Fig. 2). If this does not help, short
out C429 from the horizontal deflection
voke circuit. This will load down or
dampen the entire output circuit by
placing the horizontal deflection coils
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former and the only temporary solu-
tion I have come up with is to hit it.
Jut then the hwm reappears howrs later.
Sinee the set works perfectly well, and
I cannot find an exact replacement
transformer, I would like to know of
some way to reduce or eliminate the
hiem. Any snggestions wonld be appreci-
ated—T. M., Columbus, Ohio.

You apparently have a very early
model of this chassis since every recent
one appears to be of the standard
variety, However, other manufacturers
have had considerable trouble with hum
in this type of unit and the general cure
in the field has been to dent or dimple
the top and sides of the transformer
with a few taps from a hammer. The
units are pretty rugged, and you can
hit them hard.

Another solution to this problem is
to open the transformer and place wood
wedges around the sides on the inside.
Make these wedges good and tight. If
denting and wedging do not help, re-
place the transformer with one of
standard construction. If you can’t
find an exact replacement, use one of
slightly higher ratings, and use drop-
ping resistors to get the proper B
voltages. END

MORE about

PRINTED CIRCUITS

in next month's
TV Clinic
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Servicing moderri;.;damper;-:__:{nircuits

The workings of

typical flyback systems and

low to troubleshoot them

By MATTHEW MANDL

TELEVISION CONSULTANT

ANY troubles in the high-
voltage and horizontal-deflec-
tion systems of television
receivers originate in the erit-

ical damper circuit. When the damper
tube or associated components become
defective, symptoms can include raster
ripple, light vertical bars, poor linear-
ity, incorrect brightness, loss of high
voltage, fuse blowing or other troubles.

The damper tube conducts during the
second transient alternation developed
by the collapsing magnetic field of the
horizontal deflection coils. Fig. 1 in-
dicates the sweep waveform and the
dotted lines show the transient voltage
which would normally be developed in
the absence of a damper tube. The
transient produces one or more white
vertical bars near the left of the screen
since it oceurs during the initial portion
of the horizontal scan. When a transient
voltage builds up, the beam moves
forward more rapidly; when it declines,
the beam reverses direction and moves
toward the left of the screen (Fig. 2).
This periodie forward-and-back move-
ment of the beam at one particular
place along the horizontal scan produces
the white vertical line indicative of in-
sufficient damping.

The first alternation of the transient
(caused by the collapse of the field

SAWTOOTH SWEEP WAVEFORM

FLYBACK TRANSIENT
REVERSED 1 PHAGE \ TRMSENT JGSO%EED 1 AMFER

L

HORIZ OUTPUT

DAMPER
IST PART OF
TRANSIENT
USED FOR
FLYBACK

Eig. 1—Dotted waveforms are oscilla-
tions in circuit not using damper tube.

JULY, 1957

around the deflection coils) does not
cause the damper tube to conduct since
it places a negative potential on the
plate of the damper. This negative al-
ternation develops the flyback voltage
which is stepped up in the horizontal
output transformer and then rectified,
producing the high voltage for the
second anode of the picture tube. The
second (positive) alternation of the
transient causes the damper tube to

SHARP RISE CAUSES FAST FORWARD TRACE

DECLINE CAUSES REVERSE BEAM TRACE

INCLINE CAUSES FORWARD TRACE AGAIN

™)
ES
;
I d

|
| |

|

I

|

1
| >

Ll

7
WHITE BAR WHERE BEAM TRACES FORWARD,BACK & FORWARD AGAIN

Fig. 2—How a white vertical bar is
produced on the picture tube screen.

conduct but, instead of the energy being
wasted by having it dissipate through
the resistance of the network, it is
utilized for two important purposes:

It provides the initial scanning volt-
age of the horizontal line trace. Since
the horizontal output tube is alternate-
ly driven into conduction and to cutoff,
a portion of the initial horizontal scan
is missing during the time when the
horizontal output tube is not conducting.
The resistance of the damper tube
cireuit is regulated so that there is a
gradual decay of the second alternation
of the transient, and the damped wave

www.americanradiohistorv.com

is used to fill in the scanning gap which
would exist otherwise.

The energy is also used to boost the
low-voltage power supply by adding an
additional 50 to 250 volts. The amount
of additional voltage contributed by the
damper circuit depends on the type of
horizontal output system and the
amount of conduction in the damper
tube. Since the damper conducts in-
termittently, the voltage developed is
pulsating and some filtering is neces-
sary. The filter system of the voltage
boost network usually employs two
small-value capacitors and a choke coil
similar to that used in conventional
low-voltage power supplies.

Commercial types

Damper circuit design depends on the
type of horizontal output system em-
ployed. There are two general methods
in use in modern receivers, one consist-
ing of the isolation type flyback shown
in Fig. 8. This flyback system has been
in use for a long time, though most
modern receivers employ the auto-
transformer method. Since, however,
the isolation type flyback is still found
in receivers, the technician should be
familiar with its characteristics.

As shown in Fig. 3, the flyback sys-
tem uses a horizontal output trans-
former with two secondary windings.
One winding furnishes the filament
voltage for the high-voltage rectifier
tube, and the other secondary winding
is connected to the horizontal deflection
coils as well as to the damper tube.
The voltage boost section is in the
cathode circuit of the damper tube and
consists of two capacitors and a choke
coil used for linearity adjusting. The
repetition rate of the pulse frequency
is 15,750 cycles per second, so filter
requirements are not as severe as for
a low-voltage power supply. Hence the
filter capacitors are usually small. The
one attached directly to the cathode
may be approximately .05 pf.; the one

(Continued on page 74)
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MODEL O-11

Shpg. wt.
27 Lbs.

60

HEATHKIT ETCHED CIRCUIT, PUSH-PULL

5" Oscilloscope Kit

COLOR TV

The previous Heathkit oscilloscope (Model O-10) which
was alreadv a most remarkable instrument, has been im-
proved even further with the release of the Heathkit
Model O-11. It incorporates all the outstanding features
of the preceding model, plus improved vertical linearity,
better sync stability, especially at tow frequencies, and
much-improved over-all stability of operation, including
less vertical bounce with changes in level. These improve-
ments in the Model O-11 circuit make it even more ideally
suited for color TV servicing, and for critical observations
in the clectronic laboratory. Vertical response extends
from 2 CPS to 5 MC without extra switching. Response
only down 22" DB at 3.58 MC. The 1f-tube circuit
features a 5UP! cathode-ray tube. Sync circuit functions
effectively from 20 CPS to better than 500 kc in five steps.
Modern etched circuit boards employed in the oscillo-
scope circuit cut assembly time almost in half, permit a
level of circuit stability never before achieved in an
oscilloscope of this type, and insure against errors in
assembly. Both vertical and horizontal output amplifiers
are push-pull. Built-in peak-to-peak calibrating source —
step-attenuated input — plastic molded capacitors and top-
quality parts throughout — pre-formed and cabled wiring
harness — and numerous other “extra” features. A pro-
fessional instrument for the serviceshop or laboratory.
Compare its specifications with those of scopes selling in
much higher price brackets. You can't beat it!

L O 9 G000 0000000000000 000000000

1 FEWER DOLLARS BRING MORE REAL

QUALITY.

& Factory-to-you sales eliminate extra profit margin.
@ ‘‘Build-it-yourself'* eliminates labor charge.
® Heath purchasing power cuts component costs.

2 PERSONAL SERVICE ASSURES

CUSTOMER SATISFACTION.

® You deal directly with the manufacturer.
® We are interested in you before and after sale.

PROVEN DESIGNS MEAN RELIABLE

PERFORMANCE.

® Research and development efforts concentrated on kits
only.

® All kits guaranteed to meet advertised specifications.

4. EVERY KIT BACKED BY WORLD-WIDE

REPUTATION.

® The world's largest manufacturer of electronic equip-
ment in kit form.

® Producer of more than a million electronic kits for the
home workshop and industry.

B EASY TIME-PAYMENT PLAN TO FIT YOUR

BUDGET.

RADIO-ELECTRONICS
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ueu}_ HEATHKIT ETCHED CIRCUIT

GREATEST SEl:Ecrlo . 5 ! 0 S CillO SC Op e Kit

Whether your

sk Brand new model with improved performance
specifications.

Full 5" scope for service work at a remarkably
low price.

*

Attractively styled front panel in charcoal gray with
sharp white lettering.

*

o mendoys arroy of
nic equipment available

Easy to build from step-by-step instructions and large
pictorials. Not necessary to read schematic.

*

This new and improved oscilloscope retains all the outstanding features of the
preceding model, but provides wider vertical frequency response, extended sweep-
generator coverage, and increased stability. A new tube complement and improve-
ments in the circuit make these new features possible. Vertical frequency response
is essentially flat to over 1 mc, and down only 1¥2 DB at 500 kc. The sweep
generator multivibrator functions reliably from 30 to 200,000 CPS, almost twice
the coverage provided by the previous model. Deflection amplifiers are push-pull,
and modern etched circuits are employed in critical parts of the design. A 5BP1
cathode-ray tube is used. The scope features external or internal sweep and sync,
one volt peak-to-peak reference voltage, 3-position step-attenuated input, adjustable
spot-shape control, and many other “extras” not expected at this price level. A
calibrated grid screen is also provided for the face of the CRT, allowing more
precise observation of wave shapes displayed. The new Model OM-2 is designed MODEL OM-2
for general application wherever a reliable instrument with good response charac-

teristics may be required. Complete step-by-step instructions and large pictorial $4 250

*

Shpg. Wt.
21 ibs.

diagrams assure easy assembly.

00 00000 O0O0O0CO0OOCCOEOEOOOOOOOOOOEOEOEOEOEOEOEOEOEONOIOIONOIONONONONONONONONONONONONPONOIOIOGES

HEATHKIT LOW CAPACITY PROBE KIT HEATHKIT ELECTRONIC SWITCH KIT

Oscilloscope investigation of high frequency, high im- This handy device allows simultaneous oscilloscope observation of
pedance, or broad bandwidth circuits encountered in two signals by producing both signals, alternately, at its output. It
television requires the use of a low-capacity probe to features an all-electronic switching circuit, with no moving parts.

prevent loss of gain, circuit loading, or waveform dis- Four switching rates are selected by a panel switch. Provides actual

. f . p gain for input signals, and has a frequency response of + 1 DB from
tortion. The Heathkit low-capacity probe may be used 0 to 100 kc. Sync output provided to control and

with your oscilloscope to climinate stabilize scope sweep. Will function at signal levels as  MODEL $-3
these effects. It features a variable cap- No. 342 low as 0.1 volt. This modern device finds many ap-

acitor, to provide correct instrument 5350 plications in the laboratory and service shop. It $2'|95
impedance match. Also, the ratio of A employs an_entirely new circuit, and yet is priced .
attenuation can be varied. Shpg. Wi 1 Lb. lower than its predecessor. Shpg. Wt. 8 Lbs.

HEATHKIT SCOPE DEMODULATOR PROBE KIT HEATHKIT VOLTAGE CALIBRATOR KIT

Extend the usefulness of your oscilloscope by employing This entirely new voltage calibrator produces near-perfect square

this probe. Makes it possible to observe modulation of wave signals of known amplitude. Precnsioln. li/)é attenuator resistors
i 8 . . . assure accurate output amplitude, and multivibrator circuit guaran-

547 or I carriers found in TV and radio receivers. tees good, sharp square waves, as distinguished from clipped sine

Functions much like an AM detector to pass only modu- waves. Output frequency is approximately 1000 CPS. Fixed outputs

lation of signal, and not the signal itself. Among other selected by panel switch are; .03, 0.1, 0.3, [.0, 3.0, 10, 30, and 100 volts

peak-to-peak. Allows measurement of unknown

uses, it will be helpful in alignment signal amplitudes by comparing to known peak-to- MODEL VC-3

work, as a signal tracer, and for deter- NO. 337-C peak output of VC-3 on an oscilloscope. Will also
mining relative gain. Applied voltage $ 50 double as a square wave generator at 1000 cycles for s 50
limits are 30 volts (RMS) and 500 3 A determining gain, frequency response, or phase- |2 o

S, shift characteristics of audio amplifiers. Equally 4
volts DC. l,t uses an etched circuit  shpg. wr. 1 Lb. valuable in the laboratory or in radio and TV service Sheg. Wt. 4 Lbs.
board to simplify assembly. shops.

JULY, 1957 61
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HEATHKIT ETCHED CIRCUIT
VACUUM TUBE .

* Easy to build — a plehsure to use. =
* 1% precision resistors employed for high accuracy. >
* Eiched circuit board cuts ussembly time in half. .

@
3

Voltmeter Kit

The fact that this instrument is the world's largest-selling
VTVM says a great deal about its accuracy, reliability,
and overall quality. The V-7A is equally popular in the
laborutory or service shop, and represents an unbelievable
test equipment bargain, without a corresponding sacrifice
in quality. Its appearance reflects the performance of
which it is capable. A large 4%2” 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-
adjust controls. Precision 196 resistors are used in the
voltage divider circuits and etched circuits are employed
for most of the circuitry. This makes the kit much casicr
to build, eliminates the possibility of wiring errors, and
assures duplication of laboratory instrument performance.
This multi-function VTVM will measure AC voltage
(rms), AC voltage (pcak-to-peak), DC voltage, and re-
sistance, There are 7 AC (rms) and DC voltage ranges of
0-1.5, 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 4000. 7 ohmmeter ranges provide multiplying factors
of X1. X10, X100, X1000, X10K, X100K, and X1 meg-
ohm. Center-scale resistance readings are 10, 100, 1000,
10K, 100K ohms. 1 megohm, and 10 megohms. A DB
scale is also provided. The precision and quality of the
components used in this VIVM cannot be duplicated at
this price through any other source. Model V-7A is the
kind of instrument you will be proud to own and use.

...‘..l....‘:.....;............‘...........................0

#

HEATHKIT Etchad Circuit

- RF PROBE KIT

This RY probe cxtends the frequemv
response of any tl-megohm VIVM
2 so that it will measure RF up to 250 -
S megacycles within & 109. Employs
= * printed cxr?uus for increased stabxmy“ N
and ease of assem- - LA
bly. IdeaF for ex. No. 309-C

- tending service and
E $3 50

laboratory _appli-

cations of your .

Heazhku VTVM Shpg. w:.ﬂ Lb“"
. . B

s

E]

ETCHED CIRCUIT @ sf
PEAK-TO-PEAK PROBE KIT *

S A
Uw this peak—to~peak probe -.|.|th
your 11-megohm VIVM to measuro
seaks voltages directly on
waitles of the instrununt.
< WL imeasure p-to P voltages in the .
frequ=ncy range of 5 ke t0 5 me: =
Employs etclvd vircuit boards fof
increused circuit stahility and sim-
rlified corfmrucuo.. Lm.nd the use-¥
7 fulness of you “p
2 ]\:ITVM NOTE, ~NO. 336 C. 1,
B ot required
E | J for the Heathkit 550 Shog. W -
%V-u\ VIVM. ;% 2 lbs ;i

k

f N ot . :
we@& - ) % e
- HEATHKIT 30,000 VOLT DC=. o
. . HIGH VOLTAGE PROBE KIT, e . F

N
s, This probe provides a mumphcatmn factof of 100 o the DC ranges s*ol the
" Heathkit 11-megohm VTVM. Precision nitiplier resistor mounted inside
iy “the two-color plastic probe body. Plenty of insulation No. 336w - 3
for completely safe operation, even at highest TV poten- :gg 5

tzals. Designed especially for TV ser\_i!cc work #e 4
4 L e, % o Shes w;ztbs%
3 ) 'HEATH COMPANY )T
. A §ubs:dmry ‘of Daysfrom, Inc.” L
% ) BENTON HAR& Razo. 4MICH.
B e e L b 3@“ PO
ko £ = g”‘i .4 %
62

2 HEATHKIT 20,000 OHMS/VOLT VOM KIT
Sensitivity of this instrument 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 5000 volts for both AC and DC. Also measures current
in the ranges of 0-150 microamperes, 15 ma, 150 ma, 500 ma, and 15 a. Resistance ranges provide

- multipliers of X1, X100, and X10.000, resulting in center scale readings of 15, 15,000, and 150,000

ohms. DB ranges cover from —10 db to +65 db. Housed in attractive black bakelite case with

plasnc carrying handle, ‘this fine instrument provides a total of 25 meter ranges

a1 its two-color scale. tsemploys a sensitive 50 microampere, 414"

features all { %, precision multiplier resistors. Requires no external power, and is,

¢ therefore, vatuable in portable applications where no AC power is available.

MODEL MMm-1

$29%°

Shpg. Wt. 6 Lbs.

meter and

HEATHKIT HANDITESTER KIT

The Model M-1 measures AC or DC voltage at 0-10, 30, 300,
1000, and 5000 volts. Direct current ranges are 0-10 ma, and
0-100 ma. Ohmmeter ranges are 0-3000 (30 ohm center scale)
and 0-300,000 ohms (3,000 ohms center scale). Uses a 400
microampere meter for sensitivity of 1000 ohms-per-volt. A
very popular test device for the home experimeter, electricians,
and appliance repairmen, and for use as an “extra™ instru-
ment in the service shop. 1ts small size and rugged construction
m:llfc it pcrfgct for any portable application. MODEL M-1
Easily slips into your tool box, glove com-

partment, coat pocket, or desk drawer. Top $I4 50
quality, precision components employed *
throughout. Shpg. Wi, 3 Lbs.

RADIO-ELECTRONICS
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HEATHKIT NEW AUDIO VACUUM TUBE

Voltmeter Kit

N production Jin
. € assures
Yourself” kit that Mmoney *

CONTROLLED QuALITY

Incomin i

3 9 parts inspectio i
terial coming off of our ovr\:l Sl i
You of the finest “build-ijt-

Brand new circuit for extended frequency response
and added stability.

sk Ten accurate ranges from 0-.01 to 0-300 volts.

9ram for each nev an extensive proof. sk Modern, functional panel styling. “On-off” switch

w ki .
3 I‘k" guarantees eqsy. at both extreme ends of range switch.
eliable performance_

to-follow insfruch'ons and

This brand new AC vacuum tube voltmeter emphasizes stability, broad frequency re-
sponse, and sensitivity. It is designed especially for audio measurements, and low-level AC
measurements in power supply filters, etc. Employs a cascode amplifier circuit with
cathode-follower isolation between the input and the amplifier, and between the output
stage and the preceeding stages. An extremely stable circuit with high input impedance
(1 megohm at 1000 CPS). Response of the AV-3 is essentially flat from 10 CPS to 200
ke, and is usable for tests even beyond these frequency limits. Increased damping in the
meter circuit stabilizes the meter for low frequency tests. Nylon insulating bushings at
the input terminals reduce leakage, and permit the use of the 5-way Heath binding post.

The extremely wide voltage range covered by the AV-3 makes it especially valuable not
only in high-fidelity and service work, but also in experimental laboratories. AC (RMS)
voltage ranges are 0-.01, .03, .1, .3, 1, 3, 10, 30, 100, and 300 V. Decibel ranges cover
—352 DB to 452 DB. An entirely new circuit as compared to the previous model. Em-
ploys 1% precision multiplier resistors for maximum accuracy. Handles AC measure-
ments from a low value of one millivolt to a maximum of 300 volts.

MODEL AV-3
29°

2000000000000 0600000000000000000000000000000000000000000)

Shpg. Wt.
5 Lbs,

JUuLYy,

HEATHKIT AUDIO WATTMETER KIT

This instrument measures audio power directly at 4, 8, 16, or
600 ohms. Load resistors are built in. Covers 0-5 MW, 50
MW, 500 MW, 5 W, and 50 W full scale. Provides 5 switch-
selected DB ranges covering from —10 DB to +30 DB. Large
414" 200 microampere meter and precision
multiplier resistors insure accuracy. Frequen-
cy responseis = 1 DB from 10 CPS to 250 kc.
Functions from AC power line. Use in the
audio laboratory or in home workshop.

MODEL AW-1

$29%°

Shpg. Wt. 6 Lbs.

HEATHKIT HARMONIC DISTORTION METER KIT

The HD-1 is equally valuable for the audio engineer or the
serious audiophile. Used with a low-distortion audio signal
generator, this instrument will measure the harmonic content
of various amplifiers under a variety of conditions. Functions
between 20 and 20,000 CPS, and reads distortion directly on
the panel meter in ranges of 0-1, 3, 10, 30, and 100 percent
full scale. Built-in VTVM for initial reference settings and final
distortion readings has voltage ranges of
0-1, 3, 10, and 30 volts. 19, precision re-
sistors employed for maximum accuracy.
Features voltage regulation and other *‘ex-
tras’’. Meter calibrated in volts (RMS), per~
cent distortion, and DB.

MODEL HD-1

$49%0

Shpg. Wer. 13 Lbs.

1957

HEATHKIT AUDIO ANALYZER KIT

This muiti-function instrument combines an AC VTVM, an
audio wattmeter, and an intermodulation analyzer into one
case, with combined input and output terminals and built-in
high and low frequency oscillators. The VTVM ranges are
.01,.03,.1,.3, 1, 3, 10, 30, 100, and 300 volts (RMS). Wattmeter
ranges are .15 MW, 1.5 MW, 15 MW, 150
MW, 1.5 W, 15 W, 150 W. IM scales are 1%,
39, 10%, 30%, and 1007;. Provides in-
ternal load resistors of 4, 8, 16, or 600 ohms.
A valuable instrument for the engineer or
serious audiophile.

MODEL AA-1

54995

Shpg. Wt. 13 Lbs.

HEATHKIT AUDIO OSCILLATOR KIT

Producing both sine waves and square waves, the Model AO-1
covers a frequency range of 20 to 20,000 CPS in three ranges.
An extra feature is thermistor regulation of output for flat
response through the entire frequency range. AF output is pro-
vided at low impedance, and with low dis-
tortion. Produces good sine waves, and good,
clean square waves with a rise time of only ~MODEL AO-1
two micro-seconds for checking square wave
response of audio amplifiers, etc. Designed $245°
especially for the serviceman and high- L4
fidelity enthusiast. A real dollar value in test Shpg. wt. 10 Lbs.
equipment.

WwWWW . americanradiohistorv.com
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HEATHKIT Audio
Generator Kit

This particular audio generator is “made to order” for high
fidelity applications. It provides quick and accurate selec-
tion of low-distortion signals throughout the audio range.
Three rotary selector switches on the front panel allow
selection of two significant figures and a multiplier for
determining audio frequency. In addition, it incorporates
a step-type output attenuator and a continuously variable
attenuator. Output is indicated on a large 4%2” panel
meter calibrated in volts and in db. Attenuator system
operates in steps of 10 db, corresponding with the meter
calibration. Output ranges are 0-.003, .01, .03, .1, .3, 1, 3,
and 10 volts rms. A “load” switch provides for the use
of a built-in 600 ohm load or an external load of higher
impedance when required. Output and frequency indi-
cators accurate to within * 5%. Distortion is less than .1
of 1% between 20 cps and 20,000 cps. Total range is 10
cps to 100 kc. New engineering details combine to provide
: ) the user with an unusually high degree of operating effi-
* Less than 0.1% diqtor{iazgj—iﬂwifaf hi fi work. ciency. Oscillator frequency selected entirely by the switch
method means that accurate resetability is provided. Com-
parable to units costing many dollars more, and ideal for
use in critical high fidelity applications. Shop and compare,
. : i g and you will appreciate the genuine value of this pro-

* Step-type tuning for maximunt conveniesice. . T

* Large 432" meter indicates output.

..0...0..OQC‘O;O‘OO..O.‘0.00..O................OO........

HEATHKIT RESISTANCE HEATHKIT CONDENSER HEATHKIT AUDIO GENERATOR KIT

SUBSTITUTION BOX KIT SUBS“TUTTON BOX KIT The Model AG-8 is a low cost, high performance unit for use
The RS-1 contaifns 36 lé)'Vhl'wan rc(; This kit gontain:;lls RE’{IMA stang- in service shop, or home workshop. [t covers the frequency
sistors ranging from 15 ohms to 1 ard condenser *values that can be 5 20 ¢ o p . .

megohms in standard RETMA val-  selected by a rotary switch. Values rdngclog_ OLP.S e I,H“' l? IV rdnges<OéJtput SIGUEERER ER
ues. All values are switch-selected for  range from 0.00001 mfd t0 0.22 mfd.® overall distortion will beless than .4 0f 17 from 100 ¢cps through
use in determining desirable resist- Al ;:a;l)‘acxtcgs rated at 400 volts the audible range. Output is available up to 10 volts, under no
ance values in or higher. Ca- d iti ai

Sperimentalcir.  MODEL RS-1 pacitors are MODEL CS-1 l(?f:l conditions, and‘)output rer11d1n§ constant  one a8
SNl T T within +1 db from 20 cps to 400 kc. A five-

applications _in 555.0 mica. or plastic $5 50 step attenuator provides control of the out- $29 50
radio aw%lrkTv Sho. wh. 2 th molded. * . put. Precision resistors are employed in the L
service ) RP Uit SLERUAR SIS frequency determining network. Shpg. Wi 11 Lbs,

HEATHKIT DECADE
CONDENSER KIT

Precision. 1¢7 silver-mica capac-
itors are employed in the Model
DC-1 in such a way that a selec-
tion of precision capacitor values
is provided ranging from 100
mmf (0001 mfd) to 0.11 mfd
(110,000 mmf) in 100 mmtf steps.
Extremely valuable in all types of

design and de-
velopment MODEL DC-1

work. Switch-
es are ceramic s '65.0
wafer types.

Shpg. Wt. 3 Lbs.

HEATHKIT DECADE RESISTANCE KIT HEATHKIT VARIABLE VOLTAGE
The Model DR-1 incorporates twenty 197 precision resistors arranged around REGULATED POWER SUPPLY KIT
2;3‘:35??05[:]“;:}?;&gg,t{]agh;‘;“:guggcg(ggtggz:o&s ﬁf S ZRGCIE A This power supply is regulated for stability, and the amount of
ohm steps. Switches are labeled**units,” “tens,” “*hun- MODEL DR-1 DC output available from the power supply can be controlled
dreds,” “thD}l‘%"d“, a!‘db "Z‘i" thousands.” Use “]fm $'9 50 manually from zero to 500 volts. Will provide regulated output
ﬁlh';;:}:fgf;“cl:rcrﬂ;fne;g LB RN D UL D) at 450 volts up to 10 ma, or up to 130 ma at 200 volts output.
Shpg. Wt. 4 Lbs. In addition to furnishing B-plus, the power supply provides 6
volts AC at 4 amperes for filaments. Both the B-plus output
and the filament output are isolated from
HEATH COMPANY ground. Ideal power supply for usc in experi- MODEL PS-3
A Subsidiary of Doystrom, Inc. mental work inthelaboratory, the home work- 53550
. shop, or the ham shack. Large 41" panel L]
BENTON HARBOR 20, MICH. meter indicates output voltage or current. Shpg. Wi, 17 Lbse
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Here is an RF signal generator for alignment applications in the service shop or the
home workshop. Thousands of these units are in use in service shops all over the
country. Produces RF signals from 160 kc to 110 mc on fundamentals on five bands.
Also covers from 110 mc to 220 mc on calibrated harmonics. RF output is in
excess of 100,000 microvolts at low impedance. Output is controllable with a
step-type and a continuously variable attenuator. Front panel controls provide
selection of either unmodulated RF output or RF modulated at 400 cps. In addition,
two to three volts of audio at approximately 400 cps are available at the output
terminals for testing AF circuits. Employs a 12AU7 and a 6C4 tube. Built-in power

supply uses a selenium rectifier.

HEATHKIT
Signal
Generator Kit

* No calibration required with pre-aligned coils.
* Modulated or unmodulated RF output.

* 110 mc to 220 mc frequency coverage.

MODEL
$G-8

One of the most outstanding features about the Model SG-8 is the fact that it

can be built in just a few hours. even by one not thoroughly experienced in elec-
tronics work. Complete step-by-step instructions combined with large pictorial
diagrams assure successful assembly. Pre-aligned coils make calibration from an

external source unnecessary.

HEATHKIT LABORATORY GENERATOR KiT

This laboratory RF signal gencrator covers from 100 ke to 30 me
on fundamentals in five bands. The output signal may be pure
RF, or may be modulated at 400 cycles from 0to 50¢/. Provision
for external modulation has been made. RF output available up
to 100.000 microvolts. Output controlled by a fixed step and a
variable attenuator. Output impedance is 50 ohms. Panel meter
reads RF output or percentage of modulation.

Incorporates voltage regulated B+ supply. (AelIIS el
double shiclding of oscillator circuits, copper $4895

N [

plated chassis, and other “‘extras.”
Shpg. Wt. 16 Lbs.

S 50 0w
° 8 Lbs,

HEATHKIT TV ALIGNMENT GENERATOR KIiT

This improved sweep gencrator model provides essential stability
and flexibility for work on FM, monochrome TV, or color TV
sets. Covers 3.6 mc to 220 mc in four bands. Provides usable out-
put even on harmonics. Sweep deviation from 0-42 mc, depend-
ing on base frequency. All-clectronic sweep circuit eliminates
unwicldy mechanical arrangements. Includes built-in crystal
marker generator providing output at 4.5 mc
and multiples thercof, and variable marker
covering 19 to 60 mc on fundamentals and from
57 to 180 mc¢ on harmonics. Effective two-
way blanking.

MODEL TS-4A

54959

Shpg. Wt. 16 Lbs.

0 0000000000000 0000000000000 0000000000000 0000000000000 00

HEATHKIT LINEARITY PATTERN GENERATOR KIT

This instrument supplics information for white dots, cross-hatch
pattern, horizontal bar pattern. or vertical bar pattern. It feeds
video and sync signals to the set under test, with completely con-
trolled gain, and unusual stability. Covering channels 2 to 13,
the LP-2 will produce 5 to 6 vertical bars and 4 to 5 horizontal
bars. The dot pattern presentation is a wmust for the sctting of
color convergence controls in the color TV set, Pancl provision
made for external sync if desired. Use for adjustment of vertical
and horizontal lincarity, picture size, aspect MODEL LP-2
ratio, and focus. Power supply is recgulated for

added stability. Essential in the up-to-date TV 522 5.0
SR T, Shpg. Wt. 7 Lbs.

1957

HEATHKIT CATHODE RAY TUBE CHECKER KIT

This instrument checks cathode emission, beam current, shorted
elements. and leakage between elements in electro-magnetic
picture tube types. It eliminates all doubt for the TV serviceman,
and even more important, for the customer. Features its own
scif-contained power supply, transformer operated to furnish
normaltest voltages for the CRT. Employsspring-loaded switches
for maximum operator protection. Large 4% " meter indicates
CRT condition on “‘good-bad’ scale. Luggage-
type portable case ideal for home service calls.
Special *‘shadowgraph™ test permits projection
of light spot on screen. Also gives relative check
of picture tube screen coating.

MODEL CC-1

$225°

Shpg. Wt. 10 Lbs,
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HEATHKIT

Attractive counter-stvle cabinet.

.
Wiring-harness simplifies assembly.

Large 412" meter with two-color “good-bad”
scale.

* X ¥

* Separate tube element switches prevent obsol-
eseence,

Tube Checker Kit

This fine piece of test gear checks tubes for quality.
emission, shorted clements, open clements, and filument
continuity. Will test all tube types normally encountered
in radio and TV service work. Sockets provided for 4. 5,
6, and 7-pin large. rectangular, und miniature types,
octal and loctal types. the Hytron 9-pin miniatures. and
pilot lamps. Condition of tubes indicated on alarge 4147
meter with multi-color “geod-bad” scale. An tllumirated
roll chart is built right in, providing test data for various
tube typcs. This tester provides switch selection of 14
different filament voltage values from 0.75 volts to 117
volts. Individual switches control cach tube element.
Close tolerance resistors employed in critical test circuits -
for maximum iaccuriacy. A professional instrument both
in appecarance and performance.

The Model TC-2 is very simple to build. even for a
beginner. It employs a color-coded cable harness for -
neat. professional under-chassis wiring. Comes with at-
tractive counter style cabinet, and portable cabinet is
available separately. At this price. cven the part-time
serviceman can afford his own tube checker for maxi-
mum efliciency in service work.

HEATHKIT TV PICTURE TUBE
TEST ADAPTER ﬂ
Designed especially for use with the Model

TC-2 tube checker. Useit to test TV picture MODEL 355
tubes for emission, shorts, ete. Consists of $ 50
12-pin TV tube socket, 4 ft. cable, octal 4 .
connector, and necessary technical data. Shpg. Wi.
Not a kit. 1 b,

PO OO OGSO OOOOO 0000000 000000000000 006000060000000000000000
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HEATHKIT PORTABLE
TUBE CHECKER KIT

This portable tube checker is identical,
electrically, with the Model TC-2. How-
ever, it is housed in an attractive and
practical carrying case, finished in prox- -
vlin impregnated material. The cover is MODEL
detachable, and the hardware is brass TC-2P
plated. Thisrugged unitisideal for home 534 BOstpy. ws.
service calls or any portable application. ® 15 ibs.

HEATHKIT
DIRECT READING
CAPACITY METER KIT

Operation of thisinstrument
is simplicity itself. One has
only to connect a capacitor
to the terminals, sclect the
proper range, and read the
capacity value directly on
the large 414" meter cali-
brated in mmf and mfd.
Ranges are 0 to 100 mmf, 1,000 mmf, 0.01
mfd, and 0.1 mfd full scale. Precision cali-

brating capacitors supplicd. Not susceptible Qe L
to hand capacity effects. Residual capacity 329 5.0
fess than | mmf. Especially valuablc in pro- Shog. Wt.
duction line checking. or in quality control. 7 Lbs.

"HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

HEATHKIT VISUAL-AURAL SIGNAL TRACER KIT

Although designed primarily for radio receiver work, this
valuable instrument finds extensive application in FM and
TV servicing as well. Features a high-gain channel with de-
modulator probe, and a low-gain channel with audio probe.
Will trace signals in all sections of a radio receiver and in
many sections of a FM set or TV receiver. Uses built-in
speaker and electron beam eye tube for in-
dication. Also features built-in wattmeter
and a noise locater circuit. Provision for
patching speaker and/or output transformer
into external set.

MODEL T-3

$23°0

Shpg. Wt. 9 Lbs.

HEATHKIT CONDENSER CHECKER KIT

The Model C-3 counsists of an AC powered bridge for both
capacitive and resistive measurements. Bridge balance is in-
dicated on electron beam eye tube, and capacity or resistance
value is indicated on front puanel calibrations. Mcasures
capacity in four ranges from .00001 mfd to .005 mfd, .001
mfd to .5 mfd, .1 mfd to 50 mfd, and 20 mfd to 1000 mfd.
Measures resistance in two ranges, from 100 ohms to 50,000
ohms, and from 10,000 ohms to 5 megohms. Selection of
five different polarizing voltages for check-
ing capacitors, from 25 volts DC to 450
volts DC. Checks paper, mica, ceramic,
and electrolytic capacitors. Indicates power
factor of electrolytic condensers.

MODEL C-3

*19°0

Shpg. Wt. 7 Lbs.

RADIO-ELECTRONICS
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HEATHKIT
Impedance
Bridge Kit

* 129 precision resistors and silver-mica
capacitors.

PIONEER DESIGN

New ang vnique g

ment deslgns are

dern equip B r r r ir
des; * attery-type tubes, no warm-up required.
sign fleUres

* Built-in phase shift generator and
amplifier.

The Model IB-2 is a completely self-contained unit. It has a built-in power
supply, a built-in 1000 cycle generator, and a built-in vacuum tube detector.
Provision has been made on the panel for connection to an external detector,
an external signal generator, or an external power supply. A 100-0-100 micro-
ampere meter on the front panel provides for null indications. Measures
resistance from 0.1 ohm to 10 megohms, capacitance from 10 mmf to 100
mfd. inductance from 10 mh to 100 h, dissipation factor (D) from 0.002to 1,
and storage factor (Q) from 0.1 to 1000. V2 of 1% decade resistors employed
for maximum accuracy. Typical accuracy figures are: resistance, =+3T;
capacitance #+3%; inductance, #+10%: dissipation factor, *+20%; storage
factor, =20%. Employs a Wheatstone bridge. a Capacity Comparison bridge, MODEL
a Maxwell bridge, and a Hay bridge. Special two-section CRL dial provides I1B-2

maximum convenience in operation. Use the Model IB-2 for determining
values of unmarked components, checking production or design samples, etc.

A real professional instrument.

5550 ;12"

PO 00000 0000000000000 00 0000000000000 00000000000000000000

HEATHKIT “Q’ METER KIT

The Q Meter permits measurement of inductance from | micro-
henry to 10 millihenries, Q™ on a scale calibrated up to 250 full
scale, with multiplying factors of 1 or 2, and capacitance from
40 mmf to 450 mmf, +3 mmf. Built-in variable oscillator per-
mits testing components from 150 kc to 18 mc. Large 415 pancl-
mounted meter is features. Very handy for checking peaking
coils, chokes, etc. Use to determine values of
unknown condensers, both variable and fixed.
Compile data for coil winding purposes, or
measure RF resistance. Distributed capacity,
and Q of coils.

MODEL QMm-1

54459

Shpg. Wi. 14 Lbs.

HEATHKIT ISOLATION TRANSFORMER KIT

This device isolates equipment under test from the power line.
It is rated at 100 volt-amperes continously, or 200 volt-amperes
intermittently. AC-DC sets may be plugged directly into the IT-1
without the chassis becoming *hot.”” Additionally, since the 1T-1
is fused, it is ideal for use as a buffer between the power line and
a questionable receiver, or a new piece of equipment. Protects
main fuses. Features voltage control, allowing
control of the output from 90 volts to 130 volts. S ODERNE
Panel meter monitors output voltage. A very $'|650
handy device at an extremely low price. .
Shpg. Wt. 9 Lbs.

HEATHKIT 6-12 VOLT BATTERY ELIMINATOR KIT

This completely modern battery eliminator will supply DC out-
put in two ranges for both 6-volt and 12-volt automobile radios.
The output is variable for each range, so that operating voltage
can be raised or lowered to determine how the receiver functions
under adverse conditions. Range is 0-8 volts DC or 0-16 volts
DC. Will supply up to 15 amperes on the 6-volt range. or up to 7
amperes on the 12-volt range. Two 10,000 microfarad output
filter c':upucnorsmsure smooth DC outqu. leo MODEL BE-4
separate panel meters indicate output voltage

or output current. Makes it possible to test $3'| 50
automobile radios inside at the workbench. O
Will also double as a battery charger. Shpg. Wt. 17 Lbs.

JULY, 1957

HEATHKIT 6-VOLT VIBRATOR TESTER KIT

This instrument functions very much like a tube checker, to test
auto radio vibrators. Vibrator condition is indicated on a simple
“‘good-bad™ scale. Tests for proper starting and overall quality
of operation, of both interrupter and self-rectifier types of 6-volt
vibrators. The model VT-1 is designed to operate from any bat-
tery eliminator capable of delivering continuously variable out-
put from 4 to 6 volts DC at 4 amperes or more. {t is an ideal
companion unit for the Heathkit Model BE-4
battery eliminator. The construction book for MODEL VT-1
the VT-1 contains vibrator test chart for popu- $'|4 50
lar 6-volt vibrator types. A real time saver! 4
Shpg. Wt. 6 Lbs.
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HEATHKIT DX-100 PHONE AND CW

Shipped motor freight unless
otherwise specified,

$50.00 deposit required

on c.0.d. orders,

Phone or CW on 160, 80, 40, 20. 15, 11 and 10
meters.

Built-in VFO. modulator, and power supplies.

* ¥ X

High quality components used throughout for re-
liable performance.

sk Features 5-point TV suppression.

Transmitter Kit

The Heathkit DX-100 transmitter is in a class by itself in
that if offers features far beyond those normally received
at this price level. It takes very litile listening on the bands
to discover how many of these transmitters are in opera-
tion today. A truly amazing piece of amateur gear. The
DX-100 features a built-in VFO and a built-in modulator.
1t is TVI suppressed, and uses pi network interstage coup-
ling and output coupling. Will match antenna impedances
from approximately 50 to 600 ohms. Extensive shielding is
emploved. and all incoming and outgoing circuits are
filtered. The cabinet features interlocking seams for sim-
plified assembly and minimum RF radiation outside of
the cabinet. Provides a clean strong signal on either phone
or CW. with RF output in excess of 100 watts on phone,
and 120 watts on CW. Completely bandswitching from
160 through 10 meters. A pair of 1625 tubes are used in
push-pull for the modulator, and the final consists of a
pair of 6146 tubes in parallel. The VFO dial and meter
face are illuminated, and all front panel controls are
located for maximum convenience. Panel meter reads
driver plate 1. final grid 1, final plate L. final plate voltage,
and modulator current. The chassis is constructed of heavy
#16 gauge copper-plated steel. Other high-quality com-
ponents include potted transformers, ceramic switch and
variable capacitor insulation. silver-plated or solid-silver
switch terminals. ctc. All coils are pre-wound, and the
main wiring cable is pre-harnessed. The kit can be built
by ua beginner from the comprehensive step-by-step in-
structions supplied. 1t is a proven, trouble-free rig. that
will insure many hours of “on-the-air™ enjoyment in your
ham shack.

00 00 000000000000 000000000000 0060806060606 000006006060600006000000
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HEATHKIT COMMUNICATIONS TYPE
ALL BAND RECEIVER KiT

This receiver covers 550 k¢ to 30 me in four bands, and is idea]
for the short-wave listencr or beginning amateur. [t provides
good sensitivity and selectivity, combined with good image re-
jection. Amateur bands clearly marked on illuminated dial
scale. Employs transformer type power supply—electrical
bandspread—antenna trimmer—separate RF and AF gain
controls—noise limiter—headphone jack—  MODEL AR-3
and automatic gain control. Has built-in 95
BFO for CW reception. 529 .
CABINET: Fabric covered cabinet with alumi-
num panel os shown. Part 91-15A. Shipping
weight 5 Lbs. $4.95

INCLUDING NEW
EXCISE TAX
{Less Cabiner}
Shpg. Wi, 12 Lbs.

EASY ON THE BUDGET!

You can buy Heathkits on an easy time-payment plan
that provides a full year to pay. Write for complete
details and special order blank.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.

HEATHKIT VFO KIT

You can go VFO for less than you might expect. Here is a
variable frequency oscillator that covers 160, 80, 40, 20, 15,
11, and 10 meters with three basic oscillator frequencies. that
sells for less than $20. Provides better than 10 volt average RF
output on fundamentals. Plenty of drive for most modern
transmitters. Requires a power source of only
250 VDC at 15 to 20 ma. and 6.3 VAC at
0.45A. Incorporates a regulator tube for
stabilits. Hluminated frequency dial reads fre-
quency directly on the band being employed.
Temperature-compensated capacitors offset
coil heating.

MODEL VF-1

$19%°

Shpg. Wt. 7 Lbs.

NEW HEATHKIT CW TRANSMITTER KIT

The brand new Heathkit Model DX-20 Transmitter is one
of the most efficient little rigs available today. Featuring an
entirely new circuit, it is ideal for the novice, and even for
the advanced-class CW operator. A 6DQ6A final amplifier
provides plate power input of 50 watts. A 6CL6 oscillator is
employed. and a 5U4GB rectifier. The transmitter features
one-knob bandswitching to cover 80, 40, 20, 15, 11 and 10
meters. 1t is designed for crystal excitation,
but may be excited by an external VFO. A
pi network output circuit matches antenna
impedances between 50 and 1000 ohms.
Front panel controls are functionally located
for yvour convenience. If you appreciate a
gooc signal on the CW bands, this is the
transmitter for you!

MODEL DX-20

$35°5

Shpg. Wi, 18 Ibs.

RADIO-ELECTRONICS
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HEATHKIT PHONE AND CW

Transmitter Kit

sk 6146 final amplifier for full 65-watt plate power
input.

DOllAR-SAVlN

IThere would be po

sk Phone and CW operation on 80, 40, 20, 15, 11,

+ USing nome-brong and 10 meters. Pi network output coupling.

. This s
to the so-colled |-b°rg°ins"feal

@ big difference.

economy,

so :
Y. there is Needless 1o

sk Switch selection of three crystals — provision for
external VFO excitation.

The DX-35 features a 6146 final amplifier to provide 65 watts plate power input
on CW, with controlled carrier modulation peaks up to 50 watts on phone. I.. addi-
tion, it is a most attractive transmitter. Modulator and power supplies are built-in,
and the rig covers 80, 40, 20, 15, 11, and 10 meters with a single band-change
switch. Pi network output coupling provided for matching various antenna im-
pedances. A 12BY7 buffer stage provided ahead of the final amplifier for plenty
of drive on all bands. 12BY7 oscillator and 12AU7 modulator. Provision for switch
selection of three different crystals. Crystals reached through access door at rear.
Front panel controls marked “off—CW—stand-by—phone”, “final tuning”, *“antenna
coupling”, “drive level control”, and “band change switch”. Panel meter indicates
final grid current or final plate current. A perfect low-power transmitter both for
the novice, and for the more experienced operator. A remarkable power package
for the price. Incidentally, the price includes tubes, and all other components neces-
sary for assembly. As with all Heathkits, comprehensive instruction manual assures
successful assembly.

MODEL DX-35
S Q8 shpg. Wt
) 24 Lbs,

'0.....0.....................O...........0.0.........O...

HEATHKIT ANTENNA IMPEDANCE METER KIT HEATHKIT “Q’’ MULTIPLIER KIT

This instrument employs a 100 microampere pancl meter and The QF-1 functions with any .receivcr with an IF frequency
covers the impedance range of 0-600 ohms for RF tests. Func- between 450 and 460 kc that is not AC-DC type. Operates

tions up to 150 me. Used in conjunction with signal source,
such as the Heathkit Model GD-1B grid dip meter, the Model
AM-t will determine antenna resistance and
resonance, match transmission lines for mini-
mum Standing wave ratio, determine receiver
input impedance, etc. Will also double as a
phone monitor. A very valuable device for
many uses in the ham shack.

MODEL AM-1

51450

Shpg. Wi, 2 Lbs.

from  the receiver power supply, requiring only 6.3 VAC at
300 ma. and 150 to 250 VDC at 2 ma. Simple to connect with
cable and plugs supplied. Provides additional selectivity for
separating two signals, or will reject one sig-
nal and eliminate heterodyne. A big help on
crowded bands. Provides an effective Q of
approximately 4,000 for sharp ‘‘peak’ or
“null”. Tunes to any signal within the IF

MODEL QF-1

. $99.5

bandpass of the receiver, without changing spoq. wy. 3 Lbs,
main receiver tuning dial.

HEATHKIT ANTENNA COUPLER KIT

This device is designed to match the Model AT-1 transmitter to
a long-wire antenna. In addition to impedance matching, this
unit incorporates an L-type filter which attenuates signals
above 36 megacycles, thereby reducing TVI. Designed for 52
ohm coaxfal input. Handles power up to 75 watts, 10 through
80 meters. Uses a tapped inductor and vari-
able capacitor. Neon RF indicator on front  MODEL AC-1
panel. Copper-plated chassis—high quality
components throughout—simple to build. $I4 50
Eliminates waste of valuable communications L
power due to improper matching. A ‘“‘natu- Shpg. wt. 4 Lbs.
ral” for all AT-1 transmitter owners.

JULY, 1957

HEATHKIT GRID DIP METER KIT

The grid dip meter was originally designed for the ham shack.
However, its use has been extended into the service shop and
laboratory. Continuous frequency coverage from 2 mc to 250
mc with pre-wound coils. 500 microampere panel meter em-
ployed for indication. Use for locating parasitics, neutralizing,
determining RF circuit resonant frequencies,
etc. Coils are included with kit, as is a coil
rack. Front panel controls include sensitivity
control for meter, and phone jack for listen-
ing to zero-beat. Will also double as an ab-
sorbtion-type wavemeter.

MODEL GD-1B

$‘|99.5

Shpg. Wt. 4 Lbs,
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MODEL BR-2
[Less Cabinet!

CIPTIRCIRRTTM (NCLUDING NEW
EXCISE TAX#$

ATTENTION BEGIN“ERS oo

This kit is an ideal “first project” if you have never built

a Heathkit before. A good chance to “learn by doing.”

%k Mi.niature tubes and high- 3k 5V5-inch PM speaker.
gain IF transformer. . sk Provision for phono jack.
Rod-type built-in antenna.

* Good sensitivity and se- t 3 Tra'nsformler - operated
lectivity. - power supply.

HEATHKIT PROFESSIONAL RADIATION COUNTER KIT

This sensitive and reliable instrument has already found ex-
tensive application in prospecting, and also in medical and
industrjal laboratories. It offers outstanding performance at a
rcasonable price. Front-panel meter indicates radiation level,
and ora! indication produced by panel-mounted spcaker.
Meter ranges are 0-100, 600, 6,000 and 60,000 counts pcr
minute, and 0-—-.02, .1, 1 and 10 milliroent-
gens per hour. The probe, with expansion MODEL RC-1
$79°5

cord, cmploys type 6306 bismuth counter
tube, sensitive to both beta and gamma radia-
tion. It is simple to build, even for a beginner. Shpg. Wt. 8 Lbs.

high efficiency.
¥ Compact, portable -and rugged.

M Stable circuit requires only one 67%2 volt “B” battery

and two 142 volt “A” batteries.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 20, MICH.
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HEATHKIT BROADCAST BAND

sk Amazing new circuit for

Receiver Kit

You need no previous experience in electronics to build
this table-model radio. The Model BR-2 receiver covers
550 ke to 1620 ke and features good sensitivity and selec-
tivity over the entire band. A 5¥2” PM speaker is em-
ployed, along with high gain miniature tubes and a new
rod-type built-in antenna. Provision has been made in the
design of this receiver for its use as a phonograph ampli-
fier. The phono jack is located on the back chassis apron.
A transformer operated power supply is featured for
safety of operation, as opposed to the usual AC-DC
supply commonly found in “economy radio kits.” Don’t
let the low Heathkit price deceive you. This is the kind
of set you will want to show off to your family and friends
after you have finished building it.

Construction of this radio kit is very simple. Giant size
pictorial diagrams and detalled step-by-step instructions
assure your success. The construction manual also includes
an explanation of basic receiver circuit theory so you can
“learn by doing” as the receiver is built. The manual even
provides information on resistor and capacitor color codes,
soldering techniques, use of tools, etc. If you have ever
had the urge to build your own radio receiver, the out-
standing features of this popular Heathkit deserve your
attention.

CABINET: Proxylin impregnated fabric covered plywood cabinet
available for the BR-2 receiver as shown, Complete with alumi-
num panel, reinforced speaker grill, and protective rubber feet.
Shipping weight 5 Ibs., part No, 91-9A. . ............. $4.95%

HEATHKIT CRYSTAL RECEIVER KIT

The crystal radio of Dad's day is back again, but with big
improvements! The Model CR-1 employs a sealed germanium
diode. ¢liminating the critical “cat’s whisker™ adjustment. It is
housed in a compact plastic box. and features two Hi-Q tank
circuits, employing ferrite core coils and variable air tuning
capacitors. The CR-1 covers the standard broadcast band from
540 kc to 1600 kc, and no external power is  MODEL CR-1
required for operation. Could prove valuable S 95
for emergency signal reception. This casy-to- 7 .
build kit is a real ““learn by doing experience RS G0
for the beginner, and makes an interesting EXCISE TAX $
project for all ages. Shpg. Wi. 3 Lbs.

HEATHKIT ENLARGER TIMER KIT

The Model ET-1 is an casy-to-build device for use by amateur
or professional photographers in controlling the timing cycle
of an enlarger. It covers the range of 0 to | minute with a con-
tinuously variable, clearly calibrated scale. The timing period
is pre-set. and the timing cycle is initiated by depressing the
spring-teturn switch to the “print™ position. Front panel pro-
vision is made for plugging in the enlarger and a safelight. The
safelight is automatically turned “*on’ when
the enlarger is “off". Handles up to 350
watts. The timing cycle is controlied elec-
tronically for maximum accuracy and relia-
bility. Very simple to build in only one
cvening. even by a beginner.

MODEL ET-1
%0

Shpg. Wt. 3 Lbs.

RADIO-ELECTRONICS
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HEATHKIT HIGH FIDELITY

Preamplifier Kit

* 5 switch-selected inputs, each with its own level
control.

Equalization for LP, RIAA, AES, and Early 78's.

N our office wh
tronics. This s

§ o i .
tnstruction ma, Y U,r Juaronte *

Separate bass and treble tone controls, and
special hum control.

eriol,

Clean, modern lines and satin-gold enamel finish.

Literally thousands of these preamplifiers are in use today, because the kit meets
or exceeds specifications for the most rigorous high-fidelity applications, and
will do justice to the finest available program sources. Provides a total of .5
inputs, each with individual level controls (three high-level and two low-level).
Frequency response is within 1 DB from 25 CPS to 30,000 CPS, or within
1% DB from 15 CPS to 35,000 CPS. Hum and noise are extremely low, with
special balance control for absolute minimum hum level. Tone control pro-
vides 18 DB boost and 12 DB cut at 50 CPS, and 15 DB boost and 20 DB
cut at 15,000 CPS. Cabinet measures only 12-9/16" W. x 33" H. x 4%" D,
and it is finished in beautiful satin-gold enamel. 4-position turnover and 4
position roll-off controls provide “LP,” “RIAA,” “AES,” and “early 78" equal-
ization, and 8, 12, 16, and 1 flat position for roll-off. Derives operating power
from the main amplifier, requiring only 6.3 VAC at 1 ampere and 300 VDC
at 10 MA. Easy to construct from step-by-step instructions and pictorial dia-
grams provided.

MODEL
WA-P2

197

Q@00 000000000000 000000000000 00000000000000000000000000000
HEATHKIT HIGH FIDELITY FM TUNER KIT IF circuits, and better than 10 UV sensitivity for 20 DB of

. . quieting. A high gain, cascaded, RF amplifier is used ahead of
X Illuminated slide-rule dial covers 88 to 108 MC.

the mixer to increase overall gain and reduce oscillator leak-
. R . e age. It employs a ratio detector for high efficiency without
* Modern circuit emphasizes sensitivity and e = = B
stability.

sacrifice in high-fidelity performance. IF and ratio transformers
* Housed in attractive satin-gold cabinet to

{With Cabinet)
Shpg. Wt. 7 Lbs.

kit can be constructed by a beginner, without elaborate test
and alignment equipment. The FM-3A is designed to match
the WA-P2 preamplifier and the BC-1 AM MODEL FM-3A
tuner. An illuminated slide-rule dial is em- $2595
ployed for frequency indication. Step-by-step .
instructions and large pictorial diagrams  INCLUDING NEW
assure success. ZCIENLL

are pre-aligned, as is the front end tuning unit. This means the
match WA-P2 and BC-1.

This amazing new FM tuner can provide you with real high-
fidelity performance at an unbelievably low price level. Cover-
ing 88 to 108 MC, the modern circuit features a stabilized,
temperature-compensated, oscillator, A.G.C., broadbanded

{With Cabinet}
Shpg. Wt. 7 Lbs.

JulLy,

HEATHKIT BROADBAND AM TUNER KIT

This AM tuner has been designed especially for high-fidelity
applications. It incorporates a low-distortion detector, a
broadband IF, and other fcatures essential to usefulness in
high-fidelity. Special voltage-doubler detector employs crystal
diodes for low distortion. Sensitivity and selectivity are excel-
lent. Audio response is = | DB from 20 CPS to 2 k¢, with 5
DB of pre-emphasis at 10 ke to compensate for station roll-off.
Covers the standard broadcas]toliandhfr%m MODEL BC-1
550 to 1600 kc. Incorporates a c whistle-

filter and provides a 6 DB signal-to-noise $2595
ratio at 2.5 UV. RF and IF coils are pre- " &
aligned, and power supply is built-in. Incor- Nzxuss A
porates AVC, two outputs, and two antenna (With Cabinet)
Inputs. Shpg. Wt. 8 Lbs.

1957

HEATHKIT ELECTRONIC CROSS-OVER KIT

This unusual device functions to separate low frequencies and
high frequencies so that they may be fed to separate amplifiers
and to separate speakers. This eliminates the need for conven-
tional cross-over circuits, since the Model XO-1 does the com-
plete job electronically. Cross-over frequencies of 100, 200,
400, 700, 1,200, 2,000 and 3,500 CPS are sclectable with front
panel controls on the XO-1, and a separate level control is
provided for each channel. Minimizes inter-
modulation distortion problems. Handles un-
limited power, since frequency division is
accomplished ahead of the power stage.
Attenuation is 12 DB per octave, with sharp
“knee” at cut-off frequency.

MODEL XO-1

*18°5

Shpg. Wt. 6 Lbs.

WwWWW . americanradiohistorv.com

n


www.americanradiohistory.com

HEATHKIT ADVANCED-DESIGN

Shpg. Wt. 31 Lbs.
Express Only

Full 25 watt output with KT-

MODEL W-5 L
66 output tubes.

Consists of Model W-5M
plus Model WA-P2 pre-
amplifier.

Shpg. Wi, 38 lbs,
Express only. ... $79.50

sk All connectors brought out
to front chassis apron.

sk Protective cover over all
abave-chassis components.

HIGH FIDELITY

Amplifier Kit

This 25 watt unit is our finest high-fidelity amplifier. Using
a special design peerless output transformer, and KT-66
output tubes by Genalex, the Model W-5M provides per-
formance characteristics unsurpassed at this price level.
Frequency response is = [ DB from 5 to 160,000 CPS
at 1 watt. Harmonic distortion is less than 1% at 25 watts
and IM distortion is less than 1% at 20 watts (60
and 3,000 CPS, 4 to 1). Hum and noise are 99 DB
below 25 watts. Damping factor is 40 to 1. Input voltage
for 5 watts output is 1 volt. Tubes employed are a pair
of 12AU7’%, a pair of KT-66's and a 5R4GY rectifier.
Mecasures 13-3/32” W. x 8% " D. x 8%~ H. Output im-
pedance is 4, 8, or 16 ohms. Featured, also, is the “tweeter
saver” which suppresses high frequency oscillation, and a
new type balancing circuit requiring only a voltmeter for
indication. This balance is easier to adjust, and results in
a closer “dynamic” balance between output tubes. The
Model W-5M provides improved phase shift character-
istics, reduced IM and harmonic distortion, and improved
frequency response. Conservatively rated high-quality com-
ponents are used throughout to insure years of trouble-free
operation. No technical background or training is required
for assembly. Step-by-step instructions are provided for
every stage of construction, and large pictorial diagrams
illustrate exactly where each wire and component is to be
placed. An amplifier for music lovers who can appreciate
subtle differences in performance. Just ask the audiofile
who owns one!

...............7............‘0000.0000000000000.0000000..
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HEATHKIT DUAL-CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

This, 20-watt high-fidelity amplifier employs the famous Acro-
sound Model TO-300 “‘ultra-linear”” output transformer and
uses 5881 output tubes. The power supply is built on a separate
chassis, and the two chassis are inter-connected with a power
cable. This provides additional flexibility in mounting. Fre-
quency responsc is = 1 DB from 6 CPS to 150 kc at I watt.
Harmonic distortion is only 1% at 21 watts, and I M distortion
is only 1.39 at 20 watts. (60 and 3,000 CPS). Output impe-
dance is 4, 8, or 16 ohms. Hum and noise are 88 DB below 20
watts. A very popular high-fidelity unit employing top-quality
components throughout.

MODEL W-3M: Shpg. Wt. 29 Lbs. Express only........ $49.75
MODEL W-3: Consists of Model W-3M plus Model WA-P2 pre-
amplifier. Shpg. Wt. 37 Lbs. Express only............. $69.50

HEATHKIT 7-WATY
AMPLIFIER KIT

This amplifier is more limited
in power than other Heathkit
models, but it still qualifies as
a high-fidelity unit. and its per-
formance definitely exceeds
that of many so-called “‘high-
fidelity” phonograph ampli-
fiers. Using a tapped-screen
output transformer of new de-
sign, the Mode! A-7D provides
a frequency response of = 11}
DB fro}l;n léO to 20,000 CPS. Tatal distor-
tion is held to a surpris-

ingly low level. Output MODEL A-7D

stage is ﬁush pull. and 5'795

separate bass and treble .

tone controls are Pro-  jNCLUDING NEW :
vided. Shpg. Wt. 10 Lbs. EXCISE TAX ﬁ 4

MODEL A-7E: Similar to the A-7D, except
that a 12$L7 tube hos been added for pre-
amplification. Two inputs, RIAA compensa-
tion, and extra gain. $19.95%

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HMARBOR 20, MICH.

HEATHKIT SINGLE CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

The 20-watt Model W-4AM Williamson type amplificr is a
tremendous high-fidelity bargain. Combining the power sup-
ply and main amplifier on one chassis, and using a special-
design output transformer by Chicugo Standard brings you
savings without a sacrifice in quality. Emploving 5881 output
tubes. the frequency response of the W-4AM is = | DB from
10 CPS to 100 k¢ at | watt. Harmonic distortion is only 1.59
at 20 watts. Qutput impedance is 4, 8, or 16 ohms. Hum
and noise are 95 DB below 20 watts.

MODEL W-4AM: Shpg. Wi, 28 Lbs. Express only....... $39.75
MODEL W-4A: Consists of Model W-4AM plus Model WA-P2 pre-
amplifier. Shpg. Wt. 35 Lbs. Expressonly.............. $59.50

HEATHKIT 20-WATT HIGH FIDELITY AMPLIFIER KIT

This high-fidelity amplifier features full 20-watt output using
push pull 6L6 tubes. Built-in preamplifier provides 4 separate
inputs, selected by a panel-mounted switch. It has separate
bass and treble tone controls, each offering 15 DB boost and
cut. Output transformer is tapped at 4, 8, 16, and 500 ohms.
Designed primarily g%r home installations, but also used ex-
tensively for public address applications. True

high-fidelity performance with frequency re- MODEL A-98
ponse of = 1 DB from 20 CPS to 20,000 CPS. 535 50
Total harmonic distortion only 1%, (at 3 DB .
below rated output). Shpg. Wi, 23 Lbs.

RADIO-ELECTRONICS
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All prices mar
eral excis

This range extending unit is designed especially for use with the Model SS-1 speaker
system. It consists of a 15” woofer, providing output between 35 and 600 CPS. and
a compression-type super-tweeter that provides output between 4.000 and 16.000
CPS. Cross-over frequencies are 600, 1,600, and 4,000 CPS: The SS-1 provides the
mid-range, and the SS-1B extends the coverage at both ends of the spectrum. Together,
the two speaker systems provide output from 35 to 16,000 CPS within = 5 DB.
This easy-to-assemble speaker enclosure kit is made of top-quality furniture-grade
plywood. All parts are pre-cut and pre-drilled, ready for assembly and the finish of
your choice. Complete step-by-step instructions are provided for quick assembly by
one not necessarily experienced in woodworking. Coils and capacitors for proper
cross-over network are included, as is a balance control for super-tweeter output
level. The SS-1 and SS-1B can provide you with unbelievably rich audio reproduction,
and yet these units are priced reasonably. The SS-1B measures 29 H. x 23" W. x
17%2" D. The speakers are both special-design Jensens, and the power rating is 35

HEATHKIT HIGH FIDELITY

Range Extending

SPEAKER SYSTEM KIT

High quality speakers of special design — 15" woofer
and compression-type super-tweeter.

Eusy-to-assemble cabinet of furniture-grade plywood.

Atrractively styled 1o fit into any living room.
Matrches Model §S-1.

MODEL
SS-18B

watts. Impedance is 16 ohms.

$9995 Shpg. Wt. 80 Lbs.

HEATHKIT HIGH FIDELITY

*

sure.

Two separate speakers for high and low fre-

quencies.

*

for assembly.

™ == me- -

J

&x\! ‘%&_ ENe s

ORDER
BLANK

NOTE: All prices subject to

thange without notice.

Enclosed find () check ( )

money order for_____

Please sh}D C.0.0. () postage
losed for Pi

On Express orders do not in-
clude ftransportation charges
— they will be collected by
the express agency at time of
delivery.

ON PARCEL POST ORDERS in-
clude postage for weight shown.
ORDERS FROM CANADA and
APO'S must include full remit-
tance.

ULY, 1957

Special design ducted-port, bass-reflex enclo-

Kit includes all parts and complete instructions

.

53995

Shpg. Wt. 30 Lbs.

SPEAKER SYSTEM KIT

This speaker system js a fine reproducer in its own right, covering
50 to 12.000 CPS within = 5 DB. However, the story does not end
there. Should you desire to expand the system later, the SS-1 is
designed to work with the SS-1B range extending unit — providing
additional frequency coverage at both ends of the spectrum. It can
fulfill your present needs, and still provide for the future. The SS-1
uses two Jensen speakers; an 8” midrange-woofer, and a compression-
type tweeter. Cross-over frequency is 1,600 CPS, and the system is
rated at 25 watts. Nominal impedance is 16 ohms. The cabinet is a
ducted-port bass-reflex type. Attractively styled, the Model SS-1
features a broad “picture-frame” molding that will blend with any
room decorating scheme. Pre-cut and pre-drilled wood parts are of
furniture grade plywood. The kit is easy-to-build, and all component
parts are included. along with complete step-by-step instructions for
assembly. Can be built in just one evening, and will provide you with
many years of listening enjoyment thereafter.

MODEL
$S-1

PR

s : % : o b
- HEATH COMPANY .y of boyrom, in’ BENTON HARBOR 20, MICH.
o, ) LS % R P % A Wk v

S

SHIP VIA
] Parcel Post
] Express
] Freight

] Best Way

Name

Address

State
(PLEASE PRINT)

City & Zone

L X J

QUANTITY

ITEM MODEL NO. PRICE
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(Continued from page 59)

on the other side of the choke is usually
035 uf.

Since the filter coil inductance has
a bearing on the amount of ripple, it
can be utilized to control linearity by
providing an adjustable powdered-iron
core. This affects the linearity of the
horizontal line trace at the left side of
the screen as it is drawn in or out of the
coil. The voltage-boost ripple is filtered
less, of course, when the slug is moved
away from the center.

The flyback circuit in Fig. 3 uses the
transformer for matching the imped-
ance of the horizontal deflection coils
to the horizontal output tube impedance
by the turns ratio between the primary
and secondary windings. The primary
also has an autotransformer function
and steps up the pulses at the anode
of the horizontal output tube to an
amplitude sufficient for high-voltage
rectification.

A typical autotransformer type of
horizontal sweep system is shown in
Fiz. 4 and is used in the RCA 21-8-501U
as well as in the receivers of many other
manufacturers. Here, the impedance of
the horizontal deflection coils is matched
to the plate impedance of the horizontal
otzput tube by suitable taps on the
primary winding. In most instances the

1B3-GT
KV RECT

6AYS-GT
CRIZ TR

HV T0 CRT

-L W‘
I
WIDTH CONT

I lews-GT
TO HORIZ DEFL COILS

an

HORIZ LN
———

~047 10 VERT ouTPUT

T.OJS

Fiz. 3—Flyback circuit using isolation
type horizontal output transformer.

8BQ8-GT
HORIZ SWEEP
auTeyT

’.5

1B3-GT

15.4KV TO CRT
HORIZ DEFL COILS
9Ippfl
6AX4-GT 1K
DAMPER
=120yt
TO AGC AMPI
|WIDTH j:mppr
t =
8 A005T o Ly
T 20t

Fig. 4—The RCA 21-S-501U uses an
autotransformer in its flyback system.
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‘—I_MM'——_—
-y

IB3-GT
RV RECT

HY

6CD6-
HORIZ QUTPUT

725V_BOOST.

gﬁ%g-GT ) TO HOR1Z DEFL COLS

'
| wibTH coNT

ki

Ay

Fig. 5—For improved damping

impedance of the horizontal deflection
coills has been increased in contrast to
the low-impedance coils used in the
older systems. It usually has only a
single secondary winding, for the fila-
nients of the high-voltage rectifier tube.

The autotransformer system is highly
efficient and produces sufficient voltage
for the larger-screen picture tubes with-
out any need for voltage doubling. Since
no secondary winding is employed for
the deflection coils, the damper tube
connections are reversed as compared
to the isolated secondary winding type
damper system. The waveform for the
Fig. 1 system has opposite polarity.
Thus the first alternation of the tran-
sient is in a positive direction. Since this
places a positive potential on the cath-
ode and a negative potential on the
plate of the damper tube, it will not
conduct. During the second alternation,
however. the negative transient makes
the plate positive with respect to the
cathode and the tube conducts.

On occasion, two damper tubes may
be employed for better transient sup-
pression. A typical system of this type
is shown in Fig. 5. Two 6 AX4-GT damp-
ers are used, connected in parallel and
thus capable of passing twice the cur-
rent of a single tube. If one such tube
becomes defective, it should not be re-
placed without checking the remaining
tube to ascertain the degree of emis-
sion left in the old tube. If the emission
in the old tube has declined consider-
ably. it will mean that the new tube
assumes most of the burden of conduec-
tion and may be overloaded and hence
short-lived. 1 hen one tube nceds to be
replaced and the other has low emnis-
sion, both should be replaced.

A similar two-tube damping system
using 6AX4-GT is used in Westing-
house's color receiver chassis V-2284-15.

Servicing factors

A light vertical bar at the left of the
screen indicates nonlinear scan usually
caused by improper damping. Before
the damper tube is replaced, however,
check the setting of the drive control
since excessive drive increases the

www.americanradiohistorv.com

this circuit uses two 6AX4-GT’s.

transient pulse amplitudes to the point
where the damper circuit ean no longer
dissipate the energy properly. The
symptoms of overdrive are also left-
hand stretch and in some instances
center compression.

If adjusting the drive control does
not eliminate the white vertical bar, a
new damper tube should be tried. If this
does not remedy the condition, check
the lincarity control as well as the
two filter capacitors in the voltage
boost circuit.

Occasionally a severely misadjusted
linearity control also contributes to the
appearance of light vertical bars and
for this reason the linearity control
setting should be checked in conjunction
with the width control setting. Failure
to obtain proper horizontal linearity by
adjusting these two controls (plus the
drive control) calls for a check of the
damper tube and associated compo-
nents.

Several white vertical bars accom-
panied by raster ripple or distortion
(Fig. 6) usually indicates an open
voltage-boost filter capacitor or one of
incorrect value. In such an instance,
replace the units or use a capacitor
checker which will test the capacitance
of the voltage-boost capacitors as well
as their leakage factor.

Leaky boost filter capacitors or over-
drive can cause repeated failure of the
damper tube because of excessive cur-
rent through it. Too high a setting of

Fig. 6—Vertical bars and raster ripple
produced by defective boost capacitor.

RADIO-ELECTRONICS
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the drive control can also contribute to
arcing in the damper section. If the
drive control and boost capacitors are
not at fault. arcing may be caused by
an accumulation of dust on the socket
and leads of the damper tube or to the
proximity of the leads to each other or
to the chassis. The point where arcing
occurs can be discovered by operating
the receiver in a darkened room, with
the back removed and the high-voltage
cage opened. If the arcing is inter-
niittent, its location is usually indicated
by the corona. And once the location has
becn found, the leads can be separated
and cleaned of dust or grease. In
crowded compartments it may be neces-
sary sometimes to place a small piece
of miica, cambric or insulating plastic
between sections which arc.

Arcing is also produced when the
insulation of damper or high-voltage
rectifier tube circuit wiring is cracked
or broken. In such cases high-voltage
spaghetti tubing can be used or coat
exposed parts with insulating cement.

It is difficult to ascertain whether
the damper tube is passing an excessive
amount of current since the cathode or
plate circuit would have to be opened
and a current-reading device inserted.
Since manufacturers do not list the
normal current, it is preferable to check
for abnormal currents by measuring the
voltages as indicated on the scrvice
notes for the receiver. Voltage measure-
ments can be made at the sereen of the
horizontal output tube and at the out-
put of the voltage-boost system and
compared with the service notes for the
receiver under check. Under most con-
ditions test equipment should not be
used for voltage checks at the plate of
the horizontal output tube since the
high pulse voltages can damage ordi-
nary test equipment.

Since leakage in a damper tube loads
down the horizontal output system, it
decreases the amount of high voltage in
proportion to the leakage. Hence, a
deeline or loss of high voltage may be
caused by the damper tube.

In most receivers the boosted B-volt-
age obtained from the damper is applied
to the bottom of the horizontal output
transformer primary for application to
the plate of the horizontal output tube.
For this reason, failure of the damper
tube or an open circuit such as could
be caused by a defective linearity coil
will remove horizontal output tube
plate potential, and hence, high-voltage.
Thus, the loss of high voltage should
include a check of the damper system
as well as testing the horizontal output
tube and the high-voltage rectifier.

In some receivers the B-boost poten-
tial is applied to the vertical output
stage and other circuits. Hence, loss or
decline of the boost potential can affect
the performance of these circuits. A
reduction in damper efficiency may not
only result in the generation of white-
bar interference, but may also result
in a deecline in the vertical and hori-
zontal sweep waveform amplitudes and
consequent raster shrinkage. END

JULY, 1957

METER OVERLOAD PROTECTION AND OVERLOAD SIGNAL

LIGHT. it is fused to prevent most common burn-outs and
instrument damage. The 666 has complete meter movement
overload protection. An overload signal light warns the opera-
tor of overloads, or incorrect polarity.

RAPID, RELIABLE AND ACCURATE MEASUREMENTS

43 Unduplicated Ranges.
Long (4 7% ‘') Scales are Color-Coded for clarity.
llluminated Dial for easier reading.

AC CURRENT RANGES (from 1.5 MA to 15 Amps) MEAN FEWER
INSTRUMENTS TO CARRY

RELIABLE PERFORMANCE
Doubly Shielded 45 UA movement assures continuous accuracy.

Permanent Accuracy 3% DC, 49 AC.
Sensitivity: 20,000 Ohms/Volt DC, 2,000 Ohms/Volt AC.

CONVENIENT TO CARRY

This instrument, with its unbreakable steel case, fits into the
provided handsome leather carrying case which has space
for all accessories.

Lightweight: 4 Ibs. 4 oz.

Compact: 33" x 6% x 7"

Complete with Probes, Power Cord, Batteries and
Leather Carrying Case at your Parts Distributor. .

PHAOSTRON INSTRUMENT AND ELECTRONIC COMPANY

151 Pasadena Avenue, South Pasadena, California

bl feieemd, dne B4 Sramd 81, Npw Yok 4, BT
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: sawng test instruments
__for the serviceman

3

Madal
SRT-1

TESTER

The need for an in-
circuit rectifier tester is
now greater than ever.
With the trend for com-
pactnessand low prices,
manufacturers are re-
sorting more and more
to transformer-less TV

anly and radio

299 sets.
[ THE SRT-1 CHECKS

ALL RECTIFIERS BOTH IN-CIRCUIT AND
OUT-OF-CIRCUIT — with 100% effectiveness
J/ Quality (current emission)
J/ Fading (falling emission after

warm-up)
J/ Shorts / Opens
J Arcing [/ Life Expectancy

ONLY THE SRT-1 CHECKS
ALL RECTIFIERS IN-CIRCUIT

IN-CIRCUIT CONDENSER __
Model

TESTER '"&%
Actually steps in and
takes over where all
other in-circuit con-
denser testers fail. The
ingenious application of
a Double Parallel Bal-
ance principle gives the
CT-1 o tremendous
range of only

operation. $3495 | J 1

checks in-circuit:

J/ Quality of over 80% of all size condensers
. including leakage, shorts, opens and
intermittents.

/ Value of all condensers 200 mmfd. to .5 n fd.
/ Electrolytics for quality — any size.
J Transformer, socket and wiring leakage

capacity.
checks out-of-circuit:

/ Quality of 100% of all size condensers
. m:ludmg leakage, shorts, opens and
intermittents.

/ Valve of all condensers 50 mmfd. to .5 mfd.
/ Electrolytics for quality — any size.

/ High resistance leakage to 300 megohms.
/ New or unknown condensers.

See other CENTURY INSTRUMENTS at
your local distributor.

1 Order from your Century Parts Jobber, or maii to 1
: CENTURY ELECTRONICS CO., INC. H
q 111 Roosevelt Avenue, Mineola, N.Y. |
| Send instruments checked below. It is under- |
| stood they are fully guaranteed. ]
| OO In-Circuit Selenium Rectifier Tester...... $29.95 |
{ O In-Circuit Condenser Tester............. 34.95 |
| Enclose payment for postpaid delivery — or |
1 C.0.D. plus charges. 1
I RE-T I
I Name o s 1
: Address ........... R =
| City s State ... o e |
Y

L____.__.____._.__.___.____—l
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N our December,

1956 column, we
claimed a first in describing what ap-
peared to be a new form of radio-
wave propagation.

As often happens with something
new, we found that it has been with us
for sonie time, and we are just realizing

what it is. Reports of high-band recep-
tion over distances of 1,000 miles and
more first began to show up in 1952, but
were always placed in the “who can
believe this” file.

Mrs. Doris Johnson, a top dx’er of
Longview, Wash., reports reception of
channel 2, Honolulu, Hawaii, at 1251
PST, March 9. Doris had been looking
for KONA since the F2 first began its
rise last fall, but observed nothing, even
on days when amateur 6-meter signals
were skipping between the Islands and
the West Coast (2,700 miles).

Reception lasted a brief 30 seconds,
very black in contrast, no sound and
tended to fade slightly.”

In the file, we find similar reports of
positive-identification long-haul burst
reception from Seybold, Dunkirk, N. Y.;
Schafer, Kenmore, N. Y. and Hill,
Gallipolis, Ohio. In each case, the paths
have been basically north—south.

The time varies from 0600 EST to
2400 PST. Most reports center after
1800 local time. It looks as if we have
a good deal niore to learn about meteor-
scatter work, or whatever it is that
causes brief instances of skip recep-
tion on our screens.

From all indications, we have a
new world record for television recep-
tion. With the sunspot cycle hitting its
PEAK right now (the highest peak ever
recorded by man), F2 skip between the
BBC in London and Australia (10,800
miles) is now an accomplished fact.
The proud holder of the record, Norman
Burton of Revesby, New South Wales,
Australia, began observations in Octo-
ber 1956, with a communications re-
cetver and a special vertical antenna
orientated on the Great Circle route.

Reception has been noted on 21 occa-
sions on the 41.5-mc sound channel and
on three instances both sound and 45-me
video have been intercepted. The chan-
nel-2 (British) 48.25-mec audio channel
has been heard faintly on one occasion.

At home

Dx’er Barney Rauch of Peoria, Ill.,
notes meteor-burst reception at 1204,
March 9, from WNCT, channel 9, a dis-
tance of 950 miles—another fine exam-
ple of meteor-burst reception.

Tropospheric dx broke loose along the
southern edge of the Great Lakes on
Feb. 6-7, with several observers report-
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By ROBERT B. COOPER

ing high-band signals of excellent qual-
ity over distances as great as 600 miles.
Billy Meers and George Bergen of La
Grange, Ky., note reception of WIBW,
560 miles, channel 13, for 2 hours on the
evening of Feb. 6. Dx-er Ed Prond of
Dolton, Ill., noting 10 uhf stations from
8 states with WFMJ, 351 miles, his best
for the evening.

The annual spring tropospheric open-
ing along the Gulf Coast appeared in
three segments on March 11, 17 and 22,
Ray Escoffier, Clarence Rareshide of
New Orleans, and Ed Bourgeois, Norco,
La., report 600-mile reception on all vhf
channels and from the extremes of Flor-
ida, Texas and all points between.

If the records of past years can be
relied upon, the peak of the sporadic-E
season should occur during the last
week of June and first week of July.
The season began earlier than last year
with substantial openings occurring fre-
quently after the 15th of April. Recep-
tion from South American stations
should have been possible on May 1
throughout the southwestern United
States, and we are interested in hearing
any unusual reports for this date.

Sporadic-E can and does occur at all
hours of the day or night and is unpre-
dictable in most respects. Newcomers
to the television dxing game will find
E skip an excellent way to break into
the hobby. Watch your lower vhf chan-
nels (especially those not taken by
strong local stations) and, if your an-
tenna is rotatable, check in all direc-
tions for signs of unusual reception.
The early morning and early evening
hours are especially productive.

August will find E skip dwindling in
frequency of occurrence and by the 15th
of August it may disappear almost en-
tirely for another season. Openings oc-
curring after Aug. 1 will most likely be
weak and sporadic, in the afternoon.

One of the largest annual meteor
showers is also scheduled for August
and promises to bring a large increase
in the burst count for MS dx enthusi-
asts. The Perseid shower is scheduled
to peak 0200 on Aug. 12, but should
provide very good MS conditions from
Aug. 1 through 20. The period of 2200
to 0400 should be the most productive.
This would be an excellent time to
watch the high vhf channels.

Dx forms

Rap10-ELECTRONICS provides printed
TV dx report forms to any dx’ers. Just
drop a postcard with your name and
address to TV Dx Column, Rapio-ELEC-
TRONICS, 154 W. 14 St., New York 11,
N. Y. END

RADIO-ELECTRONICS


www.americanradiohistory.com

You Have More
TO SELL WITH A

Winegard

The more sound selling facts vou can put
before a customer, the more chance you
have of closing a sale! And the Winegard
Color’Ceptor gives vou selling points no
other antenna can offer . . . exclusive buy - all 12 VYNF Channel

) : : et :
ing appeals that clinch 9 out of 10 sales! N Reception For Both

They See the Gold and They're Sold N 4 Black-and-White

The gold-anodized finish of the Color’Ceptor S and Color
gives it a rich. quality appearance not found s

in any other antenna. When you show the

Color'Ceptor alongside competitive models,

the Color'Ceptor is so distinctive, so finished-

looking that it is invariably selected by vour

customers. Gold anodizing has a practical

cales advantage, too. It provides immunity

to corrosion—prevents deterioration in per- Note:
formance,

Each geid Color ‘Ceptor

If the Winegard Color'Ceptor won't you insta | helps sell an-
bring in a station you want to see . . . cther. Orce folks see
nothing will! Proof of performance was these br cht gold an-
dramatically illustrated when Robert Sey- tannas sprouting Jp in
bold of Dunkirk, New York—using a Wine-
gard Antenna—broke all long distance re-
ception records in 1956 (see Radio-Ilectronics
Magazine Jan. '37). Equipped with optional
signal-boosting Power-Pack and patented t2ang, toel
“Electro-Lens”* focusing the Color'Ceptor

is second to none for long distance reception

and clear, watchable pictures in both black-

and-white and color!

their neschoorhood. they
won't be satisfied until
tiey owr the gold an-

/ Harizontal Di-ectivity

7
(o o

. _factory-authorized

% ANTENNA
4 SPECIAI.ISTS
M/im;egard

TELEVISION ANTENNAS

909
low Band High Band

The Sign of Better Business
The Winegzard Authorized-Dealer decal (pic- | e - | et
tured above) is proving a real business- I N
builder for every dealer who displayvs it.
Heavily promoted in Winegard's national FMEA Y N FA AT (A o
advertising, the decal tells the world that . N
., Gain Chart

“here’s the place to buy the gold-anodized ! =
Color’Ceptor ‘ ; CL-4X with Power-Puch

Want More Details?

Mail coupon below {for all the facts on
Color'Ceptor’s spectacular  success story
Winegard gives you everything vou need
to make antenna sales hoom-—the product.
free displav, national advertising, proven
sales techniques. Join the swing to Wine-
gard—it’s the best move yvou can make!

olor'Ceptor Color'Ceptor
__________________ Model CL-4X — $44.90  Model CL-3 — $29.95
WINEGARD COMPANY = LR
Dept. A-7, 3000 Scotten Blvd. If Colcr ‘Zeptor won't kring in a stafion yos want to see
Burlington, lowa . . .-ncteiag willl

i Winegard Cslcr ‘Ceptors are conss.
Exclusive Color’Ceptor features tantly adverfised in leading natioral

Name magazines your customers readf

[ ] o 4 g i P
] Please rush me free 4-color descriptive liter- Conpletaly on-colugirg e dl‘dl.l?d‘ Snish.
ature on your gold-anodized Color'Ceptor ® PowearPack—up to 47.19% more semsitivity.
and information on display material. £ .
- cleorsr pictu-es at gmmater distance.

] I'm interested in the complete line of new
1957 Winegard antennas.

s @ Wmeyard Co.

Address

exxxl o farm Jourmal

Mausﬁﬁﬁf' hiangpy (Josnd
Beterllonies" posy ===

® Pat.'Eectro-less’””

3000 Scotten '!Ivd., Berlington, lowa

Cable Adcrass: Westers Unior RWCO *Pat. No.2,708,1C5  Copyright USA, 1957
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Current waveform
solves keystone fault

By ROBERT G. MIDDLETON

In the de-

An example of keystoning.
fective set keystone was reversed, with
narrowest scan at bottom of screen.

HE set came into the shop with a

keystone raster (see photo). We

started work by changing the

yvoke. When this failed to do the
trick, the flyback transformer was sus-
pected and vreplaced. When neither
cleared up the keystone, we looked
around for some stray magnetic field
that might have distorted the electro-
static lens of the picture tube. Failing
to locate such a field, we checked the
sweep circuits.

This set did not show any dc voltage
or resistance values far enough off
to supply any clue of circuit misbe-
havior. That’s when it got dubbed a
dirty dog (they’re the worst kind) and
tossed into the doghouse.

It was an ideal situation to tackle
with a scope.

A 2-ohm vresistor was inserted in
series with the return lead of the
horizontal deflection coil and the scope
connected across it (see Fig. 1). The

HOT SIDE
HORIZ DEFL COILS
2n COPE
-——vVWA—;

O

VERT

Fig. 1-—Scope is connected across a 2-

ohm resistor in series with return lead

of horizontal deflection coils to observe
current waveform.

Fig. 2—Waveform of defective set.
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pattern seen in Fig. 2 was obtained
with a 20-cycle sweep.

Three periods of disturbance can be
seen on the 15,750-cycle current wave-
form. The waveform itself appears as
a shading in the display because of the
low sweep rate and the dense distribu-
tion of the horizontal waveform cycles.
The important aspect of this display is
the outer contour, which shows three
periods of disturbance (each occupying
1/60 second). This is a typical modula-
tion waveform. The horizontal wave-
form was being molulated by the
vertical waveform in the sweep and
horizontal oscillator circuits of the re-
ceiver.

When this was observed, it revealed

8S4
VERT OUTPUT

i A
5

s

e
Y

tained through a small capacitor. In
such a case using a direct cable and
probe often attenuates the pulse con-
siderably and misleads the operator as
to the nature of the trouble. Eventually
we can expect to find probe data pub-
lished with the waveform: and peak-to-
peak voltage data. Happy day!

It may come as a surprise to learn
that some beginning technicians make
the error of using a low-capacitance
probe when checking if circuits, and a
demodulator probe when checking
video-frequency circuits. Many oper-
ators have come to grief by attempting
to use a resistive isolation probe in
sync or sweep circuits. These matters
may seem elementary, but they are real

yFROM SYNC DISC

6SN7-GT
HORIZ 0SC X 560“"' T0_HORIZ OUTPUT

330ppt
56K o 330pp!
Fd
560n VERT DEFL COILS
§
HORIZ LOCKI 004 L5K
p —1r
K ¢B+ T2 &

Fig. 3—Open 20-uf bypass capacitor allowed sawtooth current of ver-
tical output circuit to modulate plate supply of horizontal oscillator.

that the circuit action was faulty and
that some of the voltage from the
vertical output circuits must be back-
ing up into the horizontal oscillator
cireuit. A search was started for open
or defective bypass capacitors. The
second trial found the culprit, a prac-
tically open 20-uf capacitor bypassing
the horizontal oscillator supply line (see
Fig. 3). When this capacitor was re-
placed, the receiver’s operation returned
to normal.

Scopes are valuable

This job pointed out the great value
of supplementing de voltage and re-
sistance measurements with ac wave-
form and peak-to-peak voltage measure-
ments. In the case of Fig. 1, the
peak-to-peak voltage should have been
constant but it was not. The variation
at a 60-cycle rate was the clue to a
quick cure for the trouble.

The technician’s chief problem is to
determine whether a waveform is cor-
rect. For example, the waveform at the
plate of a keyed agc tube is often ob-

WWW . americanradiohistorv.com

stumbling blocks to the less-experi-
enced.

Of course when a situation such as
Fig. 2 arises, the technician will get no
benefit unless he “uses his bean.” First
of all, there are practically no service
data available on current waveforms
and how to obtain them. Second, only
limited information 1is available on
waveform distortions of this type
which involve complex waveform com-
positions.

There is no point in buying a scope
unless the technician is somewhat of
a rugged individualist, with enough
gumption to make a definite effort to-
ward self-improvement.

Many scopes have been purchased by
service technicians in the belief that a
pair of test leads can be connected to
the instrument, the power turned on
and screen patterns checked which will
immediately point to the trouble in the
receiver under test.

The variable of time is a very im-
portant factor in using a scope. With
the proper apprenticeship a scope will
pay for itself a hundred times over. END

RADIO-ELECTRONICS

.
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TRANSOCEANIC

TV

By CALVIN R. GRAF, W5LFM

ITH the 11-year sunspot

cycle expected to hit its peak

in late 1957, the possibility

for transoceanic television
reception becomes more likely as the
sunspot number increases. European
TV stations, especially the BBC, have
been received as far south as southern
Texas and west to California beginning
in October and continuing the rest of
the year. In San Antonio, Tex., recep-
tion of England, Northern Ireland,
France, Switzerland and Germany have
been almost daily occurrences. Best and
most often reception is in the frequency
range of 41 to 50 mec.

As the sunspot number increases, the
F2 layer of the ionosphere, because of
increased ionization, is better able to
reflect high-frequency signals for longer
paths and longer periods of time. Dur-
ing a sunspot minimum the maximum
usable frequency for long-distance
paths might be as low as 10-20 me, but
at the sunspot peak, it might rise as
high as 50-70 mc for certain paths.
And the sunspot cycle maximum ex-
pected in late 1957 might be the highest
experienced in our lifetime! It has
been reported that KPRC-TV, channel
2, Houston, Tex., has been received in
South Africa, a distance of nearly 9,000
miles.

The accompanying chart lists loca-
tions, frequencies, lines per picture,
video antenna power and antenna
polarization of many TV stations which
can easily be received. Remember that
in most countries the number of scan-
ning lines which form the picture are
different from those of the United
States. Except for the United States,
Canada and a few South American
countries which use 525 lines, most
countries use 405, 625 or 819. This
means the pictures cannot be locked in
on a receiver designed for 525 lines
without modifying the receiver circuit.
Moreover, since our TV receivers have
fixed channels which are different from
other countries almost none of the
frequencies will coincide. Most other
countries use amplitude modulation for

JULY, 1957
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the sound carrier while we use fre-
quency modulation. A shortwave re-
ceiver covering 40 to 50 me or a con-
verter is desirable.

el 2d
Frequen- oy 558 2 o
cies (me] L E3% 3 ¢
Station Video Audio wda <« I
Great Britain
London 450 415 34 V AM 405
Belfast, N.I. 45.0 41.48 20 H AM 405
Holme Moss 51.75 48.25 100 V AM 405
N. Hessary Tor. 51.75 48.23 16 V AM 405
Kirk o'Shotts
Scotland 56.75 53.25 100 V AM 405
Norwich 56.75 53.25 10 H AM 405 .
France 524 41.25 50 H AM 819
Switzerland 48.25 53.75 30 H FM 625
Australia 64.25 69.75 100 FM 625
Russia 49.75 56.25 40 H FM 625

*Effective radiated power.

German audio has been received on
45.625 and 48.8 mc (50 ke/swing FM).
Russian programs are on from 1100-
1500 EST, with the stations closed
down Thursdays for maintenance.

Reception of European stations is
best between mid-morning and noon.
Australia should be best from mid-
afternoon to evening. Since propagation
is by the F2 layer, the sun should be
near noon at the mid-path point.

Most of the European stations re-
ceived in south Texas have been heard
from 0830 to 1230 CST, with the lower
frequencies lasting the longest. During
the months of November and December,
1956, BBC TV audio on 41.5 mc was
received almost every day and BBC
video on 45 me was received about
three-fourths of the time. Occasionally,
frequencies as high as 53 mec are re-
ceived.

When conditions are good, it doesn’t
require much of an antenna to receive
transoceanic TV. A simple 300-ohm
vertical folded dipole cut to 41.5 mc
has picked up TV signals from five
European countries. Signal strength is
so great at times that the BBC has
been heard using a pocket screwdriver
for an antenna inside a concrete build-
ing! It doesn’t take much—give it a
try. END

wwWw.americanradiohistorv.com

BUILD THE BeAT—
BUILD Alll!n,s OWN

knight-

Kits

ght-Kit value—
LLIED—one ot
you'll find

Write for your FREE copy today,

knight-kit HI-Fl VALUE
25.WATT LINEAR-DELUXE AMPLIFIER KIT

Luxury quality at modest cost! Williamson-
type circuit delivers 25 watts of virtually
flawless response. Can be used with any
tuner or preamp with a full set of controls
(for volume, tone and equalization). Printed
circuit wiring board for simplified assembly;
balance control for precise matching of
output tubes; variable damping control.
Response: + 0.5 db, 10-120,000 cps at 20
watts. Harmonic Distortion: 0.159, at 30
watts. Intermodulation: 0.49, at 20 watts.
Output Impedances: 4, 8 and 16 ohms, 6
x 14 x 9” deep. Chrome-plated chassis. With
all parts, tubes and easy-to-follow instruc-
tions. Shpg. wt., 25 lbs.

IS4450

Model Y-755. Net, F.O.B. Chicago ,
Y-759. Metal top cover for above . . ... $4.25

OTHER knight=kit HI-FI VALUES

e FM HI- FI TUNER KIT

Model ¥-751

S377S

Fa L4
Noedet= | Nrma-

20-WATT HI-FI
AMPLIFIER XIT

¥-750 53575

10-WATT HI-FI
AMPLIFIER KIT

Y753 $9350

See our Supplement No. 165 for other
knight=kit Hi-Fi valves

SUPPLEMENT
featuring knight=-kits

Send for our FREE
Supplement No. 165
featuring 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist

. and Amateur Kits. Write
for your copy today.

ORDER FROM

ALLIED RADIO

Dpt.02-G-7,100 N. Western Ave., Chicage 80, Ill.
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Superior's New Model TW-11

STANDARD PROFESSIONAL T“BE TESTER

® Tests all tubes, including 4, 5, 6, 7, Octal,
Lockin, Hearing Aid, Thyratron, Miniatures, °
Sub-miniatures, Novals, Sub-minars, Proximity
fuse types. ete.

position when necessary.

The Model TW-11 does not use any combination

type sockets. Instead individual sockets are

used for each type of tube. Thus it is impos-

sible to damage a tube by inserting it in the

wrong socket.

® Free-moving built-in roll chart provides com-
plete data for all tubes. All tube listings print.
ed in large easy-to-read type,

NOISE TEST: Phono-jack on front panel for

A plugging in either phones or external amplifier

pin are truly tested with the Model TW-11 as will detect microphonic tubes or noise due to

any of the pins may be placed in the neutral faulty elements and loose internal connections,

EXTRAORDINARY FEATURE
NET

SEPARATE SCALE FOR LOW-CURRENT TUBES—Previously, on emission-type
- am e am =

® Uses the new self-cleaning Lever Action Switch-
es for individual element testing. Because all
elements are numbered according to pin-number
in the RMA base numbering system, the user
can instantly identify which element is under
test. Tubes having tapped filaments and tuhes
with filaments terminating in more than one

tube testers, it has been standard practice to use one scale for all tubes. As a result,
the calihration for low-current types has been restricted to a small portion of the
scale. The extra scale used here greatly simplifies testing of low-current types.
The Model TW-II operates on 105-130 Volt 60 Cycles A.C. Comes
housed in a beautiful hand-rubbed oak cabinet complete with

portable cover.
AN N N N N A AN B SN OGN BN B e

-------------------------------
Superior’s New
Model TD-55
The Experin!enter or Part-time Serviceman, who has delayed purchasing a higher priced Tube Tester.
The Professional Serviceman, who needs an extra Tube Tester for outside calls.
The busy TV Service Organization, which needs extra Tube Testers for its field men.
Speedy, yet efficient operation is accomplished by:
I. Simplification of all 2. Elimination of old style sockets used for testing obsolete tubes (26,
switching and controls. 27, 57, 59, etc.) and providing sockets and circuits for efficiently
testing the new Noval and Sub-Minar types.
more than one pin. In such cases the element or internal
connection often completes a circuit.

Elemental switches are numbered in strict accord-

You can't insert a tube in wrong socket
It is impossible to insert the tube in the wrong socket
when using the new Model TD-55. Separate sockets are

used, one for each type of tube base. If the tube fits
in the socket it can be tested.

“'Free-point’' element switching system

The Modal TD-55 incorporates a newly designed element
selector switch system which reduces the possibility of
obsolescence to an absolute minimum. Any pin may be
used as a filament pin and the voltage applied between
that pin and any other pin or even the "top-cap''.
Checks for shorts and leakages between all elements
The Model TD-55 provides a super sensitive method of
checking for shorts and leakages up to 5 Megohms be-
tween any and all of the terminals. Continuity between
various sections is individually indicated. This is impor-
tant, especially in the case of an element terminating at

ance with R.M.A, specification.

One of the most important improvements, we believe, is
the fact that the 4 position fast-action snap switches are
all numbered in exact accordance with the standard
R.M.A. numbering system. Thus, if the element terminat-
ing in pin No. 7 of a tube is under test, button No. 7

is used for that test.
$ 2 6 9%

erating instructions and charts. Housed in
rugged steel cahinet. Use it on the bench—

The Model TD.55 comes complete with op-
use it for field calls. A streamlined carry- NET

ing case, included at no extra char_n_]e.
accommodates the tester and book of in-
structions.
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DOT PATTERN GENERATOR
Although  you will be able

{FOR COLOR TV):
ta use most of Your

regular standard cquipment for servicing Color TV,
the one addition which | ‘must’’ is a Dot Pattern
Generator, The Dot P projected any color
TV Receiver tube by the Model TV-50 will enable
you to st for proper color convergence.

Superior's New
Model TV-50

A versatile all-inclusive GENERATOR which provides ALL the outputs for servicing:

A.M. Radio » F.M. Radio e Amplifiers e Black and White TV e Color TV

7 Signal Generators in One!

+~ R.F. Signal Generator for A.M.
v R.F. Signal Generator for F.M.
«* Audio Frequency Generator

v Bar Generator

+# Cross Hatch Generator

v Color Dot Pattern Generator
+ Marker Generator

R. F. SIGNAL GENERATOR: The VARIABLE AUDIO FRE- BAR GENERATOR: The CROSS HATCH GENERATOR:
Model TV-30 Geilomuter, provides QUENCY GENERATOR: In Matel TV 30 projects an The Model TVe50 Genometer will
€ for AN and  g4aition to a fixed 100 ey- actual Bar Pattern on anv project Gy CT?SS'M'E“D ""5{3{"
et Radio  cle shie-wave audio,  the TV Receiver Screen. Pat. LI i St
CAE on fundamen.  Model T tern will con shifting horizontal and vertical
1 50 Megacveles ta  DIovides 18 horizontal har lines interlaced to provide a

veles onposwerful har- r.\'rlke e 20 vertical bars. stable cross-hatch effect.

peaked w

MARKER GENERATOR: The Model TV-50 includes all the

THE MODEL TV-50 comes abso-

most frequently peeded marker points. The following mark- . 0

Graare previded: 1R Ko 263 Kc., 458 Ke., 600 Ke., lutely complete with shielded iead

1000 Ke.. 1100 Ke 5 2000 Ke., 2500 Ke., 3579 and operating instructions.

Ke.. 4 3 Mc. (3579 Ke. Is the color burst Only NET

freque

Superior’s New
5 ModelTV-40

PICTURE TUBE TESTER

NOT A GADGET—NOT A MAKE-SHIFT ADAPTER, BUT A WIRED PICTURE TUBE
TESTER WITH A METER FOR MEASURING DEGREE OF EMISSION—AT ONLY $15.85

Of course you can buy an adapter for about $5—which

recommend use of C.R.T. adapters or neon gadgets because

theoretically will convert your standard tube tester into a
picture-tube tester; or a neon type instrument which sells
for a little more and is supposed to be “as good as’’ a
metered instrument. Superior does not make nor do they

Tests ALL magnetically deflected tubes...in the set...out of the set...in the carton!!

EASY TO USE: Simply insert line cord into any 110 volt A.C.
outlet, then attach tester socket to tube base (lon trap need not
he on tube). Throw switch up for quality test...read direct on

a Cathode Ray Tube is a very complex device, and to
properly test it, you need an instrument designed exclu-
sively to test C.R. Tubes and nothing else.

@ Tests all magnetically deflected picture tubes from 7
inch to 30 inch types.

@ Tests for quality by the well established emission method.
All readings on ‘'Good-Bad" scale.

Good-Bad scale. Throw switch down for all leakage tests.
® Tests for inter-element shorts and leakages up to 5
megohms. Housed in round cornered, molded bakelite

@ Test for open elements. case. Only 1 5 NET

EXAMINE BEFORE YOU BUY!
USE APPROVAL FORM ON NEXT PAGE

RADIO-ELECTRONICS

Model TV-40 C.R.T. Tube Tester comes ab-
solutely complete — nothing else to buy.

80
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For fh;.- first fime ever:

ONE TESTER

PROVIDES ALL THE SERVICES LISTED BELOW!

Superior's

New Model

V/CAPACITY BRIDGE SECTION

4 Ranges: .00001 Microfarad to .005 Microfarad; .001 Microfarad to .5
Microfarad; .1 Microfarad to 50 Microfarads; 20 Microfarads to 1000 Micro-
farads. This section will also locate shorts, and leakages up to 20 megohms.
And finally, this section will measure the power factor of oll condensers from
.1 to 1000 Microfarads. (Power factor is the ability of a condenser to retain
a charge and thereby filter efficiently.)

VRESISTANCE BRIDGE SECTION

2 Ranges: 100 ohms to 50,000 ohms; 10,000 ahms to 5 megohms. Resistance
can be measured without disconnecting capacitor connected across it. (Except,
of course, when the R C combination is part of an R C bank.)

i 1d like to
i the undersigned wou >
As Design Enﬁgg:;s, we & opinion medt;?;e(;?;:‘
bin that J:\et of its kind we have been grx:éle&iter deal
D ogh It 1 ratively a low-pricec y ] s
Ailthough t;tecl:r::r:ce;ainted with its multiple services,
after you

your most frequently used instrument. S. LT
L. MELENKEVITZ

NO MONEY

P P W P L L P, s S SRR

IT'S A

CONDENSER BRIDGE

with a range of .00001 Microfarad to 1000 Microfarads (Measures
power foctor and leakage too.)

IT'S A

RESISTANCE BRIDGE

with a range of 100 ohms to 5 megohms

IT'S A

SIGNAL TRACER

which will enable you to trace the signal from antenna to speaker
of all receivers and to finally pinpoint the exact cause of trouble
whether it be a part or circuit defect.

IT'S A

TV ANTENNA TESTER

The TV Antenna Tester section is used first to determine if o
“break’” exists in the TV antenna and if a break does exist the
specific point (in feet from set) where it is.

Specifications

¥ SIGNAL TRACER SECTION

A built-in high gain pentode voltage amplifier, plus a diode rectifier, plus o
direct coupled triode amplifier are combined to pravide this highly sensitive
signal tracing service. With the use of the R.F. and A.F. Probes included with
the Model 76, you can make stage gain measurements, locate signal loss in
R.F. and Audio stages, localize faulty stages, locate distortion and hum, etc.
Provision has been made for use of phones and meter if desired.

VTV ANTENNA TESTER SECTION

Loss of sync., snow aod instability are only a few of the faults which may
be due to a break in the antenna, so why not check the TV antenna first? The
Model 76 will enable you to locate a break in any TV antenna and if a break
does exist, the Model 76 will measure the location of the break in feet fram
the set terminals. 2 Ranges: 2' to 200’ for 72 ohm coax and 2* to 250° for 300

ohm ribbon.

Model 76 comes complete with all $
accessories including R.F. and A.F.
Probes; Test Leads and operating in- NET
structions. Nothing else to buy.
Only

L
Try any of the instruments Ir ____________________________________________ -i
on this or the facing page | MDSS ELECTRONIC DISTRIBUTING CO., INC. I
for 10 days before you I Dept. D-359, 3849 Tenth Ave., New York 34, N. Y. YT ]
buy. If completely satis- I Please send me the units checked. | agree to pay down payment Addvess I
fied then send down pay- | within 10 days and to pay the monthiy halance as shown. It is . |
_d | understood there will be no finance or interest charges added. it is City Zone........ State I
ment and pay balance as further understood that should 1 fail to make payment when due,
indicated on coupon. No | the full unpaid balance shall hecome immediately due and payable. All prices net, F.0.B., N. Y. C. |
Interest or Finance I O Model TW-Il. ... _ Total Price $47.50 C Maodel 76. .Total Price $26.95 O Model TD-55............... Total Price $26.95 I
—_ | $11.50 within 10 days. Balance $6.00 $6.95 with ys. Balance $5.00 $6.95 within 10 days. Balance $5.00 |
Charges Added! if not | monthly for 6 months. monthly for 4 months. monthly for 4 months. I
completely satisfied return I O Model TV-50.._...._. Total Price $7:80 O Model Tv-d0 i otal Price $15.85 I
o a . within 10 days. alance $6. 5 within ays. alance 5
unit to us, no explanation | monthly for 6 mont)r/ls. rsnonthly for 3 months. |
necessary. . ]
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ELECTRONICS

OUR capacitor tester probably

has an adjustment marked power

factor with a dial graduated from

0 to 50 or 60. When checking elec-
trolytics you set this adjustment and
read the power factor. If that reading
exceeds some certain value, what does
it mean? Will the capacitor allow
excessive ripple voltage when used in
a power supply filter? Is its effective
capacitance less than the measured
value? Will it do a poor job of by-
passing? 1Is it getting toward the end
of its useful life? (The answer to all
these questions is “yes.”)

Some simple experiments will bring
out the real meaning of capacitor
power factor. First, use your capacitor
tester to measure capacitance and
power factor of an electrolytic which
is in good condition. Then connect a
20- or 30-ohm resistor in series with
the capacitor and make a second mea-
surement. It will be necessary to move
the power-factor pointer to a higher
number.

Try a paper capacitor of the largest
value on hand, at least 0.5 gf. Then
connect a resistor of several hundred
chms in series and make another check.
Again you will have to move the power-
factor pointer to a higher number.

Adding series resistors increases the
power factor. Obviously the extra re-
sistance must increase the loss or waste
of energy. The power factor of a ca-
pacitor is a measure of the energy that
is lost or wasted as the capacitor
charges and discharges when acted up-
on by alternating voltage.

Almost any kind of energy loss in
any electrical device may be repre-
sented as an equivalent resistance. In
the case of a capacitor we represent the
loss by resistance in series with a pure
capacitance (see Fig. 1). This is the
series resistance you added during the
preceding experiments.

Although series resistance changes
the power factor we cannot measure the

EQUIVALENT

APPLIED
ALTERNATING
VOU

Fig. 1—Representative circuit for en-
ergy loss in a capacitor.,

82

factor in ohms. This is because power
factor depends on capacitance, frequen-
cy of the applied voltage and the in-
ternal series resistance. If you really
want to know what power factor is,
read the next four paragraphs. Other-
wise skip to the effects of power factor
in filtering and bypassing.

In a perfect capacitor, one without
any losses, current would lead the
applied alternating voltage by exactly
90°, as seen in Fig. 2-a. The power
factor would be zero. In ceramic, mica
and many paper capacitors, the power
factor actually is close to that.

If a capacitor has internal series re-
sistance just equal to its capacitive
reactance, both in ohms, current will
lead the voltage by 45°, as in Fig. 2-b,
and the power factor will be 0.707. Less
internal resistance allows greater lead
and smaller power factors. More re-
sistance reduces the lead, brings cur-
rent more nearly into time (phase)
with the applied voltage and increases
the power factor.

Capacitor power factor is equal to
the cosine of the angle by which current
leads applied voltage. No cosine can
be greater than 1.00, so maximum
power factor is 1.00. Lesser values are
stated as decimal fractions. It is cus-
tomary to change these fractions to
percentages: 0.707 becomes 70.7%, 1.00
becomes 100% and so on.

Fig. 3 shows relations between power
factors as percentages and capacitive
reactances as fractions or multiples of
internal series resistance. Power fac-
tors up to 20% or 30%, when changed

360°
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Fig. 2-a—In ideal capacitor, current

leads voltage by 90°; b—When internal

resistance equals capacitive reactance,
current leads voltage by 45°.

www.americanradiohistorv.com

hat it means

What effect does o capacitor’s power factor

have in filter and bypass circuits?

By H. P. MANLY

back to decimal fractions, nearly equal
the ratio of internal resistance to ca-
pacitive reactance.

Ripple voltage

Because we will be talking about
ripple voltage at some length, let’s
begin with some of its characteristics.
Ripple is the alternating voltage or
alternating component that accompan-
ies dec output voltage delivered from
the filter of power supply. It is usually
specified as a percentage of dc output
voltage. If ripple is 5 volts rms, with
100 de volts, the ripple would be 5%.

Ripple can be reduced in four ways:
1. by more filter capacitance; 2. by more
load resistance and smaller load cur-
rent; 3. by higher frequency; 4. by
smaller power factor in filter capacitors.

Were everything else to remain un-
changed, doubling the capacitance
would halve the ripple and halving the
capacitance would double the ripple.
This inverse proportion would also hold
for load resistance and frequency, pro-
vided nothing else changed.

In practice the proportions do not
work out so precisely because change
in one element varies the effect of
others. The stated proportions hold
fairly well with changes of capacitance,
vary widely with changes in load and
are close for changes in frequency. The
effect of power factor is due for special
consideration.

At the filter output of any ordinary
power supply there will be some
ripple voltage. What we want to de-
termine is the extent to which filter
capacitors with high power factors in-

100
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Fig. 3—Relation between power factors
and capacitive reactance.
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It’s Florida for the kind of missile work

only RCA can

RCA careers are beginning for electronic
technicians every day at the Missile Test
Project at Patrick Air Force Base on
Florida’s central east coast. Each offers
a unique opportunity 1o work on testing
of all types of missiies now under
development or planned. What's more,
you can contribute to the Vanguard

Satellite launching and tracking.

D

There’s a broad range of RCA oppor-
tunity for technicians on all levels. A
basic knowledge of electronics qualifies
you for many of these openings. Com-
plete facilities include latest electronic
and optical data acquisition and trans-
mission systems. Liberal RCA benefit
program . . . relocation assistance, too.

You'll live well in Florida.

Name

offer electronic technicians

Make your future in one of these field
or shop assignments:

RADAR —RADIO —TELEMETRY
TIMING —INSTRUCTING
ELECTRONIC TEST EQUIPMENT

Mail the coupon for booklet which
describes our Florida missile program
and its advantages.

Mr. H. N. Ashby, Employment Mgr., Dept. N-15G
RCA Service Co., Inc., Missile Test Project
P. O. Box 1226, Melbourne, Fia.

Please send me brochure with the information on RCA
employment advantages in Florida.

Age Married Yes [ ] No [}

Address

U.S. Citizen Yes ] No []

RCA SERVICE COMPANY, INC.

JULY, 1957

Electronics Experience (Include Mil. Service & Tech. Schools)

Earliest Date Available
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PRECISION

...manufacturers of fine
electronic test instruments
for over 25 years...

INTRODUCES

PjA

quality test
instruments
in kit form

For the first time—

a line of test instrument kits
engineered and produced under
the auspices of a major test
equipment manufacturer...and
conveniently available directly
from your own loca!

electronic parts distributor.

PRECISION's

25 years of experience

is your assurance of PACO’s
superior quality, styling,
performance and value.

COMING SOON...
Model G-30 —RF Signal Generator

Model Z-80 —Audio-RF Signal Tracer
Model M-40— High Sensitivity V-O-M

Model V-70

VACUUM TUBE VOLTMETER KIT
wide-range + peak to peak.

Net Price: $31.50

Model B-10
BATTERY ELIMINATOR KIT
with speciz! low-ripple output.
Net Price: $41.95

Model S-50

5" CATHODE RAY OSCILLOSCOPE KIT
push-pull vertical and
horizontal amplifiers,

Net Price: $47.50

Model C-20
RESISTANCE — CAPACITY-RATIO
BRIDGE KIT
10 mmfd to 2000 mfd
Y, ohm to 200 megohms.

Net Price: $20.95

Available and on display ot lead-
ing electronic parts distributors.

Mode! T-60
TUBE CHECKER KIT
full free-point lever selector system.

Net Price: $36.75

Write for descriptive bulletin.

PJAIC|O]

ELECTRONICS CO., INC.

70-31 84th Street, Glendale 27, L. 1., N. Y.

A DIVISION OF PR ECTSION apparatus Company. Inc.

Export: 458 Breadway, New York 13, New York

Canada: Atlas Radio Corp., ttd., 50 Wingold Ave., Toronto 10, On1.
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crease the ripple above minimum. Min-
imum ripple would be that with any
given capacitance, load and freguency
when using a capacitor of smallest
practicable power factor.

It is possible to have power factors
as small as 29 or 3% in electrolytics,
but the factor usually is something be-
tween 5% and 10%. In some of the
earlier electrolytics, including wet
types, power factors were as great as
25% or more,

Fig. 4 shows how an increase in power
factor raises the ripple above mini-
mum. Except for eritical applications
requiring low ripple, a power factor
as great as 257 may cause no serious
trouble. However, at a 507 power
factor ripple may increase 157« or
more and for still greater factors the
ripple goes up rapidly.

While an increase of power factor as
a percentage above minimum may not
appear serious there is another ctfect
which may mean trouble. There iz the
change of ripple waveform with greater
power factors., With factors up to
almost 4074 the waveform is nicely
rounded (see Fig. 5-a). Sharp peaks,
as in Fig. 3-b, develop at about 707,
power factor. With 907% power factor
the waveform becomes a sawtooth and
little filtering etfect remains (=ee Fig.
5-¢). Sharp peaks change a soft audio
hum into a noisy buzz.

Power factor and frequency

Most testers measure power factor at
a frequency of 60 cycles. Power factor
increases as frequency rises. It happens
this way. Internal resistance remains
constant but capacitive reactance drops
with rising frequency. Then the ratio
of resistance to reactance goes up. Fig.
3 shows that power factor will increase
as this ratio becomes greater. Accord-
ingly, the power factor must increase
with a rise of frequency.

Let's see what this increasing power
factor means when a capacitor is used
for bypuassing a wide range of audio

frequencies, say from 100 to 5,000
cycles.
To answer this question we must

remember that the object of bypassing
a resistor is to reduce the alternating
voltage across it. If there were no by-
pass capacitor, the ac voltage ucross
the resistor would depend only on re-
sistance and current.

3 Al
g 0|
Fﬂ\ \r '|
i | | ,1l
e I ‘
gL
Yo
20 30 40 50 60 0 8 80

POWER FACTOR - PER CENT

Fig. 4—Ripple increases as the power
factor goes up.
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a complete line of replacement parts

for your Delco Radio service work!

It’s one-stop service from the world leader in auto radio! Your
Delco Electronic Parts Distributor gives you fast delivery on all D E L Co
items, plus a truly profitable Delco Radio independent dealer 7 —
program that includes: £ WO N D e s )
I. A technical training program conducted by factory engineers. R D I 0
2. An attractive warranty policy.
3. Plenty of attractive dealer identification. DIVISION OF GENERAL MOTORS,KOKOMO, INDIANA

Delco Radio also offers a wide selection of Special Application m
Parts for your convenience and profit. Get the facts today. 2 SENZRAL MOIONS PRODUCT —A UNITED MOTORS LINE

Fuors a1t
b::l:d Distributed by Electronics Distributers Everywhere
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Tops in performance and value
for today’s growing market...

“B"BATTERY
22% VOLTS

RM-412R

FOR
RADIO AND
ELECTRONIC
. EQUIPMENT

Mallory
cHbercicry

Batteries. ..

To get your share of the growing, profitable
battery market—sell the batteries that helped
make the new transistor radios possible.
Amazing Mercury Batteries, pioneered by
Mallory, lead all others in small size, long
life, fade-free performance. No wonder
they’re the leading choice of set manufac-
turers and distributors!

Mallory Mercury Batteries stay at full
strength for months on the shelf. They
last far longer and cost far less per hour
of use. They deliver the unequalled per-
formance that builds repeat sales. And
they’re backed by consistent Mallory
promotion and strong Mallory adver-
tising in the Saturday Evening Post,
Time, Newsweek and Business Week.

Get full facts today from your
Mallory distributor, on the
TWIN-LINE of Mallory Mercury
and Zinc-Carbon Batteries. ..
leaders in profit and performance
for both transistor and vacuum-
tube portable radios.

For vacuum tube
radios—Mallory Zine-
Carbon Batteries.

Bafigggs P. R. MALLORY & CO. lnc.,

MAiioR

INDIANAPOLIS &, INDIANA
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The bypass capacitor has capacitive
reactance. When the capacitor and its
reactance are across the rvesistor, the
combination offers impedance to alter-
nating current. Then uc voltage across
the combination will depend not on
resistance and current but on imped-
ance and current.

As we all know, the reactance of u
capacitor decreases when frequency
increases. The decreasing reactance
drops the impedance of the paralleled
resistor and capacitor, so ac voltage
across the combination decreases as
frequency goes up.

Experiments were carried out with
one paper and three electrolyvtic capaci-
tors, all having measured capacitances
close to 8.5 uf and all used as bypasses
across a 158-ohm resistor. Frequency
was varied from 100 to 5,000 cyeles.
Alternating current from the audio
generator was held constant at all fre-
quencies. Alternating voltage across
the capacitor—resistor combination was
measured with an oscilloscope and sepa-
rate calibrating standard. The test
setup is shown in Fig. 6.

Alternating voltage across the re-
sistor was maximum, of course, with
no bypass capacitor. This voltage was
considered as 100% . Connecting any of
the capacitors dropped the alternating
voltage. Had voltage dropped propor-
tionately to decreasing impedance it
would have followe:d the short-dashed
curve of Fig. 7.

Measurements with the paper capaci-
tor yielded the solid-line curve. Prac-

c
Fig. 5—Waveforms of filter output at
different power factors: a—40%; b—
70‘70: c—90 (75
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AUDIO CURRENT SGORE @

L

bl 8.5yt
v‘|
POARIZING BATTERY L iCAPACTOR

AUDIO GENERATOR

Fig. 6—Test setup for measuring ratio
between ac voltage drop and frequency.

tice alwuys seems to vary more or less
from theory, but the paper capacitor
performed much as would be predicted
from falling impedance. An electro-
Iytic of exceptionally small power
factor gave a nearly identical curve.

A second electrolytic with a power
factor of about 97% at 60 cycles pro-
duced the curve drawn with alternate
dots and dashes. The third electro-
Iytic, whose power factor was about
329% at 60 cycles, produced the curve
drawn with long dashes.

It is apparent that an electrolytic
with a power factor up to about 10%
at 60 eycles is an effective bypass to
nearly 1,000 cycles, and not too bad
at higher frequencies. A capacitor with
30% power factor begins to fall down
on the job around 300 cycles. If power
factor is not too great at low frequen- |
cies, the drop of reactance with rising I
frequency more than compensates for
any increase of power factor. But a
power factor which is large at low
frequencies gets so bad at higher fre- |
quencies that it overcomes falling re-
actance and ruins the bypassing.

Internal series resistance and power
factor of an electrolytic increase to
quite an extent during its life. If leak-
age does not become excessive, this rise |
of power factor may be the thing which
finally causes unsatisfactory operation. ‘
In any event, power factor gives a |
clue to useful life remaining for an
electrolytic. Factors from 15% on up
usually mean that old age is creeping
up and trouble is due before long. |

Abnormally high operating tempera-
tures will dry out the electrolyte in
many electrolytics. This increases the
internal resistance and power factor—
temporarily after small temperature

(Continued on page 90)
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Fig. 7—Relation of voltage drop to

frequency at different power factors. '
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New Miniature Electrolytics

Here’s a brand new line of Mallory submini-
ature electrolytic capacitors. Known as the
TT series, they offer a complete range of
aluminum cased electrolytics featuring
Mallory quality at moderate cost.

These tiny capacitors are especially well
suited for replacement service in compact
portableradios. The electrical characteristics
make them ideal {or transistor circuitry and
for all battery operated equipment.

Mallory TT Capacitors are available in a
complete range of capacities and voltages—
from 1 to 110 mfd., and from 1 to 50 volts
working. The tiniest of the line measures
only ¢’ diameter by 15" long.

Forrugged, subminiaturereplacementcapac-
itors, depend on the new Mallory T'T series
—complete information is available through
your local Mallory Distributor. See him to-
day —for all your electronic component needs.

P.RMALLORYA CO Inc.

ALLOR

P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA
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Is a Degree Essential
~ for an Electronic
Engineering Career?

“*Student” Fred dunther in the IBM school

Fred Gunther has no degree. Yet, today, at
IBM, Fred is a Technical Engineer working on
America's biggest electronics project. His
story is significant to every technician who
feels that lack of formal training is blocking
his road to the top.

Let’s go back to 1950 and watch Fred Gunther,
at 18, as he goes about the business of determin-
ing his life’'s work. Fred spent almost a year
trying his hand at various jobs. None of these
turned out to be the one that Fred wanted to
devote his life to. So, still undecided about his
career, Fred entered the Navy for a four-
year hitch.

Fred learned something very valuable in the
Service, as have many other men who eventu-
ally discover the electronics field. His aptitude
tests revealed him as an excellent electronics
prospect, and he received ten months’ training
in electronics fundamentals and radar. Upon
his discharge in 1955, he was an Electronics
Technician, First Class.

Something even more important to Fred’s
career occurred during his Service hitch. He
began to hear such terms as “aytomation’ ...
“data processing’’ . . . “electronic computer.’”
“Then, one evening, while glancing through the
paper,” he recalls, “I spotted a story about
Project SAGE.”’

g8 RADIO-ELECTRONICS
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SAGE meansSemi-Automatic Ground
Environment. It is part of America’s
radar warning system —a chain of de-
fense that will ultimately ring our
country’s entire perimeter. At the
heart of this system are giant elec-
tronic computers, which digest data
filtered in from Texas towers, picket
ships, reconnaissance planes, ground
observers. The computers analyze
this information for action by the
Strategic Air Command and other de-
fense units. These computers are the
largest in the world. Each contains
perhaps a million parts—occupies an
entire city block. They are built for
the Project by IBM.

Answering instructor's questions

Fred joins IBM

SAGE fascinated Fred, for it em-
bodies the most advanced electronic
concepts. And, when he learned that
IBM would train him for six months,
at full salary, plus a living allowance,
to become a Computer Units Field
Engineer, he seized the opportunity.
Fred started his new electronics career
in the IBM school, with twenty other
technicians. He attended classes 8
hours a day. Courses consisted of
some 20 subjects—computer circuitry
and units, maintenance techniques—
everything he would need to become
a full-fledged Computer Units Field
Engineer.

Assigned to McGuire AFB

His six months’ training completed,
Fred was assigned in May, 1956, to
McGuire Field, where the first of the
giant SAGE computers is located.
Here he assisted in the cable installa-
tion for this vastly complicated elec-
tronic giant. He helped to set up the
computer, interconnect its many sec-
tions, check it out and make it ready
for operation. Fred spent five months

JULY, 1957

at McGuire, but his education was
not yet completed.

Becoming a
Computer Systems Engineer

“I like to think it was due to my in-
terest and grade of work,” Fred says,
“but at any rate, last October I
was invited to return to Kingston for
further training—to become, in fact,
a Computer Systems Engineer. Natu-
rally, I was proud and pleased, for
this training would give me a much
greater range of understanding. ..
make me more valuable to the com-
pany and myself . .. and give me a
chance to assume actual engineering
responsibility.”” Fred completed the

At the operating console of the computer

Computer Systems course. After sev-
eral months of outstanding work in
his new capacity, he received a third
promotion—to Technical Engineer—
in a field engineering liaison group.,

What does the future hold?

What does the future hold for Fred
Gunther, now that he has become 2
Technical Engineer? “It's hard to
even set a goal in a field as rapidly
moving as this,” Fred says, “but with
my IBM training back of me, the
future sure looks good. I've advanced
from Radar Technician to Computer
Units Field Engineer to Computer
Systems Engineer to Technical Engi-
neer in fwo years—and received a val-
uable electronics education besides!’"

How about YOU?

Since Fred Gunther joined IBM
Military Products and the Project
SAGE program, opportunities are
more promising than ever. This long-
range program is destined for increas-
ing national importance, and IBM
will invest thousands of dollars in the
right men to insure its success,

www.americanradiohistorv.com

If you have 2 years’ technical
schooling—or equivalent experience
—IBM will train you for 6 months
as a Computer Units Field Engineer.

If IBM considers your experience
equivalent to an E.E., M.E., or
Physics degree, you’ll receive 8
months’ training as a Computer Sys-
lems Engineer.

After training, you will be assigned
to an area of your choice within the
United States. You receive salary,
not wages, plus overtime pay. In
addition, every channel of advance-
ment in the entire company is open,
and IBM is a leader in a field that is
sky-rocketing in growth. And, of

Home to the family, Pemberton, N, J,

course, you receive the famous IBM
company-paid benefits that set stand-
ards for industry.

WHY NOT WRITE —today—to:
Nelson Heyer, Room 3107

Military Products Division
IBM Corp., Kingston, N. Y.?

You'll receive a prompt reply. Per-
sonal interviews arranged in all areas
of the United States if your résumé
of experience and education indicates
you have the qualifications.

MILITARY
PRODUCTS

* DATA PROCESSING

¢ ELECTRIC TYPEWRITERS

* MILITARY PRODUCTS

* SPECIAL ENGINEERING PRODUCTS
* TIME EQUIPMENT
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(Continued from puge 87)

rises but permanently after extreme
temperatures. In the internal resistance
that causes high power factor there
is energy dissipation as heat, which
tends to raise the power factor further.
Power factor will also increase at low
temperatures, but will return to its
former value at normal temperatures.

We might think that high power fac-
tors would decrease the de output volt-
age from a filter seriously. Actually
the decrease is no move than about
20, with a power factor as great as
507:. Such a loss is negligible.
Capacitor testers

Most of the testers which have power-
factor dials measure capacitance with
a bridge circuit similar to the simplified
one shown in Fig. 8. An internal stand-
ard capacitor is balanced against the
capacitor being measured. If the mea-
sured capacitor has much internal re-
sistance, the bridge cannot be balanced
until a resistance in series with the
standard capacitor is adjusted to com-
pensate for the measured capacitor’s
resistance. When this compensating ve-
sistance is suitably calibrated, it be-
comes a measurement of power factor
in the tested capacitor.

AC VOLTAGE
CAPACITANCE
DAL ¢
BALANCE
INDICATOR

CAPACITOR

MEZASURED

POWER FACTOR
CAPACITOR DAL

Fig. 8—Typical circuit for measuring a
capacitor’s power factor.

The power factor dial on a tester may
or may not be accurately calibrated.
Close calibration is not essential be-
cause, as you can see from the graphs
and diagrams, moderate variations of
power factor have little effect on ve-
ceiver performance. In a general way
we may say that any power factor in
excess of 20%% is likely to cause trouble
in critical applications, A factor as
large as 40% to 50% should mean
rejection for any applications.

An approximate check for calibra-
tion of a power-factor dial can easily
be made. In series with a high-quality
paper capacitor whose value is 1 auf

within 2% connect a 680-ohm 5%
fixed composition resistor. This com-
bination should require setting the
power-factor pointer somewhere be-

tween 23.5 and 26.5 on its dial. Were
the series capacitor and resistor of
exact values, the dial setting would be
25 or 2597,

If the pointer is far off to begin with,
it may be set to a corrected position
without difficulty on most testers. This
will allow close calibration at and near
the center of the dial range. Errors
may exist for lower and higher read-
ings but the variations should be un-
important in practical servicing. END

www.americanradiohistorv.com

1
} OF SCREWS for easy one hand

N two to 2 set.

Pat, No_
2757316

RESTORES PICTURE TO DEFECTIVE
PICTURE TUBE OF ANY TV SET—

i

!

Model K-101
$550

List Price

CORRECTS FOR
‘ e Open Cathode
‘ o Heater-Cathode Short ==5=
| Control Grid-Cathode Short e Low Emission

e Open Control Grid e Combinations of above

i '?M"Powe/u COMPANY

3100 N. ELSTON AVE. @ CHICAGO 18, ILLINOIS

There's Alwsrs Sometning MEw Being Devalorad by "Fommps Femén.

ask the
\ “Man-on-the-Roof’,

why he prefers -

SN-50
CHIMNEY MOUNT
SNAP-IN TYPE

with unique U-Bolt INSTEAD

“Spintite’” fastening, Hot Dip
12 Ft. Straps
Same Unigue
U-Bolts used on Snap-in Wall
Brackets. Also Available with
Stainless Steel Banding
write for new 1957 calalog

Galvanized —

3 SOUTH RIVER | Cuianding
METAL PRODUCTS €O., INC. | Zinest fine

l South River, New Jersey |

1

i of antenna
mounia

RADIO-ELECTRONICS


www.americanradiohistory.com

e

%

s A ¥
e TR g “ iy

using the

ARALLELING the development

of the transistor have been the

invention and development of spe-

cial semiconductor devices. Many of
these have as great a potential as their
better known and older cousin, the
transistor.

Among the most promising of these
devices is a unit with characteristies so
unique that it can be used as an
oscillator when combined with only one
other component, plus a power source!
Closely akin to the common diode and
the triode transistor, it has properties
different from either. Its potential ap-
plications include possible use in com-
puters. ham gear, test instruments,
radar. television and special types of
control and measurement equipment.

Invented by General Electric and
developed under a U. S. Air Force con-
tract, this device was originally called
a double-base diode due to its physical
similarity to a junction diode in having
not one. but two, base connections. To-
day the unit is termed a Unijunction
transistor, a name indicating that it
has control characteristics similar to
those of a transistor but is equipped
with a single junction instead of the
two common to junction triode transis-
tors.

The construction of a Unijunction
transistor is diagrammed in Fig. 1-a
and the schematic symbol to represent

JULY, 1957
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By LOUIS E. GARNER, JR.

Fig. 1-b. Lead con-
nections for the G-E type 4JD5A1
Unijunction transistor (formerly the
G-EZJ-14) arve identified in Fig. 1-c.

Basically, this semiconductor device
consists of a small bar or rod of N-type
semiconductor material with a lead
connection brought out from each end.
The bar serves as the base electrode
and its two connections are identified
as base 1 (B-1) and base 2 (B2). A
simple p-n junction is formed along
the bar and serves as the emitter elec-
trode (E). Various semiconductor ma-
terials may be used in the bar. Some
of the early double-based diodes were
made of germanium, but the present

it is shown in

4JD5A1 Unijunction transistor is a
silicon device.
B2
SEMICONDUCTOR
BI
b

IDENTIFYING TAB
[+

Fig. 1—The Unijunction transistor; a—
construction; h—schematic symbol; ¢—
lead connections,

www.americanradiohistorv.com
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Breadboard setup for checking Unijunction eircuits.

This new double-base diode has a number of
useful applications. Try some!

If the two base leads are connected
together externally and used as a single
electrode, the Unijunction transistor
behaves as a conventional junction
diode with base (Bl and B2) and
emitter electrodes. Connected in this
fashion, it can be used as a rectifier or
as a detector, like any junction diode.

However, when Unijunction transis-
tor operation is desired, de voltages are
applied between base 1 and base 2 and
between base 1 and the emitter. The
emitter and base 2 are generally made
positive with respect to base 1. Under
these conditions, with relatively low
voltages applied, the Unijunction tran-
sistor acts essentially like a high-value
resistor. A small emitter current can
flow with a value directly proportional
to the applied emitter voltage.

As the emitter-to-base-1 voltage is
raised, a point is reached at which the

Fig. 2—Typical input characteristics.

91
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Sawtooth oscillator of Fig. 3.

emitter current suddenly increases. In
effect, the emitter-to-base-1 resistance
drops from a very high to a very low
value. The action is roughly analogous
to that of a thyratron tube when it
“fires.”” Thus, if the triode transistor
can be considered as the semiconductor
or solid-state counterpart of the vaec-
uum tube, then the Unijunction transis-
tor, in a similar fashion, can be consid-
ered as the semiconductor counterpart
of a gas-filled triode or thyratron.
This change from a nonconducting to
a conducting state is brought about by
injecting minority carriers * into the

* In a conventional conductor, such as copper,
electric current flow consists of a movement of
free eclectrons through the material. In a semi-
conductor, such as germanium, an electrie cur-
rent may be made up both of free electrons
carrying a nexative charge and of holes’ carry-
ing a positive charge. A “hole” is an electron
dericiency in the molecular structure of the
material and can be transferred from molecule
to molecule through the material, behaving as
if it were a positive-charged particle with the
mass of an electron.

There arc three basic types of semiconductors:
intringic, having an equul number of free elec-
trons and ‘‘holes”; p-type, having a surplus of
positive “holes”; n-type, having a surplus of
negative electrons. I'ra ws are made of
p- and n-iype semiconductors.

However, with either type of semiconductor,
not «ll current flow will be made up by the

mg 0-10MA
03  4JDSsAI
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Fig. 3-a—Sawtooth oscillator circuit;
b—sawtooth produced by the generator.
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junction region. The action is similar
to injecting minority carriers into the
base region of a triode transistor. The
presence of these injected carriers
causes an appreciable drop in the
emitter-to-base-1 resistance.

Input characteristics

The basic operating characteristics
of the Unijunction transistor are shown
graphically in the curve of Fig. 2. As
the emitter voltage is gradually raised
there is a small, but steady, increase
in emitter current. This is shown by
the line to the left of the peak. Until
the peak is reached, its behavior is
like that of a conventional high-value
resistance. The emitter current (bias)
is very small, in the order of a few
microamperes.

Once the peak is reached the emitter

predominant particle. Thus, although positive
“holes” predominate in a p-type (for “positive’)
semiconductar, there are some clectrons avail-
able. Similarly, although negative electrons pre-
dominate in an n-type (for “negative') semi-
conductor, there may be “holes” available. Since
the oppozite type of particle is present in smaller
or minority quantitics, they are called “minority
carriers.”

Thus, "holes™ are minority carriers in n-type
semiconductors while electrons are minority car-
riers in p-type semiconductors.

www.americanradiohistorv.com

bias current suddenly increases. The
emitter current may continue tc in-
crease even as the applied voltage is
lowered. This gives the curve a nega-
tive or downward slope and is charac-
teristic of devices having negative
resistance which exhibit this same
general characteristic.

Among vacuum tubes, a tetrode oper-
ated with the plate at a lower voltage
than its screen grid may behave in a
similar fashion. An increase in applied
voltage can result in a decrease in
current and vice versa. This character-
istic in a vacuum tube is used in the
dynatron oscillator.

Among other types of semiconductor
devices, the point-contact transistor,
with an alpha greater than one, can
exhibit a negative resistance character-
istic when used in a circuit which
places its base above circuit ground;
hence the reason for this type of
transistor’s instability except in com-
mon- or grounded-base circuits.

After the negative resistance region
(Fig. 2), a minimum point or valley
is reached beyond which the Uni-
junction behaves as if it were a con-
ventional (positive) resistor—that is,
increases in emitter voltage result in
corresponding increases in emitter cur-
rent. Its effective resistance under such
conditions is much lower than before
the peak was reached. For example,
before the peak is reached, the effective
input resistance of the device may be
in the tens of thousands or even hun-
dreds of thousands of ohms. After the
valley is reached, the effective input
resistance may be in the tens or hun-
dreds of ohms.

The input characteristics curve of
the Unijunction transistor exhibits
three distinct regions: a high (positive)
resistance region before the peak is
reached, called the cutoff region; a
region of negative resistance between
the peak and minimum points of the
curve (the valley), sometimes called
the transition region; a region of low
(positive) resistance past the valley,
called the saturating region.

Practical circuits can be designed to
operate along the slopes of any of
these regions (cutoff, transition and
saturating) or to utilize the slopes of
two or more regions. Often, the cutoff
and transition (negative resistance)
regions are used.

Tentative specifications of  the
4JD5A1 Unijunction transistor are
given on page 99.

As with any electronic device, the
possible cireuit applications of the Uni-
junction transistor are limited only by
the requirements and imagination of
the circuit designer. We will try to
outline a few typical circuits, but re-
member that space limitations prohibit
an exhaustive treatment of circuitry.
Anyone interested in using the Uni-
junction in his own work will find it
worth while to set up some of the
experimental circuits shown, do his
own tests and try devising new circuits.

RADIO-ELECTRONICS
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USE ANY UNIVERSITY DRIVER FOR EFFICIENCY,

OIRECTIONAL-4 MODELS

LISTEN

JULly,

1957

DRIVERS

Versatility and Adaptability
Unlimited... to Match Every
Soundcasting Requirement!

RADIAL-3 MODELS

Model PA-50

Model MA -25

SUPER POWER-2 MODELS

FOR FURTHER INFORMATION WRITE UNIVERSITY LOUDSPEAKERS,
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ECONOMY AND ADAPTABILITY NEVER BEFORE POSSIBLE!

WIDE ANGLE-2 MODELS

ALL NEW DESIGN...AL
ONE RELIABLE 508
ALL BUILT 7O UNiy
SUPERB QUALITY 5%
Most Efficient
Widest Response
Highest Power
Greatest Output

Best Value
Always Dependable

Model PA-50 — The ultimate in deluxe, advance-design.
Features: extended high and low frequency range, high-
€st continuous duty power capacity, Super W magnet,
bi-sectional construction, greatest conversion efliciency,
husky built-in multi-match transformer with terminals
conveniently located at base of unit. Especially recom-
mended for church chimes, carillons, organs; fast set-up
time ideal for rental or semi-permanent systems; outstand-
ing performance characteristics. The answer to the tough-
est sound problem. Nothing finer!

Response: 70 to 10,000 cps. Power Capacity: Full Rang.
50 warts, Adjusted Range* 100 watts. Impedance: |6
ohms. Transformer Impedances: 100/165/250/5007 1000, -
2000 ohms, 70 v. Line Power Taps: 50/30/20/10/5/2.5
watls. List Price: 357.50.

Model PA-HF — Without question the finest driver unit
ever offered. For applications requiring the greatest power
handling capacity, maximum sensitivity, “widest range
frequency, response, plus rugged lifetime construction.
Features completely die-cast aluminum housing. Water-
tight voice terminals are located at base of housing for
added convenience. Increased sound output cuts amptifier
requirements in half!

Response: 70 10 10,000 cps. Power Capacity: Full Range
50 wartts, Adjusted Range* 100 watts. Impedance: 16
ohms. List Price: $47.50.

Model SA-30 — High efficiency and response of Model
SA-HF, plus “battleship” construction for maximum dur-
ability against abuse or in hazardous environments. Com-
pletely die-cast aluminum housing and built-in matching
transformer for connection to high impedance lines or
‘‘constant voltage' systems. Exclusive water-tight dural
gland nut cable entrance. Shockproof bi-sectional speaker
construction.

Response: 80 to 10,000 cps. Power Capacity: Full Range
30 watts, Adjusted Range* 60 waits. Impedance: 16 ohms.
Transformer Impedances: 45/165/250/500/1000/2000
0hms, 70 v. Line Power Taps: 30/20/10/5/2.5 watts. List
Price: $47.50).

Model SA-HF — Often called ““the workhorse of the sound
industry.” Meets most p.a. and industrial requirements.
Response to 10,000 cycles and more etficient than the
Model MA-25. Will deliver that extra punch needed 10 cut
through heavy noise. Use for speech or high quality music.
Tropicalized "and hermetically sealed for continuous top
flight performance even under adverse weather conditions.,
Response: 80 to 10,000 cps. Power Capacity; Full Range
30 watts, Adjusted Range* 60 watts. Impedance: 16 ohms.
List Price: $36.00.

Model MA-2S — Use this rupged, weather-proof driver
unit where response to 6500 cycles is adequate or to pre-
serve “balance’” when used with high cut-off frequency
trumpets. Low in cost, high in quality, featuring high effi-
ciency magnet, tropicalized 27 voice coil, "‘rim-centered”
breakdown-proof bakelite diaphragm.

Response: 85 1o 6500 cps. Power Capacity: Full Range 25
waits, Adjusted Range* 50 watls. Impedance: 16 ohms.
List Price: 327.50.

*Program response adjusted 1o horn cur-off.

Power
Walls_u“"g

INC., 80 SOUTH KENSICO AVENUE, WHITE PLAINS, N. Y.
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ELECTRONICS

Since the Unijunction is a relatively

| new device, not all distributors will
have it in stock. For price contact the
General Electric Co., Semiconductor
Products, Electronics Park, Syracuse,
N. Y. The transistors are available, but
prices will be high, at least for a time.

Sawtooth oscillator

Knowing that the Unijunction tran-
sistor has some characteristics roughly
analogous to those of a thyratron tuhe,
vou may conclude that the unit will,
like a thyratron, operate as a simple
relaxation oscillator. It can and will!
A typical relaxation oscillator circuit is
seen in Fig. 3-a. This type of circuit
can provide a linear sawtooth for use
as a sweep signal in oscilloscopes. TV
receivers, radar, TV cameras or other
types of equipment.

Referring to Fig. 3-a, R1 may have
values ranging from 1,000 to 47,000
ohms and C1 values of from .002 to (.5
of, depending on the exact waveshape
needed and the desired repetition rate.
Although a 9-volt de power source was
used a higher (or lower) supply voltage
may be used, as long as the maxi-
mum ratings of the transistor are not
exceeded.

In operation, C1 is gradually charged
through R1. The E-to-Bl voltage rises
as C1 charges. As long as this voltage
is below the peak value (sce Fig. 2,
the transistor’s input (LE-to-Bl) re-
sistance is high. When the peak is
reached, the transistor suddenly
cwitches to a conducting state and C1
discharges rapidly through the low E-
to-B1 resistance. With C1 discharged,
the transistor returns to its noncon-
ducting state, the E-to-Bl resistance
becomes quite high and the action can
repeat.

The output signal waveform depends
upon what portion of R1-Cl’s charging
curve is used in developing the signal,
but generally approximates a linear
sawtooth. The frequency depends on
the values of R1 and C1 and, to a lesser
extent, the supply voltage and the
characteristics of the individual tran-
sistor. Frequency limits are from a few
eyvcles to well over 100,000,

A typical sawtooth signal obtained
with this circuit is shown in Fig. 3-b.
Note the rapid retrace. The circuit

values used to obtain this waveform
were: RI1, 1,800 ohms; C1, .05 uf; de
supply, 9 volts. The frequency was

about 4,000 or 5,000 cycles.
In some instances, depending on the

supply voltage and other cireuit para-
$
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meters, the ¢mitter-to-base-2 resistance
may take the place of fixed resistor RI.
With such an arrangement, R1 may he
omitted and the circuit will oscillate
with just the transistor and oeue other
component (C1), plus the power supply!

Pulse generator

The basic sawtooth oscillator circuit
can supply fairly sharp pulses if re-
sistive loads are placed in series with
the two base electrodes. This modifi-
cation of the basie circuit is shown in
Fig. 4-a. Series resistors R2 and R3
may have values ranging from less
than 100 to as high as several thou.
sand ohms. The values for R1 and C1
may be the same as for the basic saw-
tooth oscillator.

In operation, the pulse is formed by
the current surge through the series
resistor(s) as the transiztor “fires”
and discharges Cl. A negative-going
pulse is formed between B2 and circuit
ground (across R2) while a positive-
going pulse is developed between Bl
and ground (across R3). A typical
negative-going pulse is shown in Fig.
4-b.

If only a single pulse is needed, hav-
ing either positive or negative polarity,
then one of the resistors (R2 or Ki)
may be omitted and veplaced with a
direct connection. The pulse shown in
Fig. 4-b was obtained with the follow-
ing circuit values: R1, 1,800 ohms; Cl,
05 uf; R2, 470 ohms; de supply, 9
volts. R3 was omitted,

Driven sweep

Another variation of the basic cir-
cuit is shown in Fig. 5-a. This circuit
will deliver a sawtooth signal only when
driven by an external signal. The wave-
shape of the driving signal is relatively
unimportant — it may be a sine or
square wave, pulse or triangular wave
— as long as it has a definite positive-
going component. Potential applications
of the driven sweep include its use as
the slave sweep in a cathode-ray oscillo-
scope, synchroscope or in a radar in-
dicator as well as in special computer
circuits.

Referring to the schematic diagram,
assume first that no signal is applied
between the base electrodes. Note that
no de voltage is applied to these two
electrodes. Cl is charged through series
resistor R1 to the full de supply voltage,
but the transistor does not “fire” since
there is no voltage between B1 and B2.

When a signal, such as a sine wave,
is applied between B2 and BI, B2 is

Fig. 4-a—Pulse generator circuit; b— pulse waveform.
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BUID THE BEST—
BUILD ALLIED,S OWN

knight-

Kits

Here is a typical Knight-Kit value—
available only from ALLIED—one of
45 great Knight-Kits you'll find
in our special Supplement No. 165.
Write for your FREE copy today.

knight-kit INSTRUMENT VALUE
5" GENERAL-PURPOSE SCOPE KIT

Feature for feature. the world’'s best scope
kit value. Equal in performance to wired
units several times its price. 1deal for radio
and ‘T'V servicing. audio work and hundreds
of other applications. Phantastron sweep
circuit provides extreme sweep linearity;
retrace blanking on all ranges eliminates
retrace lines; vertical sensitivity is three
times Lhat of comparably priced scope kita.
Printed circuit and laced wiring harness
speed assembly. SPECIFICATIONS: Vertical
Response— +3 db. 3 cps to 1.5 mc.; + 6 db
to 2.5 mec. Vertical Sensitivity—.025 rms
v/inch. Suweep—15 to 150,000 cps in 4 ranges.
Horizontal Sensitivity— .07 rms v/inch. Vert-
ical Input Imp.—3.3 meg shunted by 45
mmfd. Calibrating Voltage: 1 volt peak-to-
peak. applied by push-button awitch. Com-
plete with 5” CRT, wire, solder, etc. 934 x
133%{ x 1724”. Shpg. wt. 28 lbs. $4050
Model Y-146. Net, F.O.B. Chicago. ... 349

OTHER knight-kit INSTRUMENT VALUES

VOLTAGE CALIBRATOR KIT
Y136 $]275

5 WIDE-BAND SCOPE KIT
Y-144 56900

HIGH-GAIN SIGNAL
TRACER KIT

v-135 $2450

See our Supplement No. 165 for 18 other
knight=kit instrument valves

TV-FM LINEAR
SWEEP GENERATOR

v-123 $4475

SUPPLEMENT
featuring knight-kits

Send for our FREE
Supplement No. 165
featuring 45 great
Knight-Kits, including Test
Instruments, Hi-Fi, Hobbyist
and Amateur Kits. Write
for your copy today.

ORDER FROM
ALLIED RADIO

Dpt.02-G-7,100 N. Western Ave., Chicago 80, IlI.
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<
Fig. 6—Waveforms in frequency-divid-

er circuit. a—driven with sine wave;
h—driven with square wave; c—output
2 when driven with square wave.
Next, an external signal is applied
across R3; the positive half-cycle of this
signal, superimposed upon the fixed
charge of C1, is sutlicient to ‘“‘fire” the
transistor. Cl is discharged
the emitter—base-1 circuit and through
R3. then recharges again. The applied
input signal will be superimposed
upon the sawtooth waveform produced
as C! charges and will again “fire” the
transistor as the “peak” is approached.
This action keeps repeating as long
as a signal is applied to the input. Each
time the transistor “fires.” a pulse is
developed across R4, as in the basic
pulse generator (Fig. 4-a).
C!'s charging time is a function of

through .

circuit parameters and this time, in |

turn, determines the numbers of cycles
of the applied signal which are accepted
before the circuit *““fires” and delivers
an output pulse. The waveshape of the
applied signal is relatively unimportant.

The types of signal obtained at the
emitter (output 1) with sine- and
square-wave input signals are shown
in Figs. 6-a and 6-b, respectively. A
typical output pulse obtained from B2
(output 2) with a square-wave output
is shown in fig. 6-c. Note how the pulse
divides the square wave into a fixed
number of cycles.

Input signal frequencies were 6,000
cycles for Fig. 6-a, 1,000 cycles for Fig.
6-b, and 3,000 cycles for Fig. 6-c. END
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DRIVE SI(‘M‘%L
INPUT

'
RISISK
R2L68K
R3<100n
l =
INPUT 6
R1—15,000 ohms All resistors Y, woff
R2—68 000 ohms C—1 uf
R3—100 ohms Y—4JD5A1

R4—1,000 ohms Battery—9 volts

5—Special Unijunction circuits;
a—driven sweep; b—frequeney divider.
driven positive on alternate half-cycles,
When B2 is driven positive, the transjs-
tor “fires,” discharging C1. Capacitor
C1 then recharges through R1 and the
entire eycle is repeated the next time
B2 is driven positive,

Since C1 is discharged and recharged,
forming the sawtooth output signal,
only when the applied drive signal
makes B2 positive with respect to B1,
the waveshape of the drive signal is
not too important. For example, if in-
stead of a sine-wave, a single positive-
going pulse were applied to the circuit
the output signal would be one cycle.

Frequency divider

The computer designer or the engi-
neer working with complex electronic
systems often requires a ‘“frequency-
dividing” civeuit — one that will pro-
vide an output signal for a specific
number of cyeles of an applied signal
given frequency. The Unijunction is
well suited to this type of cireuitry.

A typical circuit is shown in Fig.
5-b. This cireuit combines some of the
features of the “free-running” relaxa-
tion oscillator with the basic character-
isties of a driven sweep.

Refer to the schematic diagram. Let
us assume, that there is no signal ap-
plied to the input terminals (across
R3). C1 is charged through R1, R4 and
R3. R3 is kept fairly small compared
to R1 and R4 and, therefore, can be
ignored as far as the charging cycle
is concerned. The maximum voltage to
which C1 can charge is determined by
the ratio of R1 plus R4 and R2, or by
the ratio of R1 and R2 alone if the
alternate circuit arrangement is chosen
(R1 returned to positive side of power
supply instead of B2—shown by the
dotted line). If the ratio of this voltage
divider is properly chosen, C1 can be
charged to just below “firing” voltage.
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MASTER THE BASICS OF TELEVISION

BASIC

The whole world of black and white ielevision
is before you for only S1u.00

The new 5-volume Rider “picture Luok' ccurse
that teaches the complete basic princiyfes and
practices of black and white television eusily
quickly and understandably. You can muster
the basics of television easily, ru nilv und
thoroughly with this “learn by pictures’” truin-

ing course.

Here’s how this easy, illustrated course worhs
Every page covers one complete 10¢; ! There s
at least one big illustration on that sume paie
to explain it! What's more. in imaEinary
instructor stands figuratively at your elbow
doing "demonstrations” that make the theory
easy for vou to follow and undersiand. Then
at the end of every secction, you'lll find = reviea
that highlights the important tujies vou've
Just covered. You build g thorough, step-t -
step knowledge at your own pace-—ns fact as
you vyourself want to go.

Mo eaperience, aducation neaded
BASIC TELEVISION uses the same methoas
that have proven so successful in the famous
Rider picture books on electricity and clec-
tronics. This comprehensive course presents
Basic Television in simple, dowri-to-earth
language that everyone can understand—re
gardless of previous education. All that 1=
assumed is that you have a knowledge of radio
Every phase of television iz made instantly
clear—explained in plain English < 1y (rted
by carefully prepared, large and exciting draw-
lings that make every idea crystal clenr

the easy RIDER ‘‘picture book” way

TELEVISIUN by Dr. Alexander Schure

5 complete volumes

It starts with the transmitter and discusses in
detail the following subjects: Volume 1 de.l-
with the transmitter; the handling znd the|
operation of the camera; formation of the pic-
ture signal and the general content of the
transmitter. Volume ? covers the organizatioy,
of the entire TV receiver treating each section
individually from antenna to picture tube
Volumes 3, 4 and 5 contain the TV receiver
circuit explanations. Each volume COVErs &
specific number of sections in the recciver. In
effect, the presentation is like a s)mrsl—frs
un overall view of the whole and then the
detailed explanation of each part. The most
rerfect modern teaching technique. The result
—maximum understanding.

Learn al home—ne cofraspondence

This course 1s so complete, so different—there’:
no need for the usual letter writing, question
und correspondence. You learn in the comfort
of your home, in your spare time . . at yvour
own Dace.

10-day axamination—Money Back. Guaranten

Send today for these excrting new training
courses—you risk nothing! When YOu recerve
the volumes, examine them in your own home
for 10 full days. If, at the end of that time
you're not completely satisfied, simply return
vour full purchase price!

=198, soft cover 5 volumes, $10.00 per set - |
=198-H. cloth bound in a single binding, $11.50

(J TV PICTURE TUBE-CHASSIS GUIDE

by Rider Lab Staff

No busy service technician can sffard 1o be
without this easy-to-use TV tube location
guide. 1t covers all picture tuhe types ased iy
TV receiver production from 1946 to February
1957—over 7,000 listings. This reference guide
is organized by chassis number. and in some
cases, by models so that the teehnicinn can
immediately Jocate the correct picture  {ule
tvpe simply by knowing the chasss Lumber.
204, 68 pp. §1.35
(J MARINE RADIOTELEPHONE PERMIT

Q & A MANUAL (3rd class operator)
by Milton Kaufman

Here is the Q & A Manual for all boas o ners
who must comply with the new FCC regulu-
tions reauiring 3rd class radiotelevhore upera-
tors  permits.  Complete i

with questions gne
answers and discussion. Added features include
a listing  of the specificutions of radiotele-
phone equipment suitable for this purpose, snd
FCC examining offices.

#206, soft cover................ . .. only §1.%25

O ENERGY by Sir Oliver Lodge,F.R.S.
A remarkable book that examines snd -
plains the fundamental forces usbout us. This
classic non-mathematical exposition of this
important subject by the eminent Englich
physicist has been specially edited and jllus-
trated for this long.awaited reprint. The sub-
jeet of energy is presented in o crystul-clear
fashion, The author's brilliant word pictures
are amazingly thorough and generate com-
plete understanding. [llustrated, Soft cover.
64 pp. F 200 Only £1.25

O3 REPAIRING TELEVISION RECEIVERS
by Cyrus Glickstein
The most modern completely practical book,
written by an expert with.long experience in
television rerceiver repair. Devoted to trouble-
shooting and repair techniques which zre
modern, yet down-to-earth. Covers the use of
simple as well as elaborate test equipment of
all kinds. Profusely illustrated.
Soft Cover, 212 pp., 5% x 8127, illus.

. R Only &1.10

IF YOU WANT THE BEST IN TV SERVICE INFORMATION

PHILCO G E  (MERSON  SYLVANIA ZENITH wISHNGmOUSI
ADMIRAL R C A MOTOROLA HOSFMAN CROSIEY PLCREND-BELY

Covers Produttion 1950-1956

RDERS NEW § D © SERvICE

("ningle diogram only™)

ONLY 50¢ PER CHASSIS AT YOUR tOCAL JOBBIR
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JOHN F.RIDER PUBLISHER, INC. 110 west 141k Sicest, New York 1, M. Y.

[O GETTING STARTED IN AMATEUR RADIQ
by Julius Berens W2PIK

Written for the individual who wants to get
@ license to own and operate his own amiateur
i transmitter. It explains the Jicense
classes and raquirements for each. Funda-

mentals  of electricity and electronics ex-
plained  in easy-to-understand  language.
Sample transmitting circuits. Stress placed

on learning the International Morse Code,
with a diagram of a code oscillator, and code
memorization techniques. Numerous questions
and answers given as an aid for license ex.
aminations. Explanation of the FCC regula-
tions. #199, soft cover, 128 pp. (approx.) $2.40
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! Van Valkenburgh, Nooger & Ne ille, Inc.!

I The fabulous picture-text hooks that teach |
} faster and easier! The theory, principles, and 1
| practice of electricity, electronics, and syn.!
t chros and servos are here presented in sl
! manner that permits a rapid grasp of thel

fundamentals of these vitslly important sub-1

jects. Over 2,000 specially prepared illustra-!

tions present, explain, and make every topicl
I discussed picture-clear.

' Basic Electricity
I F16Y9, <oft cover, 5 volu., 621 rp,

per cet 310.0
oYL, cloth bound in single binding....$11.5
Basic Electronics

1

)

1

[}

]

]

E70, ~oft cover, 5 vols, 350 pp., |
I

i

1]

]

]

#O4

per se1 $310.00
17011, cloih bound in vingle binding... $11,.50
Basic Synchros and Servomechanisms
180, ~oft cuver, 2 vyls,, 270 PP,

per rev $5.
180U, cloth bound in single binding £6.93

#u

FREE! FREE! Mandsome genuine
leather, gold-stamped bookmark, if
you write today for FREE 1957
Spring-Summer Catalog RE-7.

If your jobber, book or department
store does not sell the Rider
books you want, order direct by
checking book desired in this ad.
Add state and city tax where
applicable. Canadian prices ap-
proximately 5% higher.
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cords

Nore: Records below are 12-inch LP
and play back with RIAA curve unless
otherwise indicated.

A Hi-Fi Carnival With Strauss
Paulik conducting Vienna State
Opera Orchestra
Vanguard VRS.948
The combination of authentic Viennese per-
formance and the superlative brilliance of the
recordings is irresistible. This is probably the best
yet. As a show-off and demonstration record it
has few equals, let alone superiors, what with a
truly awe-inspiring drum, a big string bass, bril-
liant high highs, nigh perfect definition and,
when played loudly, almost complete presence
and realism. The Acceleration and Wiener Brut
waltzes are the most familiar. In addition, there
are two other waltzex, five polkas and a galop.

Hi-Fi Jinks With Strauss
Paulik and Vienna State Opera
Orchestra
Vanguard SRV-104
A special demonstration record, this is a tre-
mendous bargain at $1.95. It contains three of
the most popular waltzes, two polkas, two
marches and a czardas from the series of Van-
guard recordings of the music of the Strausses.
Though the drum is not as big as in A Hi-Fi Car-
wival With Strauss (VRS-948), it shares the
cther virtues of the series. Especially notable is
the definition of the snare drums and tambourine.

Brass and Percussion

Morton Gould Brass Band

RCA Victor LM-2080

If you love brass bands, here at long last is a
recording which plays and plays very well the
favorite marches as written and without any
progr ve modernizations and presents u big
brass band with almost complete presence and
realism. The selections include seven Sousa, four
Goldman and three Gould marches, in a recording
which almost does the impossihle—bringing a 50-
or 60-piece band right into the living room,

Under Analvsis

Sauter-Finnegan Orchestra

RCA-Victor LPM-1341

If you prefer pop musie, this is one of the few
recordings anywhere near the class of the above
several classics. Here Sauter-Finnegan take apart
11 popular classics such as Awvalon, Stardust, [
Get a Kick Out of You, and put them together
again with a really big drum, deep marimba, bass
sax, plenty of percussion, a hig bass and all the
fixings to produce a very impressive sound.

BRITTEN: Young Person’s Guide to the
Orchestra
DOHNANYI: Variations on a Nursery
Tune
Slatkin conducting Concert Arts

Orchestra
Capitol P-8373
Put this on the required listening list. The
Britten piece is engagingly instructive in showing
off the nature and capahilities of various instru-
ments and is recorded with the fine definition
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MONITOR

needed to make it really useful as a test or dem-
onstration piece. The percussion section i C-PE-
cially fine and the fugue offers a real measure of
system definition. The Dohnanyi Variations is a
delightful musical spoof as well a~ a demonstra-
tion of what a good man can do even with 50
trite a theme asx “Twinkle, Twinkle Little Star.”

Marimbas Mexicanas
Marimba Chiappas Orchestra
Capitol of the World T-10043
This should delight just about every hi-fi fan
and his family and friends as well, The Mariniba
Chiappas—a consort of marimbas plus plenty of
Latin American percussion—plays bright tunes
with brilliant rolls, a sharp rhythm, good bass
beat and plenty of high highs. It will give both
woofers and tweeters a good workout.

Chopin by Starlight

Carmen Dragon conduecting

Hollywood Bowl Orchestra
Capitol P-8371

Ten of Chopin’s most pvopular piano pieces in
big, lush orchestral transeriptions with the excel-
lent sound the Bowl orchestra so consi~tently
dishes out,

Mnusic of Great Keyboard Masters

Sascha Gorodnitzki, pianist

Capitol P-8374

If you like your piano pieces plaved on the
piano, here is a baker's dozen of out-tanding con-
cert encores, including a couple by Chapin, asx
well as Liszt, Debussy, Schumann, Rachmaninoff,
Prokofiev and Paderewski, adequately plaved on a
resonant piano and very well recorded,

MOZART: Concerto for Clarinet
Quintet for Clarinet
Benny Goodman, Clarinet
Munch conducting Roston Symphony
and Quartet

RCA Victor LM-207¢

Two of the greatest clarinet show pieces played

by the greatest jazz clarinetist. Experts may

quibble about Benny's expressivene-: bhut the

ordinary listener will enjoy the very satisfying
sound.

STRAVINSKY: Soldier’s Story
As performed at Edinburgh Festival
in 1954 .
RCA Victor LM-2079
A unique work, this might be called & fairy
story with music. The small en-emble of weven
instruments and three voices is faithfully re-
corded with an intimacy which £oes over micely
in a living room., Some may object to having
the tale told in cockney and Oxford accents hut
otherwise this is an authoritative recording,

BACH: Sonatas and Partitas for
Unaccompanied Violin
Nathan Millstein
Capitol PCR-8370 (three 12-inch LP*.)
I don’t suppose anybody but Bach hufls znc
fiddiers will want to listen to more thun o hours
of Millstein fiddling Bach but those whe do will

www.americanradiohistorv.com

loudspeaker logic
for the newcomer

to high fidelity

PART 11

the extended range loudspeaker

The loudspeaker in
your true high fidel- %]
ity system is the
component which
generates sound. An
altermating electrical
signal from the pow-
er amplifier causes
the loudspeaker cone
to vibrate. The qual-
ity of your loud-
speaker will largely determine the quality of
the sound you hear. Independent authorities
recommend that from % to %% of your total
investment should be budgeted to your loud-
speaker system, Almost without exception
they agree that you should begin with top
quality loudspeaker components.

All dynamic loudspeakers have many parts
in common. They are all made with a frame,
a permanent magnet, a cone, and a voice
coil, Yet the difference between the loud-
speaker in your table model radio and a true
high fidelity precision transducer is as great
as the difference between a bargain counter
alarm clock and a navigational chronometer.
The difference is in design, in materials, and
in precision craftsmanship.

It is possible with a single speaker, prop-
erly enclosed, to reproduce every note tran-
scribed on today’s excellent recordings, Such
a speaker is called an “extended range’ unit.
James B. Lansing Sound, Inc., manufacturers
of JBL Signature loudspeakers, produce sev-
eral such models—each the very best in its
class. Through advanced engineering design
and precision craftsmanship they do make of
..."every note a perfect quote.”

JBL Signature speakers arc made with
large voice coils—coils with two to four times
the diameter found elsewhere. In the 157
Model D130 Extended Range Loudspeaker,
for example, the voice coil is 4” in diameter.
It is made of hair-fine aluminum ribbon
which is actually wound on its narrower edge.
Magnetic circuitry is exceptionally refined.
Frames are rigid castings, They are the most
efficicnt speakers made anywhere. All of
these features lead to the most lifelike repro-
duction of sound available. They are avail-
able from dealers who specialize in audio
components, For the name of the audio spe-
cialist in your community, and your free copy
of the JBL Signature catalog, send us your
name and address on a card or in a letter.

every note a perfect quote

“JBL” means
JAMES B. LANSING SOUND, INC.

2439 FLETCHER DRIVE, LOS ANGELES 39, CALIF,
97
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‘ NEW RECORDS (Continued)

‘ be rewarded with just about the definitive re-
cording of these works, one which reveals every
facet of both the music and the virtuosity of
technique necessary to play it well. In the first
movement of the third partita there is a re-
markable series of fingering transients. A superb
recording of the violin.

\ DELIBES: Sylvia (Complete)

Robert Irving conducting
Philharmonia Orchestra of London
RCA Victor LM-2036
This British recording is another example of
very fine balance and excellent definition. The
drums are nice but never excessive; the triangle
is beautifully round. The liveness is just right for

* QZ an illusion of presence; the solo instruments are

very natural. Portions of Swylvia are old hi-fi war
\ horses and those sections in this version provide

IN_ T

LoOsT

very fine demonstration. However, in addition
/> .
__J/\_&QCUSTOMERS
. # NG 02

this presents the complete score (including pre-
viously cut sections transcribed from the original
piano score). Very bleasant in every respect.

BRUCHNER: Symphony No. 4
(Romantic)
Steinberg conducting Pittsburgh
Symphony
Capitol P-8352
I must confess to a prejudice about most of
Bruchner's music. It, and particularly this sym-
phony, seems to me to be so full of the most
obvious musical clichés, that I might, in my
musical innocence, well have composed it myself.
1 mention it because this prejudice probably dis-
qualifies me from making any valid judgments of
his music and my readers ought to know it. But
if you do not have such a prejudice, I think
vou'll find this a satisfying version both as to
<ound and music. The sound is romantically opu-
lent and live and the definition must be more
than adequate for the clichés seemed more obvi-
ous to me than ever.

B WITH C-D

*STOP SERVICE CALL BACKS with Cornell-Dubilier’s popular “Up”
Twist Prong Electrolytics —specified by leading manufac-
turers as original equipment, adopted by “profit-conscious”
/ technicians and the top choice for wide-coverage replace-

SAINT-SAENS: Piano Concerto No. 2
Piano Concerto No. 4
Jeanne Marie Darre, pianist
National French Radio Orchestra
Capitol P-18036

FBnrs Lo

R ment service. Call-back-free dependability is the big reason F :
L e 18 why more C-D Capacitors ave in use today than any other Part two of the Fourth Concerto is based on
50 v FO0n 7 a particularly lovely theme, very cleverly de-

make. Complete catalog available. Write to Dept., ST-47.

i veloped, and remains a favorite for me despite

i/ Cornell-Dubilier Electric Corp., South Plainfield, New Jersey. hundreds of rehearings, If you like the piano

o OrE o Q S concerto youw'll like this recording. The piano is
f SAVE TIMLVANI) MONEY-INSIST on C-D Twist Prong nicely live and very well played ; the sound is ex-
g ' ELECTROLYTICS. cellent and the rendition is also.

stop call backs...insist on

= =@ CORNELL-DUBILIER CAPACITORS

$OUTH PLAINFIELD. N. J.: NEW BEDFORD. WORCESTER & CAMBRIDGE. MASS.: PROVIDENCE & HOPE
VALLEY. R. I.. INDIANAPOLIS. IND.: SARFORD. FUQUAY SPRINGS & VARINA. N. C.: VEMICE. CALIF.:
g 3UB.. THE RADIART CORP., CLEVELAND. O.. CORNELL-DUBILIER ELECTRIC INTERNATIONAL. N. Y.

BEETHOVEN: Violin Concerto
Heifetz with Boston Symphony
RCA Victor LM-1992

This should be a best seller, pleasing both the
music lover and the hi-fi enthusiast equally well.
Heifetz’s playing of this concerto during the past
20 years or more has become a standard of com-
parison. From a sound point of view this is one
of RCA Victor's very best.

The kettledrums are just loud enough to be
impressive without stealing the spotlight from
the soloist. The fiddle is miked very close up ana
has terrific presence. The fiddle tone is typical-
ly Heifetz. The listener who is a fiddler himself

i BASIC AUDIO COURSE—No. 66 . 82,75 o Ay : : r-
UNDERSTANDING HI1-FI CIRCUITS will be able t:o hear every detail _uf tec’hr?mue. lh.e
B e e o balance of fiddle to orchestra is definitely arti-
S A CH—N ficial in terms of what one hears in a concert
TRANSISTOR TECHN

0. 62
IQUES—No. 61 ..
APID TV REPAIR—No. 60
ERVICING RECORD CHANGERS—No.
AINTAINING HI-FI EQUIPMENT—

hall for the fiddle is as Heifetz hears it and the
orchestra is as heard in the balcony of the con-
cert hall. But I don’t think the musie suffers
from this; on the contrary, the intimacy of the
fiddle seems to increase the emotional impact.

No. 58 . .
THE V.T.V.M.—No. 57 [
H -FIDELITY CIRCUIT DESIGN—

o
x

Library Books

On sale at all better parts distributors
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No. 56 Hard cover only. ... . ... e .. 595
e A WARR SN Ao ok o
-_. pROBEQ’LS,Jf,’,”Si‘ o H10—NO. 59, 550 The Weavers at Carl\lfegie Hall
d !/ RADIO-CONTROL HANDBOOK—No. 53 ... 2.25 4 A B
W {  THE OSCILLOSCOPE—NO. 52 ... 2.25 anguard VRS-9010
- " TRANSISTORS—THEORY AND A concert of folk songs recorded at an actual
;V eVe 0 men S TVPRRAE%T/JFRE_TECDIHA?IIQUE” No. 50 .0 2|g(0) performance complete with applause and whis-
L RADIO & TV TEST INSTRUMENTS— tles. Not up to Vanguard's highest standards
HINGOPII DE 1.50 but the Weavers sing without the affectations
TION. 1.50 of the folk-song *‘artis