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Lowest prices in the indusfry—Now you can sell famous Alliance
Tenna-Rotors easier . . . step up your volume and profits! New, low prices
wili melt sales resistance.

Quality and style go up... prices down—And there’s an improve-
ment in Alliance Tenna-Rotor quality that makes the new, reduced prices an
even better bargain! Technical improvements are built into Alliance products
—users get the benefits of research and progress . .. and at lower prices.

Mass production methods — More than 1,500,000 Alliance Tenna-
Rotors are now in use, and the demand keeps climbing. That's why Alliance
Manyfacturing Co. has stepped up its production—and the economies made
are passed along in these sharp price reductions.

odef
to cony, ~— 3-posit;
tor Reliable ol anterng ;on

Adverﬁsiﬂg—AHiance Tenna-Rotors are sold most because they are seen
most. The vigorous, aggressive
advertising program on Alliance
Tenna-Rotors carries the story
to your customers via TV, mag-

azines and newspapers. Alliance
Tenna-Rotors are pre-sold to
m. make bigger profits for you.

ALLIANCE

MANUFACTURING COMPANY

*Alliance ranked No. 14 among all National TV spot

ALL'ANCE, OHIO advertisers in 1953,
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Learnto Service TV Sets-
any make or model-Quickly

New ALL PRACTICE Method
trains you at home to become
aProfessional TV Serviceman

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

Thi= is 100% learn-by-daing. practical training. NRI supplies all necessarr
equipment, all tubes. inelu:ling a 17-inch picture tube: and comprehenzive
mariuale covering a thoraughly planned program of practice. You learn how
experts diagnose TV receiver defects quickly. You easilv learn the cazes
of defects—audio and videa—and how to Av them accuratels.

You get actual experience aligning TV receivers. isolating complaints frem
scope patterns. eliminating interference, using ecrmanium crystals lo reetify
the TV picture signal, adusting the ion trap and hundreds of other valuahl

Professional technicues.
UHF and COLOR Create
Growing Opportunities

To cash in on the pressnt UHE and rthe coming
COLOR TV hoont you'tt need the Kind of knowl-
A Iee and experivnee NRUs Conrse gives. You'll

get practice instylling rront-end chanpnel seleetor
Learn strips 1 nodern CHPFP-VIHIE recevers, You learn

U servicing problems and their solntion. Mail
the coupon now. Discover how NRI's new course
i PROFESSTIONAL THELEVISIODN SERVICING
meets the needs of rhe man who wants to get
ahewd in TV Servicing,

for a TV Receiver, Scope,
Signal Generator, HF Probe—
all included in introductory
price under $200-Easy Terms

If you want to go places in TV servicing, vou
will act quickly 1o fird cut what you get,
what you practice, what you learn and how
NRI's new course in Professionul Television
Servicing will help you advance through
hetter technical knowledge and training. See
pictures of equipment supplied, recad what
you practice in book ofered FRLEE to am-
bitious men with some knowledge of Radio

Not for Beginners

1f vou haye ~onie knowl
edue of Raldio-TV fun-
damentals, or have had
some Radio Shop expe-
rienve or some Radio
school naiuning. this
course IS 1FORYOU.
Al coupon torlay.

r-—_----J-—--—-—

ov TV fundamentals. Find out about this § DNational Radio Institute, Dept. 4KFT,
ALL PRACTICE Prefessioral TV Servieing i 16th and U Sis., NV,

Course now. ] 7 ‘ - ‘}ﬁ"_l Washington 9, D.C.

t “"How to Reach the Top in TV Servicing.”

l Please send my FREE copy
CUUPON BRINGS IMPURTANT I I understand no salesiman will eall.

BOOK FREE E N s g

TOP

@ Cet “his book and judge for vourself how this conrse will Address ..o Sosls oL T Cesveieese [
iN TV i further your ambition to reach the yap in TV Servicing l : . " )
2 or help to build a more secure businusss ot yuur wwn in
SER\‘(‘JN(’ TV. Manry of tomorrew’s 1op TV Servicemen . . . men l
who can serviee any nake. uny mogel. UHF, ¥HE or § Gty - add b abi.'s ke 0. 8 micvaddis . 3 Zone. Fiwass STAlCHE o his teaE- 055008
Colar TV 0 0 will be graduastes of ithis training,  Mail
the ceupoa now. There s no oblicatien, L- R T R SN fmn mn ENE S A = ---—-----J
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National Schools brings you a new dimension in training
for TELEVISION-RADIO-ELECTRONICS

YOU CAN LEARM BY HOME STUDY, IF-

—Yyou are ambitious to increase your earning power.
—you want to broaden your knowledge and skill.
—Yyou choose the schecl with the most complete training

and service.

50 Years of Successful Training

National Schools has been training men for success since 1905.
Our graduates are located around the globe, in good-paying jobs
in servicing, installation and manufacturing...in public and
private industry, or in their own businesses. All this experience
and backgrourd are your assurance of success.
What This New Cimension in Home Study Means to You
As a National Schools student, with Shop Method Home Training,
you master all phases of the industry~—TV, Radio, Electronics—
theory and praciice You learn HOW and WHY, in one complete
course at one low tuition.
Because National Schools’ world headquarters are in Los Angeles
—*capital city” of T'V-Radio-Electronics—our staff is in close
touch with industry. Our lessons and manuals are constantly
revised to keep you up-to-the-minute on latest developments. We
show you how to make spare time earnings as you learn, and we
give you free placement assistance upon graduation. National
Schools is approved for G. I. Training. Both Resident and Home
Study courses are effered. If you are of draft age, our training
helps you achieve specializeé ratings and higher pay grades.
This new dimension enables us to train you as you should be
trained at home, regardless of your age or previous education.

Your Coarse Includes Valuable Units
We send you important equipment, including a commercial, pro-

OCTOBER, %54

fessional Multitester... plus parts to build Receivers, Oscillators,
Signal Generator, Continuity Checker, other units, and Short
Wave and Standard Broadcast Superhet Receiver.
Mail Coupon for Complete Informuhon

Get these two free hooks about this new
dimension in Home Training. A compre- Wi
hensive, illustrated fact-book and a
sample National Schools lesson. No
obligation, so mail coupon today.

NATIONAL SCHOOLS
TECHNICAL TRADE TRAINING SINCE 1905
Los Angeles 37, Calif. - Chicogo: 323 W._Polk St.
In Canada: 811 W. Hastings St.,Vancouver, B.C.

MAIL NOW TO OFFICE IﬂEAREST YOU!
{mail in envelope or paste on postal card}
NATIONAL SCHOOLS, Dept. RG-104

4000 S. FIGUEROA STREET 323 W. POLK STREET
LOS ANGELES 37, CALIF., CHICAGO 7, ILL.

Rush FREE Book,'‘Your Future in Radio-TV-Electronics,”’
and FREE LESSoN. No obligation, no salesman will call.

YOUR FUTURE
RADIO

OR

NAME BIRTHDAY. 19
ADDRESS SE——
CITY = = ZONE STATE

[ Check if interested ONLY in Resident Training of Los Angeles.
VETERANS: Give date of discharge
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LIKE ON TV

1 1636
] Simain

DYNAMIC &
MICROPHONE &

E

Gives you features ;.
similar to those
in the famous

E-V Slim-Trim

TV Micropk}opcs.
That's wh);i_\( is

outstanding

:’31- Public Address,
Recording and other [
gencral-purpose use.

... %70

List Price <« v+

ONSE
SMOOTH RESP
60-13,000 CPS

HIGH oOuUTPUT
oMNlDlRECTlONA‘-

ACOUSTALLOY
DIAPHRAGM

BUILT-IN
BLAST FILTER

- N
Con bg ysgd
n the iung !

4000 gand,
or_overhedd

SENC FOR BULLETIN

e

®
g[ec-ﬂ‘t—” ';‘0105 §
MICH.
AT CARROLL ST. " BUCHAN::,U.S‘A.
Export: 13 E. 40th St N.Y. 16,

i
i
.
&

FIRST COLOR TV DX pickup may,
have taken place on July 11 when the
color bar pattern of KPRC-TV, Hous-
ton, was received by R. K. Lockhart in
Moorestown, N. J. The signal was
picked up for about 19 minutes shortly
after noon, on an RCA C-100 color re-
ceiver. Lockhart reported the color
quality good.

EDUCATIONAL TELEVISION s
continuing to grow as shown by the
announcement that the fourth and fifth
stations have qualified for grants under
the Emerson Radio and Phonograph
Corporation plan to give $10,000 to each
of the first 10 educational stations.

In presenting checks to stations
KQED, San Francisco, and WHA-TV,
Madison, Wis., Benjamin Abrams, pres-
ident of Emerson, said, “This is a tre-
mendous step forward but it has been
made possible only by the combined
support of civie and educational lead-
ers and the general public in cach of the
five areas.”

PHILCO COLOR TV TUBE may
soon make its appearance. Although
Phileco has already delivered some tube
manufacturing equipment to its licen-
sees, it admits “a lot of invention is still
needed.” Complex receiver cireuitry ap-
pears to be the main stumbling block.
The tube will be of single-gun con-
struction with a 250-square-inch picture
area on a 21-inch rectangular tube. It
will use the same glass bulb as present-
day monochrome tubes. The phosphors
are applied to the {ace photographically.

U.H.F. SATELLITES will come into
being as a result of an FCC ruling.
These stations will rebroadcast pro-
grams from a master station at differ-
ent frequencies. The FCC action was
taken to help further u.h.f. development.

Under the ruling, a v.hif. or uhf,

station may have its owned-and-oper-
ated u.h.f. satellites in near-by areas
carrying exactly the same programs as
the master station. In all other respects,
the satellites will have to meet FFCC
rules for TV stations.

Experimenting with equipment suit-
able for such applications, RCA has re-
cently completed field tests on a u.h.f.
TV booster system in cooperation with
station WJTV, channel 25, Jackson,
Miss. The tests explored the possibility
of extending u.h.f. TV service into areas
blacked out by geographic conditions.

The booster system consists of a low-
power auxiliary transmitter (power
may have to be increased to meet the
FCC rules as proposed at present), a
highly directional receiving array, and
amnlifying equipment. The booster
equipment veceives the original signal
from the station’s main transmitter,
amplifies it, and then broadcasts the
amplified signal throughout the local
area where signals from the main sta-
tion are weak.

(Continued on page 10)

Receiving antenna for booster system.

Transmitting antenna for booster system.
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Prepare Now. ...in spare time at Home . .. for a New,

TELEVISION

RADIO - ELECTRONICS

RADIO CHIEF OF ILE DE FRANCE
FRENCH LUXURY LINER PRAISES D. T. 1.

Radio Chief—Jean Desmas Says:
“Your Trein.ng Organization in Chicago
.j~ is known not only throughou! Europe.
q,, but also in many parts of the world as

% one of America’s finest Television., Radio
p J and Electronics {raining centers.”
, W.C. DoVRY, Director / &
/- B
- *gﬂ % Mt ‘“Nﬁan“ -3 ‘

ou.M
'—m.

W. C. DeVRY 1iits of B w—mxiu e

&

BIG OPPORTUNITY & “Soum e sy

AWAITING MEN 17-45 Prepcre At Home Or In Our Chicago Laboratory!
Urges fhem to send lor fO(fS fodoy See for yourself how readily you may prepare at home, or in our modern Chicago
» . laboratories, for a good job or business of your own in one of America’s most promis-
Mony DT graduates are A e ey ing, fast-growing fields—~TELEVI5ION-RADIO-ELECTRONICS.

n 1 “ e . . - .

. Television Manufccturing Plants . . . Research if you train at home you get (1] the use of a 16-mm. movie projector and 16 reels
Laboratories . . . Police, Train and Car Radio . .. of animated movies to help you learn important points faster . . . easier, (2) mod-
Aviq'ion Rodic =y !ndus'ricl.EIecirc?nics ... Sound ern, well illustrated lessons and (3) sixteen shipments of electronic parts enabling
Motion Pictures . .. Electronic Musical Instrument you to g2t valuable practical experience from over 300 projects—including building
Plants . . 'hz Heirmg fA"“d J"rd‘g'"zn'd' 0 ‘r’;‘g;“'" and keeping the electronic equipment shown below. And upon completing training,
g\cngrﬁmi?r ﬁrealgc il = € g you have the optional privilege of building and keeping a big 21 INCH TV Set. {D.T.1.
"l’\)A’:‘I - ;on 1o.dcy for the lotest facts about offers another home training in Television-Radio-Electronics, but without the TV set.)

1 U ” .
these many wonderfully inferasting opportunities Get the full story. Mail coupon today!

focing you ... ond HOW yos may now get the
same remarkable training—and suksequent
EMPLOYMENT SERVICE—tha: hove olready en-
abled so many men to ge! skcrted in o good job
or theit own profitable busine:s. There 's NOTHING
ELSE UKE IT!”

NCH

Build and keep his BIG DTl
Engineered TV set—casily
converted to U.H.%. (DT offers
another home training, but
without the ~V st

& LAUD D.T. I.’s
—»”;l. _“"HOME MOVIES
_~IN CONGRESS
\;’ 3 — D.T.l's remaskable home -
= ¥ 3

- fraining bene‘@® of visual HOME MOWVIES
training MOV.ES has been
- praised from the floor of
the House of R2presentaives in Washington, D. C. and

AR recorded in Th= Congress.onal Record. ®
| SERVICE “*One of America's
J — Foremost Television
Training

D:VRY TECHNICAL INSTITUTE
4147 BELMONT AVE, CHICAGG 41, ILL. Dept.

N RE-10K

[T ¥
1 would like *our valuable information-packed publicat on showing
how | may g2t ctarted toward a good job or my own business in
Television-Radio-Electronics.

If subject to military service, the
information we have for you,
shoula prove very helpfu..

"DEVRY TECHNICAL INSTITUTE [

AFFILIATED WITH Street Apt

DEFOREST’S TRAINING, INC. . e

CHICAGO 41, ILLINOIS B. 7. I.’s Training is Available in Canada

OCTOBER, 1954 7
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SYLVANIA

f ﬁ%m ubés

ARE PACKED
WITH PROFITS!

Longer Life!
Availability!

e PR, e I R P s

EAR v ” o 7 o e

1Y A“‘Y i - e LA -
S 5 i %
ARR : e o |
. # = 5’3

Lo

Make old sets like new ... have more satisfied customers!

Interested in new sales records? You'll be heading in that
direction when you replace old picture tubes with new Sylvania
Aluminized Tubes.

Sylvania Aluminized Picture Tubes give terrific performance.
They make old sets better and brighter than new by providing whiter
whites—blacker blacks . . . a 6-times better picture contrast.

Sylvania Aluminized Picture Tubes are now available in most
sizes for all popular TV sets. In other words, with Sylvania
Aluminized Picture Tubes, you give your customers the best possible
buy and the best possible service, including a full one-year warranty.

Remember, millions of set owners see and hear about Sylvania
Picture Tubes on the nation-wide weekly television show

“Beat The Clock.” They know that they are famous for quality
and dependability. For full details about aluminized tube
replacement, write for Sylvania’s “Aluminized Picture Tube
Replacement Guide.” Address: Dept. 4R-3810, Sylvania NOW!

.-SYLVANIA

8

<

Sylvania Electric Products Inc 1740 Broadway, New York 19, N. Y,

In Canada: Sylvania Electric {(Canada) Ltd.
University Tower Building, St. Catherine Street, Montreal, P. Q.

LIGHTING - RADIO + ELECTRONICS - TELEVISION
8 RADIO-ELECTRONICS
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look at these outstanding
sales features

® Compact size—makes it casy
to handle—to stock—and
safe to install

® A sturdy streamlined design
that will stand up under ex-
treme weather and icing con-
ditions

® Completely pre-assembled —
with fold out construction

® Sealed element ends elimi-
nate wind noisc

® Idcal with rotor either singly
or stacked

® Uniform low band coverage
(2-6) and cxcellent high
band gain (7-13)

® High front to back ratio cuts
co-channel interference

® Sharp directivity and ultra
lincar response for excellent
black and white and color
reception

® 300 ohin match

® Only the Weleo Sabre has
Miracle Phase*

Onc Antenna that fills your VHF needs close in — to extreme
fringe and UHF

Miracle Phase

Miracle Phase effectively isolates the undesirable interaction and
loading of Phased elements.As used with a bi-philler broadening
and phase inverting element.it allows the low band dipole to
function with proper gain and pattern response in the high band.
This unique coupling of working elements makes it possible to
feed the received signal to the set so satisfactorily that the need
for many additional elements is eliminated — greatly reducing
the physical size of high gain antennas — thus allowing one an-
tenna to fill many requirements — and become the first choice
of servicemen.

walel the Sabre ereate a new standard

in antenna design and appearance

OCTOBER, 1954

model 100
iMiracle Phase*®

Patent Applied For

introduces a New Look
in all channel antenna
design

ORDINARY ANTENNA

SABRE 100

Compare Sabre 100 performance,
size and price with other antennas

The Welco SABRE cannot be compared with
any other antenna design—because clectrically it
works different—physically it appears different.
The SABRE is compact, streamlined and its new
phasing system gives it added distinction. All this
at a price that will amaze the most discriminating
people, thus making thc SABRE a tremendous
sales getter.

THERE'S A SABRE MODEL FOR EVERY
AREA FOR TODAY'S NEEDS AS WELL AS
TOMORROW’S!

Distributor Inquiries Invited--Territories for the New Sabrz Line Now Open
Write, wire or phone—

WELCO MFG. CO.

L.eaders in Electronic Design

225S. Third Street
P.O. Box 110

Burlington, Iowa
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TUNG-SOL

TECHNICAL DATA

PAYS OFF IN SERVICE!

T-58 700 poges—600 tube types

NEW! 1954 Edition! T-70 200 pages of data on
CR tubes, receiving and special tubes, dial lamps

300 blueprint base diagrams
for 1100 tube types

Here's the most practical set of tube ref-
erence books in the industry—all the in-
formation you need for everyday jobs!
They're easy to read—easy to use (always
lie flat when open). You'll get work done
faster with Tung-Sol Technical Data
Books. Ask yourtubesupplierabout them.

TUNG-SOL ELECTRIC INC., Newark 4, N.J.
Sales Offices: Atlanta, Chicago, Columbus, Culver
City (Los Angeles), Dailas, Denver, Detroit,
Newark, Seattle. R

LNz
W
®
TUNG-SOL
eady neferexce
TECHNICAL DATA
“Tung-Sol makes All-Glass Sealed Beam Lamps,
Miniature Lamps, Signal Flashers, Picture Tubes,

Radio, TV and Special Purpose Electron Tubes
and Semiconductor Products.

10

X-RAY HAZARD was laid to receivers
using recently developed large-screen
3-gun color tubes by an official of
Chromatic Labs, producer of the 1-gun
Lawrence tube. He stated the high
voltage necessary for the 3-gun tubes
produces substantial amounts of X-ray
radiation—enough to cause consider-
able physical damage to viewers unless
blocked by expensive shielding.

In reply, Kenneth Hoagland. engi-
neering manager of Du Mont’s C-R
tube division, said the problem of X-ray

radiation had been under study for
some time. He said RETMA has
adopted a standard of 6.25 milli-

roentgens per hour as the safe figure
for radiation from a cathode-ray tube.
Hoagland said any tube operating
under 16 kv is definitely harmless. Over
that amount, shielding may be required
to bring radiation down to below the
safe figure. He added that the safe fig-
ure was an ultra-conservative one and
that tubes have been operated in the
laboratory up to 35 kv without produc-
| ing damaging radiation.
| Charles F. Stromeyer, president of
| CBS-Hytron, admitted that soft X-rays
| are given off at 25 kv, but said they are

- | absorbed in the face plate of the CBS

Colortron.
EIGHT NEW TV STATIONS have
gone on the air since our last report.
These are:

WGTH-TV Hartford, Conn. ...
WTHI-TV Terre Haute, Ind.
WPBN-TV Traverse City, Mich.. 7
WTVD Durham, N.C. ... .11
WGR-TV Buffalo, N.Y. ... ... 2
‘| KXJB-TV  Valley City, N.D. 4
WACH-TV Newport News-Norfolk,
Va. 33
WMBV-TV Marinette, Wis. ... 11
Five stations have gone off the air:
WKAB-TV DMobile, Ala. ... 18
KBID-TV  Fresno, Calif. ... ... 53
| WCOC-TV Meridian, Miss. ............30
| KSTM-TV  St. Louis, Mo........... .36
WCHA-TV Chambersburg, Pa. ... 16

THE AUDIO FAIR, held in conjunc-
tion with the annual convention of the
Audio Engineering Society, will be held
at the Hotel New Yorker, New York
City, October 14 to 17.
RADI0-ELECTRONICS Wwill occupy Room
716 at the exhibit. Mr. Joseph Mar-
shall of “Golden Ear” fame will ap-
pear at the RADIO-ELECTRONICS hooth
to meet his audio friends and demon-
strate some of his recent equipment.

RADIO WEATHER FORECAST pre-
dicts unusually good transmission con-
ditions for the balance of 1954. This
report was made by John H, Nelson,
radio-wave analyst of RCA Communica-
tions. He bases his forecasts of trouble-
some magnetic storms on the position of
the planets in relationship with each
other and the sun, and boasts 92%
accuracy for the first 6 months of the
year.

While radio disturbances since 1925
have been attributed largely to sun-
spots, Nelson said none of his forecasts
this year were from solar observations.

| COMBAT TV was given its first truly

wWWW. americanradiohistorv.com

public demonstration when military TV
maneuvers at Fort Meade, Md., were
telecast from coast to coast on the NBC
network in color. The tactical combat
maneuvers were also watched “on loca-
tion” by top Army officers using closed
circuit black-and-white equipment.
Eight remote TV cameras were used
in the exercises. Their signals were
piped into a simulated regimental com-
mand post. The cameras were mounted
in an L-2 Army plane. Helicopters,
assault landing craft, and fixed posi-
tions covered various phases of opera-
tions, including an amphibious landing.
The mancuvers televised in color
showed the destruction of “enemy” pill-
boxes, questioning of “enemy” prisoners
__distinguished by their blue uniforms
—and other battle occurrences.
Viewing the scene, General Sarnoff
of RCA said that further development
may make it possible for military com-
manders sitting in the Pentagon to
watch actual battle scenes overseas.

QUARTER CENTURY WIRELESS
Association will hold its 1954 winter
meeting on October 29 at the Hotel
Belmont Plaza, New York City. A talk
on single-sideband transmission will
be given by Don Norgaad, W2KUJ, a
research engineer for General Electric.

Organized in 1947 to foster friend-
ship among ham operators, the QCWA
now has an active membership of more
than 700. Full membership is open to
amateurs who have held licenses for
25 years or longer. Officers are John
DiBlasi, W2FX, president; George T.
Droste, W2IN, vice-president: David
Talley, W2PF, treasurer, and Ralph G.
Barber, W2ZM, sccretary.

ATOM DEFENSE IS PERILED by
illegal diathermy, industrial heating,
and electronic equipment. The FCC re-
ports this equipment interferes with
the effectiveness of the airplane warn-
ing system because it disrupts radio
circuits in the radar networlk.

The illegal equipment is believed to
be largely in the hands of doctors and
businessmen unaware of the radiation
situation. Nevertheless it would pro-
vide an ideal weapon for saboteurs at-
tempting to disrupt military communi-
cations or guide enemy planes.

It also provides a virtually foolproof
method of transmitting subversive in-
formation to enemies through coded
signals based on the time of day the
machine goes into operation and the
length of time it is kept on.

The situation has become so serious
that William L. Kiser of the FCC's
New York office warned: “The com-
mission does not intend to rely solely
on an education campaign to curb the
use of these illegal machines. It intends
to use every means at its disposal to
identify and eliminate the use of any
equipment which does not comply with
its rules.”

Mr. Kiser added that the signals of
some of these machines can be heard
around the world. It might be possible
for enemy guided missiles to ‘“home”
on these illegal machines. END
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Add Technical Training
To Your Practical Experience -
Radio Operatof

GET YOUR FCC LICENSE 55
IN AHURRY / |
Then use our Amazingly Effective 1\1 “E‘?ﬁ%ﬁg o eré"/ ‘

MoneY’Mo

FCC

Comme(ciu!

JOB-FINDING SERVICE
O TELLS HOW - e
L i O TELLS HOW~

Here Is Your Our Amazingly Effective
”Cfol:lﬁill!'Aol:LEEu JOB-FINDING SERVICE
Yam Helps CIRE Students Get Better Jobs

Commercial Licens
atter completing our TO TRAIN AND COACH YOU
E | Branes Ay AT HOME IN Here are a few recent examples of Job-Finding results:
without additional cost of SPARE TIME UNTIL YOU GET GETS CIVIL SERVICE J0B
“Thanks to your course I obtained my 2nd phwone license. and am now employed by Civil

any Kind until you suc-
cessfﬂlvly obtain your Service at Great Lakes Naval Training Station as an Engineering Spectalist.”
Cominercial license. pro- Kenneth R, Leiser, Fair Ouks. Mtd. Del., McHenry, Tl
vided you first sit for this GETS STATE POLICE JOB
i 2
:':;"s'":'";’:r c‘;":hn'l"““?o “T bhave obtained mv Ist class ticket (thanks to vour school) and since receiving same I
g have leld good jobs at all times. I am now Chief Radio Operator with the Kestueky

your course. 5 »»
State Police.
If you have had any pracficull experie‘nce— Edwin P. Healy, 264 E. 3rd St., London, Ky.
e Amateur, Army, Navy, radic repair, or GETS BROADCAST J40B
experimenting. “I wish to thank vour Job-Finding Service for the help in securing for me the pesition

of transmitter operator here at WCAE, in Pittsburgh.”’
Walter Koschik, 1442 Rldge Ave., N. Braddock, Pa.

GETS AIRLINES JOB

O TELLS HOW~

OURS IS THE ONLY
. HOME STUDY “Due to your Job-lKinding Service, 1 have been getting many
Employers make JOB OFFERS L|I(e These COURSE WHICH offers from all over the country, and 1 have taken a joh with
%e:; LEI)EASMﬁSE Casital Airlines in Chicago, as a Radio Mechante."”
to Our Graduates Every Month TIONS WITH AU Harry Clare, 1537 8. Drexel Blvd., Chicago, IIL
Letter from nationally-known Airlines, “We would also appreeiate if you would place FINAL TESTS. Your FCC Ticket is recognized by most employers in Yhe
the following  additional advertisement in  your bulletin-Wanted-Superintendent  of electronic field as proof of your technical ability.

Communications . . . Salury $666.66 per month.”” s
Letter from nationally-known airplane manufacturer, “We need men with electronie
training of experience in radar maintenance to perform operational check-out of rmiu'l:
and other eleetronies systems starting salary . . . amounting to $329.33 per month.

These are just a few samples of the job offers that come to our office ner’iodically. Some
licensed radioman filled each of these jobs . . . it might have heen you!

HERE’S PROOF FCC LICENSES ARE OFTEN

Get All 3 Frees

MAIL COUPON NOW

SECURED IN A FEW HOURS OF STUDY With CLEVELAND INSTITUTE OF RADIO ELECTRONICS
. q . Desk RE-69—1900 Euclid Bldg.. Cleveland 3., Ohio
are Time : ey
OUR coachlng AT HOME n sp ' (Address to Desk No. to avoid delay)
Name and Address License | Lessons 1 o - B . R
! want to know how I can get my FCC ticket in a minmmum of time.
e oy T R i e iy bl -2nd] Phone:. === 16 Send me vour FREE booklet, “'How to Pass FCC License Examina-
Clifford E. Vogt . .. . ... . 1st Phone ....20 tions”  (dees not eover exams for Amateur License). as well as a
Frfnoﬁs];]h' cl(:?:;.:a. !'I.u'rfdu g N || E— 38 iﬂu'mnle F‘F(}«typv exam and the valuahle hooklet, Money-Muking FCC
U8 Beucter DI Birgeniicid, New Je | Jdcense Information.”” Be sure to tell me about your Television
i he i o O > Bngiucering Course
Albert Schoell . ..... . ..... J c.s+| .2nd Phone. .|...... 23 5 .
110 West 11th St. Escondido, Californta W ONAME ST SR Po0b0000
Carl E. Smith, E.E., Consulting Engineer, President BOADDRESS ... e
CLEVELAND INSTITUTE OF RADIO ELECTRONICS m O el o1 Ba: e re il § ZONE
i ” pecial tuition rates to bers .
DESK RE-69, 4900 Euclid Bldg., Cleveland 3, Ohio ERNERaEREREERN lmimlci o., ihelul IAl"ei ::l L] )]
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ANOTHER RAYTHEON FIRST!

;; /

N > v |
NEW 17 90° DEFLECTION
PICTURE TUBE

LIAVPG

I L) A O A e

a9 1/8" 2 3/16" e 5 /272 3/16""

‘Raytheon leads the way to smaller, light weight, more compact, tele-
vision receivers with the amazing new 17AVP4 monochrome picture
tube. It is 3% inches shorter in overall length and approximately 4
pounds lighter than present 17 inch tubes. The type 17AVP4 incor-
porates a new 90° deflection angle bulb, a 1 inch shorter neck length
and achieves maximum compactness with conventional viewing area.
The 17AVP4 has electrostatic focus, magnetic deflection and fearures
the same crisp, clean picture that makes all Raytheon Picture Tubes
outstanding for qualiry.

This important new Raytheon tube, developed and produced at
Raytheon’s new modern picture tube plant at Quincy, Massachusetts is
one more reason why you can standardize on Raytheon Picture Tubes
with complete confidence that you are giving your customers the very
latest and best.

D— U VSV e
Remember, Raytheon Picture Tubes are Right for Sight, Right for You, and
always New. Buy them through your nearest Raytheon Tube Distributor.

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:

12 RADIO-ELECTRONICS
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How 1 foxed

the Navy
by Arthur Godfrey

C O T OB O 9000000000000 9606066060606006060606060

4006000000000 0008

The Navy almost scuttled me. I shudder to
think of it. My crazy career could have ended
right there.

To be scuttled by the Navy you’ve either
got to do something wrong or neglect to do
something right. They’ve got you both ways.
For my part, I neglected to finish high school.

Ordinarily, a man can get along without a
high school diploma. Plenty of men have. But
not in the Navy. At least not in the U. S. Navy
Materiel School at Bellevue, D. C., back in
1929. In those days a bluejacket had to have
a mind like Einstein’s. And I didn’t.

“Godirey,” said the lieutenant a few days
after I'd checked in, “either you learn mathe-
matics and learn it fast or out you go. I'll give
you six weeks.” This, I figured, was it. For a
guy who had to take off his shoes to count

above ten, it was an impossible assignment.

I was ready to turn in my bell-bottoms. Eut
an ad in a magazine stopped me. Here, it said,
is your chance to get special training in almest
any subject—mathematics included. I hopped
on it. Within a week I was enrolled with the
International Correspondence Schools studying
algebra, geometry and trig for all I was warth.

Came week-end liberty, I studied. Came a
holiday, I studied. Came the end of the :ix
weeks, I was top man in the class. Within
six weeks I had mastered two years of high
school math, thanks to the training I'd gotten,

I.C.S. made the impossible —easy!

GET EXPERT 2 FREE BOOKS Free, illustrated catalog on career that interests you. Also 36-page, pocket-

GUIDANCE size guide to advancement, “How to Succeed.” Just mail the coupen'!

For Real Job Security—Get an I.C. S. Diploma! I.C.S., Scranton 9, Penna,

INTERNATIONAL CORRESPONDENCE SCHOOLS

BOX 2880-L, SCRANTON 9, PENNA. (Partial list of 277 courses)
Without cost or obligation, send me “HOW to SUCCEED" and the opportunity booklet about the field BEFORE which | have marked X:

ARCHITECTURE AVIATION CIVIL, STRUCTURAL LEADERSHIP
and BUILDING O Aeronautical Engineering Jr. ENGINEERING [ Foremanship O Air Brakes [ Car Inspector
CONSTRUCTION O Aircraft & Engine Mechanic O Civil Engineering O Industrial Supervision O Diesel Locomotive

O Air Conditioning— Refrig. BUSINESS O Construction Engineering O Leadership and Organization O Locomotive Engineer

0 Architecture [ Advertising O Highway Engineering O Personnel-Labor Relations O Section Foreman

0 Building Contractor O Bookkeeping and Accounting O Reading Struct. Blueprints MECHANICAL STEAM AND

O Building Maintenance O Business Administration O Sanitary Engineering AND SHOP DIESEL POWER

O Carpenter and Mill Work 0 Business Correspondence O Structural Engineering 0O Gas—Electric Welding O Combustion Engineering

RAILROAD

0O Estimating O Certified Public Accounting O Surveying and Mapping O Heat Treatment (] Metallurgy O Diesel—Elec. [ Diesel Eng's
[ Heating O Creative Salesmanship DRAFTING O Industrial Engineering O Electric Light and Power

0O Painting Contractor O Federal Tax O Aircraft Drafting O Industrial Instrumentation O Stationary Fireman .
O Plumbing O Letter-writing Improvement (O Architectural Drafting O Industrial Supervision {0 Stationary Steam Engineering

O Electrical Drafting
O Mechanical Drafting
O Mine Surveying and Mapping
0 Ship Drafting
O Structural Drafting
ELECTRICAL
O Electrical Engineering
O Electrical Maintenance
[ Electrician O Contracting
O Lineman
HIGH SCHOOL
O Commercial

TEXTILE
O Carding and Spinning
3 Cotton, Rayon, Woolen Mfg,
O Finishing and Dyeing
0O Loom Fixing
(O Textiie Designing
O Textile Eng'r'g [ Throwing
(0 Sheet Metal Worker [ Warping and Weaving
O Tool Design O Toolmaking MISCELLANEOUS
RADIO, TELEVISION [J Domestic Refrigeration
O Electronics 0 Marine Engineering
O Practical Radio—TV Eng'r'ng [ Ocean Navigation

O Managing Small Business

O Office Management

[ Retail Business Management

O Sales Management

O Stenographic-Secretarial

O Traffic Management
CHEMISTRY

O Analytical Chemistry

] Chemical Engineering

O Chem. Lab. Technician

O General Chemistry

O Natural Gas Prod. & Trans.

O Machine Design-Drafting
0O Machine Shop Inspection
O Machine Shop Practice
[ Mechanical Engineering
O Quality Control

O Reading Shop Blueprints
(O Refrigeration

O Reading Arch. Blueprints
0 Steamfitting
ART
O Cartooning
O Commercial Art
O Fashion Illustrating
0O Magazine llustrating
O Show Card and Sign Lettering
O Sketching and Painting
AUTOMOTIVE
O Auto Body Rebuilding

0O Auto Elec. Technician O Petroleum Engineering 0O Good English 0] Radio and TV Servicing O Shipfitting
O Auto-Engine Tune Up O Plastics . O High School Subjects O Radio Operating O Short Story Writing
(0 Automobile Mechanic O Pulp and Paper Making O Mathematics (O Teievision—Technician O Telephony |
Name Age Home Address
City Zone State Working Hours__ AM. to PM.

) Canadian residents send coupon to International Correspondence Schools, Canadian, Ltd.,
Occupation. I —— Montreal, Canada. . . . Special tuition rates to members of the U. S. Armed Forces.
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\\ Electro-Lens
Focusing*!

g

m o g N T

I... g
yoH WA

M i
Give your customers the most sparkling pictures
they’ve ever hoped for . . . pictures with all the
dramatic highlights and tones of a portrait photo-
graph . . . with the revolutionary new Winegard
Interceptor TV Antenna! Restores vibrant life to the

dull, blurred image of many old sets . . . brings out
every last ounce of performance in the newest.

For only the Interceptor has that amazing
“Electro-Lens Focusing” . . . the patented
design that pulls in all the signal . . . actually
builds up its intensity . . . then focuses the
amplified signal to the screen, much as an

@WI

NEGAR

with Exclusive Electro-Lens Focusing

optical lens focuses and intensifies light rays.

And —the Interceptor gives maximum rejection of
side and back interference . . . vastly superior recep-
tion in outlying areas. Particularly suited to color TV,
designed to give performance unmatched by any
other antenna on all VHF channels. Lightweight,
compact, wind resistant.

An obsolete antenna can make even the finest set
unsatisfactory. So give your customers the best per-
formance from any set, old or new . . . insure their
utmost satisfaction. Write for complete information
about the Winegard Interceptor Antenna today!

*Patent Pending

Interceptor
ANTENNA

WINEGARD COMPANY, 3000 Scotten Boulevard, Burlington, lowa
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120 V. A.C.

60 CYQLE
1.1 AMP. MAX.

b MODEL 199

W (ot Only $495,.8

and it’s ideal for the work you do

{¥'s smaller, lighter—slips readily into tool kit or pocket. are new type steel nose LIFETIME TIPS—practically in-
Gives AMPLE heat—fast. Cools quickly too. Has won- destructible in ordinary use. Built-in spotiight automat-
derful balance. WEIGHS ONLY 12 LBS. Easier to use ically illuminates work. Cherry red plastic handle and
accurately—less tiring. Its extra long narrow tips (re- case are heat and shock resistant. Gun is well made
placeable} make it easy to reach tight spots. And they throughout —fully guaranteed. And that price!

. 567 HOURS
FOR HEAVY DUTY ® CONTINUOUS OPERATION
[ )] tdea! for many production [obs, main-
’ 17 [t :
___THERE'S THE FAMOUS . e e
@ " - ;:nuellt;n;.ux::'sezzcml tip suts plastic tile.
250 WATT “QUICK-HOT” ° R :
® | RETAILS $l 2ﬁ
............................O.‘.
o) =)
SUPER-POWER SANDER
w MODEL #303
OTHER POCKET PORTABLES you o tioonsgs oo 2o
straight line action. Kit is Sander, 12
YOU’LL WANT ® Sandpapers, 2 Palishing Cloths.
® SANDER-POLISHER
TO OWN MODEL #202
e For _ﬂr;':lﬁnishig% 120 v, 'Adf: 6rO CY;':le RETAIL
; T e
3 :."Or::grs. m:oupéli:h:::;r‘,:e!c.esslgg_e; . 3162_5_
only COMPLETE 1T

WEN B et

(Export sales, Scheel International, Inc., Chicago)
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BOOSTER
with the
CASCODE
CIRCUIT

Turner:

Model TY-2

...for sharper reception’
on any set —new or old!

We'll give it to you straight. This
booster costs a little more. J¢’s
worth it} \7(’}.10 wants to watch
Milton Berle through a blizzard
of snow. The high-quality cas-
code circuit in the Turner booster
reduces noise and snow to a mini-
mumn. Produces an excellent pic-
ture even in extreme fringe areas.
Many servicemen say, “The
Turner is the only booster that
will help the new sets with cas-
code tuners.” Instell a Turner
booster and you guarantee the
best possible reception.

® The TURNER Company ‘
® 933 17th Street N.E., e
® Cedar Ropids, lowa :
o Gentlemen: Please send me com- ¢
e plete information on the superior 4
e performance of your booster. A
° e
o Name »
® Address _ o L]
° .
o City__ .. State___. P

,.............,.....J
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| VENEZUELA TV

! Dear Editor:

f Having read your column in the July |

| edition. I thought you might appreciate

| some facts concerning TV conditions
here in Caracas.

| Three TV stations are currently in

| operation: channel 4, Televise, with
i about 15 kw of radiated power; channel
5, Televisora National; and channel 7,
Radio Caracas-TV, which is in the proc-
| ess of changing to channel 2. 1 believe
I that the radiated power of channels 5
and 7 is lower than that of channel 4.
The scanning rate of all three trans-

mitters is in accord with the power-line |

frequency of 50 eyeles. Using a 625-line
scanning system. the horizontal sweep
frequency is slightly less than that used
in the United States. Most receivers
manufactured in the U.S. will function
with only slight readjustment of the
standard vertical and horizontal con-
trols. with an occasional few requiring
resetting of the horizontal-frequency
coil.

Some sets, particularly CBS-Colum-
bia, require an additional resistor in the
vertical oscillator circuit to obtain
proper lock-in. With my 1949 Crosley,

I just plugged in the set. adjusted the |
horizontal-frequency and synchronized |
the vertical sweep with the front ad- |

justment—that was all.

I mention these facts so that any
States-side viewers will be prepared to
resync their receiver should they catch
a signal from Caracas.

WALTER C. HIEBER, JR.
Caracas, Venezuela

“NO NEW THING”
Dear Editor:

On page 6 of the August issue you
inform your readers about “a new de-
parture in electron tube manufacture,”
describing a ceramic type tube devel-
oped by Sylvania.

In 1938 the German Telefunken G.m.
b.H. developed and manufactured such
tubes for use in German military equip-
ment—especially for decimeter waves.
After the last war I had an opportunity
to study German military manufactur-
ing techniques and I got hold of a few
dozen of these tubes in the Luftfalirt-

| forschungsinstitut at Oberpfaffenhofen

near Munich, Bavaria. The mechanical
form of these tubes was equivalent to
the German “steel” tubes

So, you see, “there is nothing new
under the sun.”

IvaN 1. BEZUGLOFF, JR.

Vice-president, Metronix, Ine.
New London, Conn.

www americanradiohicetorv com

ANEW KIND OF BOOK
FOR TV SERVICEMEN

"Analyzing and
Tracing TV
Circuits"

CIROWTS

YOU'LL

MASTER
ANY TV
CIRCUNT

the book that gives you all
the knowledge you need and
shows you HOW TO APPLY IT

for EXPERTS
or
BEGINNERS

A BASIC
BOOK

Written by an authority who gives you
all the facts about every TV circuit and
then actually tells you how to apply the
knowledge for everyday Service SUC-
CESS and PROFITS. This book spells
out in simple, easy-to-understand lan-
guage the rules a technician must follow
to become top-notch in his work-—the
rules vou need for assured Service
SUCCESS. 1It’s the one “"'must’ book for
every Service Technician.

CONTENTS: Chapt. 1: Things You Should Know
About Every Circuit. Chapt. 2: From the General to
the Specific. Chapt. 3: Differences Between Sche-
matics ond Actual Sets. Chapt. 4: Following the D.C.
Power Lines of a Set. Chapt. 5: Where the Boost B+
Fits In. Chapt. 6: The A. G. C. System—From Begin-
ning to End. Chapt. 7: In and Around the Deflection
Systems. Chapt. 8: First Things First. Chapt. 9: Whoat
To Do When You Meet an Unfamiliar TV Circuit.
Chapt. 10: Summary.

| 168 PAGES, 82 x 11" 5300 ORDER
ORDER JA-1. Only,,,, —

Order from your Parts Jobber today, or
write to Howard W. Sams & Co., Inc.,
2205 East 46th St., Indianapolis 5, Ind.

My {check) {money order) for $...........oiueen
enclosed. Send ........ copylies) of "Analyzing
& Tracing TY Cireuvits” {JA-1, $3.00).

NOMe: . eieieeeeenesssososssssssssscsnsss .o

o
<
N
o
3
o
Iy
=2
3
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the only COMPLETE
catalog for Everything
in TV, Radio and |
Industrial Electronics

VALUE
PACKED

1955 <= ALLIED

308-PAGE CATALOG

Get ALLIED'S 1955 Catalog—308 pages packed
with the world’s largest selection of quality
electronic equipment at lowest, money-saving
prices. Select from the latest in High Fidelity
systems &nd components; custom TV chassis, TV
antennas and accessories; AM and FM receiving
equipment; P.A. Systems and accessories;
recorders and supplies; Amateur receivers,
transmitt=rs and station gear; specialized
industrial elecironic equipment; test instruments;
builders’ xits; huge listings of parts, tubes,

tools, books—the world’s most complete stocks of
quality equipment. ALLIED gives you every

buyving advantage: fastest shipment, expert
personal Lelp, lowest prices, assured satisfaction.
Get the big 1955 aLLiED Catalog. Keep 1t handy
-—save time and money on everything in
Electronics. Send for your FREE copy today.

World Cangoat. Stocks.

e All TV and Radio Parts

® All Electron Tube Types

® Test and Lab Instruments

o High Fidelity Equipment

® Custom TV Chassis

® AM, FM Receiving Equipment
® Recorders and Supplies

e P. A. Systems, Accessories
e Amateur Station Gear

® Builders’ Kits & Supplies

® Equipment for Industry

ALLIED RADIO

World’s Largest Electronic Supply House

Send for the
leading Electronic
Supply Guide

ALLIED RADIO CORP., Dept. 2-K-4
100 N. Western Ave., Chicago 80, lllinois

EASY-PAY TERMS

Use ALLIED's liberal Easy Pay-
ment Plan  only 109, down
12 months to pay—no carry-

ing charges if you pay in 60 the latest releases and largest INATNE,. BE Soirows 515 4 Seivts 6T (s 2 1240) 5T 6 G5 3 0 10 W SITTSTEE
days. Available on Hi-Fi and stocks of Hi-Fiequipment. We
P. A. units, recorders, TV specialize, too, in TV supply
chassis, test instruments, and are foremost in the field Address. ...... B T I
Amateur gear, etc. of Builders’ Kits.

ultra-modern facilities for the FASTEST SERVICE IN ELECTRONIC SUPPLY | C7 oo EoREk wer adSiilEln e n nad

- ___mz.ba —1 -
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HI-Ft SPECIALISTS
To keep up with the latest and
best in High Fidelity, look to
ALLIED, Count on us for «all

[
I
!
I
I
I
1
!
1
I
I

.[ Send FREE 308-Page 1955 aLLien Catalog
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CHANNEL
MASTER'S

the most important antenna
development since the
introduction of the basic Yagi!

Wm The World's First

Triple-Powered Yagi. ..

¥ 4
/ Brilliant all-channel
d VHF performance —
~and really ready for CGLOR!

-

~ Sfacked 2
SUPER RAINBOW

model no. 331-2

|« No other antennu ;provides such outstanding

long distance reception in black and white.

« No other antenna is so well prepared to meet Single hay
the exacting requirements of color television: SUPER RAINBOW
Uniform high guain, flat frequency response, mode! o 331
exfremely narrow polar patterns, highest
S front-to-butk ratios.

s

R
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romepm————

make the RAlNBOW the most pow
all-channel VHF antenna
science has yet produced.

1. New spacing formula: Channel Master research has
now established new, more efficient relationships
between the Yagi’s parasitic elements (directors and
reflectors) — far greater efficiency than a screen.
The radical new spacing arrangement between these elements
has, for the first time, extendad the full efficiency and
high gain of the basic narrow bend Yagi over the
fufl width of an entire VAF bond.

2. New “triple power’’ High Eand directors and
reflector: Three-segment directors and reflectors,
with each segment insulated from its adjacer: segment,
provide the combined power of three High Eand Yagis,
operating side by side, in perfect phase. This is the first time
an entire antenna has been made to operate on the same
high gain principle as the fabulous Tri-Pole.

Stacked
RAINBOW
" model na. 339-2

3. New “intermix’’ design: Combines — into one single
antenna — two separate , independent sets of directors and
reflectors, one for High Band, one for Low Band.

Eoch parasitic system operates only on its own band.
No compromise design. No interaction. No signal loss.

PLUS Channel Master’s original, super-gain TRI-POLE . . .
the unique triple-powered dipole that made the Champion
the most wanted antenna in America.

2 great models available:
RAINBOW, Model No. 330 — for setondary and near-fringe areas.
SUPER RAINBOW, Model No. 331 — 4or fringe and super-fringe areas.

4 Heavier lines indicate elements ‘operating cn:
Full band width — : —
Y : Low Band only & High Band only
highest gain — of any =l
shawing
all-chanrel antennc. l anen
asty bution] -
Diagram illusirates independent Slngle bﬂy
oparation of the BAINBOW's High RAINBOW
Bend and lLow Band porasitic ee- | | ; v
ments. Note vnicue new spachg Nof> that eaca High Band elenent is ectually thres secorate elsments, | Mel no. 330
orrangement between elements. ecch insdotec from the others. for triple-powerad perfermarxe.

- 's‘u(ked " Stacked
| Crampion SUPER

E I RAINBOW

Here’s how the RAINBOW out-performs the famous Champion.

Seen in October

ZHANNEL Hoszcrtal
ey | 00| rs [+2.5]+1  +.5| +2+1.5]+2.5 e
Gain Over RAINBOW l [} J—w on us o8 +ns P8 DB o:' DB | DB welotive raitage}
1-Ba ? = o
(hun: ionﬁ Taer 41 (41 (115425435 15l b2 41
P 8| DB DB OF| CB| DB

raingow | DE DB DB

+2 +35+A.5 ;

el o8 e 7 1,,, _ . d .
CHANNEL 2 3 4 5 S 8 9 10 1@ 12 . J '.“ .
Stacked | *1.3(+2 | +1. 5""‘5*2 | S+0 40 [+0 [+1 [+1.5) !

saimsow | Dt bB| DB| DB OB DB | OB o8 08| DI | DB| B8] =i i# "

3 le3 w4 [ w31 4 (w2 [z lv2siead oL L’HANMI NASTER l’ﬂﬁl’
| t8 DB Dnhn DB | DB| DH| DB |

Gain Over

+2 +2.$
DE

e
LB 210 189 150 . EHLENVELE. N. V-
. Oeied, “HE WORLD'S NARGEST MAENFALTLRER 0% TV ANTEPNAS

technical litercaure
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Y.Q(_‘ be the Judge |

Let the Kay-Townes SUPER-KATY
prove its superiority over
ALL other TV antennas

on the market today!

s KAY-TOWNES
\ )

T

wins in every case!
\ .
® FAR REACHING Reception!

w N ) ® New MOLDED, RIBBED
INSULATOR for low water
\ absorption!
™~ 7R = ® New RIGID Construction to
withstand gale-force winds!

: / | ® EAS5Y Installation!
— N“\\\\\\\\\\\ ® LESS DEPTH .on mast!
> ® Best by Color-Test!
5W%BATY-2 \ Super Katy has been proved

the best antenna for fine color
reception by actual field tests.

AMERICA’S MOST WANTED Every Super Katy installed
g will bring NEW SALES!
TV ANTENNA

©“THE BEST SET IS ONLY AS|GOOD AS ITS ANTENNA’’

N\ re’
N \ Here’s why the famous

i
ﬁ
t,&

;

3
!%

-
i

KAY-TOWNES

The lbng reach, long profit antenna ANTENNA CO.

“Fringe area” dealer-servicemen in every part of ROME #» GEORGIA
the country are reporting outstanding sales and
service stories...and, mounting TV consumer demand!
The new, revolutionary Super “KATYS" have now
convincingly proved every quality and performance :
claim attributed to them. ) ;
Kay-Townes' original SUPER KATY design... ES e = SR
now amazingly improved. .. will out-perferm any W %
other competitive antenna on the market today,

regardless of type or design principle! W BIGdACK

Manufactured and Distributed in CANADA By

DELHI METAL PRODUCTS, LTD., DELHI, ONTARIO %&MW—@ !d 7M"W
. b ]

MMV america
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SPARE TIME.

~

The fabulous television industry has seen many ]m‘m@ — F ? @

booms — in building of broadcasting stations, - =
VETERANS!

h manufacture of black and white VHF sets, and
L. C. Lane, B.S., M.A.
to train veterams

President, Radio-Tele- sale of these sets to millions of families — but
vision Training Asso-  the biggest booms are yet to come.

ciation. Executive

Director, Pierce School

of Radis & Television. From my experience in the radio-television-elec-

tronics field and my contacts in high places, | can
tell you that past TV booms will look small compared to the booms
that will come with construction of new VHF and UHF stations and
perfection of low-cost color television sets.

These developments are just around the corner. If YOU want to be FREE FCC COACHING COURSE

in on the ground floor for the jobs that will be created, now is the  Imporiont for BETTER PAY JOBS requiring FCC License. You
time to do it. You can keep your present job and study one of my  get this fraining AT HOME and AT NO EXTRA C8SE. Top
two NEW courses — FM and Television Technician Course — TV 1V jobs go to FC(-licensed technicians.

Cameraman and Studio Course. '
EARN while you LEARN
Almost from the very start you can earn extra money
while learning, repairing Radio-TV sets for frieads and
neighbors. Many of my students earn up to $25 o week
...pay for their entire training from spare fime 2oraings
v, start their own profitable service business.

Q. 5

d
My School  fully cPProvgi". Available only to

g ¥
Veterans discharged after June 27, 1950
eligible, CHECK COUPON.

These Courses — especially prepared for home study — will train
you for top-paying jobs in the ever-expanding radio-television-
electronics industry. You'll be able to write your own ticket to get
o better pay job or set up your own business.

By
‘.’ “

EXPERT FM-TV TECHNICAL TRAINING

e
b -
My FM-TV Technician Course lets you fake full advantage of your previous experience S
— either civilion or Armed Forces. YOU CAN SAVE MONTHS OF TIME. My FM-TV
Technician Course completes yous training by providing o thorough background in .
Frequency Modulation and Television Theory and Practice.

You “'Learn by Doing”, working with parts and equipment | send you. Six large kits
of FM and TV parts are given to you as part cf the course. You build and keep o
professional GIANT SCREEN TV RECEIVER complete with big picture tube (designed
and engineered to take any size up to 21-inch).

Upon completion of your fraining you may — if you desire — take two weeks of
shap training at my associate resident school in New York City AT NO EXTRA (OST! Super-Het

Radio Receiver

PRACTICAL TV CAMERAMAN
AND STUDIO COURSE

My TV Cameraman and Studio Course is designed to train TV Studio Technicians
and TV Cameramen, vrgently needed today by Television Braadcasting Stations
throughout the nation.

Combination Voltmeter-
Ammeter-Ohmmeter

You GET ]
THESE FOUR !

New TV Stations are now mushrooming throughout the country., Men who can FRE
work as Audio Technicians, TV Cameramen, Microphone Boom Operators, Monitor = oW 10 MAKE :
Qperators, Turntable Operators, Control Room Technicians can write their own tickets. woneY W ,“', A
1 will frain you for an exciting high pay job as the man behind the TV camera. Work with TV stars in = S -
TV studios ar ‘‘on location'" at remote pick-ups. MAIL THIS COUPON TODAY!
Availabie if you want it . . . one week of actual work with studio equipment & TV Cameras at my associate NO SALESMAN WILL CALL!
resident school in New York City. Mr. leonard C. Lane, President L e ")
This course is a MUST for those who wish 1o increase their technical knowledge of television operations. . f:n‘vo.r‘(;?;uon "‘“NV'N‘: :55°Cy'“'°"
52 Eass 19th Street, New York 3, N. Y. .
. Deor ™1 Lone: Moil me your NEW FREE BOOK, FREE SAMPLE LESSON. ord
. FREE oids that will show me how | can make BIC WONEY (N Teteviston o D)
; understond | am under no obligation and no solesman will call.
My Radio-FM-Television Technician Course is especially prepared for men with no previous experience or 0 (PLEASE PRINT PLAINLY) .
training. | have trained hundreds of men for successtul careers in radio-television-electronics. Many of them .
had only a grommar school educction ond no previous experience whatsoever in the field. . Neme, —Age.
Two weeks of intensive shop practice at my associate resident school is also included with this Course. . Address. .
» - i % City. Zone State. .
adio BN tlovision B naiming I1Y ssociation, g B T, N
. [0 Redio-FM-TV Technician Course VETE RDA Ns? .
Check here
[0 FM-TV Technicion Course for Trainin =
g under NEW
52 EAST 19“1 STREET e NEW YORK 31 N- Y- . {J 1Y (ameroman & Studio Technicion Course  G.1. Bill. .
Licensed by the State of New York ® Approved for Veteran Training ‘ Y % X 2 X T R R ? B R ]
OCTOBER, 1954 21
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says:

. =N
B2 00 zee b ]

n
T e e e
’ # 308K wrt form $129.50 #300K kit form $94.95

#308W factory wired $229.50 factory wired $199.50

“WHAT’S THE TOUGHEST fgcis= s mrecise
TEST OF ALL?”

YOUR test . . . the way the equipment
works'in actual use . . . under actual

2300W

conditions. PRECISE test equipment has

EXCLUSIVE PRECISE VOLT REG v.Tv.wm NEW PRECI:E VOLTAGE REG. POWER SUPPLY
#907 kit form $35.95 #76l Wit form $39.95
#9071W tactory wired $49.95 #780w factory wired $59.95

instrument fully proven. That is why YOU ry

and thousands like you have made PRECISE
the fastest growing line of test instruments
in America today!

passed that test countless times . . . every

Remember, too, PRECISE uses no
surplus. See the complete line of
PRECISE quality instruments at your

jobber now—and save!

NEW PRECISE Em. & MUT. CONO. TUBE TESTER
z kit form  $69.95
le factory wired $139.93

6 % precise % precise x precise x precise x prec

NEW PRECISE 3" PORTABLE OSCILLOSCOPE
#303K kit form
#303W laclory wired

LOWEST
PRICED
PRECISE RF-AF-TY & MARKER GENERATOR PRECISE RF SIGNAL GENERATOR
PRECIS[ RESISTANCE DECADE BOX #63 kit form $33.95 #610K kit form $23.95 NEW PRECISE VACUUM TUBE VOLTMETER
#46 kit form $18.95 stOKA B pre-assembled head $38.95 H610KA pre-assembled head $28.95 #909K kit form $25.98
#468\\’ - 'acluvy wired $24.95 #630W ... factory wired $53.95 #eloW factory wired $39.9$ #909w factory wired $37.50

* precise x precise x precise x precise x precise x precise *x

LOWEST
PRICED

! .
) PRECISE RF PROBE L e

wired only $4.25
B e A TTENUATORIRASEE PRECISE UNIV. AF SINE. SQ & PULSE GEN. PRECISE DELUXE VACUUM TUBE VOLTMETER
o HE35K kit form $33.50 kit form $38.98
#635W .-factory wired $52.50 907W = laclovy wired $57.98

?REC|SE CAPACITY DECADE BOX
H#4T78K kit form $18.95
laclory wired $24.95

GERMANIUM
(RYSTAL
WAFER

Cast

_— i DEVELOPMENT CORP.
OCEANSIDE, NEW YORK

‘ g "

PRECISE NEW Tl TRANSISTOR KIT As/
PRECISE ofters a simple and direct approach to . . .
the understanding of transistors. The instruction Prices slightly higher in the west Prices and

bookfcoversithellpnysicsfandioracticalfanplicas specifications subject to change without notice
tions in simple and non-malhematical terms. Two ;D;E%ISE HIGH VOLTAGE PROBE P 1 3

transistors. one germanium diode. transtormer. 99 ........ wired only $4.98

electrolytics, Coils, resistors, condensers. chas- SEND FOR NEWEST PRECISE CATALOG—DEPT. MB-1

$is. etc. are supplied.
Model T} kit only $17.95

2 RADIO-ELECTRONICS
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Home Study Courses in

TELEVISION SERVICIN

offered by

RCA INSTITUTES

Study Television Servicing—from the very source of the latest, up-to-
the-minute TV and Calor TV developments. Train under the direction
of men whe are experts in this field. Take advantage of this eppor-
tunity to place yourself on the road to success in television. RCA
Institutes, Inc. (A Service of Radio Corporation of America),
thoroughly trains you in the “‘why’’ as well as the “haw"’

of servicing television receivers.

FIRST HOME STUDY COURSE
IN COLOR TV SERVICING

Now you can train vourself to take advantage of the big
future in Color TV. RCA Institutes Home Study Course
covers all phases of Color TV Servicing. It is a practical
down-to-earth course in basic color theory as well as how-to-
do-it servicing techniques.

This color television course was planned and developed
through the combined efiorts of instructors of RCA Institutes,
engineers of RCA Laboratories, and training specialists of
RCA Service Company. You get the benefit of years of RCA
research and development in color television.

Because ‘of its highly specialized nature, this course is
offered only to those already experienced in radio-television
servicing. Color TV Servicing will open the door to the big
opportunity you’ve always hoped for. Find out how easy it
is to cash in on Color TV. Mail coupon today.

SEND FOR FREE BOOKLET

Mall coupon In envelope or paste on
postal card. Check course you are inter-
ested in. 'We will send you a booklet that
gives you tomrplete information. No sales-
mon will coll.

RCA INSTITUTES, INC.

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

s e E— e e a0 A

HOME STUDY COURSE IN
BLACK-AND-WHITE TV SERVICING

Thousands of men in the radio-electronics industry have
suecessfuliy trained themselves as qualified specialists for a
good job or a business of their own—servicing television
receivers. You can do this too.

This RCA Institutes TV Servicing course gives you up-to-
the-minute training and information on the very latest
developments in black-and-white television.

As you study at home, in your spare time, you progress
rapidly. Hundreds of pictures and diagrams, easy-to-under-
stand lessons help you to quickly become a qualified TV
serviceman.

There are ample opportunities in TV, for radio servicemen
who have expert training. Mail coupon today. Start on the
road to success in TV Servicing.

bt e e ey e it e e s . s i . T st s S, € T e S S e

RCA INSTITUTES, INC.
Home Study Dept. RE-1054
350 West Fourth Street, New York 14, N. Y.

Without obligation on my part, please send me
copy of booklet on:

0 Home Study Course in TrLEVIS1ON SERVICING.
0 Home Study Course in CoLor TV SERVICING.

Name

{please print) =t
Address
City Zone State

www americanradiohicetorv com
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Model 983 Oscilloscope—$329.50

Representing an entirely new approach in
test equipment design and operation, the
980 Line instruments have brought new
simplicity and new time-saving fucility to
TV receiver alignment and servicing. Now
available to TV technicians through lead-
ing distributors. Literature giving com-
plete information on request. WESTON
Electrical Instrument Corporation, 614
Frelinghuysen Avenue, Newark 5, N. J.

8420

Model 980 Analyzer—$52.50

TEST EQUIPMENT

Modef 981 Tubechecker—$199.50

24 RADIO-ELECTRONICS
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MWhere do you /ina’

PYRAMID
%%cw&lo/w A

As original components
in TV sets

bearing these famous

brand names P>

Arvin

sUMOM
Ll

RAYTHEON

L merson

SYLVANIA
And at your parts distributor in
W@% this self-service dispenser—here are

93% of all the capacitors you use every

llallicraﬂers day in TV service—make a quick check

while you're waiting for your order—

%Stiﬂghouse the time you save by keeping an

adequate stock is the time you
Hﬁﬁman make your extra profit.

PYRAMID ELECTRIC CO.
1445 Hudson Blvd. « North Bergen, N. J.
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- T RA P gives highest

FRONT TO BACK RATIO

of 5 major competitors!

¥

wioduamg te all channel
SKYLINE IMPERIAL uwilt (i

AMAZING FRONT TO BACK RATIO TEST DATA

RELATIVE VOLTAGE

FREQUENCY 2-bay Model 701  Skyline Imperial
(Megacycles) [ Model 701-CT
“Co-Trap” Screen) (With "Co-Trap” Screen)
50 9.12 10.1
60 9.4 18.1
70 9.4 14.

’ L 80 6.8 14.8

I L ‘ 90 7.4 14.8

S i = 170 3.5 12.9
i ] 180 5.1 14.

| L | | 190 6.4 21.9
2 ' 200 4.1 16.9

210 4. 14.

Patentec 216 ) 3.5 20.

} C“__ARAETEIISTIC VHF . Independently tested by the Research Division of Mark
' BAND PATTERNS Products Co. of Chicago, Edward F. Harris, Chief Engineer.
with "Co-Trap”

3000 WITNESSES AT GRAND DEBUT WATCH THE
“IMPERIAL” OUTPERFORM 4 MAJOR COMPETITORS!

Side-by-side comparison test proves "Imperial” far superior at rejecting co-channel
interference!

Two competitors failed completely —pictures entirely blotted out.
Another two showed inferior pictures and much interference.

Coming through with flying colors, the “Imperial” gave a clear picture free of interference.

Full size 5000 square inch screen.
All aluminum —extra heavy throughout.
Completely pre-assembled. LIST

MODEL No. 701-CT (2-bay, with “Co-Trap” screen) »$27.50

MODEL No. 700-CT (4-bay, with "Co-Trap” screen) also available —$57 list Packed 2 eSS

per carton

SKYLINE MFG. €0. 1652 Rockwell Ave., Cleveland 14, Ohio

UNFOLD —
TIGHTEN

26 RADIO-ELECTPR
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Zone Refining apparotus, showing tube and induction-heating coils. For transistors—tiny electran’c
amplifiers—germanium is made extremely pure. Then special impurities are added in controlled amcun:s

for best transistor performance.

To make the most of their revolu-
tionary invention, the transistor, Bell
Laboratories scientists needed ultra-
pure germaniuni.

The scientists solved their problem
by devising a radically new refining
process. The germanium it yields
may well be the purest commercially
produced material on earth,

It has only one part in ten billion
of impurities harmful to transistor
performance. That’s about the same
as a pinch of salt in 35 freight cars
of sugar.

Yet the new process, Zone Refin-
ing, is simple in principle. An ingot

BELL TELEPHONE LABORATORIES

IMPROYING AMERICA'S TELEPHONE SERYICE PROVIDES CAREERS
FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS

WwwWw.americanradiohistorv.com

in 10,000,000,000

of germanium is drawn through a
series of induction-heating coils that
melt narrow zones of the substanc

Since impurities are more soluble in
the liquid than iu the solid form of
a metal, the malten zones collect
impurities. They are swept along
by the successive melts to the end of
the ingot, which is finally cut off.

Zone Refining is also being applied
to the ultra-purification of other ma-
terials useful to telephony. This
single achievement of research at
Bell Telephone Laboratories clears
the way for many advances in
America’s telephone system.
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NOW...2 SENSATIONAL
EICO SCOPE VALUES!

« AC/DCvolts: 0-5,10, 100,
500, 1000 (33 kv with
HVP probe)

¢ Res.: 0.2 ohms—1000
megs, 5 ranges

e DC input R: 25 megs

* 414" meterin can’t burn
out circuit

e 1% mult. resistors

HIGH VOLTAGE PROBE $4.95

¢ Extends range of yTvMs &

voltmeters to 30 kv, 'aﬁ—is

I ® Continuous cover-
age of all TV & F
I freqs. from 500 ke to

NEW AMAZING FEATURE PACKED I

7" PUSH-PULL OSCILLOSCOPE

' ® Sweep width var-
iable 0-30 mc.
® Crystal marker
I oscillator, variable
amplitude,

® VERTICAL FREQ. RESPONSE:
flat = 2 db 10 ¢ps — 1 mc |
@ VERTICAL SENS.: .01 voits
rms/inch | 214K VIVM KIT $34.95. WIRED $54.95.
L :lOR. FREZG. RESP.: flat =50 gb
0 cps — 200 ke, —4 db at 500 ke 630K CATHODE RAY TUBE CHECKER | "
Y i o Llarge 7¥2” metler,
@ HOR. SENS.: .3 volts tms/inch KIT $17.95. WIRED $24.95 can't-b%lm-out cireuit.
@ SWEEP RANGE: 15 cps-100 ke ® AC/DC volts: 0-5,
@ JSTEP F'REG.-C'OMPENSA,TED ® Checks all types of TV l 10, 100, 500, 1000
:ltsrtg:‘tlij:n °§v§r'|323;ant°s b picture and C.R. tubes in (30 KV with HV Probe).
' £ the set or carton. Bridge ® 5 ohms ranges
® CATHODE FOLLOWER inputs to L ettt L pRak from .2 ohm to 1000
gRLramplifers beam current (proportion- BESs ,
@ PUSH-PULL outputs In both amplifiers e e el s cuc I / e DC input R:25
® RETURN TRACE BLANKING % & i megs. :
® INT. VOLTAGE CALIBRATOR ® Detects shorted & open ' large 7%" meter @ 1% mult. resistors
® V & N TRACE EXPANSION & CENTERING: efements
1.5X full screen without distortion.
© DIRECT CONNECTION to vert. CRT plates. 34.95. i I i o
® PHASING CONTROL of internal 60 cps =3 625K TUBE TESTER K!IT § WIRED 549.'95 9508-K R-C anllw'i"zl.nkscz; 'CSO.MP. KIT $19.95.
sine wave sweep. e os Ill:mﬂ. "gear-gr'n’ven I :
® AT FRONT PANEL: mtensity mod. input; MODEL 470K “'Speed Rolichart."” .
| @ New lever-action o Measures & tests all
60 cps, sawtooth outputs. KIT $79.95. WIRED $129.50. switches for indlvid- l resistors; .5 ohm to 500
R ual testing of 2very megohms.
EICO EXCLUSIVE! 5 PUSH-PULL SCOPE, 425K, ciement.  © | o Every type condens
. . vene
Amazing feature-packed economy-priced tional &'V tubes. | e DE. B, e
Wired, $79.95. KIT, $44.95. PIX TUBE ADAPTER ; source for capacitor
PUSH-PULL V & H amplifiers, Sens: 0.5-.1 rms v/in. Useful to 2.5 mc. for Tube Testers $4.50. l | leakage testing.
SWEEP. 15 ¢ps-76 ke. Z-axis intensity modutation. Dual trace positioning controls. s Checks TV picture tubes
while in set. I

SCOPE VOLTAGE CALIBRATOR KIT
495K KIT $12.85. WIRED $17.95.

| @ Sq. wave output at power-line

352K BAR GENERATOR KIT $14.95
WIRED $19.95

NOW! onwy SEfCDL, Kits

lrelq,lwiltg erllbs(;:a\}e preeaa:itt;gse:: e e @ Rehable, accurate, portatle, .
) K -t -to- - = -——_.,
" @ Accuracy == 5% of full-s‘::ale & WIRED INSTRUMENTS lees You e."{l;grgl‘:;onchannelsm. 16- L -

on each range. 23 vert. bars to check H linearity.

i|3-12 hor. bars to check V linear-
ty.
@ Shows pit size & V & H sync
orcuitstabihity.

@ Entirelyindependentofstation
sent signals.

LIFETIME SERVICE &
CALIBRATION GUARANTEE

*at less than our cost of handling (See EICO Guarantee
Card enclosced with each Kit & Instrument).

€V & 12V BATTERY ELIMINATOR KIT
1050K KIT $29.95. WIRED $38.95. §

e DC output: 0-8 V or 0-16 V.
® Continuous current rating:
10Aat6 V. 6Aat 12V

@ Intermittent current rating:
20Aat 6V, 12 Aatj2v.

@ Separate voltmeter & Am.
meter. —

New! Eico SCOOPS!

0
232K PEAK-to-PEAK VTVM - Dobe
with DUAL-PURPOSE AC/DC l[___m =
T 52995 WIRED 4995 _
directly p-p voltage of complex and sine
vr:‘aeva:su:r?«i, 14, 4%, 140, 420, 1400, 4200 V DC RMS.
Sine voltage range: 0-1.5, 5,15, 50, 150, 500, 1500 v.
Ohms: 0-1000 megs. 7 non-skip ranges on every func-
tion. Calibration without removing from cabinet. Zero
center. Freq. Resp. 30 cps-3me. 14, precision ceramic
muitipliers. Exceptional stability and accuracy. Com-
pact, portahle(syéxSxS”), smart, rugged.
ific time- 1 probe
1 UNI-PROBE! Terrific time saver! Only
i :JE‘:II lt'lunctions—a half-turn of probe-‘llp selects DC
. or AC ( Peak-to-Peak or RMS) OHMS!

.
(Pat. Pend.) -
249 K PEAK-to-PEAK VTVM with 752" METER KIT $39.95 WIRED $5

- ———

KE TESTER
K FLYBACK TRANSFORMER AND YO
. Kit $23.95 Wired $34.95

i f TV set
all flybacks and yokes, in OF out 0
T—eisntsiust s!aconds! Detects even 1 shorted turn!

Prices 8% bhigher on West Cosst. Specifications
and prices subject to change without notice.

315K DELUXE $1G. GEN. KIT $39.95. WIRED $59.95. 565K MULTIMETER KIT $24.95 WIRED $29.95.

~, $5SK MULTIMETER KIT $29.9%
WIRED $34.95.

® Covers range of 75 (1% preclslon resistorsd

ke to 150 me.
® 7 calibrated scales:
igcuracy better than

e 20,000 (O/V; 31 ranges.
® DC/AC/Output voits:
0-2.5, 10, 50, 250, 1000,
5000

e DC Current: 0-100 ua; 10,
100, 500 ma; 10 A.

e Ohms: 0-2K, 200K. 20
meg.

o Bandspread vernier
tuning.

® 4-step RF shlelded
output multiptier: cone
stant output Z.

377K SINE & SQUARE WAVE AUDIO
GEN. KIT $31.95. WIRED $49.95.

® Complete sine
_ wave cCoverage, 20-
| 200,000 cps In 4
direct-reading
ranges.

® Complete square
wave Coverage, 60-
50,000 cps.

® Cathode follower
output circuit,

145K S$1G. TRACER KIT $19.98.
WIRED $28.95.

® Audibly signal traces
all IF, RF, video & Audlo
circuits from ANT to
SPKR or CRT in ail TV,
FM, AM, etc. withoyt
switching.

® Germanlium crystal
diode probe responsive
to over 200 mc.

@ Integral test speaker.

$36K MULTIMETER KIT $12.90. WIRED $14.90.

$19.95. WIRED $29.95
826K MULTIMETER KIT $13.90. WIRED $16.90.

@ Vernier tuning condenser.
@ Stable Hartley RF osc.,
range: 150 ke to 34 mc, cali-
brated harmonics to 102 mc.

® 1000 (3/V; 31 ranges
® DC/AC volts: Zero to

Exclusive separate ¢

414" meter, 3 colored scales
(8/,%5x5"),

ELECTRONIC SWITCH Kt
111’%:&»0: RESISTANCE BOX
1130k DECADE CONDENSER BOX

smart, rugged.

alibration for air—and iron-
core flybacks assures utmost accuracy. Large

. Compact, portable

95, WIRED $39.95
1;(:%3519.95. WIRED $24.95
KIT $14.95. WIRED $18.95

Write Now for FREE latest Catalog C-10

1, 5, 10, 50, 100, 500,
5000.

® DC/AC Current: 0-1,
10 ma; 0.1, 1 A,

® Ohms: 0-500, 100 K,
1 meg.

@ Pure or modulated RF, &
Colpitts oscillator 400 cps sine
outputs.
322K S1G. GEN. KIT $23.95.
WIRED $34.95.
(As above, plusindividualcali-
bratien of each ofits 5 bands)

Seperate Assembly & Operating Manuals supplied with each EICO KIT!

You build EICO Kits in one evening, but they last a lifetime!

SAVE OVER 50%! See the famous EICO line TODAY, at your local jobber
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SERVICE INSURANCE ....

«++. Can the Public insure itself against set failure ?

not new. It has been offered in many disguises in the past
in the U.S. and abroad.

Brietfly—in its simplest aspect—the set owner pays a
periodic fee to the ‘“‘insurer,” who then repairs the receiver
“frec” for a certain period. The insurer’s experience is that not
every set goes out of order. Thus he can gamble —as in most
forms of insurance—that a certain percentage of receivers per
year need not be serviced. The insured, by paying his fee,
in turn knows that, if his set fails, it will be repaired during
the period for which it is insured.

This type of plan differs from a standard television contract
scrvice—which has been called a form of insurance in some
areas-—in that the tendeney of TV contract organizations has
been to concentrate on new receivers and on receivers handled
by the organization or by dealers with whom it has a contract,
rather than to advertise or canvass for contracts on older receiv-
ers of any make. The chief and most important difference, though,
is that the fees or ‘“membership dues” proposed by these in-
surance plans are invariably far lower than the cost of the
conventional television service contract.

How does such a plan benefit the public? It all depends upon
the insurance plan or contract. It can be good, poor, or down-
right bad. In business and in insurance, no sane organization ever
gives away anything for nothing. At best, you get what you
pay for!

Let us look now at one of the radio and TV insurance plans
which has been in vogue for some time in Chicago, Milwaukee,
and lately in Toronto, Canada.

The following is quoted verbatim from a half-page advertise-
ment recently printed in the Toronto Star, a prominent Toronto
newspaper:

THE idea of radio or television receiver service insurance is

Our Rates—Your TV set service and repaired in yoar home.
(Complete for lahor) . $1.95. Major repair job, necessitat-
ing service in our shopy mcludmg pickup and delivery « Com-
plete for labor) . .. $4.95. Free inspection of your set before
warranty is issued. 20% discount on all parts—or free if you
have parts warranty. Phono-radio service included if Cyour
set is a combination. (Signed): Authorized T-V Service Clubs,
2929 Dufferin Street, Toronto, Ontario.

(The difference between the $1.95 and $£4.95 prices and the
“No Charge” in different parts of the ad is that the #Arst job
is handled free.)

Similar ads have appeared in a number of metropalitan
centers for several years, The plan would not work out as well
in smaller communities for the simple reason that the quantity
of customners would be unprofitable for a large-scale operation.

In the large cities, however, the situation is different and
can he very profitable to the insurance organization. Indeed,
it can get most of its operating capital simply by advertising.
One thousand customers thus will pay $12,500 a year—not a
bad start for a comparatively small investment in one or two
newspaper ads.

If the service insurance company is scrupulously honest, f
the insurance funds collected from the public are safeguarded
by state supervision, if its service technicians are able and
honest, such a plan cannot be criticised in the least. Unfortu-

nately, in the past, similarly conducted service enterprises
have gone bankrupt in various parts of the country, lasing
hundreds of thousands of dollars of the public’s money.

It is a fact, too. that the temptation to the service insurance
company to overcharge the set owner—even for minor repairs
—is ulways very great. In many cases the public is made te pay
for the insurance plus unreasonable charges for parts aften

Here's What You'd Normally Pay
Without Membership

Home Service Cuall

What You Pay
as a Member

Home Service Call

Major Repair Job Necessitating
shop service, including pickup
and delivery and labor.
(Without membership)

Major Repair Job Necessitating
shop secrvice, including pxckup
and dclivery and labor.

(With membership)

You Pay ... No Charge

¥oulkiay] - =~ 450 209 discount on parts from
Plus parts at suggested list suggested list price of manu-
facturer.
price of manufacturer. (Average) $3.75
Q less 20% oo $3.00
(Alueraie)| EEtmTr et $3.75 Totul (AvVerage) ... ... ...%3.00
Total (Average) ............ $8.25 No Charge if no parts required

You Pay . Bt $15.00 You Pay .. No Charge

20% Discount on parts from

Plus parts at suggested list suggested list price of manu-

rice of manufucturer faetiln e
b Anuineturer (Average) $20.00
(AVerage) ..o $20.00 less 20 % - 16.00
Total (l\vexa;:e) 3 6.00

Total (Average) .........$35.00 No Charge if no p-ntsul.'eqmred

TV OUT OF ORDER? If you join our club now ... WE'LL
REPAIR 1T FREE! Absolutely no charge for either house
call or shop labor, with a 209 discount on parts (from manu-
facturer's suggestcd list price). No charge for parts if TV
set is under parts warranty. We want to ACqualnt you with
the service plan that is already saving thousands of ‘members
from costly repairs.

NOTE! If vour television set is opervating to your satisfaction
now, vou can still take advantage of our offer bV omolhn;r now
. . and whenever vour TV set does need service or repair
within one year, your first repair job will be free!

How It Works. Based on the theory that television repair
costs and profits are too high—Authorized TV Service Clubs
have orgunized a plan whereby TV repair costs are reduced to
@ fraction. Through large membership and economical rout-
ing of trucks and men, its small operating cost—and its small
net profit based on ]alg,e volume—Authorized TV Service Clubs
can afford to give you expert, guaranteed TV Service at these
low cost prices.

Experienced and Bonded. Our service men are thoroughly
experienced and trustworthy. Our modern shops contain the
latest in scientific equipment. We have a fleet of trucks and
an ample supply of parts. On e¢very count Authorized TV
Service Clubs is well prepared to serve you . . . and serve
you well. Within 24-hour service in Metropolitan Toronto.

Only $12.50 to join. Includes 1-year membership—all benefits.
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not needed at all.

All too frequently the set owner finds that his “insurance”
is worthless and that he would have been better off if he had
not had any to begin with.

It seems to us that, if the service insurance companies are
working for the best interest of the customer, they should take
a number of important steps, which, incidentally, would benefit
them as much as their customers. These are:

1. All insurance funds to be state-regulated or placed ir a
trust fund under bank, city or state regulation.

2. All service technicians in the employ of the service
insurance companies to be bonded.

3. Written itemized receipts to be issued in repairing a gisen
receiver.

4. All defective parts taken from repaired set to be returmned
to customer.

Such a program would give the customer greater confidence
in the servicing insurance organization. In turn, the latter could
use it to excellent advantage in its advertisements and literature.

However, we seriously doubt if any of the newer service
insurance organizations will ever make use of the four-point
plan outlined above. It is far more profitable to work without
such handicaps. That is, unless the activities of these orgariza-
tions assume large ploportlons all over the land.

Then, as has happened in parallel enterprises, the state or
the Federal Government will regulate their activities in amy
event. H.G.

k)]
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TEST INSTRUMENTS

by ROBERT F. SCOTT

TECHNICAL EDITOR

HIS magazine has published a

number of articles describing spe-

cialized scope and v.tv.m. test

probes for use where circuit res-
onances and waveforms are critical
and where very high impedances and
complex high-amplitude voltages are
encountered. One of the most common
specialized probes is the frequency-
compensated tyvpe (Fig. 1) used to
prevent distortion of TV signals tapped
off high-impedance points and fed to
the input of an oscilloscope. The unit
consists of two parallel-connected R-C
networks in series across the signal
source with the output signal tapped
off at the junction of the R-C networks.
Distortion is minimum when R1-C1
equals R2-C2.

The tip and body of the probe are
shielded to minimize pickup of hum
and stray signal voltages. Although
the shield is designed for optimum
performance, it adds to the stray input
capacitance C. and brings the total
value to 10-15 pupf. This capacitance
greatly attenuates the signal (20 db
or higher) and often is high enough
to detune high-impedance circuits or
distort video-frequency signals. When
a capacitance type probe is used with
a wide-band low-gain scope, the tech-
nician must be constantly aware of
the amount of attenuation and possible
distortion in his instrument and must
compensate mentally for these limita-
tions.

32

The Hickock model
691 marker adder.

Probe and preamp

The new model HF3 LO-C Oscillo-
probe developed by Linear Equipment
Laboratories consists of a probe of
novel design with an input capacitance
of only 1.5 puf and a wide-band video
amplifier to ecompensate for the 40-db
signal attenuation in the probe.

The Oscilloprobe has an over-all gain
of unity from the probe tip to the 80-
ohm output terminals. The low output
impedance prevents signal distortion
that normally occurs when the scope
has a high input impedance shunted
by high cable capacitance.

The HF3 has a built-in selector for
attenuating the input signal by 10 and
100 to prevent possible overloading of
the video amplifiers. The scope is
usually operated at maximum gain,
with the Oscilloprobe attenuator set
for the lowest output that gives ade-
quate vertical deflection. Thus any
possible circunit overloading will occur
in the scope where it will be more
readily recognized and can be cor-
rected by reducing the scope’s gain.

The basic circuit of the probe of
the HF3 is shown in Fig. 2. The high
input capacitance usually caused by
the probe shield is reduced by using
C1 as the shield around the hot input
lead. This results in the greatest por-
tion of the stray capacitance, C., being
shunted in parallel with cable capac-
itance.

The complete circuit of the HF3 is

wwWw americanradiohistorv com
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Specialized equipment widens use-
fulness of your scope or v.t.v.m;

makes servicing easier and faster

\

\
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The HF3 probe and
video amplifier.
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Fig. 1—Frequency-compensated probe.
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Fig. 2—Probe of the HF3 Oscilloprobe.

shown in Fig. 3. The body of the probe
houses R1—three 1.5-megohm resistors
in series—shunted by a small gimmick
capacitor. The portions of the com-
pensating circuit equivalent to C2-R2
(in Figs. 1 and 2) are a part of the
attenuator. The input stage is a 6U8
with its pentode section connected as a
shunt-peaked video amplifier and its
triode section as a direct-coupled cath-
ode follower. The second stage is a
6AH6 with shunt peaking in its plate
circuit. A 1-megohm variable resistor
in the grid circuit is the low-frequency
compensation adjustment. The output
stage is a 12BY7 cathode follower with
an 80-ohm output impedance. B plus

RADIO-ELECTRONICS
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BERKSHIRE L

s
2 s Concord

voltages are regulated by a 3-tube
voltage-regulator circuit using a 12B4
series regulator, 12AX7 control tube,
and a 5651 voltage-regulator tube to
supply the reference voltage. The
heaters of the 6U8 and 6AH6 are
supplied with d.c. voltages developed
by a l-amp bridge rectifier across the
heater winding of the transformer.

The video amplifier section of the
Oscilloprobe may be used alone as a
scope or v.t.v.m. preamplifier with a
gain of 40 db.

Specifications for the HF3 Oscillo-
probe are: Over-all gain, X 1, X 0.1,
and X 0.01; bandwidth, 5 cycles to
12 me plus or minus 8 db; input imped-
ance, 4.5 megohms; input capacitance,
1.5-2 ppf; maximum input voltage, 150
a.c.,, 600 d.c.; undistorted output, 4.5
volts maximum.

Sweep marker injection

When using a sweep generator to
check alignment or response of TV
r.f. and i.f. circuits, the service tech-
nician often finds that the marker pip
disappears when it falls along the base
!ine or close to a trap frequency where
it is needed most. Instruments called
marker adders or marker injectors
have been developed to provide uniform
marker size independent of the circuit
under test. When this instrument is
used, the marker signal is not fed into
the TV circuits where it can load the
response curve. Instead, it is fed into
the adder along with a part of the
sweep voltage. The two signals are
heterodyned to produce a beat that is
filtered, amplified, and then superim-
posed on the receiver’s response curve
before being fed to the scope. A typical
setup for using a marker adder during
TV and FM circuit alignment is shown

s1g_ CATHa GERMANIUM DIODE -
i—t -

#C INPUT R PULSE OUTPUT

&
I3
Fig. 7—Clipper circuit and waveform.

CATH,  GCD-1
b

INPUT RI “R2 OuTpUT

- i

Fig. 8—Capacitor replaces battery.
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BMARKE

- Lubo_rcﬂqﬁéﬁ

Massachusatts

Fig. 6—Device provides
sharp pulses.

Fig. 9—The Labmarker
output pulses.

in the equipment layout of Fig. 4.
Hickok has recently developed the
model 691 Heterodyne Marker Adder
shown schematically in Fig. 5. The
signal from the marker generator is
fed to cathode follower V1, and a part
of the sweep voltage is fed to cathode

is connected to the output terminal.
The MARKER SIZE and RESPONSE CURVE
SIZE controls adjust the response-curve
and marker amplitudes as they appear
on the scope.

Timing-mark generator

The Berkshire Labmarker (Fig. 6)
is a waveshaping device for converting
a.f. or r.f. sine waves into sharp pulses
for triggering and gating applications
and for intensity-modulating a C-R
tube for oscilloscope observations. The
Labmarker can hardly be considered
a necessity for radio, TV, or audio
servicing, but it is useful in checking
and calibrating oscilloscope sweep gen-
erators and audio- and low-frequency
r.f. oscillators.

Fig. 7-a shows a conventional diode
clipper with a bias battery in series
with the a.c. input. The battery volt-
age is polarized so the diode passes
only the portion of the negative half-
cycle that exceeds the bias. The output
(Fig. 7-b) is a series of negative pulses.

Fig. 8 shows how the battery is re-
placed by a ecapacitor to develop a
practical battery-less self-contained in-
strument. This circuit has the advan-
tage that initial conduction of the diode
automatically charges the capacitor to
the right value for good clipping. The
output pulse width is determined by
the ratio of R1 and R2.

Six different Labmarkers are avail-
able. Two produce negative pulses
handy for scope-trace blanking, two
models produce positive pulses suitable
for trace intensification, and two models
have two clipper circuits in parallel—
one produces positive pulses and the

follower V2. The outputs of these two other negative (Fig. 9). The char-
BERKSHIRE LABMARKERS

SPECIFICATIONS Model

1-U 1-N 1-P 1-U1 1-N1i 1-Pt
Max. input volts 34 34 34 36 36 36
Pulse duration, cycle 0.3 0.3 0.3 0.1° 0.1 0.1
Pulse amplitude —input volis 0.5 0.5 0.5 0.05 0.05 0.05
Max. output imp. 10K 10K 10K 4K 4K 4K
Input imp. during pulse 8K K 9K 4K 4K 4K
Input imp. between pulses 50K 100K 100K 500K | meg | meg.

stages are fed to grid and cathode, re-
spectively, of the 6C4 detector (mixer)
where they heterodyne to produce sum
and difference frequencies. A low-pass
filter eliminates the sum frequency and
passes the difference frequency on to
the 12AU7 beat amplifier. The triodes
of this stage are cascaded to develop
a gain of about 200. The coupling
components are selected to provide
sharp markers.

The output of the beat amplifier is
coupled to one triode of the 12AU7
adder tube. The output from the circuit
under test is fed to the other triode
through the RESPONSE CURVE FROM RE-
CEIVER terminal. The adder superim-
poses the marker pip on the response
curve. This appears on the scope that

wwWw americanradiohistorv com

acteristics of the various models are
given in the table. The lower frequency
limit is 25 cycles and the upper limit
is 1 mec on all models. The units are
5.5 inches long over-all and 1.5-1.75
inches in diameter.

In the model 1-N, 1-P, and each sec-
tion of the 1-U, R1 is 100,000 ohms
and R2 is 10,000 ohms. In the 1-N1,
1-P1, and 1-U1, R1 it 2.2 megohms and
R2 is 3,900 ohms. Jiode polarity is
reversed from that shown in Fig. 8
in the positive half of the 1-U and 1-Ul
and in the 1-P and 1-P1. The letters
U, N, and P in the model numbers
indicate the output polarity. U is for
the dual units producing positive and
negative pulses, N for negative pulse
output, and P for positive pulses. END

RADIO-ELECTRONICS
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EVERAL instruments that will

produce a picture on a TV screen

are available. The simplest type

is the bar generator, which pro-
duces a variable number of horizontal
or vertical bars. The applications of
such a pattern are limited.

Using a cross-bar generator, black
and white horizontal and vertical bars
appear on the screen simultaneously.
This type signal is far superior to the
simple bar pattern, because its wave-
form is similar to the signal from a
TV transmitter. Both line and field
syne pulses are present, as well as a
synthetic video signal. This reduces
servicing time because it enables a
technician to estimate at a glance the
over-all performance of the receiver.

Unfortunately the cross-bar gener-
ators available are either too bulky for
house calls or else their price puts
them beyond the reach of many smaller
service shops.

The solution to this problem is to

HORIZ BAR V2
0.
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Fig. 1-—Block diagram of generator.
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"LINEARITY
GENERATOR
for TV

By M.J. M. DUNSCOMBE

build a compact, portable version of the
pattern generator. The construction
time for this instrument is about four
hours and the total parts cost is
under $15.

The output of the unit produces a
cross-bar picture on a TV screen. (If
desired a dot pattern can be produced
by reducing the picture-tube bright-
ness.) Picture size, horizontal and ver-
tical linearity, syne stability and over-
all quality, as well as any fault in the
set, are checked quickly by observing
the image.

Fig. 1 is a block diagram of the
cross-hatch generator. There are three
separate oscillators. Vertical-bar oseil-
lator V1-b develops vertical bars by
oscillating at a multiple of the hori-
zontal sweep frequency (15,750 cvcles).
Horizontal-bar oscillator V2 operates at
a multiple of the vertical sweep fre-
quency (60 cycles). The outputs of
these oscillators amplitude-modulate
V1-a, the channel oscillator that can be
tuned from channels 2 to 6.

The schematic of the complete unit
is shown in Fig. 2. A 6 x 5 x 4-inch
utility box houses all the components,
mounted on an aluminum chassis bolted
to the sides of the cabinet. The physical
layout is shown in the photographs
The positioning of the components is
not critical and can be varied to suit
the constructor’s taste.

Circuit
The vertical-bar oscillator is a com-
bined t.p.t.g. and inductive-feedback

(8,09 PARTSOF L2,0L3
L2,L3-PRI. & SEC. OF I75KC I.F TRANS

-
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Fig. 2—Schematic of the cross-bar generator. Wiring is not critical.
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The cros=-kar gen-
erator. Front-panel
dial controls hori-
zontal bers

circuit. Grid bias is developed dy R2-
C2. In designing this system 1 decided
on producing 12 vertical bars on the

screen. (For any particular receiver
the actual number of bars visibie may
be one or two less, depending on the
length of the flyback time. Thus, the
oscillator frequency must be 15.750 X
12, or 189 ke. Coils L2 and L3 are the
primary and secondary, respectively, of
a 175-ke i.f. transformer. By adjusting
trimmer capacitors C8 and C9, mounted
on the transformer, the resonant fre-
quency can be adjusted so that the out-
put becomes a train of distorted sine
waves at 189 ke.

A cathode-coupled multivibrator (V2)
generates the horizontal bars. The
number of bars is varied by rotating
R10—the frequency of oscillation is
controlled by time constant C1-R10.
The frequency range is apprexzimately
60 to 600 cycles. Thus, the nmmber of
horizontal bars appearing on the screen
can be varied from 1 to 10. The
output developed across R8 is a train
of almost rectangular pulses. To sta-
bilize the output of this circuit, V2 is
locked to the power-line frequency
through network R6-C3. This puts a
small 60-cycle signal on the grid, mak-
ing the output frequency an exact
multiple of 60 ecycles.

The pulses from V1-b and V2 ampli-
tude-modulate the channel oscillator
V1-a. The circuit of Vl-a appears at
first to be unconventional, though it is
actually a Colpitts oscillator, as can be
seen by adding the plate-cathede and
grid-cathode capacitance of the tube to
the diagram. The output frequeney of
V1i-a is set by adjusting the slug in
oscillator coil L1. Bias for the grid is
produced by C1-R1. In the original
model of the generator Cl was a 20-
to 100-puf trimmer capacitor used to
increase the frequency range of the
circuit. This was later found unnec-
essary and a 47-uuf mica fixed capacitor
(Ceramicon) replaced the original trim-
mer. With this modification the oscil-
lator now tunes through channels 2 to 6
as required.

Plate voltage for Vl1-a is ohtained
from the power supply through B4 and

35


www.americanradiohistory.com

TEST INSTRUMENTS

Top—This view of the cross-
bar generator shows tube
locatien. Below—Underchas-
sis view shows physical lay-
out of small components.

www americanradiohistorv com

Vertical and horizontal
bar pattern.

R8. Since these resistors are also the
plate loads of V1-b and V2, the pulses
from these tubes will be superimposed
on the plate of V1-a, modulating the
output. In this way a mixed output is
produced containing pulses that are
multiples of the vertical and horizontal
sweep frequencies. When this signal is
fed to a TV set, these multiple pulses
trigger the vertical and horizontal
sweep generators by automatically
counting down to the field and line fre-
quencies. At the same time these pulses
pass through the video amplifier to the
picture tube, modulating the beam and
producing a cross-hatch pattern.

The power supply is a straightfor-

' ward half-wave rectifier. Since the total

current drain is only 6 ma, about 150
volts d.c. is available across Cb-a for
the oscillators. A 6AL5 was chosen as

" the rectifier, because of its low heater

current.
No antenna connection to the TV set

¢ under test is needed as there is suf-

ficient radiation from the generator
to be picked up by any set within a
radius of about 15 to 20 feet. Balanced
filter circuit RFC1-RFC2-C6-C7 pre-
vents r.f. from getting to the power line.

Construction is extremely simple.
All leads to the channel oscillator
should be kept short, otherwise it may
not be possible, due to the increased
capacitance of the circuit, to tune
through the five low-band channels.
The tuning slug of L1 can be seen pro-
jecting through the left-hand side of
the cabinet. Behind this slug a hole
was drilled to permit tuning C9. Hori-
zontal bar control R10 is on the front
panel. I later added an on-off switch
to the back of this control.

F~VERT - BAR CONT. ROR .
1@ %
o 2] ANL,
INSULATED WIRE towe
CROSS- AR =
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_i_—"o

Fig. 3—Alignment setup for adjusting
vertical-bar oscillator to 189 ke.
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When the complete unit has been
built, the only adjustment necessary is
to set the vertical-bar frequency of
V1-b. As mentioned, this must be 189
ke. As most service shops have no
receiver capable of tuning to this fre-
quency, the layout of Fig. 8 can be used
for the job.

Parts for crosshatch generator

Resistors: |—1,000, 2—2,200, 3—I0,000, 2—22,000, '/,
watt; 1—130,000, ', watt, 5%; 1—200,000-0hm
potentiometer (Mallory Midgetrol U-43).
Capacitors: [—47 puf, ceramicon; 3—50 ppf, mica
(Aerovox Midget 1468); |—.01 uf, mica (Aerovox
Mildgef 1467); 1—.02 uf, paper; |—40x40 pf, 150
volts.

Miscellaneous: |—s.p.s.t. switch (may be located
on potentiometer); |—coil (LI), 8 turns No. I8
enameled wire, wound on National X-50 or equiv-
alent form; |—primary and secondary windings of a
175-ke i.f. transformer (Meissner 16-6650 or equivalent
for L2 and L3). 1—coil, 14 turns No. I8 enameled
wire on Ohmite 470,000-ohm !j-watt resistor for
RFCI and RFC2; |—coil, 50 turns No. 18 enameled
wire on l4-inch form for RFC3; I|—power trans-
former, secondaries—I20 volts at 15 ma or more,
6.3 volts at | ampere; 2—6J6, |—b6ALS, tubes; |—
chassis and cabinet; |—line cord; 3—tube sockets;
|—calibrated tuning dial.

This is possible because the oscillations
of V1-b contain harmonies that fall in
the broadcast band. The fourth har-
monic, i.e., 756 ke, is generally used.

Plug in the cross-bar generator and
allow it to warm up for about 30
minutes. Take a lead from the antenna
connection of a reliable broadcast re-
ceiver and wrap it around the cabinet
of the generator. Connect the clip of
the hot lead of the best AM signal
generator in the shop onto the insula-
tion of the wire going from the receiver
antenna post. Switch off the modula-
tion on the signal generator and tune
it to 756 ke. Adjust trimmers C8 and
C9 until a beat note from the two
generators is heard in the receiver. To
do this it will probably be necessary to
adjust the output of the r.f. signal
generator to a strong level. Tune the
trimmers until the beat-note frequenecy
drops to a minimum. The frequency
should be set as accurately as pos-
sible.

Once calibration is completed, the
cross-bar generator is ready for check-
ing with a TV set. Turn on a set and
tune it to channel 4. Rotate L1 until a
pattern appears on the screen. At this
point it may well be a wavering pattern
of diagonal lines. Tune L1 for maxi-
mum contrast.

Rotate R10 to its maximum position.
One horizontal bar should appear, drift-
ing up or down the screen. To stabilize
it adjust the set’s vertical-hold control.
Rotation of R10 should now increase
the number of horizontal bars, which
will drop in and out of lock as it is
turned. Set R10 for 9 stable bars. A
slight adjustment of the set’s vertical-
hold control may be required.

Steady the vertical bars by adjusting
the horizontal-hold control of the re-
ceiver until the vertical bars lock in.
The picture should now be a crosshatch
of bars (see photo). As mentioned
earlier the horizontal flyback time of
the TV set in use will determine how
many vertical bars are visible.
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Phase-Shift Oscillator

By MILTON LAIKIN

HIS phase-shift oscillator is extreme-

ly compact and stable, and is a
handy test instrument for the experi-
menter and service technician. It is
especially useful for signal tracing in
audio-amplifier work.

Any oscillating device must include
a system of feedback, in which energy
is taken from the output circuit and
fed to the input circuit in phase with
the original signal. (If the phase is
wrong, we have negative feedback and
degeneration.)

Energy is often fed back by various
combinations of transformers, induc-
tors, and capacitors in the plate or

grid circuits of vacuum tubes. These
485¢ ook &V
6sy7 3
95y 08 65V
[ —t
001
L SIS -
IMEG 1 MEG -
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Typical phase-shift oscillator circuit.

components are often bulky and expen-
sive, especially at audio frequencies.
A Dbetter system is the phase-shift
oscillator using a vacuum tube with
only resistors and capacitors as circuit
elements. The oscillator is so named
because an R-C network produces the
necessary phase shift between the in-
put and output circuits. Any high-gain
vacuum tube may be used—a low-gain
tube will not supply sufficient feedback
for the purpose.

The oscillator is shown in the dia-
gram and its frequency is determined
by the formula:

.09

f==Re
where R (each individual resistor) is
in megohms, and C (each individual

Phase-shift oscillator uses one tube.

capacitor) is in microfarads.

The only critical values are the phase-
shifting resistors and capacitors. The
circuit is fairly stable and the output
waveform can be made nearly sinusoidal
by adjusting the bias slightly. Any
high-gain vacuum tube may be used in
this oscillator.

The operating frequency may vary
from the calculated value because of
component tolerances. This can be cor-
rected by using a variable resistor for
the middle resistive element (the cen-
ter resistor in the diagram).

Phase-shift oscillators are ideally
suited for producing FM signals. One
method is to place the middle resistor
in the cathode circuit of a cathode fol-
lower. The cathode follower’s cutput
impedance shunts the middle phase-shift
resistor. Varying the bias on the cath-
ode follower varies its output imped-
ance and shifts the oscillator frequency.
A low-frequency signal on the cathode-
follower grid sweeps the oscillator
about its design frequency. (See “Beat-
Frequency Tone Generator with R-C
Tuning” in the May, 1948, issue of
Electronics.) IND

If the picture does not fill the picture-
tube mask, adjust the size controls
until it does. At the same time the
picture should be centered. Nonline-
arity will show up as uneven spacing
of the bars from top to bottom or left
to right, and can be corrected with the
linearity controls.

Vary the generator’s channel tun-
ing—check that the instrument radi-
ates properly on all low-band channels.
As the sound channels are tuned
through, the generator signal will be
heard. This provides a check of the
audio side.

www americanradiohistorvy com

To use the instrument set it up near
the receiver under repair and mmake
the adjustments discussed. If a stable
pattern cannot be obtained on the
screen, the resulting picture or laek of
it will indicate in which part of the
set the trouble lies. By carrying cut a
standard trouble-shooting procedure
the fault can be localized in a few
minutes. No longer need sets pile up
in the shop waiting for a station to put
out a test pattern—repairs will be ex-
pedited and more satisfied customers
will result. EXD
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UTILITY AMPLIFIER and

.

STANDBY

A.C.OUTLET
TONE
SPEAKER

SIGNAL
TRACER

By ALAN G. SORENSEN

A high-quality S-watt audio
amplifier that doubhles as

a signal tracer
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Fig. 1—Schematic of the low-noise utility amplifier and signal tracer. TH 2000
e 30V

LARGE number of signal tracers
have been described in various
publications. Almost all of
these instruments have one

deficiency in common—poor audio sec-
tions. They have an inherently high
noise and hum level which makes
qualitative mecasurements next to im-
possible. What is most needed is a high-
quality audio amplifier that is quiet,
without hiss and hum.

The complete schematic of such an
instrument is shown in IFig. 1. The tonal
quality is very good and, with no input
signal, the spcaker is extremely quiet
with only the slightest trace of noise.
A person would have to place his ear
directly in {ront of the speaker to detect
any hiss, even with the tone control in
treble position. The gain is adequate
for almost any purpose. A 1-volt input
signal will drive the amplifier to a full
5.5 watts output. A microphone whose
level was —54 db provided an output
of almost 1 watt.

38

It is often desirable to have a utility
amplifier on the service bench to test
phonograph cartridges, preamplifiers,
and microphones or other sound sources,
as well as to trace signals through
amplifiers. In addition, with a simple

probe, the wunit can trace signals
through radios.
Several useful features have been

included in the instrument. Three in-
puts, each with a different type of con-
nector and a separate volume control,
provide a flexible arvangement. This
virtually eliminates plug changing and
makeshift hookups. In addition, sev-
eral extension cables with a variety of
connectors attached were made up to
handle almost any service job.

Signal and line-voltage sockets are
on the front panel. A cable with alli-
gator clips is used for connecting into
the circuit. High voltage (up to 310
volts d.c.) and filament voltage (6.3) is
available. A switeh in the B plus line
permits the power to be turned off

wwWwW americanradiohistorv com
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when the instrument powered by the
tracer is not in use. The unit draws
about 50 ma, leaving 100 ma for ex-
ternal use. If the full 150 ma of the
power supply is required, the STANDBY
switch may be used to disconnect the
B plus voltage from the instrument. A
choke-input filter provides the best
possible power-supply regulation. As a
safety measure, the 0.2-ampere fuse is
wired into the B supply. The fuse is
of the Slo-Blo type to reduce needless
fuse blowing and is replacable {rom
the front panel.

A 6E5 clectron-ray tube is used for
making rapid checks of comparative
gain levels. This tube has its own gain

RADIO-ELECTRONICS
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control. One service job that can be
done very quickly by this method is
checking the balance of a push-pull
amplifier. A steady tone is applied to
the amplifier under test. The a.f. signal
probe is placed on each plate and the
electronic eye is used to observe signal
strength. The INDICATOR SENSITIVITY
control is adjusted so that the 6E5
shows only a small wedge. Slight dif-
ferences in signal level are easily de-
tected. Another use is as a null detector.

Headphones may be used if desired.
The loudspeaker jack is connected so
that when the plug is removed the out-
put transformer secondary will be
shorted. (This was installed after the
photos were made.) Either headphones
or an a.c. voltmeter may be plugged
into the PHONES jack.

The amplifier circuit requires very
little explanation. Two feedback re-
sistors, R1 and R2, are used to reduce
tube noise and hum to a minimum. The
value of R2 may be decreased, at the
expense of over-all gain, to reduce the
noise still further; or it may be in-
creased to obtain more over-all gain.
A switch can be installed to change the
value of R2 in steps from about 15,000
ohms up to an open circuit. This would
serve as a coarse gain control to be
used when the measurements being
made call for either very high or very
low amplifier gain. If the amplifier
motorboats or oscillates when wiring
R2, reverse the secondary leads on the
output transformer.

Two probes are used with the instru-
ment: one for audio frequencies and
one for r.f. The a.f. probe is merely a
length of shielded cable with an alli-
gator clip and ground lead. There is a
choice of two styles of r.f. probe. The
simplest is nothing more than a de-
modulator circuit (Fig. 2-a) using a
IN54 germanium crystal diode. This
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Fig. 2-a—Prebe uses
germanium crrstal.
Fig. 2-b—Tube gives
added amplification.
Underchassis view.
Filament wiring is

twisted and isolated
from grid circuits.

FILTER
CHOKE

Top view of utility
amplifier shows
mounting of all
major components.

probe has the disadvantage of offering
no signal amplification. Therefore it is
not very useful if you want to pick up
a signal back around the 12SA7 mixer
in some little a.c.-d.c. set—especially if
you live several miles from broadcasting
stations. However, given enough signal
strength, this type does a good job.

A more sensitive probe is a miniature
triode connected as a zero-bias ampli-
fier (Fig. 2-b). This will amplify the
signal and is useful anywhere from the
antenna on. It does have the disadvan-
tage of requiring a power cable.

The choice of probes will depend
upon the constructor’s preference and
his distance from broadcasting stations.
If he lives farther than 25 miles from
transmitters, the tube-type probe would
be the better choice. Both probes should
be shielded.

Wire the set with the idea in mind
that the unit is a high-gain amplifier.
Twist heater leads together and place
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Parts list for amplifier

Resistors: 1—820, 1—1,000, 1—12,000, [—iC0,000,
2—220,000, 4—470,000, 3—1 megohm, 4 watt, —I5,.-
000, 1—22,000 ohms, 2 watts; 1—300 ohms, 10 watts;
1—70,000 ohms, 25 watts. |—50-ohm, wirewound,

potentiometer; 4—500.000-ohm,
bon, potentiometer.
Capacitors: 1—.005 pf, 1—02 pf, 5—.05 pf, 0.1
uf, 1—0.25 pf, paper; 1—20-20 pf, 350 volis, 1—25-25
uf, 25 volts, 1—20 uf, 450 volts, elecfrolvhm
Mlscellaneous 1—6SQ7, I—6SJ7 1—6V5 | —6E5,
1—5Y3-GT, tubes; I—power 1ransformer 750 vots ct
at 150 ma, S voits at 3 amps, 6.3 volfs at 2 amps
(Stancor PM- 84(1); I—filter choke, 7 h at 150 ma,
200 ohms (Stancor CI1710); |—&4E5 assembly; 5—fube
sockets; |—output fransformer 8,500-ohm orimary,
3.2-ohm secondary {Stancor A3849) 1—0.2-amp fuse
and holder; 2—open-circuit jacks; |—short'ng-type
|ack I—|ack RCA type; |—jack, Amphenoi 7:-CL-
PCIM; 3—s.p.s.t. switch; l—a.c. female socket |—
4-pin ‘female socket; l—chasms, t—cabinef.

them well away from the grid circuits.
A HUM CONTROL potentiometer is placed
in the heater circuit. It should bhe ad-
justed for lowest hum level. The B plus
line is well filtered, and there shonld be
no motorboating or oscillation. All
ground leads for the 6SQ7 and 68J7

J—I megohm, car-

should be connected to a common
ground bus wire. END
39
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TOUGH U.H.F. INSTALLATIONS
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Fig. 1—Distribution of vertical and horizontal layers as seen by our artist.

HOSE of you who are not familiar

with u.h.f. and its problems will

have to learn the hard way or have

someone handy who has had the
experience. No matter how much you
know about v.h.f.,, the new u.h.f. sta-
tion in your town will give you many
an anxious moment.

I don’t intend to go into techniques
for the average primary-area antenna
installation. Of more interest to the
dealer are the sales he is losing in
the areas where good reception is diffi-
cult or impossible to obtain.

The customer in these shaded or
fringe areas must have a TV set with
high sensitivity. Often a good antenna
crew is helpless because the TV set was
not engineered for difficult signal con-
ditions.

After the receiver has been selected,
it is up to the antenna crew to bring
in the picture. Real know-how is needed.

There is a very important condition
known as layer effect. That is, the ex-
istence of layers of good signal area—
one on top of the other—separated by
dead spots. If that were all, then it
would be necessary only to keep raising
the antenna higher and higher until
a good layer is found. That might be all
right in v.h.f.,, but forget it in u.h.f.!
There are wvertical “layers” as well as
horizontal layers. At say 10 feet above
the roof in one spot there is nothing and
3 feet either side of that spot is a hot
signal. So we begin to learn that height
is not the answer to fringe areas with
u.h.f. These so-called layers are shown
in the drawing (Fig. 1).

If obtaining a good signal from one
station is the problem, then we must
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select an antenna that will do the job.
The Yagi and colinear u.h.f. antennas
will do a good job. The collinear, though
more costly, can be used very well at
uw.h.f. because of the smaller wave-
lengths. At v.h.f. this antenna has a
high wind resistance and is too large
and heavy.

I do not recommend stacking Yagis.
Two- or 3-db gain is not worth the
added expense and trouble. You will
also find that yvou can lose everything
you gained with one Yagi when you
stack them, because one may be in the
hot layer while the others may be com-
pletely in a dead spot. U.h.f. layers in
the real fringe and shaded areas are
only about 5 to 6 inches thick. So you
can see that stacking Yagis is no solu-
tion. (Part of the losses experienced
when stacking antennas may be due to
mismateh caused by improper design
or selection of the stacking bars.—
Editor) The collinear seems to work
well because there are a lot more ele-
ments (driven) that are liable to catch
two or more layers instead of one. The
larger all-channel antennas such as
the trombone have met with success
partly because they can contact much
more signal. In any case, several types
of antennas should be taken along and
tried.

It has been my experience that a
field-strength meter is practically use-
less and a waste of time. The simpler
and most accurate method is the
“watch-and-talk” method. This consists
of a pair of sound-powered phones with
a separate lead. One man watches the
TV set while the man on the roof does
the testing. Do not hook the phones
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Using the “Layer effect”
for

signal

technique ohtaining

greater strength

in weak-signal areas

By C. F. MAHLER, Jr.

into the u.h.f. transmission line as a
short cut. There is no way, to my
knowledge, of combining the two func-
tions in one lead. Not in u.h.f. anyway.
In locations blocked out by hills or
such within the strong primary signal
area, always start your tests closest to
the ground. In these areas a very strong
ground wave might turn out to be the
only signal. The ground wave will
diminish farther out from the station,
depending upon the power of the trans-
mitted signal. It is not uncommon here
in Portland, Ore., to see antennas in
the front yard or low on the side of
the house. One extreme instance I can
remember was finding the only signal
7% feet from the living-room floor.
You probably have heard by now that
flat 300-ohm line is no good for u.h.f.
The reason is that water on the line
will disturb the magnetic field around

¥
Fig. 2—Lead-in is looped over antenna.
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the wire. You must use a round or
tubular line. Open line has a tendency
to pick up line ghosts and will short
out when it snows. Some manufacturers
recommend that you seal the top end of
the tubular line to keep out the water.
Since the line is hollow on the inside,
this procedure should be avoided. Do
not seal the top end. When you have
heavy condensation inside the tubular
line the droplets of water collect and
are trapped in the line until it dries
out. Always loop the lead-in over the
top of the antenna and leave the ends
open to let the air circulate (Fig. 2).

If you use a lightning arrester, make
sure it doesn’t short out the antenna or
cause signal attenuation. Some ar-
resters that worked O.K. on v.h.f. are
no good for u.h.f.

When checking the roof of a home
for an antenna installation, start at
the lowest point possible on the roof
and walk back and forth covering
evervthing at that height before raising
the antenna. This is the only way—
there are no short cuts. You might hit
something right at the start but you
will never know there wasn’t something
better elsewhere on the roof. Remember,
vou are getting paid to bring in the
best picture available. You must test
to find vertical and horizontal layers.

The vertical layer goes straight up
and provides a good signal. If you are
trying to pull the signal through heavy
tree growth, this layer will be strong
down low and weaker up higher until
you get over the tops of the trees. If
it is raining and the trees are wet, it
is extremely difficult to pull the signal
through the green growth, but you
probably will find it 3 to 10 feet from
the ground. The trunk section of the
tree group, of course, has more open-
ings than the heavy green sections.
Trees will often cause bad streaks and
ghosts. You then must try the corner-
reflector type antenna, or any with a
good front-to-side ratio.

The horizontal layer runs parallel
with the ground. Sometimes this layer
will be very short. You can easily lose
it if you are not careful to mark a
place on the roof where you notice it.
At other times this layer will be strong
from one end of the building to the
other. However, this is rare when in a
very weak signal area. As a final re-
minder, don’t think just because you
are in the fringe that you have to test
20 or 30 feet in the air. Give the low
spots a chance. You may be surprised.

I think this idea of layers of signal
in patches around the building will
enable you to do a better job on those
tough ones. (Part of the horizontal and
possibly the vertical layer effect may be
due to the changes in the impedance
of the antenna and its vertical angle
of radiation, due to the variation in its
height above ground as it is moved in
search of a sensitive spot. This point
is very important theoretically, though
it will not have to be taken into con-
sideration by the practical installation
man.—FEditor) END
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TELEYISION

ITH the summer of 1954 the best

season for sporadic-E dx in many
years, the observation and recording of
TV dx is becoming a major hobby. The
pile of reports already on your editor’s
desk is much higher than that for any
previous entire year.

Who would believe, for instance, that
156 different television stations could
be identified in a single location? Yet
that’s the record of 16-year-old Bedford
Brown, Jr., Hot Springs, Ark. In June,
1954, alone, he identified 114 stations,
84 of them by sporadic-E dx. On a
single day, June 7, Observer Brown
logged 64 stations. Can anyone top this
record ?

Our old friend, Louis Matullo, Wash-
ington, Pa., now has logged 134 differ-
ent stations, which is the Eastern record,
as far as we know. Fred Von Genten,
Berne, Ind., has 111, 91 of them photo-
graphed. Fred picked up 65 stations in
June, 44 of them on the 24th. Roger
Anderson, Madison, S. D., has 91, of
which 29 were received on June 1.

Dx records have been made and
broken, too. PRF-3, Sas Paulo, Brazil,
has been reported several times. Best
dx on this or any other TV station we
know of is a logging by Bob Cooper,
Lafayette, Calif., nearly 7,000 miles.
HGLO (Colombia?) is reported by
John Aldridge, Winston-Salem, N. C,,
as picked up at 8 p.m., July 4. Anyone
know more on this one?

www americanradiohistorv com

October-December

TV dx is the motivating factor of
numerous clubs and societies around the
country; some old, some new. There’s
the Newark News Radio Club, Newark,
N. J., and the National Radio Club, Box
38, Kensington Station, Buffale, N. Y.,
both old-line radio clubs, now featur-
ing TV dx as well. Kenneth Bush, 60
Grace St., Buffalo, N. Y., sends us a
feature story from a Buffalo paper
about the “E Skippers,” some 50 TV dx-
ers of the Buffalo area. Bob Cooper,
1016 Sunnybrook Drive, Lafayvette,
Calif., operates the American Iono-
spherie Propagation Society, cornplete
with bulletins and predictions of things
to come. Yes, TV dx-ing is developing
into quite a game!

Now let’s have a look at the prospects
for the balance of 1954. In the last
quarter we pass through a marked
change in both weather and radio prop-
agation seasons. Through October we
can still count on fine tropespheric
bending in fair, calm weather, particu-
larly in localities near large bodies of
water. Tropospheric propagatior will
hold up well in the warmer climates
through November. There will be little
sporadic-E dx either month.

The middle of December will bring
a renewal of E. dx, for a couple of
weeks either side of the Christmes holi-

days. This winter peak, though much
shorter than the summer one, is good
for plenty of surprises. END
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COLOR TV CIRCUITS

By KEN KLEIDON* and PHIL STEINBERG*

HE I-Q system has a distinct ad-

vantage in that it can produce

greater color detail than is pos-

sible with the R—Y B—Y system.
This advantage is similar to that of a
monochrome receiver having an i.f. and
video amplifier response to 3.8-me¢ over
one with a response to only 3.2.mc. While
many technical people may contend that
the wider-band receiver is superior be-
cause it is capable of reproducing a pic-
ture with greater detail, tests have
shown that most nontechnical viewers
observing both pictures notice little if
any difference in picture quality. One or
possibly two tubes may be saved, with
proper design, in the 3.2-mc receiver
(three instead of four i.f.s and one
instead of two video amplifiers). A
greater number of stages usually will
be required for the 3.8-mec receiver be-
cause of the problem of obtaining the
required bandwidth and adequate gain.

This comparison applies to color de-
modulators in that the I-Q system af-
fords greater color detail because of
the higher-frequency color response
(1.3 me). In the R—Y B—Y system,
color detail is presented up to only 600
ke. The finer detail in the picture, for
both systems, is provided by the lumi-
nance (Y) signal which has a frequency
response up to approximately 3.5 me.
The detail-reproducing ability of the
luminance signal is not affected by the
type of color demodulator employed.
Only color detail is affected.

The demodulators used for the 1-Q
system are similar to the R—Y B—Y
demodulators covered in our last article.
The I and Q signals are demodulated
at a 90° phase difference identical to the
R—Y signals as shown in Fig. 1. The
Q demodulator can be considered iden-
tical in action to the B—Y demodula-
tor; the 600-ke filter in the plate circuit
is also identical. The I demodulator
may be considered similar to the R—Y
demodulator. However, there is a major
difference in the plate-circuit low-pass
filter, which has a response to 1.8 me
as shown in Fig. 1. A more elaborate
type of low-pass filter is required com-
pared to the simple 600-ke filter which
was discussed in the last article. The
elaborate filter is necessary because a
time delay is required for the I chan-
nel due to the higher frequency re-
sponse. This time delay is usually in-
cluded in the design of the low-pass
filter, Fig. 2, and is necessary for the
same reason a delay is put in the lumi-
nance channel.

*Ratheon Manufacturing Company,
Television and Radio Division, Chieago, 1l
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Another dissimilarity between the
I-Q and R—Y B—Y demodulators is
the difference in phase between the two
oscillator signals and the color burst
signal. This difference in phase is 33°
between the Q and burst signals (as
explained in Part IV of this series) and
requires shifting the oscillator phase
by 33° with respect to the burst signal,
before application to the demodulator
suppressor grids.

Two methods that are commonly em-
ployed in present color receivers are
illustrated in Fig. 3. One method in-
volves slightly detuning the 3.58-mec
burst takeoff transformer in the plate
circuit of the first video amplifier,
which effectively causes a phase shift
in the 3.58-mc¢ burst signal with re-
spect to the 3.58-me color subcarrier
signal going to the bandpass amplifier.
The other method is a special R—C
phase-shift network between the os-
cillator and demodulators.

The demodulated color signals from
the I and Q demodulators are coupled
to phase inverters to obtain both nega-
tive and positive I and Q signals for
application to the matrix circuit. The
matrix circuit will differ slightly from
the R — Y B — Y circuit in that a por-
tion of both the I and Q signals are re-
quired for each primary color signal
(red, blue, green). Inthe R— YB — Y
system the R — Y and the Y signals are
mixed to obtain the red signal indepen-
dent of the B — Y signal, and the
B — Y and Y signals are mixed to ob-
tain the blue signal independent of the
R — Y signal. This fact is an important
consideration when servicing. If, for ex-
ample, an absence of blue is detected in
a color picture of a receiver employing
R — Y B — Y demodulators, one source
of the trouble may be a defective B — Y
demodulator whereas in the 1-Q system
one or both demodulators may be de-
fective.

| DEMODULATOR

[BANDPASS AMPLIFIER IL

|3.5euc OSCLLATOR h %

Q DEMODULATOR

Part V—The I-Q system
of color demodulation

and 1ts (z'r('//z'fry

Reviewing the over-all operation of
the I-Q demodulators, the color signal
from the bandpass amplifier (see Fig.
4) is coupled to both the I and Q
demodulators along with two signals
90° out-of-phase from the color oscil-
lator. The resulting difference fre-
quency (I and Q demodulated signals)
is bandpass filtered and coupled to
phase inverters for application to the
matrix circuit. The negative and posi-
tive I and Q signals are mixed along
with the Y or luminance signal, and
three primary color signals are ob-
tained, identical to the three color
signals from the camera tube at the
station.

The three primary color signals (red,
blue, and green) from the matrix cir-
cuit are coupled to individual video
amplifiers. There are two basic types
of color video amplifiers. They are
identical for all tri-gun color picture
tube receivers using either the R — Y,
B — Y, or I-Q demodulator system. The
first type merely amplifies the red,
green, and blue color signals before
they are applied to the color picture
tube. Fig. 5 represents a typical color
video amplifier and d.c. restorer
schematic diagram. As can be seen,
a color video amplifier is almost iden-
tical to a monochrome video amplifier,
except that, instead of only one, there
are three.

The three color signals from the
matrix circuits are applied to separate
amplifiers which may use the same tube
type and circuitry as many black-and-
white receivers. The signal is amplified
and coupled to the correct grid or
cathode of the color picture tube. The
color signals may be coupled to either
the control grids or cathodes, depend-
ing on the polarity of the color signals.
The three cathodes are connected to-
gether if the signals are coupled to the
control grids, and the control grids

LOWPASS FILTER
& DELAY

LOWPASS PLTER TO MATRIX

|
|
|
|
R
600 KC

Fig. 1I—The I and ) demodulators, with their 90°-separated screen supplies.
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are connected together if the signal is
coupled to the cathodes. The d.c. re-
storers’ function (identical to that in
a monochrome receiver) is to insure
the proper color background at all
times. Three d.c. restorers are used—
one for each color-——and are usually
contained in one tube envelope.

All three color amplifiers are iden-
tical and each must have a frequency
response to approximately 3.5 me. This
is necessary because during monochrome
reception the three amplifiers are
operating and amplifying their respec-
tive portions of the video signal. There-
fore, servicing will be similar to mono-
chrome video amplifiers and the same
precautions must be observed with
respect to rearranging leads and part
replacements.

The cathode gain control, illustrated
in Fig. 5, will be found in the green
and blue color video amplifiers and is
adjusted to provide proper color bal-
ance. The brightness control in the
plate circuit of the d.c. restorer varies
the d.c. potential and the operating
level of the d.c. restorer. A green and
blue brightness control will be pro-
vided. However, there is no individual
red brightness control or red gain
control. The red phosphor of the 15%-
inch tricolor picture tube is very in-
efficient compared to the green and
blue phosphors. For this reason the
red signal is controlled only by the
chroma and master brightness controls,
and the green and blue gain and bright-
ness controls are adjusted for proper
over-all color balance. A more com-
plete description and adjustment pro-
cedure will be covered in the mnext
article.

Fig. 6 illustrates the second type of
color video amplifier which may be
used in a color receiver. Instead of
deriving the three primary color sig-
nals from the matrix circuit, the color
video amplifiers receive the color dif-
ference signals of R — Y, B — Y, and
G — Y from the matrix. The luminance
or Y signal is coupled to the cathodes of
the color picture tube, which are con-
nected in parallel instead of being
applied to the matrix.

Due to polarity inversion in a
vacuum tube the +R —Y, +B —Y,
and +G — Y signals at the out-
put of the color video amplifiers
are applied to the individual con-
trol grids of the color picture tube.
The Y signal applied to the common
cathodes is identical to applying a +7Y
signal to the control grids. Therefore,
the color picture tube acts as a matrix.
With this system a bandwidth of only
about 1 mc is required for the color
difference video amplifiers as only color
video signals are being amplified and
the 3.5-mc bandwidth monochrome or
Y signal is applied directly to the color
picture tube cathodes. D.c. restorers
are required as with the other system
but must be connected between control
grid and cathode so as to respond to
changes in the sync amplitude between
grid and cathode. TO BE CONTINUED
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Fig. 2— The 1.3-mc¢ low-pass filter in
the plate circuit of the I demodulator.
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Fig. 4—Passage of the color signals through the I-Q and matrix networks.
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SERVICE
CLINIC

Conducted by

JERRY KASS

NONLINEAR horizontal sweep

is not particularly difficult to

diagnose. The picture is usu-

ally compressed over some part
of the sweep and stretched over an-
other. In severe cases horizontal fold-
over can be seen.

Locating the defective component is
an altogether different task. The lin-
earity of the horizontal sweep depends
on the proper operation of the hori-
zontal discharge circuit, horizontal out-
put circuit, linearity circuit, damper
tube, and horizontal deflection yoke.
Each one contributes to sweep linearity,
and a defect in any one of them may
make the sweep nonlinear.

Of all these stages, the importance
of the linearity circuit is least appre-
ciated. Living in the shadow of the
output stage on one side and the damper
on the other, it nevertheless is respon-
sible for the smooth knitting together
of the left and right sides of the pic-
ture.

Let us first look at the formation of
the deflection-yoke waveform. The log-
ical starting point is the output tube,
usually operated as a class-B or class-C
amplifier. The output-tube grid is fed
by a combination sawtooth and rectan-
gular voltage, and operating bias volt-
age is established by a grid leak.

The output tube comes out of cutoff
(Fig. 1) and starts conducting at A4,
about one-third up its positive-going
sawtooth. It continues to conduct for
the remainder of the rising waveform.
During this time of output-tube plate-
current flow, the output transformer
transfers the energy to the deflection
voke, and current flows there too. This
flow sweeps the trace from about the
center, its undeflected resting place, to
the right side of the screen.

At the end of the peak positive grid
drive, the input voltage suddenly re-
verses its polarity, and a large nega-
tive-going voltage drives the output
tube far into cutoff. Since current flow
through the primary of the output
transformer stops, the magnetic field
around the deflection yoke suddenly

44

0%
TRACE RE}" 1
]
Il Il Il Il I Il Il Il
PLATE CURRENT
A - f’,/SUN
A7
la,
DAMPER CURRENT
Il Il Il Il Il Il {l I Il

C

Fig. 1—Current flow

collapses, shock-exeiting the entire hori-
zontal output system, and the horizontal
retrace B—from right to left—begins.
With the yoke current damped, this
collapse would merely return the beam
to the center of the sercen. But the
sudden reversal of the yoke’s magnetic
field drives the damper into cutoff and
sends the shock-excited output system
into oscillation (70 to 75 ke). The
beam—instead of stopping at the center
of the screen—keeps moving to the left
edge (this is the necessary 7-micro-
second retrace). If the shock-excited
oscillation were to continue, the beam
would swing wildly back and forth
across the screen, causing many fold-
over lines and extreme nonlinearity.
Obviously, at this point the damper
circuit must come into play.

Damping action

If no damping tube were connected
across the deflection coil, the circuit
would continue to oscillate until all the
energy was used up. However, with
the damper functioning, as soon as the
retrace is completed and the spot starts
a rapid swing from left to right, the
damper begins to conduct (C), placing
a heavy load across the deflection coil,
damping the oscillations and making
the first half of the left-to-right sweep
linear.

As the rate of energy decay becomes
nonlinear, the output tube, which has
been cut off not only during the retrace
period but also during the early part
of the left-to-right sweep, begins to
conduct and takes over the job of
maintaining a linear sweep the rest of
the way. Between the point of damper-
current nonlinearity and the nonlinear
start of output-tube current, there is
a critical crossover point. At this point,
the linearity coil, in series with the
primary circuit of the output tube and
the damper tube, takes over.

At the center of the screen, where
both the output tube and the damper
are conducting simultaneously, the lin-
earity circuit plays its part.

Linearity circuit
This circuit is a simple low-pass filter

resonant at 15,750 cycles—its induect-
ance is variable. Its function is to
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through yoke.

deform the nonlinear portion of the
output-tube current so that it is equal
and opposite to the nonlinear portion
of the damper-tube current. This done,
there is a linear transition from one
curve to another (D), and thus a linear
sweep.

To obtain a linear sweep, the start
of conduction in the output tube and
decay in the damper tube must occur
simultaneously. To control the start of
the output tube, we can vary its grid
bias or vary the amount of signal fed
to the grid (grid drive).

To vary the conduction period of the
damper tube, the linearity coil must be
adjusted. This controls the phase
relationship between the current in the
resonant linearity circuit and the
damper-tube current. The relationship
between these two currents affects the
voltage across the linearity boost
capacitor (damper “bias” voltage) and
thus the conduction period of the
damper. Thus, the ULnearity circuit
controls the sweep linearity around the
center of the picture—it shapes the out-
put-tube plate current at the start of
its conduction, and shapes the damper
current at its period of decay. The
result is a linear sawtooth current
through the deflection yoke.

Servicing linearity circuits

In adjusting the linearity coil, re-
member that in some receivers good
linearity can be obtained at two dif-
ferent coil settings. If the slug is
turned to almost its innermost position,
the picture will bloom. If this occurs,
turn the slug for good linearity at the
outer edge of its tuning range.

The service technician can get a
good view of the sweep current in the
deflection yoke by inserting a low-value
resistor—10 to 20 ohms—in the low
side of the deflection coil and observing
the voltage across it with an oscillo-
scope. This will frequently provide an
excellent clue as to the exact point of
nonlinearity.

In checking the resistance of lin-
earity coils, no general rule can be laid
down. Even in the popular ranges of
inductance, the coil resistance varies
depending upon the type of winding
used.

RADIO-ELECTRONICS
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Poor linearity can take the form of
an uneven sweep, or foldover. The
linearity coil itself is effective usually
only in the case of slight nonlinearity.
In such « case, the coil should be varied.
If turns are shorted, lowering the
inductance, all adjustments will either
be inetfective or critical and unstable.

A very common cause of nonlinearity
is a defective boost capacitor or damper
tube. These usually cause serious fold-
over of the picture at the left and
white vertical bars, also on the left
side of the screen. In severe cases, less
pronounced bars can be seen across
the entire face of the screen.

Many linearity problems arise as a
result of overdriving the horizontal
output tube, Check it! Adjust the
drive control to eliminate the white
vertical drive bar from the picture.
Overdriving will shorten the life of the
horizontal output tube.

In general, when the picture is
stretched over the right side of the
screen, invariably the trouble will be
before the linearity coil. Check all
voltages and components in the hori-
zontal output circuit. An open screen
bypass capacitor is a frequent trouble-
maker, as are the cathode resistor and
capacitor. Also, check all components
in the horizontal discharge and drive
circuits.

i
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Fig. 3—Dimensions of helical antenna.

However, when picture stretch is on
the left side, the trouble will usually
be at or after the linearity coil. Check
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The helical, a high-gain antenna.

for a defective linearity coil, damper
tube, deflection yoke, and components
in these circuits. See Fig. 2.

Using these same principles, foldover
on the left side should be checked for
in the damper and yoke circuits; fold-
over on the right side should be checked
for in the horizontal output circuit.

Helical antenna

I have been trying for some time to
get information on a helical antenna.
I have written to several antenna com-
panies, but none of them stock it. Could
you please give e dimensions on the
helical antenna as I wish to build one
to recetve a local w.h.f. station. I have
heard these antennas have a very high
gain.—E. V. D., Troy, N Y.

The helical antenna is a fairly high-
gain and broad-bandwidth unit. The
principal reason for its comparative
lack of popularity is the awkwardness
of its construetion. In practice, the
antenna has been found very difficult
to mount and presents a high wind
resistance.

Fig. 3 shows the general configura-
tion and dimensions of the helical
antenna. The ground screen can be
made from 0.5-inch mesh wire fastened
to a wooden or metal frame. A small
metal ground plate about 1/6 wave-
length in diameter should be soldered
to the center of the ground screen.
The ground plate may be made of sheet
copper or tin. The transmission line
(RG-63/U, RG-79/U, or RG-89/U) is
connected to the antenna through a
hole in the center of the ground plate.
The center coaxial conductor goes to
the helix and the outer to the ground
plate.

The main construction difficulty comes
in the winding of the helix. A soft
grade of aluminum tubing or aluminum
clothesline or ground wire should be
used. It will have to be wound on a
heavy wooden or metal cylinder. Pre-
cise calculations are pointless as the
helix will “relax” when it is taken off
its winding form. Use nonmetallic
longerons to support the turns and to
fix them in place.

The antenna has an impedance of
approximately 125 ohms. Good results
can be obtained using a length of 6
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wavelengths. Since the anterna has a
fairly broad bandwidth, the dimensions
given are not critical. Obviously, the
helical is practical only at u.h.f.

Internal corona

In an RCA model 9T57 there are one
and sometimes two vertical bars down
the left-hand edye of the picture. They
look exactly like the Barkhaowusen lines
that I have cleaved up on many other
sets, but the trouble has not responded
to any treatment. I have veplcced the
horizontal output tube, damper tube,
and high-voltage tube, cna made
adjustments of the horizontcl drive
control and the linearity control I have
even tried redvessing leads ard using
an ion-trap magnet on the herizontal
output tube—R. W, N. Y. N. Y,

The vertical bar or bars at the left
side of the picture, that look like Bark-
hausen oscillations, are probably the
result of internal arcing in thz 4.7-ppf
capacitor located in the plate circuit
of the horizontal output tube. Such
interference looks very much like the
familiar Barkhausen oscillations but
none of the usual remedies will correct
it, and you seem to have used most of
them. Before checking the output
transformer, replace this capzacitor.

Loss of a.g.c.

After a long period of perfect opera-
tion, the picture on a Philco model /8-
1000 began to get very dark, but by
adjusting the contrast and brightness
controls [ was able to get a passable
picture. Then it became verv difficult
to synchronize the picture which be-
came still darker. Any help would be
appreciated.—M. L., Bostorn, Hass.

The symptoms you describe, that of
a dark picture and difficulty in syn-
chronizing, indicate trouble in the a.g.c.
circuit. The chances are very good that
the capacitor between the diode and
triode plates of the a.g.c. amplifier tube
is causing the trouble. Failure of this
capacitor, either by shorting or leakage,
places a positive voltage on the a.g.c.
bus. This positive voltage is then fed
to the grids of the r.f. and i.f. amplifiers.

Since capacitor leakage is sometimes
difficult to check, this capacitor should
be replaced. END

45


www.americanradiohistory.com

TELEVISION

TELEVISION...

46

1t's a cinch

By E. AISBERG

From the original "La Télévision
.. . Mais c'est trés simple!” Trans-
lated from the French by Fred
Shunaman. All North American
rights reserved. No extract may
be printed without the permission
of RADIO-ELECTRONICS and the

author.

Thirteenth conversation, first half: Posi-
t1ve and negative detection; polarity with
one gr rwo . f stages; detector component

values; push-pull detection, will it work?

WILL-—You know, every once in a while our talks remind
me of a trip up a steep mountain trail.

KEN—T hope the road isn’t getting too rough and rugged
for you. We can take things a little easier—go into a little
more detail, if you like.

WILL—No, that’s not it! You know those hairpin roads
that hang onto the side of a mountain, and give you the
feeling: that you're passing the same place over and over
again. though you’re really quite a little higher up each
time? Well, every once in a while I have the feeling that
I'm going back through my course in radio, because the
things we’ve just been learning are—if you don’t mind me
stealing a radio-TV term—*‘“parallel” to things I’ve learned
in radio. For example, haven’ we just been talking about
r.f., frequency changing, and i.f.?

KEN-—You've got a good comparison there. And you’ll
find as you go further and further up, the scenery is going
to broaden out—get vaster and vaster. As you go through
the various stages of a TV set, vou're going to find the
terrain a lot more rugged than in radio, because both the
carrier and the modulating signal it carries are at much
higher frequencies.

WILL—Well, T suppose we’re just coming to the part
of the trail where the signs they put up for tourists read:
Detection and Audio Amplification?

KEN—You’re right! We’ll begin with the problem of
detection today. Now that we've amplified our signal at
higher and lower radio frequencies (in the r.f. and i.f.
stages) the time comes when we have to get at the modula-
tion it’s carrying. After all, the r.f. is just a means of
transportation for the signal. It gives us so many problems
we sometimes forget that. It’s very rapid transport—but
nothing more. Your carrier is like a truck. We load the
video signal on it at the transmitter. Now we've got to
unload it-—get the video frequency out of this r.f. carrier.

WILL—And when we detect our signal, we have to
amplify it at audio frequency, I suppose?

RADIO-ELECTRONICS
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KEN—You can hardly use the term “audio frequency”
for the video signal. It covers a band that runs practically
from zero to several million cycles per second. Let’s give
it its right name—video amplification!

A question of polarity

WILL—Beg pardon! I was just thinking of radio again.
But let's not get ahead of ourselves. Suppose we cover
detection before going on to amplification. I suppose we
can use a crystal, diode. or triode to detect a TV signal,
just the same as a radio signal, and either grid-leak or
grid-bias detection—if we detect with a triode?

KEN—Yes. I guess you could. But in actual practice
yowll find the diode most of the time, and erid-bias (or
plate-bend) detection with a triode pretty rare. But the
crystal is becoming very common. A crystal diode is less
trouble than a tube and, because of its small capacitance,
is better adapted to high-frequency work.

WILL—Is there any aitference between a diode detector
circuit in TV and radio?

KEN_—Not a bit! Take a look. The r.f. (or i.f., if you
like) voltages across coil L are applied to the diode (crystal
or tube). It is connected in series with load resistor R,
which has capacitor C across it. The alternation that makes
the cathode positive cannot get through. But the next
alternation, the one that makes the cathode negative, per-
mits current to pass to the anode in the direction of the
arrows. . . .

WILL-——But why do vou say that current flows when the
cathode is negative? You have the plate marked negative
here.

KEN—When the cathode is more negative than the anode,
electrons can flow across the vacuum in the tube, or through
the surface barrier in the crystal. You know that. These
electrons are supplied by the voltage induced in L. Since
the top end of L is the most negative point in the circuit,
any current flow will make the bottom of the resistor more
positive than the top. Electrons are being drawn away
from it by the positive lower end of L, if you like. When
the top end of L is positive and the bottom negative, no
current can flow through the diode or R, so the polarity
isn't changed.

WILL—Then if we represent our modulated r.f. signal
in the usual wuay, as vou have here below the circuit, the
detector blots out everything above the horizontal zero axis
and lets only the negative alternations go through, and
even these r.f. alternations lose their identity and are
combined to produce the video signal by the accumulative
action of capacitor C.

KEN_-I see vou haven’t forgotten much of what I taught
vou about radio not so many years ago. But notice now
that instead of passing the negative alternations, we could
just as well use the positive ones. All you have to do is
turn the diode around.

WILL—That would be silly! Then your maximum video
signals would be produced by the most positive voltages.
If you applied signals like that to the picture-tube erid,
vou'd get blacks where you should have whites—a negative
image!

KEN—Perfect reasoning! And if you intend to use the
signal from the detector direct on the pix-tube grid, you’ll
have to use negative polarity. But we usually have one
or two stages of video amplification between the detector
and the picture tube. The detector doesn't put out enough
voltage to modulate the cathode-ray spoet from a good white
to a gond black. Now, an amplifier s.= ¢ reverses the phase
of a signal applied to it—what comes in as a positive pulse
to the grid beccmes a negative one at the plate, and vice
vers.

WILL—I can finish the story now. If vou have one v.f.
stuge, yvou need positive polarity. But if you have two,
you need negative.

KEN—Exactly! But remember you can change your
signal polarity another way. You can apply a negative
voltage to the control grid of your cathode-ray tube, or a
positive voltage to the cathode, which makes the grid rela-
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tively more negative. So, if vou have the wrong polarity
at the picture-tube grid, it may be easier to redesign vour
circuit to apply the signal to the cathode than to =add
another video stage.

WILL—Then, with polarity injection, we’d use negative
detection for one stage and positive for two.

Sudden drop of values

KEN—You seem to have it, Will. Now let’s trv to figure
out the values of capacitor C and resistor R in the detector
circuit.

WILL—Well, I suppose we can still use our standard
values of one hundred puf and a half megohm, just as in
radio?

KEN—Oh, you think so? Well, now, just remember that
the current you’re detecting is alternating at a frequency
not far from 50 megacycles a second. And the detected
video voltages can run up to 1 me. What reagtance would
your little one hundred-uuf capacitor offer to 3.5 me, for
example?

WILL—Let me calculate—why, only a little more than
four hundred ohms! ! Is that possible?

KEN—It’s probably correct. Now, how do your 400-odd
ohms compare with the half-megohm resistor?

WILL—It would be practically shorted. You’d get prac-
tically no voltage across resistor R, and no signal into the
video amplifier.

KEN—You’re getting just a little too quick again!
Certainly the lower video frequencies would get through
with practically no attenuation. But the higher frequencies
wounld be attenuated, and you’d get a picture with little or
no fine detail.

WILL—Well, let’s cut down the capacitor till it has
enough reactance for the higher video frequencies.

KEN—That’s just what has to be done. But you ecan’t go
too far in that direction either. The capacitance of C must
remain considerably higher than the cathode-anode capac-
itance of the detector diode, if the greater part of the
detected voltage is to appear across the terminals of C and
R. So we use a capacitance of 10-20 uuf. Some sets omit
it entirely, and leave the job to the various wiring capac-
itances.

WILL—That would be economical, anyway. But it seems
to me that the reactance would still be a little low compared
to R.

KEN-—Yes, you have to cut that down, too. Most sets
use 3,300 or 3,900 ohms.

WILL—I suppose with a load resistor as small as that,
the detection efficiency would take quite a drop, too?

KEN—Well, even in radio we're a long way from getting
90% of the detected voltage. But by using special diodes
designed for television, which have very low internal
resistance as well as low cathode—anode capacitance, we
can apply a good part of the detected voltage to our video
amplifier.

WILL—So the circuit will be the same as in radio, but
the values will be much smaller?

KEN—Well put! And you’ll see a filter to bypass the
residual r.f. much more often than in radio—present-day
radio, at least.

WILL—1hy, that filter looks just like the low-frequency
filter in a power supply!

KEN—Nothing strange about that, Will. Both circuits
are designed to get rid of a higher frequency than the one
to be passed. So in both cases you use inductors to block
the higher frequencies, and capacitors to give them an easy
path to ground.

WILL—Well, since this filter looks so much like part of
a power supply, couldn’t we go even further and make our
detector a double-diode affair, to give full-wave rectifica-
tion?

KEN—Your idea would no doubt work perfectly, and—if
you had a suitable balanced input transformer—the circuit
would be more eflicient than a single diode. Filtering would
be easier, too, same as at 60 cyecles. TO BE CONTINUED
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BRITISH TV STANDARDS

HE British system of television

transmission, using 405 lines at 25

frames per second, must seem to

many American technicians to be
relatively coarse in definition. In prac-
tice, the picture obtained is very pleas-
ine on a 27-inch tube, and at an
adequate viewing distance even a 3 X
i-foot projected picture is perfectly
satisfyving.

For correct response to the trans-
mitted information the receiver pass-
band should be 2.7 mec, so that the

design of single sideband apparatus is
relatively simple. The channels in use
are the original London channel of 45
me (with double sideband transmis-
sion), together with almost national
coverage from various points on 51.75
me, 56.75 me, 61.75 me and 66.75 me,
single sideband. In each case the
AM sound carrier is located 3.5 me
below the video carrier. Transmitter
powers are high; the four latest sta-
tions operating at 50 kw (output—
not effective radiated power). Vertical
polarization is used at the main sta-
tions. Small stations covering specified
areas use horizontal polarization and
share distant transmitter channels.

At present all channels radiate the
same program except for occasional
local transmissions such as those in
Welsh from the Cardiff station. In the
near future it is intended to establish
a further chain of semicommercial
stations giving an alternative program.

A combined radio-TV license costs
£2 vearly ($5.60).

A particular advantage of the British
system of only one channel in any area
is that it enables simple receivers to be
designed and built by the home con-
structor. Even a t.r.f. circuit with no
more than 3 r.f. stages can give a very
good account of itself. The simplest
commercial set is arranged along the
lines of the Baird Ewveryman receiver,
containing no more than 12 tubes, in-
cluding the picture tube. This has
tricked some visitors to Britain into
thinking that British receiver design
is overelementary and lacking in vari-
ous points. The reverse is actually
true; there is no lack of high-gain
televisors of the superhet variety with
fiywheel sync. and the like.

Home construction of televisors is
remarkably popular not as an economic
necessity but as a hobby. Circuits and
components are obtainable everywhere
for both simple and advanced designs.
The final alignment of such receivers
is almost always carried out on a
transmission of Test Card C, which
lhas become as familiar a picture to the
British televiewer as Muffin the Mule.

Test Card C, transmitted for 3 or
4 sessijons of 15 minutes in the morning
and as a tuning signal before the com-
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mencement of programs, enables a close

examination to be made of receiver
performance.
1. Aspect ratio test.

The central concentric black and

white circles appear truly round when
the aspect ratio is adjusted to the
correct value of 4 :3. The black and
white rectangles along the borders of
the card should then appear framed
by the mask, and if the mask is out of
true (which it rarely is) the televiewer
will generally demand a correction in
no uncertain terms.

2. Definition and bandwidth tests.

Within the circles are a pair of
frequency grating sets, made up of
black and white stripes. These corre-
spond to fundamental frequencies of 1,
1.5, 2, 2.5, and 3 me¢, the 1-mc¢ grating
appearing at the top of the left-hand
set and at the bottom of the right-hand
set. Since the response of the system
should be 2.7 me, the 2.5-mc grating
should be clear and distinet. Many re-
ceivers give a clear 3-mc response.

3. Contrast test.

A contrast wedge of 5 steps is dis-
played in the center of the card. The
top white square corresponds to 1009
modulation and the bottom black square
to 309 . Positive modulation is used
with the sync signals falling in the
under 30% or blacker-than-black sec-
tion of the modulation envelope. With
the brilliance controls setting the top
and bottom steps to white and black,
the intermediate steps should appear
as light, medium, and dark grey.

4. Secanning linearity test.

The background of the test card is

a medium grey with a set of white
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lines. These lines should be <o repro-
duced as to make each enclosed area
an equal square.

5. Synchronization test.

The black and white border of the
card gives an excellent test of the sync
separator stages. Faulty synchroniza-
tion is immediately seen as tearing.

6. Low-frequency response test.

The black rectangle on a white back-
ground is designed to show up any
failing in low-frequency response, and
should be displayved as a e¢lezn-cut
rectangle of uniform blackness on a
clean background.

7. Reflection and ghost test.

Ghosts due to the signal reaching
the aerial or in the receiving sJstem
itself are revealed by the two narrow

vertical bars on either side oF the
circles. These should be reproduced
without positive or negative images

along their right-hand sides.
8. Focus test.

The diagonally inclined areas of black
and white stripes at the corners cf the
card correspond to a fundamenta. fre-
quency of about 1 me and the four areas
should all be in uniform focus.

The letter C is purely an identifica-
tion, Test Cards A and B having been
used previously. Test Card C is now
a tried and trusted friend, nowever,
and even has its fans. In the morning
it always appears with its own familiar
recorded musical selection, and one
small boy. it is reported, in hed with
measles, asked couldn’t he have Tess
Can’t See’ because that was the only
thing that didn’t hurt his eyes. It is
presumed that he will grow up to be
a TV critic. END
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OS] he operation and application

of interesting electrone

cIrcuits

HE wunivibrator differs from the

multivibrator in that one of the

tubes is biased far enough nega-

tive to prevent free-running opera-
tion. In this stable state, one of the
tubes conducts and the other is cut off.
This condition will remain until a
trigger pulse is applied. The cut-off
tube will then conduct and the conduct-
ing tube will be cut off. After a length
of time determined by circuit values,
the cireuit will again return to its
stable state and remain there until
another input pulse is applied. Since,

6SL7-GT
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Fig. 1—A basic univibrator circuit.

for each input pulse, the univibrator
is switched from its stable to unstable
state and back again, a pulse wave-
form is produced at the plates of the
tubes. The duration of this pulse is
equal to the length of time the circuit
remains in its unstable state. Since this
interval is determined by circuit values
and not by the input pulse, the output
pulse duration and amplitude will be
independent of the characteristics of
the input pulse. The univibrator is
widely used where pulses of random
amplitude and width must be converted
to uniform pulses. When used for this
purpose, the circuit is also known as
a pulse equalizer.

The univibrator circuit is shown in
Fig. 1. V1 is cut off by applying a
negative bias voltage to its grid, and

*Northwestern Vocational Institute
Minneapolis, Minn.
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V2 conducts heavily since its grid re-
turns to B plus. This is the stable state
of the circuit. If a positive pulse is
now applied to the grid of VI, the
following changes will occur in the
cireuit:

1. The plate current of V1 charges
capacitor CI.

2. The charging current of C1 pro-
duces an IR drop across R1.

3. The IR drop across R1 makes the
grid of V2 less positive and drives it
to cutoff.

4. When V2 goes to cutofl, its plate

Fig. 2—Cathode-coupled univibrator.

voltage increases.

5. This increasing voltage is coupled
to the grid of V1 through voltage
divider R2 and R3.

6. The increase of voltage at the
grid of V1 further increases the plate
current in this tube. This action ends
with V1 conducting heavily and V2
cut off.

7. As Cl continues to charge, the

By ED BUKSTEIN*

IR drop across R1 decreases until it is
no longer sufficient to keep V2 cut off.
8. V2 now begins to conduct plate
current and its plate voltage deereases.
9. This decreasing voltage is trans-
ferved through the voltage divider to
the grid of V1.

10. V1 becomes cut off and the circuit
is back to its stable state.

The length of time the circuit remains
in its unstable state (V1 conducting
and V2 cut otl') is determined by the
charging time of C1. The time constant
R1C1 therefore determines the width
of the output pulse. Since the univi-
brator produces an output in response
to an input pulse, it is sometimes re-
ferred to as a one-shot multivibrator.

In the univibrator circuit shown in
Fig. 2, the second tube is coupled to
the first by a common cathode resistor.
Since V2 operates at saturation. it
draws a large amount of plate current.
The resulting IR drop across Ry is
sufficient to bias V1 to cutoff. If a
positive pulse is now applied to the
egrid of V1, this tube will become
conductive. Its plate current will now
cause Cl to charge through R1. The
IR drop which now appears across R1
cuts off V2. As V2 ceases to draw
plate current the voltage across R« is
no longer sufficient to keep V1 cut ofif.
When the charging current of C1 has
decreased to a value such that the IR
drop across R1 is no longer sufficient
to keep V2 cut off, the circuit returns
to its stable state. Here again, the
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Fig. 3—The trigger-delay circuit is based on the univibrator,
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Fig. 4—The basic flip-flop circuit.
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so that it will coincide in time with
the waveform to be observed. This
technique is extremely useful in the
study of transients.

The flip-flop circuit

Like the univibrator. the flip-tlop

cireuit is not free-running and will
switch only in response to an input
pulse. Unlike the univibrator, how-

ever, the flip-flop has two stable states
and can remain in either one indef-
initely. Applying an input pulse will
switeh the circuit from its tirst stable
state to its second. The next input

3RD FLIP-FLOP

Fig. >—Scaler circuit permits operation of electromechanical counter.

characteristics of the output pulse are
independent of the input pulse. The
advantage of the cathode-coupled uni-
vibvator is that it requires no negative
voltage, simplifying the design of the
power supply.

Univibrator applications

As a pulse equalizer the univibrator
has been widely used to convert the
random pulses of a Geiger or scintilla-
tion counter into the uniform pulses
required to operate a counting-rate
meter or a scaler. Another use of the
univibrator is as a trigger-delay cir-
cuit. This is a circuit that produces
an output pulse at a fixed, usually
controllable, interval after the applica-
tion of an input pulse.

In the trigger-delay circuit shown in
Fig. 3, V1 and V2 are connected as a
conventional univibrator. The pulse
produced at the plate of V2, in response
to an input pulse, has a width dependent
upon the setting of variable resistor R1.

The pulse from the plate of V2 is
applied to the differentiator network
R2C2. The output of the differentiator
consists of two narrow pulses, one posi-
tive and one negative. The positive
pulse corresponds in time to the leading
edee of the pulse from V2, and the
negative pulse corresponds to the trail-
ing edge. This relationship is shown
in the waveforms of Fig. 3. The output
of the differentiator is fed to a half-
wave rectifier that passes only the
negative pulse. Since this negative
pulse coincides in time with the trailing
edge of the pulse from V2, the time
between the application of an input
pulse to V1 and the production of an
output pulse from the rectifier can be
controlled by the setting of R1. The
chief use of the trigger-delay cireuit is
to delay the sweep of an oscilloscope
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pulse will restore the circuit to its
initial state. Thus, two input pulses
are required to produce one complete
cycle. This circuit is also known as the
Eceles-Jordan trigger circuit (Fig. 4).

Assume that V1 is conducting and
that V2 is cut off. If a negative pulse
is now fed into the circuit, it will de-
crease the plate current in the conduct-
ing tube. These changes will then occur:

1. As the plate currvent of V1 de-
creases, its plate voltage increases.

2. This increasing voltage is trans-
ferred to the grid of V2 through a
voltage divider.

3. The increasing voltage at the grid
of V2 causes it to conduct plate current.

4. As V2 conducts, its plate voltage
decreases.

5. This decreasing voltage is trans-

ELECTRONICS

ferred through a voltage divider to the
grid of V1, further reducing the plate
current of this tube.

6. This action culminates with V1
cut off and V2 conducting.

If a second input pulse is applied to
the flip-flop, the same action will repeat
with the roles of the tubes interchanged,
and the circuit will return to its first
stable state.

Flip-flop applications

The flip-flop circuit is primarily used
as a scaler. The scaler circuait is a
frequency divider, ie. it produczes a
pulse output whose frequency is equal
to a submultiple of the inpnt pulse
frequency. It differs from the multi-
vibrator frequency divider in thzt the
input pulses can be applied at random.
This is because the eircuit can exist in
either of its stable states indefinitely,
a feature of extreme importance when
used with such sources of randem pulses
as the Geiger counter. In this applica-
tion, the scaler reduces the pulse fre-
quency of the Geiger counter ta a value
sufficiently low to operate an electro-
mechanical counter (Fig. 5).

In the first flip-flop of Fig. 5, V2 is
conducting and V1 is cut off. A nega-
tive-pulse input (supplied by the Geiger
counter) will reverse these condizions.
A second input pulse will restore the
circuit to its initial state. Since one
complete cycle of operation of the flip-
flop vesults from the applicatior. of two
input pulses, the waveform at the plate
of V2 has a frequency one-half the
frequency of the input pulses.

The output of V2 is differentiated
and applied to the grids of the second
flip-flop. Here, the frequency is again
divided by two so that the output of V4
has a frequency one-fourth that of the
input pulses. Successive flip-flops pro-
vide output frequencies of 1/8, 1/16,
1/32. 1/64, ete.

The total pulse count is determined
by multiplying the counter reading by
the circuit scaling ratio. END

PARTLY PRINTED TV CHASSIS

A TV chassis built around a
printed circuit features the
1955 line of Admiral receiv-
ers. The printed circuit con-
tains six tubes and one-third
the normally exposed wiring
in the chassis. The circuits
are photo-etched on sensi-
tized copper plates. After all
components, such as resis-
tors, transformers, and ca-
pacitors, are assembled to
the plate, it is dipped briefly
into molten solder. The solder
adheres to the etched circuit.
In making service repairs,
the leads of a component may
be clipped off and used to
“spot solder” a new compo-
nent in place, eliminating
extensive circuit rewiring.

www americanradiohietorv com
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4-foot reflector for 10.7-centimeter operation.

HILE astronomy is usually

associated with optical in-

struments, modern observa-

tories are crammed with
clectronic apparatus as well (Fig. 1).
And while astronomy itself is perhaps
the oldest of man’s sciences, recent de-
velopments in the comparatively young
field of electronics have become so im-
portant to the study of the stars that a
whole new field of activity has sprung
up. This new ficld is often called radio
astronomy.

Professor A. C. B. Lovell, writing in
the July, 1951, issue of RaDpIO-
ELECTRONICS, has already called atten-
tion to one branch of this new alliance
between astronomy and  electronies:
that of tracking the paths of meteors
by radar. But there are many others.

Electronic controls

The ponderous mechanism of a multi-
ton telescope must be arranged so it
can allow the instrument to point at
any spot in space. Once sighted on a
star, it must follow that star across the
heavens. Electronic controls are ideal
for this application. The delicately
balanced and almost frictionless tele-
scope mount is driven, in a typical
case, by a geared-down, fractional-
horsepower synchronous motor. The
motor is excited by the amplified output
of an oscillator whose frequency can
be varied within narrow limits. The
gear reduction of the drive motor is
such that, when it is excited at the
oscillator’s center frequency, it will
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move the scope across the heavens at
the same pace as the apparent rate of
motion of the stars. Theoretically, once
the scope is zeroed-in on a given star it
will keep that star within its ficld of
view for hours at a time, allowing long-
exposure photographs of faint objects.
Actually, however, even the most per-
fectly  designed apparatus won’t
“freeze” the star for extended periods
due to such phenomena as variable
refraction of the star’s light by the
earth’s atmosphere and slight twisting
and bending effects within the telescope
itself because of temperature changes.
This is where the variable-frequency
oscillator comes in. By altering the
oscillator frequency slightly from time
to time, the astronomer can keep the
star virtually motionless within the
scope’s field of view.

Perhaps the most popular type of
electronic  drive uses an electro-
mechanical oscillator (Fig. 2). It con-
sists of a thin wirc stretched between
two anvils; a small piece of iron
attached to the middle of the wire
extends into the centers of two coils,
a “driver” and a “pickup” coil. When
the signal from one coil is amplified and
fed to the other in the proper phase to
maintain oscillation, the wire vibrates
at a rate dependent upon its tension. A
signal is picked off and fed through an
amplifier to a power stage whose output
excites the telescope drive motor, pro-
ducing a rate of motion in the instru-
ment which is dependent on the
vibration-rate of the wire system. This
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the astronomer controls by inercasing
or decreasing the current flow through
an electromagnet whose field contrib-
utes to the tension on the wire.

Photometry

Another phase of astronomy in which
electronics plays an important role is
photometry. At one time the intensity
of light arriving from a star or other
celestial body was either estimated or
compared visually with a standardized
source. But now the image density of a
photograph of the star is compared
with that of an identical exposure of
a standard star by a photoelectric
“comparator.” This instrument is a
light-source-and-pickup device, with
mechanical means for precisely posi-
tioning two negatives, in turn. between
the light source and the photocell. The
difference in cell current is propor-
tional to the difference in star-image
densities, and therefore dependent on
the ratio of visual magnitudes between
the unknown and the standard star.

The direct-reading photometer is also
of great value to the astronomer. This
device allows dircet measurement of the
intensity of light reaching it when its
photocell is placed in the telescope’s

focal plane. Because of the extreme
sensitivity of present-day photo-
sensitive materials, the problem of

measuring the tiny amounts of stellar
light reaching a photocell is largely
that of accurately measuring the result-
ing current flow. In a typical instance
the incremental current flow from the
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phototube’s  light-sensitive surface
might he in the order of 1/50th of one
billionth (2 X 10°") ampere. To accu-
ratelv measure such minute changes,
electron-multiplier phctotubes are often
used (Fig. 3). These tubes have, in
addition to a light-sensitive surface, a
number of anodes, each with a higher
applied voltage than the preceding one.
Electrons emitted from the light-
sensitive surface of the cathode ave
attracted toward and impinge upon the
first anode where, by secondary emis-
sion, they knock otff several more elec-
trons; these are attracted toward and
strike the second anode, knocking off
a whole cluster of electrons. The proc-
ess is cumulative until, at the last
anode, electron flow has been multiplied
by a factor of perhaps a million, and
hence current flow is large enough to
be measured with the proper equipment.
Often the photocell is refrigerated with
dry ice to keep its dark-level output at
a minimun, and is followed by a more
or less conventional d.c. amplifier.
Closely allied with photoelectric
photonietry is stellar radiation meas-
urement by thermocouple receivers.
While many radiomen know that two
dissimilar metallie strips joined at one
end will generate a voltage propor-
tional to the temperature of their junc-
tion, the use to which this faet is put
in modern astronomical observation is
almost spectacular. Previous articles

in this magazine have pointed out the
comparative simplicity of thermocouple
temperature-recording devices used in
industrial applications; here the tem-
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perature-sensitive elements can be im-
mersed in the molten metal or encased
in a furnace, close to the source of the
heat. But consider the astronomer’s
problem. He wants to measure tempera-
ture and temperature change on a dis-
tant planet, or perhaps on a tiny sun in
some remote galaxy. What’s more, he
does it!

Actually his tools, except for the
telescope, are basically similar to those
used in industry. But they are used
with greater finesse. and are consider-
ably refined. While the industrial tech-
nician requires fair accuracy of meter-
ing temperature changes ranging from
a few degrees to perhaps a few thou-
sand degrees, the astronomer works
with almost unbelievably small incre-
ments of thermometry. The tempera-
ture rise of a thermocouple receiver,
for instance, induced by such a faint
star (radiometrically speaking) as
Boss 4342, is of the order of 9 millionths
of one degree (9 X 10°) Centigrade.

A tvpical thermocouple receiver con-
sists of two couples hooked in series-
bucking, and often sealed off in a
partial vacuum to increase sensitivity,
with a tiny, blackened plate fused to
each couple. The function of the plate
is to provide an cnergy-absorptive sur-
face upon which to focus the star
image: the cnergy absorbed by the
plate is conducted to the joint of the
couple, and provides greater sensitivity
than would be the case were it not
present. The reason for the series-
bucking arrangement is twofold: it
provides a compensated circuit, so that

Fig. 1—
Electronic
installation
in a modern
astronomi-
cal observa-
tory.
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the no-light voltage generated by each
couple is balanced out by the eother;
and it provides for twice the fuli-light
output of a single couple, since—with
a star image focused alternately cn one
and then on the other—total voltage
output is opposite and therefore addi-
tive. The two couples are mour.ted side
by side on a thumb-screw-driven stage
which permits first one then the other
couple to be positioned at the focus of
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the star image by a turn of the serew.
It is a little-known fact that all the
licht energyv reaching a thermoccuple
receiver contributes to its temperzture
rise, and not just the infra-red alone.

The current output of a thermo-
couple receiver is minute and requires
special measuring techniques. The in-
cremental current flow caused by star-
light from Boss 4342 is in the neigtbor-
hood of one ten-billionth ainpere. Meters
for these tiny values fall into two gen-
eral categories: galvanometric and
electronie. As the names imply, the
former 1is a sensitive galvanometer
whose mirvor is deflected by an am»ount
proportional to the currvert flow
through its moving coil; a light source
reflected off the surface of the mirror
registers its movements on a shee: of
photographic film mounted several
vards away, so that a tiny movemernt of
the mirror causes considerable displace-
ment of the light beam upon the flm.
The latter type of equipment consists of
a high-gain d.c. amplifier whose out-
put is either read on a meter in the
plate circuit of the output stage, or
recorded on a stylus-and-chart device
similar to those used in industry for
recording temperature - versus - time
curves.

The radiotelescope

Perhaps the most interesting alliance
between astronomy and electronics is
radiotelescopy. A radiotelescope con-
sists of a sensitive, broad-band rveceiver
and a highly directional antenna point-
ing at the sky. Usually the anterna
system is rotatable so that it can scan
the heavens, and often takes the form
of a parabolic reflector with a dipole
at its focus. The radiotelescope at the
Naval Research Laboratory in Wash-
ington, D.C., is of this type. Its refieeor
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is a 50-foot paraboloid of highly pol-
ished aluminum, arranged atop a gun
mount so it can be rotated to point at
any spot in the sky. Like its optical
counterpart, the radiotelescope is usu-
ally fitted with a motor-driven position-
ing mechanism that not only simplifies
aiming but also makes it possible for
the scope to track the target auto-
matically as it follows its path through
the sky.

Though radiotelescopes are rela-
tively new, the basic idea behind them
originated with Sir Oliver Lodge in
1894. He suggested that since both
light and heat are radiated earthward
(and of course in all other directions)
by our sun, it would seem logical that
r.f. energy, or what he called “Hertzian
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Fig. 3—Electron-multiplier circuit.

waves,” should also form part of Sol’s
radiation spectrum, and should be de-
tectable here.

Sir Oliver failed in his attempts to
prove his theory experimentally, as did
many workers after him. But in 1932
a research worker in the Bell Telephone
Laboratories succeeded in intercepting
radio signals from outer space. His
name was Dr. Karl G. Jansky, and he
was using a rotatable antenna system
in an attempt to check the direction of
arrival of thunderstorms with his re-
ceiving equipment. During the course
of his investigations he heard occa-
sional noise pulses that seemed to come
Jrom somewhere out in space. He finally

ANT.DIRECTIONAL REFLECTOR

METER & AUDIO
MONITORING
AMPL.

Fig. 4—Block diagram of radiotele-
scope. The receiver is fix-tuned.
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fixed the origin of this ‘“‘cosmic noise”
as somewhere in the Milky Way.

An amateur experimenter, Grote
Reber, now with the Bureau of Stand-
ards, did a great deal of work at
his home in Wheaton, Ill.,, starting in
1936; shortly thercafter an English
group began investigations along the
same line. All received signals from
outer space, and all found the source of
the radiations to be somewhere in the
Milky Way.

Several theories attempt to explain
this phenomenon of r.f. radiation from
space, or more properly from clouds of
spatial dust and gas. One school of
thought supports the so-called *‘free-
free transition” doctrine. According to
it, an individual electron in its random
travel through space occasionally comes
within the region of influence of a free
ion and alters its course to swing into
an orbital arc¢ around the ion; since this
change in velocity amounts to a loss of
energy, the “energy of transition” is
radiated as r.f. Another doctrine states
that interstellar space is occupied by
tenuous hydrogen gas, and that the
electron spin in an individual hydrogen
atom reverses its direction occasionally
and at random, about once in eleven
million vears for any given atom; it is
the energyv released during this ‘‘re-
versal’”’ process that is radiated as inter-
stellar noise.

Another noise source

A distinetly different, though not un-
related, source of signals from space
has also been investigated by radio-
telescope; particularly by a group of
British scientists at Manchester, Eng-
land. Using a 220-foot fixed (non-
rotatable) antenna system, they found
that certain classes of stars radiate
detectable noise bursts. Because of the
r.f. radiation they were able to locate
previously unknown stars which, evi-
dently, emit little or no visible light.
About one hundred such radio stars
have been charted, some of which would
seem to be closer to us than Proxima
Centauri, the closest known (that is,
visually observed) star in the heavens.
These same scientists found, too, that
Sir Oliver Lodge was right. Ouy sun
does radiate “Hertzian waves.”

The British observers believe that
radio stars are either too new or too
old to be visible. They theorize that,
since all warm bodies radiate energy
the freqeuncy of which is proportional
to the temperature of the body, a not-
vet red-hot or an already cooling star
radiates energy within the r.f. spec-
trum though little or none within the
visible portion of the band.

However spatial radiation originates,
it is the function of the radiotelescope
to detect the radiation and to indicate
that pinpoint in space from where the
signals originate. Like its optical
counterparts, the energy-gathering
ability of a radiotelescope is propor-
tional to the size of its reflector; the
larger the reflector the more cosmic
noise it can gather and funnel into the
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receiving antenna. But because of the
longer wavelength of r.f. energy as
compared to visible light, the resolving
power, or pinpointing ability, is not
nearly as good as with optical instru-
ments. The minute imperfections in
the physical figure of the directional
reflector also affect its resolution. Most
installations do not permit much
greater accuracy than a bearing of
perhaps half a minute of arc. But the
Naval scope. with its machined alumi-
num reflector made up of 30 precisely
machined sections, may be able to re-
ceive a beam only a few seconds of are
in width. So may the new British
installation, with its 250-foot reflector,
which to date is far and away the
world’s largest radiotelescope.

Microwave receivers

The Naval Research Station at
Washington has not released any tech-
nical  information concerning the
microwave receivers used in its radio-
telescope. However, conventional super-
het receivers have proved satisfactory
(Fig. 4). The main requirements are,
of course, sensitivity and low inherent
noise level.

Good results have been obtained with
broadband receivers on each of several
different parts of the spectrum. The
Naval station works mostly on the 3-,
10-, and 30-centimeter bands. The
British seem to favor 20 centimeters,
though most of their early work was

done on the comparatively low fre-
quency of 64 me. Bell Telephone
Laboratories’ Jansky was using 20.5

mce when he first ran across the cosniic
noise. And Grote Reber, whose work
contributed much to the present state of
the art, used both 160 and 480 mc. The
main advantage of the higher frequen-
cies seemis to be their freedom from
annoyances such as manmade inter-
ference and atmospherics.

From the standpoints of frequency
range, relative sensitivity, and band-
width, it would seem that an ordinary
commercial TV set, whether u.h.f. or
v.h.f., might perform the receiving
chore in a modest radiotelescope instal-
lation. It is a matter of speculation
just what a cosmic noise burst might
look like on the screen. But presumably
it wouldn’t appear too different from
some of the noise patterns that viewers
have grown accustomed to. In fact, who
can say that some of these familiar
noise patterns are not interstellar in
origin?

In the near future look for a new
hobby to spring up. Look for more and
more experimenters to start exploring
the possibilities of radiotelescopy!

And when they do, when sufficient
numbers of amateurs start scanning the
sky with TV sets or homemade receiv-
ers, their haywire directional antennas
pointed heavenward, then radio astron-
omy, a new science born of a couple of
older ones, will begin a rapid advance.

It always happens that way.

Look what the amateurs did
radio!

for
END
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The unobtrusive
Diminuette speaker
enclosure in a typ-
ical environment.
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WIDE-RANGE
SPEAKER
SYSTEM

By F. J. Van ALSTYNE*

OT long ago high-fidelity music

was a hobby enjoyed by rela-

tively few well-to-do inditiduals.

Today it is a form of home
entertainment enjoyved by thousands.
The broadening hi-fi market includes
a great number of critical enth isiasts
who must plan carefully the zmount
of space and money they can devote
to their music system. The small apart-
ment dweller is often offered a speaker
system that far exceeds the capanilities
of the rest of the components of his
audio system. For the well-heeled
hobbyist, the sky may well be tha limit
in both size and price. However, there
is a great demand from thousands of
hi-fi music lovers with limited space
and budgets for a really good small-
size speaker system capable of repro-
ducing — cleanly and faithfully — the
full range of frequencies recorded on
the better LP records of today This
requires reproduction of fundamental
frequencies down to 45 cycles cn the
low end and to 16,000 cycles on the
high end.

Except for the few records that
reproduce the very lowest organ tones,
little recorded material exceeds these
frequency limits. In fact, few =ounds
in normal human environment, aside
from low-frequency wind effects (thun-
der) and low organ tones, have funda-
mental frequencies in the first cetave
(16 to 32 cycles). In the region be-
tween 32 and 45 cyeles, an occasional
recorded note may appear on a sclect
few records, but it is also in this region
that turntable rumble usually ceeurs,
often completely masking any recorded
material present. On the high end, hiss
and other noises account for practically
all of the output above 16,000 cyvc es.

Consequently, for moderately priced
systems which do not incorporate an
expensive professional-quality turn-
table, a speaker system with a fre-
quency range of 45 to 16,000 cycles is
not only adequate, but is sometimes
preferable over speaker systems that
exceed the capabilities of the other
components.

*Permoflux Corporation, Chicago
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Fig. 4—The cabinet and speaker hoard,

The Permoflux Diminuette, shown in
the photograph above and desecribed
in this article, is a speaker system of
small size (23% x 11 x 12 inches),
designed specifically for use with hi-fi
systems where the above frequency-
range requirements apply. Its response
characteristics—shown in Fig. 1—indi-
cate that output is essentially constunt
over the range of 45 to 16,000 cvcles,
these being the points at which response
is down 3 db. The 5-db-down points
are 40 and 17.000 cycles. Measure-
ments were made with a 1-watt-input
level, simulating typical small room
hi-fi listening conditions.

Fundamental design

By using one of the oldest and
soundest principles of acoustic radia-
tion, the Diminuette System achieves
its wide-range performance with re-
markably low distortion and at a very
modest price. The fundamental prin-
ciple of design is that of increasing
radiation efficiency by employving the
mutual coupling effect between two or
more closely spaced radiators. This
ctfect, properly employed, enables two
identical speakers of small size to have
higher radiation efficiency than a single
speaker twice the size of either. At
the same time, distortion and baffle
volume requirements are reduced by
the same factor due to the decrease in

l

250V OIL FILLED

v

TWEETER 6" SPKRS

e
INPUT
gy

Fig. 6-—How the Diminuette is wired.
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Fig. 5—Angled speaker disperses sound.

electrical input and speaker cone excur-
sion.

The real advantage of this principle
is that baffle requirements for the
multiple combination remain approx-
imately the same as for one of the
small speakers, permitting great reduc-
tion in speaker cabinet size. This prin-
ciple has not been more widely employved
in high-fidelity speaker systems to date
possibly hecause of the impressive
appearance of the large enclosures re-
quired properly to load the big speakers
commonly used. These enclosures can
be a very handsome piece of furniture
and impress the uninitiated by their
sheer size. However, hi-fi has now
spread to the multitude of people who
are more interested in fitting their
system unobtrusively into their living-
room {(and budget) than in acquiring
a new and bulky piece of furniture.

Since a free-spuace cone resonance
as low as possible was desired, the
system uses two special 6-inch speakers
(Permoflux model 61.-1) with slotted,
plastic-impregnated outer cone suspen-
sion, for low and midrange reproduc-

SOUNDING BOARD
MOUNTED AT

One of the Perm-
oflux 6L-1 speak-
ers.
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tion. As the curve of Fig. 2 shows,
the resonance of this speaker occurs
in the 80-cyvcle region. A specially
designed cone type tweeter (Permofiux
model 32KTR) was employed for the
high frequencies. Response of this unit
is essentially flat from 2,000 to 16,000
cycles (Fig. 3). A high-pass filter cuts
in the tweeter in the 3,000-cyele region,
taking advantage of the excellent mid-
range characteristic of the 6L-1 speak-
ers and limiting the tweeter to the
frequencies for which it was designed.

Laboratory tests disclosed that when
the two 6-inch speakers were spaced
6 inches apart, in a bass-reflex en-
closure of less than 2 cubic feet volume,
radiation efficiency was approximately
equal to that of a 12-inch speaker in
a G-cubic-foot enclosure!

To aid both in lowering and damp-
ing the cabinet resonance, the speaker
mounting board is tilted back about
7° from the perpendicular (see Fig. 4).
This lengthens the refiected sound path
by directing it around the cabinet and
breaks up direct back-wave reflections
between the back of the cabinet and

TWO 6 SPEAKERS
CAPACITOR
TIWEETER

T

Fig. 7—Design details and dimensions.
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the speakers. The tilted speaker mount-
ing board is also beneficial when the
speaker system is placed in the listen-
ing room. The upward slant directs
sound directly toward ear level when
the equipment is placed near the floor.
as when used on the lower shelf of a

bookcase. When placed on a mantle
or other position well above seated

ear level, the enclosure can be inverted
to direct sound down toward the proper
listening level. Fig. 5 shows how the
angled speaker mounting board also
prevents distortion due to direct veflec-
tions from walls and disperses sound
around the room, much as it is reflected
around a concert hall.

The electrical hookup of the system
is a series-parallel arrangement (Fig.
6) with the two 3.2-ohm 6-inch speakers
connected in series and paralleled by
the 16-ohin tweeter with its series
capacitor (2uf, 50 wvolts, oil-filled).
The 6-inch speakers are so phased that
both cones move in the same direction
when a d.c. voltage is applied to the
input terminals. This parallel combina-
tion results in 6.2 ohms impedance at
the customary 400-cycle measuring
point and makes the system suitable
for matching to the 8-ohm output of
high-fidelity amplifiers. The 6.2-ohm
impedance also makes the system suit-
able for replacing the 3.2-ohm speaker
of television sets and FM radios. The
small amount of power loss due to the
slight mismatch is more than compen-
sated for by the high efficiency of the
system. The improvement in sound
quality obtained by substituting the
Diminuette for the set speaker is rather
startling and well worth the modest
investment of $49.50. This versatile
system c¢an be used-—with a simple
switching arrangement—for both hi-fi
listening and TV sound improvement.

The impedance arrangement which
places the 6.4-ohm series impedance of
the two 6-inch speakers in parallel
with the 16-ohm tweeter and 2-uf
capacitor combination was chosen to
attain a proper balance between high-
end and low-end response. The power
distribution resulting from the different
impedances in the two branches of the
system results in nearly perfect blend-
ing of highs and lows and makes a
halance control unnecessary. Any minor
variations—to suit individual tastes—
can be made by slight adjustment of
the amplifier bass and treble controls.

The Diminuette enclosure is con-
structed of 3 -inch lumber core ply-
wood to prevent cabinet vibration, and
lends itself very well to home assembly.
Construction details are shown in Fig.
7. Material should be 3%-inch plywood
for top, bottom, and sides; ¥-inch
plywood for back and speaker mount-
ing board. However, it may be desir-
able to purchase the unit complete,
since the three speakers and filter
capacitor account for $27.40 of the
total cost. This leaves only $22.10 for
cabinet construction. END
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Distributed Capacitance Nomograph

FREQUENTLY used method of

determining the distributed ca-
pacitance of a coil is to resonate the coil
with a calibrated capacitance at a con-
venient frequency and at the second
harmonic of that frequency. Q meters
and coil checkers are used for this
measurenient since these instruments
contain a calibrated capacitance, res-
onance indicator, and variable fre-
quency generator. When resonating at
the first frequency, it is desirable to
use a reasonably large setting of the
calibrated capacitor. At twice this fre-
quency the combhined distributed and
calibrated capacitance will be one-
fourth. When using the double-fre-
quency method, distributed capacitance
can be calculated from the formula

4C2
C=0C1— 3

in which C1 is the resonating capaci-

g
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tance for the lower frequency, ard C2
is the resonating eapacitance at thz sec-
ond harmonic.

The nomograph has been desined to
solve this formula. To use the romo-
graph, select the value of Cl or the
C1 scale and the value of C2 on tre C2
scale. Join these points with a straight
line. At the intersection of this line
with the C scale, read the distributed
capacitance.

As an example, determine the dis-
tributed capacitance for a coil reso-
nated with 200 uuf at the fundamental
and 35 puf at the second harmonic.
Draw a straight line from 200 om C1
to 35 on C2. At the intersection of this
line with C, read 20 uuf.

Determining distributed ecapazitance
will be particularly useful to tech-
nicians working and experimenting with
high frequencies—Joseph F. Sodaro
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HIGH-QUALITY AUDIO suexav

A typical high-quality audio amplifier,
the Bogen HO10, with its preamplifier.

EGATIVE feedback (and some-

times positive feedback) is one

of the principal features which

distinguish a high-quality am-
plifier from one used in old-style radio-
phono combinations or in ordinary
radio receivers. The sound quality of
which an amplifier is capable depends,
to a certain extent, on how much feed-
back is used—and how much can be
used depends in turn on how well the
amplifier is built before feedback is
added. The effects of feedback are
strictly dynamic in nature: that is,
when operating without an input signal
or an output load, amplifiers with and
without feedback look, measure, and
are the same.

Negative voltage feedback, the type
usually found, accomplishes these
things:

1. It reduces distortion.

2. It reduces noise originating with-
in the stages covered by the feedback
loop.

3. It lowers the effective output
impedance of the amplifier so that the
speaker damping is improved.

4. Tt reduces amplifier gain but not
the output power capability.

Let us see first how feedback reduces
noise. Fig. 1 is a block-type diagram
of an amplifier and its terminals, plus
a negative feedback connection. The
negative feedback connection takes a
portion of the output from a voltage
divider across the output and feeds it
back into the input of the amplifier.
It is important that the phase of the
fed-back output be opposite to that of
the input. To illustrate that we have
shown in Fig. 2 a sample input signal
(a sine wave) and the resulting output
signal; note that the two are 180°
out of phase. In practice this is just
a matter of reversing the output trans-
former connections if the phase rela-
tionships are not correct.

*Audio Consultant, New York
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Now let us suppose that the illustra-
tive signals we have shown are not
present—no input to the amplifier.
However, somewhere within the am-
plifier there is a hum. Let us say it is
due to pickup by a grid lead in an a.c.
field. (We have to be careful here—
some types of hum are increased with
negative feedback!) The output signal
from the amplifier ecaused by this
internally generated hum is shown as
wave A in Fig. 2.

Because of the feedback connection
a portion of the hum voltage is fed
back to the input of the amplifier. It
goes through the amplifier just as any
input signal would and it emerges at
the output in opposite phase to the
original hum output. This new output
resulting from the hum voltage being
re-fed through the amplifier is shown
as wave B in Fig. 2. One glance makes
clear that the two waves A and B tend
to cancel and produce wave C, which
is the very much smaller resultant of
the two and is the final hum voltage
actually at the amplifier output.

It should be obvious that this kind
of reduction through cancellation caused
by negative feedback applies to any
kind of signal originated within the
amplifier—impulse noise, shot eflect,
thermal resistor noise, hum picked up
by proximity to a power line or trans-
former, and so on.

It also applies to any signal pur-
posely connected to the amplifier input.
Suppose that wave A in Fig. 2 repre-
sents a recorded flute note coming from
the preamplifier to the amplifier. It
passes through the amplifier, producing
an output wave opposite in phase to
the input wave. Part of that is fed
back to the input through the feedback
connection, which results in a second
output signal B opposite in phase to
the first. The two tend to cancel, so that
the result net output C is less than it
would be if there were no feedback.

Then, how is noise in the amplifier

www americanradiohistorv com

By Richard H. Dorf*

Negative feedback and its
effects on noise, distortion,

and frequency response

reduced by negative feedback, since the
signal is reduced in the same propor-
tion? The answer is that we can now
raise the level of the input signal to
have again the same output level we
had before applying feedback. The level
of the noise within the amplifier is not
raised, however, so the total effect is
that the noise is reduced to a much
smaller percentage of the signal than
before feedback was introduced.

This shows how negative feedback
reduces amplifier noise, but it leaves
one paradox. In Fig. 2 we showed
wave B, representing the output result-
ing from the fed-back hum, smaller
than wave A, representing the original
hum output. Suppose we had a high-
gain amplifier and instead of using a

NEG, FECDBACK

51, INPUT

QUTPUT

Fig. 1—Fundamental negative feedback.

voltage divider we applied all the out-
put back to the input. Could not B be
considerably bigger than A, resulting
in an actual increase in hum?

The answer is no. Again—as in an
earlier chapter with respect to the
“self-balancing” phase inverter—we
must cite the rule that a self-correcting
system must have some error, else there
is nothing to cause a correction. Sup-
pose B were exactly as bhig as A. Then
net output hum would be zero. But if
output hum were zero, there would be
no hum voltage to feed back to the
input. And if we fed back no hum to
the input, there would be no output
wave B to cancel the original hum
output A!

Obviously, then—and this is a good
thing to remember—no matter how

RADIO-ELECTRONICS
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much we increase negative feedback,
the net gain of the amplifier can never
be reduced to zero and output can never
be zero (full cancellation) as long as
there is any noise generated internally

Fig. 2—How the feedback reduces noise.

or any signal applied to the input.
This is true only as long as the feed-
back is negative—reversed phase be-
tween input and cutput. If it is posi-
tive, we simply have an ordinary oscil-
lator whenever the amplifier gain is
1 or greater. Negative feedback cer-
tainly can, however, be increased to
the point where the amplifier gain is
less than 1—that is, where the out-
put signal is less than the input signal.

Distortion reduction

Based on what we have just said,
the distortion-reducing action of nega-
tive feedback can be very simply
explained in words. Signals originating
within the amplifier can be reduced
with respect to signals introduced at
the input. Distortion consists of inter-
modulation products and harmonics.
frequencies which did not exist in the
input signal. The distorticn products
nust therefore have been generated in
the amplifier and are reduced in the
same manner and at the same rate as
hum, tube noise, and the like.

But such a simple statement does
not give us any kind of picture of what
goes on. Fig. 3 does give such a pie-
ture, and (in spite of its appearance)
it is very easily explained.

Assume that the amplifier has a volt-
age gain of 2 from input to output—
in other words E., X E, = 2, with E,
the output voltage and E, the input
signal. This is without any negative
feedback. The symbol for gain before
feedback is A, so A = 2.

The fraction of the output voltage
fed back to the input when we add
negative feedback is 0.25, and the
symbol for this fraction is 8 (the Greek
letter beta); B is usually expressed as
a percentage, so 8 = 26%.

In Fig. 3 we show a triangular wave,
since it is easier to draw accurately
and easier to evaluate when reading.
The wave E, is the signal connected
to the amplifier input. The amplifier
gain (A) before feedback is 2; therefore
the output wave E, is twice the ampli-
tude of E.. Because we have the trans-
former connections phased for negative
feedback, E, is 180 degrees out of
phase with E;.

Note, however, that this amplifier is
distorting badly. Evidently a couple of
grids are so biased that both positive
and negative peaks of the output wave
are clipped off, and the resulting sound
would be extremely irritating.
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The percentage of output voltage
fed back to the input through the volt-
age divider is 25. This is shown by the
wave labeled BE,, with a value equal
to 259, of the output. At the amplifier
input BE, and the original input volt-
age E, are added in series. They pro-
duce a resultant E,, which we oktain
graphically by adding algebraically the
positive and negative amplitudes of the
two at each point along the horizontal
axis. E/ is now the effective awmplifier
input voltage, even though the actual
signal fed from the oscillator or what-
ever the source may be has not changed.

CLIPPING

CLIPPING
Fig. 3—Distortion reduced hy feedback.

E. now goes through the amplifier.
Notice that E’ has a different shape
from either E: or E.. E/’ goes through
the amplifier and is subjected to a gain
of 2, so that the new output E.) is as

AUDIO—HIGH FIDELITY

Third, the same philosophy ouzht to
work for improving frequency response
—and it does! Suppose an amplifier
without feedback has a large peak
around 3,000 cycles. Since the wvoltage
fed back to the input equals the sutput
multiplied by a constant factor 8. morve
voltage will be fed back at 3 ke than
at other frequencies, it will have more
cancelling action, and will causa less
resultant output.

In Fig. 4 we have shown frequency
curves on a plus-and-minus scezle to
indicate two phases. E. is the input
voltage and has the same amplitide at
all frequencies—obtained for thisz test
from a good signal generator. Again
the nominal gain is 2, so the ocutput E,
is at 4 volts over the mid-range. But
it has a bass droop, a 3-kc peal;, and
treble droop.

We apply 25% of E, back to the input
as SBE.. Next we see that addirg E,
and BE, algebraically produces a re-
sultant E.’. (Note carefully thac the
amplitudes of E,’ are maximum when
the curve drops and minimum when it
rises since we are using a two-phase
scale reading both ways from zero;
refer to the numerals at the left to
make this clear.)

Now we pass E.” through the am-
plifier, which has its gain of 2, and
the result is the net effective omtput
E., in which the variations from flat
are very noticeably reduced. A larger
8 and higher amplifier gain would
flatten the curve still more, as we shall
show.
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Fig. 4—Effect on frequency response.
shown. The new, effective amplifier Impedance reduction

output is still a distorted wave; but
it comes a great deal closer to match-
ing the shape of the input E; than the
original output E. did, and will not
sound nearly so bad.

Several inferences can be drawn
from all this. First, it is not satis-
factory simply to build an amplifier
without regard for distortion and then
look to negative feedback to clear it up.
Feedback has a very salutary effect,
but it is obvious from Fig. 3 that the
less distortion there is in the first place
the less there will be after feedback
has done its work.

Next, the larger the value of 2. the
more the distortion is reduced and the
lower is the effective gain of the am-
plifier. Note that the effective output
with feedback E.’ is a good deal smaller
than E, without feedback.

www americanradiohistorvy com

Fig. 5 is a very unconventional-look-
ing equivalent-circuit diagram which is
an easy way to explain how the internal
resistance of an amplifier (amplifier
output impedance) is reduced by nega-
tive voltage feedback. The a.c. gener-
ator represents the amplifier, the final
stage of which has a certain inte mal
resistance Riut, and both can be reore-
sented by the zero-impedance generator
and the resistance. The load may be

1 o
NEG. FEEDSACK

}
QZ|
'

1

CUTPUT TERMINALS

Fig. 5—Internal impedance reduction.
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a loudspeaker (fed through a trans-
former whose primary impedance is
suited to that of the output stage).
Ignore R1 and R2 for the moment.

If the load is opcened, the full gen-
erator voltage appears across the out-
put terminals. The moment the load
is connected the generator current pass-
ing through the internal resistance
causes a voltage drop across that resis-
tance; then the voltage across the load
is the generator voltage minus the
voltage dropped across Ri... Obviously
the bigger the intcirnal resistance, the
smaller the voltage appearing across
the load. Obviously also, the larger
the load resistance, the larger the volt-
age appearing across it.

Now let us add negative feedback,
obtained from voltage-divider R1-R2
across the output terminals. Suppose
we remove the load. The voltage at the
terminals immediatelv becomes maxi-
mum-—the full generator voltage—
affected only by whatever action R1-
R2 may have as a load, but they are
of high value and can be ignored.

With the high output voltage, the
negative feedback voltage is also high.
High feedback voltage tends to buck
or cancel the amplifier input voltage
and thus reduce the output to a lower
value than it would be without feed-
back.

Now we connect the load in place.
The output voltage immediately goes
down. But since there is less negative
feedback, there is less cancellation at
the input and the output voltage tends

to rise. This is readily explained.

What is happening is that the pres-
ence of negative feedback is preventing
the output voltage from making the
drastic changes it ordinarily would
make with a change in load. If the
internal resistance wevre lower, that,
too, would reduce the output voltage
changes with load changes. Therefore,
the addition of negative feedback has
the same effect as lowering the internal
resistance—that is, the output imped-
ance—of the amplifier!

Amplifier output impedance has an
important effect on loudspeaker damp-
ing. A loudspeaker is a type of motor.
As such, an applied voltage makes it
move. But in addition, any movement
of the loudspeaker cone crectes a volt-
age at the speaker terminals. (All
motors are also generators.) If the
speaker terminals are short-circuited,
the voltage created by the movement
results in high current through the
voice coil, which creates magnetic lines
of force that interact with the field
magnet in the correct direction to arrest
the motion, thus braking the motor.

When a sudden drumbeat (or the
leading edge of a square wave) comes
along, the speaker cone is suddenly
pushed. If there is a high impedance
across the voice-coil terminals there is
nothing to stop the cone’s rather resil-
ient mounting from causing it to vibrate
like a gong until its mechanically stored
energy is dissipated, giving a very,
very muddy reproduction of the drum
beat. But if the amplifier output
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Fig. 6—The Bogen HO10 amplifier uses more than one type of negative feedback.
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impedance is very low, the voice coil
is nearly shorted and the vibrations
are quickly damped out. This is the
importance of negative feedback for
speaker damping. The higher the feed-
back, the better the damping.

Some numbers

Negative feedback in an amplifier
is usually cited in decibels—for in-
stance, such and such an amplifier has
“20-db negative feedback.” This simply
means that the gain of the amplifier
with feedback is 20 db less than if the
feedback loop or loops were removed.
The figure depends on two factors—
the gain of the amplifier without feed-
back and the percentage of feedback f.

The formula is very simple:

A
—X,‘:l'*-,BA

A/A’ is always greater than 1, since
the feedback always reduces the gain
of the amplifier to an effective value
A’ less than that without feedback A.
The formula itself shows very clearly
that the reduction in gain (which is a
direct indication of the effective nega-
tive feedback) is directly proportional
both to B and to A. As an example,
the hypothetical amplifier we dealt with
in Figs. 1 through 4 had a gain of
2 and 8 of 25% or 0.25. The ratio
of A/A" was then 1 + (0.25 X 2) or 1.5,
which corresponds to a loss of about
3.5 db. This low figure for a 8 of as
much as 25% might be surprising,
until we look at the A term in the
equation and see that 2 is very low
gain—only 6 db.

To cite a more usual situation: A
25-watt amplifier requires approx-
imately 14 volts into an 8-ohnm speaker,
and may require an input of 1.4 volts
for full 25-watt output. The gain with
feedback is then 10 times. If 20 db of
feedback is desired, then the amplifier
gain without feedback must be 100,
which is 20 db more than the with-
feedback value of 10. Rearranging the
formula above to find 2,

(A/A") — 1
A
Substituting the values gives us a value
of .09 or 9% for . This allows us to
design the correct network to determine
the amount of feedback.

Feedback methods

One of the most popular methods of
connecting a feedback loop is to use an
unbypassed cathode. This is done, for
example, in the Bogen HO10 amplifier
shown in the photograph, as can be
seen from the schematic of Iig. 6.
Feedback loop A is taken directly from
the output transformer secondary to
the cathode of the input stage through
an attenuating and phase-correcting
network consisting of a 100,000-ohm
resistor and a 15-uuf capacitor. Phase
correction is necessary at the extremes
of the frequency range because nega-
tive feedback works as advertised only
when the signal fed back is exactly
180 degrees out of phase with the input.

(Continued on facing page)
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ew Electrostatic Speakers

HE clectrostatic speaker is the

simplest of all sound transducers.

It consists merely of two sheets of

metal foil (one may be sheet
metal) with a dielectric between them.
A d.c. voltage across them maintains a
steady  attraction. Audio-frequency
voltages add to o1 subtract from the
polarizing voltage, causing the sheets
to move together or apart according to
the modulation.

Though known from the pre-radio
days of the magician’s “talking news-
paper,” the principle has long avoided
“reduction to practice.” True, several
sets with electrostatic speakers were
marketed in the late ’20’s, both here and
in Europe. A photograph of one of the
early German types appeared in “High-
Fidelity Loudspeakers” (Part I) by
Hartley, RADIO-ELECTRONICS, Mauch,
1954. The American speakers were rec-
tangular, with several square feet of
surface.

Because of the high polarizing volt-
age (450 to over 2,000) and the perish-
able dielectric material, they were not
satisfactory. Speakers that needed
service were replaced by more tractable
types, and the electrostatic speaker dis-
appeared.

But the sound engineer has never
been satisfied with any present type of
speaker (see “Wanted — Inertialess
Speakers,” RADIO-ELECTRONICS, Octcber
1953, as well as some of Mr. Hartley’s
remarks in the March, 1954, article),

One of the cldest
sound  reprodicing

units  rides again

Far left—The Philco
speaker, nearer, the
Columbia Kilosphere,
Below—How the
speaker is hooked up
in a Philco receiver.

280v AT
THEG
0033 3.3k 204

CH ELECTROSTATIC
SPKR

and the electrostatic unit still showed
promise. High voltage in home receivers
is no longer a problem, and new plas-
tics offer better dielectrics.

Within the last two years a new
electrostatic speaker has been an-
nounced in Germany (RADIO-ELECTRON-
1cs, April, 1953, page 66), and now
Philco and Columbia have announced
simultaneously that they will have clec-
trostatic tweeter units on their fall
models.

Their advantages lie in their unde-
creased efficiency with rising frequency,
the lack of “breakup” due to the speak-
e1’s being driven uniformly over the
whole surface instead of from the cen-
ter, and the fact that they can be so
shaped as to radiczte over a wide angle.

(Continued from facing page)
This is true only at midfrequencies. At
the extremes, tube capacitances, trans-
former reactances, and stray wiring
reactances have a phase-shifting effect.
The worst possibility is that phase
may change 180 degrees so that the
feedback becomes positive and causes
oscillation. Actually—depending on the
number of reactive components in the
amplifier and the wiring care—phase
begins to shift fairly early in both

OCTOBER, 1954

frequency extremes and if the /2 and
amplifier gain are great enough oscilla-
tion will take place, even though phase
shift is less than 180 degrees. It is
possible to have 20 to 30 db of feed-
back with bandwidth out to several
times the topmost audible frequency
without compensation of any kind; but
this requires direct coupling and the
very highest quality output trans-
former, since distributed capacitance
and leakage inductance in the trans-

www americanradiohietorv com

(Both cone and horn tweeters tend to
be sharply directional.) The electro-
static speakers should be cheaper than
either cone or horn.

Technical information was released
first on the Philco unit. It consists of
16 slim rectanguwlar units “dispcsed as
facets on a half-eylinder,” thus causing
it to disperse sound over a wide argle.
The half-cylinder backplate is mada2 of
perforated aluminum, ribbed tc create
the 16 faces. The movable electrodz is
a plastic layer .0005 inch thick, with a
thin metal film deposited on one side.
A polarizing voltage of about 2%0 at-
tracts the film toward the backpiate,
and the audio-frequency voltage, ap-
plied as shown in the schematic, cavses
it to move back and forth. END

former also count. It iz cheaper (and
as effective) to compensate for phase
shift by using a simple network such
as Fig. 6 shows.

Another usual trick is to use as meny
as three different feedback loops in-
stead of concentrating all the feedbzack
into one. This is done in the Bog=n,
the second loop being the one marked
B between the output-stage plates and
the driver grids. END

v
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HIGH-FIDELITY LOUDSPEAKERS

By H. A. HARTLEY*

E can select a perfectly satis-

factory speaker, enclose it in

a properly designed housing,

and consider the whole as
something that will give sound repro-
duction closely approaching the orig-
inal. This will happen only if the
speaker assembly is used out of doors.
Placed in an ordinary room, other
factors make themselves audible. To
demonstrate this, feed the amplifier
with several frequencies, say 50, 200,
500, 1,000, 2,000, 5,000 and 10,000
cycles. Walk about the room, first with
one ear toward the speaker and then
facing the speaker. What are called
standing waves, where the sound may
almost disappear, occur in various
places. These are brought about by
room reflections and absorptions. Even
in the open air there is no uniform
distribution of sound, because no speak-
er has a perfect polar distribution at
all frequencies; the usual fault is
concentration of the high frequencies
in a rather narrow beam. Generally
speaking, the audio enthusiast is faced
with the problem of locating a speaker

*H. A. Hartley Co., Inc.
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of comparatively unknown perform-
ance in a room of unknown acoustical
behavior, and the best results can be
found only by trial and error. Some
generalizations can be made to help
solve this difficult problem.

Usually the selected room exists; it
cannot be altered in shape and size;
the windows cannot be moved. Even
the furniture and furnishings are
somewhat fixed, for the room has to
be lived in as well as act as a music
room. There is something of a craze
for custom audio-radio-TV combina-
tions that take up part or all of one
wall of a room. Esthetically, this may
appeal to some people; to others it may
seem like converting a home into some-
thing resembling a laboratory or a
superequipped kitchen. Whatever may
be thought of its appearance, such an
installation is almost invariably bad
acoustically. There are good reasons
for this.

If the speaker is a good one, it will
almost certainly require a housing that
cannot be placed flat against a wall.
Good enclosures must be placed a few
inches from the wall with free space
all around or in the corner of a room

www americanradiohistorv com

Part V—The room
and tts acoustics,
testing speakers,
response ciroes
and the

human factor

Fig. 1 — Anechoic
test room used at
Bell

Laboratories.

so that adjacent walls form part of the
folded horn. Good clean bass cannot be
obtained from boxed-in speakers.

A good speaker can reproduce fre-
quencies as low as 20 cycles. Reproduc-
tion of any frequency below about 100
cycles is accompanied by substantial
vibration of the housing. If the housing
is built into a large cabinet that also
houses the record player, acoustic feed-
back is inevitable. This applies to any
phonograph cabinet containing both
record player and speaker, even if the
player is mounted on springs and the
speaker housing is rubber-suspended.
If any combined installation does not
give acoustic feedback, it can be as-
sumed that the bass is absolutely cut off
at about 50 cycles or higher—generally
higher. Those unacquainted with the
behavior of the human ear may not
believe this, but the ear can give an
impression of a low fundamental by
working back from the second, third
and higher harmonics. Direct compari-
son between this pseudo-bass and real
bass that includes the fundamental at
its proper amplitude shows at once
what is missed by a bass cutoff in the
reproducing equipment.
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Tor best results it is essential to
separate the player from the speaker.
The speaker should be placed where it
will sound best. The type of speaker
used must depend on the size of the
room. If the room is small, a direct-
radiator single speaker is essential, for
multiple-channel speakers give exces-
sive phase displacement of the treble
as compared with the bass unless the
listener is some distance away. With
horn speakers the distance must be even
greater. A safe rule is that a horn-
londed speaker should not be used in
a room smaller than 30 feet long,
especially if it is a combination of
woofer and tweeter.

Reflection over the frequency spec-
trum varies. High frequencies being
most easily absorbed, an overfurnished
room will give an impression of lack
of top; a sparsely furnished room will
have undue low-frequency reverbera-
tion. It is unfortunate that through the
whole process of sound reproduction,
what is good for the highs is bad for
the lows. At the same time, if some at-
tempt at a happy medium is reached,
the high-frequency focusing of the
speaker must be allowed for. It is un-
desirable to sit in the beam of the
speaker. Since only one person can do
so at any given time, it is better to
arrange the seating so that no one does.
The wall opposite the high-frequency
beam should have some light damping
to avoid reflection. A thin curtain is
sufficient. Alternatively a good deal of
success in spaciousness of reproduction
can be achieved by directing the speaker
at an adjacent corner, if already placed
in a corner, without damping, so that
the highs are scattered by the opposite
wall. Then no one sits in the beam, and
distributed highs reach everyone.

Unless the building is a solid and
substantial one, bass will be lost
through floor reverberation. Mount the
speaker housing on sponge rubber—the
low-frequency energy from the speaker
must be used to move air, not the
building. If such bass loss is supposedly
made good by boost in the amplifier,
amplitude distortion of the fundamental
and harmonies will occur and give an
unnatural sound.

Generally speaking, the best place
for a speaker cabinet is in a corner of
the room, for the walls help to reflect
the sound forward. If the enclosure is
of the open-back type, this can be very
valuable in directing the lowest fre-
quencies which have escaped from the
back toward the listener. The walls in
the corner of the room should not be
damped by curtains or other absorbent
material; they should act as reflectors.
Testing of all these aspects of speaker
placement is best done by using a fre-
quency test record with a wobble tone,
which helps break up standing waves;
a steady tone record is almost useless
unless it is desired to find out where
and when the standing waves occur.

The difficulty at all times is to obtain
uniform distribution of sound, and the
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idea I put forward in an earlier article
—clean bass at adequate volume can
be achieved by using several small
speakers instead of one large one—is
of value in getting better distribution.
In Britain some speakers are mounted
in such a way that the sound is pro-
jected to the ceiling, either vertically
or at an angle, the ceiling being used
as a large reflector. If the speaker, as
normally used, has a high-frequency
beam, this method gives good dispersion
of the highs. If the listening room is
small, so that one cannot sit at a fair
distance from the speaker, ceiling re-
flection does help the general effect
noticeably.

Ornaments, pictures hanging on the
wall, and particularly a piano, in which
every string is a resonator, tend to
set up local centers of interference,
especially if the speaker is run at good
volume. Of course, removal of these
may set up an interference center with
the feminine half of the home adminis-
tration, but the point is mentioned since
it is frequently overlooked. It seems
absurd that a vast amount of work
directed toward removing resonances
from the speaker should be cancelled
out by introducing resonances in the
listening room.

If domestic law and order insist that
the speaker must be put “there” and
no where else, the sound output can be
deflected by mounting a set of narrow
baffle plates, like a miniature venetian
blind set on edge, across the speaker
opening. Naturally, care must be taken
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Fig. 2—Typical loudspeaker response
curves taken on and off speaker axis.

that the individual slats do not rattle.

Finally, if two speakers are used in
such positions that one is appreciably
farther away than the other from the
listener, so that the time of transit of
the sound waves is different, a startling
imitation of stereophonic reproduction
can be obtained. The speaker beams
should not intersect within the room.
A good deal of experimenting will be

wwwW americanradiohistorv com

required to get the best possible results.

Testing high-fidelity loudspeakers

Proper testing of a speaker can be
carried out only in a fully equipped
acoustical laboratory. The speaker
must be placed in a testing compart-
nent that is completely inert and has
no echo, or must be measured in the
open air where there is no interfering
noise. A suitable location for open-
air operation is hard to find, and this
accounts for the construction of expen-
sive anechoic test rooms (Fig. 1).
Serious work cannot be carried out
without such an “auditorium.”

Given such a test voom and all the
accompanying measuring gear, certain
facts can be established. A frenquency
response curve can be taken with sine-
wave input, on and off the axis (Fig.
2). From a series of such curves polar
diagrams (Fig. 3) can be drawn show-
ing the forward radiation at various
frequencies. This information has no
absolute value, for it refers to a specific
speaker in specific surroundings. Other
speakers can be measured under exact-
ly similar conditions, and their curves
can be compared with the first speake:;
this will give relative performance, and
that is all.

Such curves are called static curves;
they show a speaker’s performance
under steady conditions. Most speakers
show different responses with different
input currents. Strictly speaking, there
should be a family of curves for applied
voltages of, say, 1 to 5, and this family
of curves should be integrated to give
average performance.

In reproducing music, speakers are
not working in a steady state. The
information given by the steady-state
curves must be supplemented by photo-
graphs of oscillograms taken when the
signal generator supplying the test in-
put to the speaker is modulated by a
sweep generator. These two sets of
data will then give a fairly comprehen-
sive picture of the performance of one
speaker with respect to another, pro-
vided both speakers have been measured
in identical housings. If the perform-
ance of speakers in their own properly
designed housings is wanted, then
these housings must be used in the
test. My reason for mentioning this
apparently obvious point is that even
if speaker manufacturers agreed among
themselves to submit their products to
an independent authority, so that
standardized data would be available
to the public, the information would not
be very useful if speakers were sold
as units without cabinets—and most
speakers are sold to be housed by the
purchaser in whatever cabinet he wishes
to use.

The foregoing data gives little infor-
mation about transient response. The
most useful work in this direction has
been carried out by Shorter of the
British Broadecasting Corporation. A
speaker having a light diaphragm-
voice-coil assembly and a smooth fre-
quency response gives a rapid build-up
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Heathbit
ELECTRONIC

SWITCH
KIT

The basic function of the Heathkit
Electronic Switch Kit is to permit
simultaneous oscilloscope observa-
tion of two separate traces which
can be either separated or super- 7,
imposed for individual study. This 5 r(,
is accomplished through the use of ,,,',’]
two individually controlled inputs
working through amplifier, multi-
vibrator, and blocking stages. The
oulput of the Electronic Switch is
connected directly to the vertical

input of the Oscilloscope. A typical example of useful-
ness would be simultaneous observation of a signal or
waveform as it appears at both the input and output

stages of an amplifier.
APPLICATIONS

An Electronic Switch has many applications to increase
the over-all operating versatility of your oscilloscope.

i i3
(& lru ’l( Oty
-

ity U‘((/ Uy,
Oty i e for
eq); Iu

MODEL §-2

230

Shpg. Wt.
8 Ibs.

It can be used to check amplifier distortion—audio

crossover networks—phase inverter circuits—to measure phase shift—special
waveform study, etc. The instrument can also be conveniently used as a square
wave generator over the range of switching frequencncs often providing the
necessary wave form response information without incurring the expense of
an additional instrument. Ownership of this instrument will reveal many entirely
new ficlds of oscilloscope application and will quickly justify the modest cost of

the Electronic Switch Kit.

Heathbit |
VOLTAGE CAHBRATOR |

KIT

o L
- L

i

= MODEL VC-2
b $| I .
e
l‘;:‘: Shpg. Wt. 4 ibs.

Another useful oscilloscope
accessory particularly in circuit develop-
ment work and in TV and radio scrvice
work. The Voltage Calibrator provides a
convenient method for making peak-to-peak
voltage measurements with an oscilloscope,
by establishing a relationship on a compari-
son basis between the amplitude of an un-
known wave shape and a known output of
the voltage calibrator. Peak-to-peak voltage
valucs are read directly from a calibrated
panel scale without recourse to involved
calculations.

FEATURES:

To otl-sct line voltage supply irregularities,
the instrument features a voltage regulator
tube. A convenient “'signal’ position on the
panel switch by-passes the calibrator com-
pletely and the signal is applied through the
oscilloscope vertical input, thereby eliminat-
ing the necessity for constantly transferring
test leads.

RANGES:

With the Heathkit Volt-
age Calibrator it is pos-
sible to measure all types
of complex waveforms
within a voltage range of
.01 to 100 volts peak-to-
peak. Build this instru-
ment in a few hours and
enjoy the added benefits
oitered only through com-
bination use of test equip-
ment.
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tortion.
vides proper matching to any conven-

I high frequency.

Heathkit
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No. 342

$35.0

A

An oscilloscope accessory. the 342 Low
Capacity Probe permiis observation of
complex TV waveforms without is-

An adjustable trimmer pro-

tional scope input circuit. Excellent for
high impedance, or
broad bandwicdth eircuits. T'he attenu-
ation ratio can be varied to meet in-

| dividual requirements.

Shpg. Wt. 1 lb.

Heathtct

SCOPE DEMODULATOR

PROBE KIT

No. 337-C

$ 35.0
Shpg. Wt. 1 |b.

Fxtend the usefulness of your oscil-
loscope by observing modulation
en'velopea of RIF or I ecarriers
found in TV and radio receivers.
The Heathkit Demodulator Probe
will be helpful in alignment work,
as - gain analyzer and a qlgnnl
tracer. Easy construction with the
new mocern printed circuit board.
Voltage limits are 30 volts RMS
and 500 volts D.C.

BENTON HARBOR 20,
MICHIGAN

HEATH company

wwWwW americanradiohicetorv com
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of a transient impulse, but the decay
of the transient must also be con-
sidered. A lightly damped resonator
(such as a speaker cone) when shock-
excited by a suddenly applied impulse,
will “ring’” at its own resonant fre-
guency, and this ring will continue in
the absence of damping. Shorter meas-
ures the frequency response at time
intervals of 0, 10, 20, 30, and 40 milli-
seconds after the applied voltage has
ceased. Good transient-reproducing
capabilities require attenuation of 35
db at 3,000 cycles, 50 db at 5,000 cycles

within 10 milliseconds; a further
attenuation of 10 db in the next 10
milliseconds and further appreciable

attenuation within the next 20 milli-
seconds. Obviously, measurements of
this sort are beyond the resources of
the average technician.

22,55
67.5
90°

Y

Fig. 3 — Polar diagram of ILlectro-
Yoice model 818 loudspeaker system.

22.5°

67.5°

90°

However, one need not despair. A
good deal of useful information can
be obtained with comparvatively simple
tests. In the case of direct-radiator
speakers, mount the unit to be tested

on a simple reasonably rigid batfe.
lest the baflle on sponge rubber so
that the energy of the speaker is not

wasted at low frequencies by setting
up vibration in surrounding objects.
Use an amplifier of known freedom

from distortion, and excite the amplitier
with a sinusoidal output from an audio
generator. Find the bass resonant
frequency of the speaker and set the
volume so that the speaker is just not
overloading; thereafter keep the input
to the speaker constant.

The output from the speaker should
have the characterless sound of a pure
sine wave; any harmonic present will
give some quality to the sound, and
the harmonic may come from the
amplitier or the signal generator. Sweep
slowly up the scale listening for any
suggestion of rattles; if noticed, they
should be hunted down. A probe con-
sisting of a pencil to one end of which
has been cemented a small piece of
sponge rubber is useful for touching
the various parts of the speaker.
Listening to the speaker under ordi-
nary surroundings will suggest that
the response is full of dips and peaks;
most of these will be due to room
acoustics, but if the oscillator can
produce a wobble tone. this will help
to cancel out standing waves.

Nodes in the cone can produce

RADIO-ELECTRONICS
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TLe new 1055 Heathkit Model O-10 s the first truly color television kit oscilloseope with
necessary high sensitivity and bandwidth. Qutstanding instrument appearance is the
resuli of new maodern styling and color harmony. The first kit constructed oscilloscope Ney
to offer a lubor-saving printed cireuit board. New sweep generator with frequency range gCQue,:(-f’De wig,
five times greater than previous models. Additional major improvements are « new high ZeSdth l:u,,A,e
voltagze power supply, improved vertical aud horizontal eleetronic positioning control c_y(,?(’l'.q ,;,f"'ee,f
artion, extreme horizontal amplifier sensitivity for truce magnification over three times E‘J'pl(f:’ to 50%- 14 Capy
CRT face width. - 000 o 74 egihory
MEW SWEEP GENERATOR: The first sweep generator outside of expensive Labor- 7""1.;,;7"‘-\!‘
arory units to go ahove 100 KC. Yet this new Heathkit has five times the frequency range with stable, (‘-‘liyel "_I‘;a.
locked-in traces. Complete range 10 eveles to 500,000 eyeles. The generator has such excellent synchro- R t(ﬁ"ﬂlgy’f
nization characteristics, that the results closely approximate u triggered sweep and under most g\newelec(r?‘nlc Position- K
conditions, the truce is locked to a multiple of sync frequency throughout the entire control range. tuﬁ'(-%%r;"e];rirglrteinStt‘)‘sl;:
Sweep multi-vibrator is direet eoupled pentrode-triode and frequency determining capacitors ure not tioning 'wlthout‘l)ohm'e MODEL O-10

purt of multivibrator circuit. or overshoot.

Simplified, stand-
ardized construc-

tion  feehnique of SENSITIVITY AND BANDWIDTH: Operating characteristics of
vertica) and hori- the newly designed vertical amplifier provide a high degree of sensi-
zontal amplifier tivity (25 millivolts per inch) and excellent bandwidth characteristics
“0”51."‘”“_‘0“ made 5 eycles to 5 MC (down only 5 db). Only the new Heathkit Oscillo-
fﬁfs‘]‘S:%rL": r;}:bg scope has the necessary sensitivity for full 5 megacyele handwidth for
printed circuit color servicing. Uniformly high level operation with a high degree of
board. stability is assured through the use of new printed circuit board con- Shpg. Wt. 27 Ibs.

struetion. Printed circuits reduce the assembly time, error possibility,
and provide rigid mounting for all components.

w horizontal amplifier provides trace width three times the
diumeter of the CR tube. This new umplifier together with DC positionmg. allows greater maguification
of truce for observation of small transients and step portions of TV sync pulses.

OTHER OUTSTANDING FEATURES: Retrace amplifier—Z axis modulation—peak-to-peak voltage
calibrating source with calibrated grid—all plastic molded eondensers for long trouble-free life and drift
Clean. open. under R elimination—voltage regulated power supply —new wiring harness for neat professional appesrunce —new
chassis  construction b . cabinet styling and color harmony. Combinations of design and performanee features available only n the
and wiring. Possible new Heathkit O-10 Oscilloscope.

only throngh use of
S S s— E NN BN S EEEEN RS NN S G S G S W

pre-cabled wiring har-
NEW

s, and simplified
printed circuit
NEW \ Feathbit
Hearhtcr ‘ 5” PRINTED CIRCUIT

3” PRINTED CIRCUIT ‘OSCII.I.OSCOPE KIT
| OSCILLOSCOPE KIT ‘ MODEL OM-1

27%4 5 Shpg. Wt.
‘ $ 24 lbs.
MODEL OL-1 [ ]
so Sh W ‘ Printed circuit board construction
$ pg. Wt, for accurate trouble-free assembly.
[ ]

15 Ibs. )
Twin triode Heath sweep gener-
ator 15-100.000 cycle range.

By popular request we are again
offering a 5" full sized general purpose
Oscilloscope using a 5BP1 CRT. All of the necessary design features for
servicemen, students, experimenters, bamns, ete. This fine oscilloscope value
features printed eireuit board construction for easy assembly and redured
wiring time. Also features the new Heathkit styling and color harmeny
with the charcoal gray panel and white lettering for high readability.

New easy-to-build printed circuit board
with high insulation faetor.

New compact utility Scope—light- New Heathkit instrument stylng— ‘
welght—portable for service work. chuarcoal gray panel with high reada-
bility white lettering.

Defleetion plate terminals—ldeal for . . ‘

ham transmlvter modulation monitor- )ewll_h‘lulh 0‘6?'1“ ‘l,l‘llO(l("SW(‘(‘P gener- SWEEP GENERATOR: Sweep generator range using Heath tsin

Ing. ator 15-100,000 cyele sweep. triode cireuit 15-100,000 cycles in four pos'tions. Provisions for external
as well as internal sweep and external or internal sync in addition to 60
cycle line sweep. Easy positive synehronization.

‘ Heavy duty power supply using TV type 1V2 high voltage rectifier
assures adequate accelerating potential for good trace definition. Defiec-
tion plate direct terminal connections available on rear of cabimet. Useful

‘ in transmitter modulation checking.

Good performance, simplified opcration, and easy assemldy are all
‘ characteristies of this new model Heathkit Oscilloscope.

Here is tha newest addition to the line of Heathkit Oseilloscopes. Just the instrument you
servicemen, hams, students, and experimenters have been asking for. A general purpose
law priced utility scope to be used in everyday work. Through the use of a 3* 3GP1 CRT
it hus been possible to reduce the cabinet size and weight so that the instrument is 2 com-
pact portable unit especially useful for TV servicemen to carry on home service calls and
as an extra shop utility scope. At this low priee every ham can afford an oseilloseope for
transmitter madulation monitoring. Convenient slide switch controlled terminals at rear
of seope cabinet.

PRINTED CIRCUIT: This new Heathkit uses a prefabricated printed circuit board to
standardize ampli and sweep generator assembly. Cuts building time in half, eliminates
major portion of wiring, and insures exact duplication of engineering pilot model. Con-
densers, resistars, and tube sockets are mounted direetly on the board and soldered in place.

DESIGN FEATURES: Cathode follower input cireuits in both vertieal and horizontal

amplifier—electronic positioning control for wide range of vertical or horizontal spot

deflection— Heath twin triode sweep generator—provisions for external and internal syne c o m a n ‘
—external and internal sweep—60 cycle line sweep—Chicago power transformer—4

section eleciralytic filter conden?er—iplastic r]noldcilf by zxsgka)\n’nli eoupling condcusc}n&

Tube lineup 4—12AT7 horizontal and vertical amplifiers, 12AX7 sweep generator, 6

low '.'oltageprcctiﬁcr 1V2 high voltuge rectifier, 3GPI CRT. Cabinet size 1134” deep x 614" B N T o N HA R B o R 2 0 '

wide x 924" high. A terrific instrument value at $29.50. ) M I C H I G A N
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L eads.

MULTIMETER

KIT

4

") r
The new Heathkit Multimeter is a Mjp Senar, e
“must” to complete the instrument ‘Sllnp';."“"l ns;"‘"eé»{'”‘
lineup of any well equipped service i '“E’I(.}s” 20
sh_op. Here is an instrument packed L
with every desirable service feature,

many of which are not found in other

Multimeters. All of the measurement (35 metet
ranges you need or want. High sensi- goral Oy awo
tivity 20,000 ohms per volt DC; 5,000 Talle ale.
ohms per volt AC. cotor”

% ADVANTAGES

Complete portability through freedom

from AC line power operation—provides service
ranges of direct current measurements from 150
microamps up to 15 amperes-—can be safely operated
in Rtl-‘ fields without impairing accuracy of measure-
ment.

% RANGES

Full scale AC and DC voltage ranges are 0-1.5, 5, 50, 150, 500,
1500 and 5,000 volgsz Direct current ranges are 150 microamps,
15, 150 and 500 milliamperes and 15 amperes. Resistances are

measured from .2 ohms to 20 megohms in 3 ranges ar
from —10 to +65 db.

% CONSTRUCTION

MODEL MM-1

$26°0

1d db range

The Heathkit MM-1 features a_unique resistor ring switch
mounting assembly procedure. With this method of assembly

the precision resistors are wired to the rings and ran

ge switch before actual mounting of the

switch to the instrument panel. T'hi.s procedure affords the advantage of simpler construction
yet complete accessibility of precision resistors in event replacement is ever required. Ohm-
meter batteries were selected for convenience of replacement and only standard commercially

available types are used. Batteries consist of 1 type
batteries and necessary test leads are furnished wi

C flashlight cell and 4 Penlite cells. All
th the kit.

Hearltct
HANDITESTER KiTl

MODEL M1

5145 |

Shpg. Wt. 3 Ibs. I

resistor

tion Bo

at
The Heathkit
Model M-1 Handi-

tester readily fulfills Imany a

saving d
today.

major requirements for
a compact, portable volt-ohm milliam-
meter. The small size of the smooth gleam-
ing molded bakelite case permits the in-
strument to be tucked into your coat
pocket, toolhox or glove compartment of
your car. Always the ““Handitester” for
those simple repair jobs.

RANGES:

Despite its compact size, the Handitester
is packed with every desirable feature re-
quired in an instrument of this type. AC
or DC voltage ranges, full scale, 10, 30,
300, 1,000 and 5,000 volts. 2 convenient
ohmmeter ranges 0-3,000 ohms and 0O-
300,000 ohms. 2 DC milliammeter ranges
0-10 milliamperes and 0-100 milliamperes.

CONSTRUCTION

‘The instrument uses a 400 microampere
meter movement which is shunted with
resistors to provide a uniform 1 milli-
ampere load in both AC and DC ranges.
This design allows the use of but 1 set of
1% precision divider resistors
on both AC and DC and pro-
vides a simplicity of switch-
ing. A small hearing aid type
ohms adjust control provi.des
the necessary zero adjust
function on the ohmmeter
range. The AC rectifier circuit
uses a high quality Bradley
rectifier and a dual half wave
hookup. Necessary test leads
and battery are included in
the price of this popular kit.
e A - e

G

from
mfd.

leads

BEN

S
G

36 standard RTMA 1 watt

ohms and 10 megohms with
an accuracy of 10% are at
your fingertips in the Model
RS-1 Resistance Substitu-

and
I will easily prove its worth

18 standard RTMA
values are available

switch set in the panel

of an attractive bake-

lite case allows quick changes
without touching
. Invest a few minutes
of your time now and save
hours of work later on.

“Feathtit RESISTANCE
SUBSTITUTION BOX KIT

MODEL RS-1

values between 15

x kit. This sturdy
tractive accessory

mes over as a time
evice. Order several

2 lbs.
l—————————

“Heathtct CONDENSER
SUBSTITUTION BOX KIT

MODEL
Cs-1

.0001 mfd to .22
An 18 position

the test

HEATH company

TON HARBOR 20,

MICHIGAN
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rattles although the voice coil may not
be rubbing and no part of the speaker
is loose. The nodes can be seen by
examining the speaker under a strobe
light, but stroboscopes cannot be geared
up to high audio frequencies (which is
not very important since nodes are
most troublesome at low and lower-
middle frequencies).

A check on the response curve can
be made by taking an impedance curve,
which will not display minor distor-
tions, but will show baffle resonance,
cabinet resonances, and the funda-
mental bass resonance of the speaker
as well-marked peaks. The impedance
of a speaker rises with frequency, so
take no notice of the general gradient
of the curve, but only of the peaks.
Usually, published response curves of

speakers (Fig. 4) are taken with a
5
L M\ M\

- / V\/f'
5

/ ¥
% 50 100 50 K 2K 5K 10K I5K
FREQ:CPS

Fig. 4—Frequency response curve of

University model 6200 loudspeaker
1-volt input. To find defects in the

speaker use the largest input possible,
the limit being the power-handling
capacity at bass resonant frequency.

Intermodulation distortion can be
checked very easily. Apply a low
frequency to the speaker. If the bass
resonance is below 60 cycles, the power-
line supply can be applied to the voice
coil through an ordinary output trans-
former; if above, then the low-fre-
quency test voltage will have to be
supplied by a second audio oscillator.
Apply the low-frequency voltage to the
speaker so that the cone is fully de-
flected. Now add, from the original
oscillator, a signal of some frequency
between about 3,000 and 5,000 cycles,
a frequency to which the ear is usually
sensitive. If there is a low-frequency
wobble on the high-frequency note, the
speaker sutfers from intermodulation
distortion. This statement will be
challenged by the “Doppler school,”
but I maintain, and have proved it
before technical audiences, that if a
magnet system is so designed that the
voice coil does not enter a weaker
magnetic field at any point of its
excursion, the wobble will not be heard,
but only the two test frequencies free
from mutual reaction.

Nonlinear distortion can be checked
by similar methods. This time the low-
frequency test signal is applied with
a small input, so that the high-fre-
quency signal has the characteristic
sound of a sinusoidal wave. Increase
the low-frequency voltage and listen
to the high note; if it changes in char-

acter, becomes sharper because of
introduced harmonics, the speaker has
nonlinear distortion.

The oscillator should also be used
for testing cabinet speakers. The hous-
ing should be mounted on sponge rubber

RADIO-ELECTRONICS
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NEW Healhtbit

VACUUM TUBE

VOLTMETER KIT

PRINTED CIRCUIT DESIGN

Another outstanding example of continuing Heath Company pioneering and leadership in the kit instru-
ment field. A new printed circuit VT VM. New peak-to-peak circuit —new styling and new pane! desien.
A prewired, prefabricated printed eircuit hoard eliminates chassis wiring, cuts assembly time in hallf,
assures duplication of Engineering pilot model speeificutions, and virtually eliminates possihility of con-
struetion error.

CIRCUIT:

A 6ALS tube operated as a full wave AC input rectifier pernits seven peak-to-peak voltage ranges with
upper limits of 4000 volts P—P. Just the ticket for vou TV servicemen. Voltage divider in the 6AL5 input
cireuit limits applied AC input to a sufe level, This circuitry und the isolation of
the meter in the cathode of the 12AU7 bridge eireuit affords a high degree of
protection to the sensitive 200 microampere meter.

RANGES:
Full wave rectifier  Seven voltage ranges. 1.5, 5, 15, 50, 150, 500
in ACInput eircult. 1,471 500 volts DC und AC RMS, Peak-to-

casy-yor
et el
Read peakto-peak  poak runges 4, 14, 40, 140, 400, 1ion, 4000, F&fopen oo

upper limit of 4000  Ohmmeter ranges N1, X10, X100, X 1000, but. ot
P—Pand 1500 volts ~ NI10K. X100K, N1 meg. Additional features now ind
RMS. Voltage di-  areadb seale, u center seale zero position, amd the 8¢

vider Input circull. 4 polyrity reversal switch.

IMPORTANT FEATURES:
High impedance 11 megohm input —transformer operated —19%
precision resistors, 6A L5 and 12AU7 tube—selenium power recti-
fier— individual AC and DC ealibrations —smoother improved
zero adjust control action—new panel styling and color—new
placement of pilot light —new positive contact battery mounting
—new knobs—test leads included.

Shpg. Wt. 7 ibs.

The first klg instru-
ment to offer a la-
hor-saving, error-

irce printed circult The new V-7 also sets the pace us a kit insteument style leader. ﬁ“.t‘{:
board. Your Instru- Smart. good-looking charcoal gray panel and soft feather gruy peten\®
S oX 1 -i 5 A i 4 A £ ¢ St ont
i?lmlfenl';c;x“tm]_twr_ cabinet. High readubility panel with sharply contrasting white Wme‘ew.\‘“‘
Bferirm dgvcll(])ﬁxr)l: calibrations. The pleasing, eye catching, modern styling is in peis ;0\0‘-“0\)9 i
ment model, hartonious balance with the outstanding eireuit design improve- \\c‘c‘zv: ¥
ments. Lasily the best buy in kit instruments. it 4
f . I N SRR R . 7 __ § N R N | ___________‘;—
i
. .
Aeathtct AC VACUUM TUBE ‘ Aeatthit 30,000 VOLTS DC

VOLTMETER | PROBE KIT
KIT ‘

Heathkit VTVM and the 336 high voltage
MODEL AV-2

Probe. Precision resistor provides multipli-
s 5 o Shpg. Wt.
5 Ibs.
[

any 11 megohm input VI'VM. Housed 4 9,

in a Polystyrene two color sleek plastic Shpg. Wi.
‘ probe hody for safety of operation. i Tlb.

“Feathtbit PEAK-TO-PEAK
ROBE KIT

Ne¢. 336
‘ cation factor of 100. Can be used with

Peak-to-peak values not exceeding
80 volts at a DC level of not more

Extreme sensitivity has been emphasized
in the design of the Heathkit AC VIVM.
Ten full scale RMS ranges are .01, .03, .1,
.3, 1, 3, 10, 30, 100, and 300 volts. Fre-
quency responsé is gsubstantially flat from
10 cycles per second to 50 KC with input

impedance of 1 megohm at 1 KC. Will Shpg. Wt. 2 Ibs. range 5 KC to 5 MC
accurately measure as low as 1 millivolt : :

|
|
\
|
at high impedance. Total db range is —52 “ Aeatlhbel R F P R O B E K I ]‘
|
\
\
|
)

than 600 volts, can now be read
directly by using 338-C Probe with
No. 338-C previous _model Heathkit VIVM’s
or any VI'VM with 11 megohm in-
s 50 put resistance. Probe construction .
features a modern printed circuit :
e board for easy assembly. IFrequency

db to +52 db. An excellent kit for measur-
ing the output of phono cartridges and the gain of amplifier stages. Use it also The Heathkit RI" Probe will permit :
to check power supply ripple, as a sensitive null detector, and for compiling the measurement of RF voltages up
frequency response data. Features one knob operation, 200 microampere 101%‘3‘;) MX‘C}:\ Wli_th an 2100\13'”()3Cy10f
Simpson meter and precision resistors. +10%. The limits are 30 volts
L2 L) © AC and a DC level of 500 volts.
Designed for any 11 megohm
input VI'VM. Modern styling,
l’olystyrelzne aluminum hous-
ing, I'olystyrene insulation, g
and printed circuit bhoard for No. 369-C

easy assembly. $35° Shpg. Wt.
[ J

[N ]
Feathkit
AUDIO WATTMETER KIT
Read audio power output directly without using external
load resistors with the new Heathkit Audio Wattmeter.

Built-in non-inductive load resistors provide impedances
of 4, 8 16, and 600 ohms. Flat response from 10 CPS to MODEL AW-1
250 KC. Full scale power ranges are 0-5 MW, 0-50 MW,
0-500 MW, 0-5 W and 0-50 W. Model AW-1 will operate $295°
continuously at 25 watts and has a duty cycle of 3 minutes

g at 50 watts. Total db range in five positions is —50 db to .

1 lb.

HEATH company

BENTON HARBOR 20,

+48 db, using the standard 1 milliwatt 600 ohms. Shpg. Wt. 6 lbs. M lc H I GA N
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Heatbtcr 6-12 VOLT

< - s

BATTERY

Here is the new 12 volt Heathkit
Battery Eliminator so necessary for
modern up-to-date operation of your
Service Shop. Furnishes either 6 or
12 volt output which can be selected
' at the flick of a panel switch. Use the
BE-4 to service all of the new 12 volt

car radios in addition to the conven- Cony;
tional 6 volt models. é’ur,,,,:”“ousl‘,‘_

or o YoIpg, Viriy y #ad
RANGES: Z vouq oﬁg}é‘{,"’i’ra a0Ber ol
This new Battery Eliminator pro- an, \‘5\1\“§u\\“‘ MODEL BE-4 a
vides two continuously variable output voltage Crﬂ“ ;,\\‘\0‘\\\\1" i
ranges. 0-6 volts D.C. at 10 amperes continu- \f"\o‘\\“ .

ously or 15 amperes maximum intermittent
and 0-12 volts D.C. at 5 amperes continuously or 7.5 amperes max-
imum intermittent. The output voltage is clean and well filtered,
as the circuit uses two 10,000 mfd condensers,

The continuously variable voltage output feature is of definite
aid in determining the starting point of vibrators, the voltage oper-
ating range of oscillator circuits, etc.

OTHER USES:
The controllable low voltage DC supply has many other applications
besides primary use in car radio service work. Can be nicely used as a battery charger, or low e
voltage DC supply for electric trains. Has applications in high gain audio work requiring :
clean DC filament supply. Can be used for low power electro-plating or as a power supply

for battery powered intercommunication systems.

31 |

Shpg. W1t 17 [bs.

.
il

. VIBRATOR TESTER ; IMPEDANCE BRIDGE i

kit

KIT

MODEL VT-3

51450

Shpg. Wt. 6 Ibs.

MODEL I8-2 X

55950 Shpg. Wt.

12 ibs. -
The new Heathkit Impedance Bridge
features built-in ad justable phase shift -
oscillator znd amplifier. This instru- :
ment actually represents four instru-
ments in one compact unit. The Wheat -
stone bridge for resistance measure- i
ments, the Capacity Comparison
bridge for capacity measurements,
Maxwell bridge for low Q, and Hay

This time-saving

device will quickly

pay for itself in your auto

radio scrvice shop. 6 volt vibrat-

ors can be chcecked instantly on

the Good-—Bad type meter scale. Operation

requires only a variable IDC voltage from 4 to

6 volts at 4 amperes. Model 13lX-4 Battery

Eliminator is recommended for this applica-
tion.

o Five test sockets provide for the testing of

" hundreds of interrupter and sclf-rectifier types.

Proper starting voltage is determined easily

. and accurately. Over-all quality is then un-

: misttakenly indicated on the panel mounted bridge for high ) measurements.
. meter. 2
= IGN: i
i I’anel provisions for externaxi generator AL
W . use. A new two section CRL dial, pro- -
%M VARIABLE VOLTAGE vides ten separate “‘units.” Ten sep- i
ISOLATION TRANSFORMER KIT arate units switch settings and : |
fractions of units are read on a e
. continucusly variable calibrated
i Variable output V"“';I'gf' be- control. A special minimum capa- .
g tween 90 and 130 volts AC. g ///;f city shielded and balanced imped- Ry
§ Rated at 100 VOIF_“"‘V@"*S 'ﬁ‘/;'. ance matching transformer be-
# cox]tllnl.lf)\l?l)ée“"_‘{t _208 Vo'llt‘h_ e tween the generator and !)ridge i
§ an}pc_rcls f'" tr,"“ ;‘[t]} YH he H circuit 8 automatically switched -
pingnlfunctionfihetieaty. | L1 o icomeet ond operiion
5 e o 5 o e zenerator circuit. e in- N
}solatel.the C_erun}. being tles!,ed spr\xmer)t. uses Y% % precision re- e
« from lne interference being sistors znd condensers in all meas-
. caused by motors, appliances, uremen-s circuits.
-

. etc. It works backward too by
E isolating such de-
¢ vicesfromtheline.
i Many other uses,

¢ especially with  MODEL I1T-3
1] AC—D]S) type cir- o N 5
¢ cuits. Do not con- 5
fuse the Heathkit s 6 H E A H 3
| Giiindli $16% T'H company |
£ former with the Sh Wi 1
hazardous auto  “Ygfps. BENTON HARBOR 20, ]

transformer type
line voltage boosters.

MICHIGAN
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to isolate it from its surroundings.
The frequency range is swept, with
constant input. Unevenness in the bass
usually results from defects of housing
design; unevenness in the treble from
the acoustics of the test room. Multiple-
unit speaker systems should be care-
fully explored at and near the cross-
over frequency. Not all this test
equipment is available to the average
listener. However, he can use gliding-
tone test records, having satisfied him-
self that his pickup is free from
resonances, tracks properly, and does
not introduce harmonies at low fre-
quencies. JIf a gliding-tone wobble
record can be found, that is the best
type to use.

It is difficult to determine the quality
of a speaker by listening to it in 2 show-
room. Apart from the speaker there are
three unknowns——the pickup, the dem-
onstration record, and the room acous-
ties. In addition the demonstrator may
be using the tone controls to suit his
own purposes; almost invariably the
demonstration is given at too high vol-
ume, a trick of the trade, since the ear
subconsciously shuts down its ecritical
faculties in the presence of high vol-
ume. A good speaker driven by good
equipment will show up very well at
low volumes, and if under these condi-
tions there is a lack of bass or extreme
treble the speaker should be rejected.
Thumping bass is not high fidelity.
Some speaker systems sound very im-
pressive because of a well-developed
bass rvesonance, either in the driver
unit or the housing. This, however, is
“one-note thump,” and a discriminating
listener will come in time to hate it.

But how is it possible to come to a
decision regarding any speaker in the
absence of test gear, reliable informa-
tion from the dealer or manufacturer,
and knowledge of the room acousties?
I fear there is only one way, yet it is
within the reach of any listener, or non-
technician. It is an innate characteristic
of the human brain to become ecasily
tired by inharmonious contacts with
the outside world. If you get a small
piece of grit in your shoe, sooner or
later you will be unable to put up with
it any longer; if you wish to work or
relax in the presence of noise, yvou can
neither work well nor relax well. As
a listener you may not recognize dis-
tortion (inharmonious sound) as such,
but your subconscious will.

The suprenme test, therefore, of an
audio installation is to listen to it with
close attention for a considerable time.
If vou go to a concert you are prepared
to sit and relax, even close your eyes,
for as long as three hours, and at the
end feel inspired, entertained, and
conscious that something has been well
done. Try listening to a complete
symphony concert in a darkened yoom
(so that the other senses do not dis-
tract you). If after three hours vou
feel tired, you can be reasonably cer-
tain that there was something wrong
with the record, the pickup, the am-
plifier—or the speaker. END

RADIO-ELECTRONICS
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SWEEP:

NEW eallbit
TV ALIGNMENT
GENERATOR

0,
Here is the most radically improved Sweep Generator in the
histary of the TV service industry. The basic design follows
latest high frequency techniques which result in a combination
of performance features not found in any other sweep generaior.

KIT

Sweep action is obtiained clectronically through the use of a newly
developed controllable inductor, thereby eliminating all moving parts

with their resultant hum, vibration, fatigue, ctc.
Frequency coverage entirely on fundamentals, is
continuous from 4 MC to 220 MC at an output level
well over a measurable .1 volt.

e
Ca MO

r ceraile 1 qutin s

ceequency ("‘(Su\\“}"\::‘\n\\ wett

VIMC contRE o

220, ety

IS P volb

MODEL T5-3

OCTOBER

MARKER:

Triple marker
systent, 4.5 MO
cerystal controlled
marker—e i
uously v
marker— pr

sions for external
marker

MC on fundamenta
brated harmonics. A
4.5 MC marker can

supplied with the ki
POWER SUPPLY:

Antomatic am-
plitude control
cireuit —ron-
stant oufput
voltage regu-
Iated power
suply

i |
NEW 7Heathtct i

SIGNAL GENERATOR |
|

KIT

MODEL $G-8
19

The new Heathkit service type Signal Gen-
erator, Model SG-8 incorporates many de-
sign features not usually found in this
instrument price range. Frequency cover-
age is from 160 KC to 110 MC in five ranges, all on fundamentals, with
useful calibrated Farmonics up to 220 MC. The RF output level is well in
excess of 100,000 microvolts throughout the frequency range. The oscillator
circnit consists of a twin triode tube. one-half used as a Colpitts oscillator,
and the other half as a cathode follower output which acts as a buffer be-
tween {he oscillator and external load, thereby eliminating oscillator fre-
quency shift usually caused by external loading.

All coils are factosy wound and ad justed, thereby completely eliminat.-
ing the need for individual calibration and the use of additional calibrating
equipment. The stable, low impedance output. features step and variable
attenuation for complete control of RF leyel. A separate 6C4 triode acts
as a 40D cycle sine wave oscillator, and a panel mounted switching system
permits choice of either external or internal modulation.

Shpg. Wt.
8 Ibs.

NEW ?feazééaf BAR GENERATOR KIT

= The Heathkit BG-1 produces a series of horizontal or ver

they will gnickly indieate picture lincarity of the rec

position.” The oscillator unit a 12AT7 twin triode

" the RF oscillator and video car

1954

The same insirument incorporaies a triple marker
system with a crystal controlled reference. A variable
marker provides accuraie coverage from 19 to 60

pass, calibration, reference. etc. Provisions are also
made for external marker use. A 4.5 MC crystal is

bars on a TV sereen. Since these bars are equally spaced.

under test without wiiling for trunsmitted 1est patterns,
Panel switeh provides “‘standby —horizontal and vertical

p rier {reguencies. A neon
relaxation oscillator provides low frequency

MODEL for vertical linewrity tests. The instrument will
4 BG-1 also provide an indication of horizontal and
- vertical syne cireuit stability as well as overall
picture size. Operation is simple and merely
$ 5 o Shpg. Wt. renuires connection to the TV receiver antenna
° 4 lbs. terminal. Transformer operuted for safety.
PN 5

aver

s44°

Is, and 57 to 180 MC on cali-
separate fixed crystal controlled
be used for checking IF, band-

Shpg. Wt. 13 lbs.

t.

The transformer operated Power Supply featurcs voltage regulation for siable
oscillator operation. Three scts of shielded cables are furnished with the kit. Sweep
range is compleiely and smoothly controllable from zero up to @ maximum of 50
MC, depending upon base frequency.

Here is a TV Sweep Generator that truly no serviceman can afford tc be with-
out for rapid, accurate, TV alignment work.

Heathkcit

LABORATORY

GENERATOR
KIT

The new Heathkit Laboratory type
Signal Generator definitely estab-
lishes a new performance standard

ing feature involves the use of a
panel mounted
meter calibrated both in microvolts
and percent modulation, thereby
providing a definite reference level
for using the Signal Generator in
design work, gain measurements,
selectivity, frequency response
checks.

DESIGN:

Additional design features are copper plated shield eaclosure

for oscillator and buffer stages resulting in effective double
shielding. Fibre panel control shaft extensions in R¥ carry-
ing cireuits, thorough AC line filtering, careful shielding af
the attenuator network, voltage regulated B plus supply,
selenium rectifier, etc.

RANGES:

Frequency coverage from 150 KC to 30 MC all or funda-
mentals in five separate ranges. Output voltage .1 volt with H
provisions for metered exiernal or internal modulation. Qut-
put impedance termination 50 ohms. Transformer operated
power supply. =
Investigate the many dollar stretching features oftered by =
the LG-1 before investing in any generator for Laboratory
or Service work

5395?

Shpg. Wt. 16 Ibs.
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| Heattkit
. jon test
‘ gupstLULG iy

T VISUAL-AURAL %‘si\m":'- i s |
2t o |
| NAL-TRACER R- .. " ° M

The new Heuathkit Visual-Aural Signal Tracer feutures
a special high gain RF input channel used in conjune-
tion with & newly Jesigned wide frequeney range de-
madulator probe. High R¥ sensitivity permits signal

.

e

T

e
i i

Rp
e AN,
SUI'[)liuz g

: trzgcmg from the receiver :mtlcgnm input. Scpurul_g low Hecegg _"""gl)l'({()L,S
gain channel and probe availuble for audio eireuit TV teg®, With
exploration. Both input channels are constantly moni- le“d-s'.
tored by an eleetron ray beam mdieator so that visual MODEL T-3
as well as aural indications may be obtained. wd qurad

wquat B eing
NOISE LOCATOR: Vi s 50
- A decidedly unusual feature 15 u noise locator cireuit
E uged in conjunction with the audio probe. With this [ ]

system, a DC potential is apphed to u suspected cir-
cuit component and the action of the voltage in the component can be seen as well Shpg. Wt. 9 |bs.
as heard. Invaluable for ferreting out noisy or intermittent comlensers, noisy re-
sistors, controls, IF and power transtormers. ete.

WATTMETER:
Built-in eahbrated wattmeter cireuit will prove useful for quiek preliminary cheek of total wattage consumption
of equipment under test. Separate panel terminals provide external use of the speaker or output transformer |
for substitution purposes. Saves valuable service sime by climinating the necessity for speaker removal on every .
serviee job. The same punel terminals also provide easy access to a well filtered B plus supply for external use. | Built-in radio-phono-comhinatlon.
Don't overlook the manv interesting service possibilities provided through the use of this instrument. and let ""

the Signal Trucer work for you by suving time and money. |

eathlct CONDENSER CHECKER KIT DRSS NG,

\
. CUSTOM INSTALLATION
! WHAT about that odd corner that

ore s b g M . b Service S 1k
Here is o handy test instrument for any Service Shop. 1 nknown most of vou small home owners

values of capucity and resistance are quickly determined on the

direct reading condenser checker dial. Cupacity is measured in would like to put to use? T had one in
3 four runges from 001 mid to 1000 mfd. Resistanee in the range my living room and I believe my solu-
£ frompidtohinLinf Zceghnsh, e | tion will interest vou. I built in a radio-
DC polarizing voltuges of 25, 130, L 330, and 430 volrs are .. Y 0 g
available for leakage tests vn all types of condensers. For eleetro- phono-television _cabmet ('SC(’ phOto_) -
Ivties. a power factor control s provided 1o bulinee out inherent The entire cabinet consists of 34 -inch
leakage and to indicate dl_rccxl_\" the power l';lct_nr ol u eondenser whitc—pine pl_\'\\'OOd with %-inch ply—
under test. Proper halancing of the AC bridge is refieeted in the C i For Eneino [t abinet. The
degree of closure of an electron beam indiciior tube, wood L‘lse( 101. acing | e ca .]I]L . ©
H Model C-3 uses u trunsformer operated power supply. spring television set is a 17-inch Philco table
5 MODEL C-3 return leakage tesl.swilch,umiu convenient combination (.r(:p:mel model (the space for the television set
scales for all readings. Test leads are furnished in addition to S L oh for a 2l-inch model)
$ 9 5 o Shpg, Wt. preeision components for calibrating purpuses. Quick and eusy to 1§ arge enough Ior a ~L@ :
' 7 lbs operate, the Heathkit Condenser Checker will save valuable time The movable panel that encloses the
¢ ’ and inerease your Shop efficiency. TV recciver has two switches on it:
I GOTET SN BEEES IS SRt SIS SEDE  GENEER L& W _§ - §. _§ §F E one for the spouker, and one for Chang-

sob CUPNTY ’ ing antennas (I have two transmission
Weﬂ%édz Q METER | W@Mﬂz lines hoolked to the set).
KIT AUDIO OSCILLATOR The Zenith radio-phono combination

KIT ! and the 12-inch speaker came from a
Zenith radio-phonograph floor model
MODEL QM:1 | cabinet.
MODEL AO-1 .
s 50 Both the radio and phonograph are
44 ° $2450 built on sliding shelves, greatly simpli-
° . : o ;
‘ing  repairs. —now at
Shpg. Wt. 14 Ibs. Shpg. Wt. fving repairs ’_I‘he speaker—no
10 Ibs. floor level—has improved the sound of
. ! . the TV set that formerly had a 4-inch
The Heathkit Audio : e h aker i d for
The Heathkit QM-1 represents Oscillator will produce hoth sine and side speaker. The speaker is used fo:
the first practical popular priced Q meter available within | ?;g::‘,(;”(‘,‘]?; \t‘(;”:ll;l I‘\'i? :I[IL‘;‘I‘]‘FC:OC‘:"“‘E;';'SC . the radio and phonograph as well.
the price range of schouls, luboratories, TV serviee men, and Thermistor coutrolled linurity results in The space above the television set is
experimenters. This instrument will enable the operator to a variation of no maore than +1 db in a : | used to store record albums. The
simulate conditions eneountered in practical cireuits und to | 10 volt Gio load) variable ouiput level. et h
) i . P 1 i ‘ ) There will be less than .6% distortion shelves are cut out at the rear so they
measure the performanee of coils or condensers at the operat- from 100 CPS throughont the audible . leircalation Of aif “from
ing frequencies aetually encountered. Al indications of value ‘ ri)lng_c.. Lowcr_impc_duncu 600 vhm output. ‘ la)llt()\\ pI‘O])tGI CTllCL ~c : . -l
are read directly on the 41,7 50 microumpere Simpson eali- fx{uclctlisplﬁgrl ({fr;ﬁsnl.;w{; \x;f';‘\ilzl“c ”:t‘cﬁ‘r“ffg Y tO)n. tp Op nere 1s an ope & :
brated meter seale. Measures Q of condensers, RF resistance, ‘ calibrations | | each side of the Spealfel and on top o
and the distributed cupacity of coils. Oscillator sectign | the record album cabinet.
supplies RI frequeneies 150 KC to o) An electric outlet is hidden from

18 MC in four ranges. Culibrate
capucity with runge of 40 MMTF
to 450 MMF with vernier of +3
MMF, Iuvestigate the muny serv-
ices this instrument can perform

© for you. BENTON HARBOR 20 and are entirely hidden from view.

Now, not only do I have a convenient
MICHIGAN entertainment combination, but a hand-

view by the cabinet. It can be reached
| through the air vent on the left side.
The two lead-ins from the outside an-
tenna come up through the basement

. : 4 i some piece of furniture to boot.—Alvin
A e I e | R. Wisnefski.
72 RADIO-ELECTRONICS
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Heathtct

TUBE CHECKER

KIT

The Heathkit TC-2 Tube Checker was primarily de-
signed for the convenience of radio and TV servicemen
and will check the operating quality of tubes commonly
encountered in this type of work. Test set-up proced-

ure is simplified, rapid, and flexible. Panel sockets

accommodate 4, 5, 6, and 7 pin tubes, octal and loctal,
7 and 9 pin miniatures, 5 pin Hytron, and a blank
socket for new tubes. Built-in neon short indicator,

individual 3-position lever switch for each tube element, spring return
test switch, 14 filament voltage ranges, and line-set control to compensate
for supply voltage variations, all represent features of the TC-2.

Healhtct PORTABLE
TUBE CHECKER KIT

The portable model is MODEL TC-2P
supplied with a strikingly
attractive two-tone cabi- $ 50
net finished in rich ma- °
roon proxylin impreg-

nated fabric covering with Shpg. Wt.
a contrasting gray on the 15 Ibs.
inside of the detachable cover.

Healhbil REGULATED \
POWER |

$3350 == “

Here is a source of regulated D.C. voltage for circuit de-
velopment work. Power supply voltage and current drain ‘
to the circuit under test are constantly monitored by the
414" panel mounted meter. Separate 6.3 volt at 4 ampere ‘

A C. filament source available. The regulated and variable
output voltage will be constant over wide load variations,
and hum ripple will not exceed .012% at 250 volts under a
50 MA load. Completely isolated circuit, standby switch,
and other desirable features, make the Model PS-2 ex-
tremely useful in a wide variety of applications.

Feattct AUDIO GENERATOR KIT

Here is an Audio Generator with
features generally found only in the
most cxpensive instruments. Sine
wave coverage from 20 cycles to 1
Megacycle—response flat +1 db - -
from 20 cycles to 400 Kc—continu- oy
ously variable and step attenuated

output. Because the output voltage MODEL AG-8

is relatively constant over wide fre-

quency ranges, the AG-8 is ideal for s 2 9 5 o
rurmning frequency response curves [}
in audio circuits. Once sel by means Shpg. Wt. 11 Ibs.

of the attenuator, this voltage may

be relied upon for accuracy within *+ 1 db. Instrument features
low impedance 600 ohm output circuit and distortion less
than .4 of 1% from 100 CPS through audible range.

OCTOBER, 1954

Simplified
copstruction
—new harness
type wiring—
closer  toler-
ance resistors.

o e
‘Y//c ” 15900,
L G
Seg "2 Fo?d
N, o

Results of tube tests are read di-
rectly from the large 4}2” Simpson
3-color meter. Checks emission,
shorted eclements, open elements,
and continuity. Wiring procedure
has been simplified through the use
of multi-wired color coded cable pro-
viding a harness type installation
between tube sockets and lever
switches. This procedure insures
standard assembly and imparts a

A

A

Improved smooth running
rollpch.xrt mechanical action.

“factory bailt” appear-

ance to the instrument. New Construction Manual furr-
ishes detailed information regarding tube set-ap procedur:
for testing of new or unlisted tube types. No delay neces

sary for release of factory data.

Heathtel TV PICTURE TUBE

TEST ADAPTER

The Heathkit TV Picture Tube Test Adapter
used with the Heathkit Tube Checker Kit, will
quickly check picture tubes for emission,
shorts, etc. and determine tube quality. Con-

No. 355

SU PPL ' K'T ‘ ?isls off sti;mdard 12-pin TV tube socket, fiour
eet of cable, octal socket connector, and data 3
sheet. s 4 s.o Sh;?gl.bW o

Heathtbect

DECADE RESISTANCE KIT

Twenty 1% resistors are decaded
MODEL DR-1 in 1 ohm steps to provide any
value between 1 ohm and 99,999
$ so ohms. Sturdy ceramic switches
with silver plated contacts insure

reliable service. Use the Diecade
Shpg. Wt. Resistance in bridge circuits,

4 |bs. meter multipliers, calibrations, or
any application requiring a wide
range of precision resistance values.

Heathtber

‘ The Heathkit Decade
provides a ready source of capacity
values from 100 mmf to .111 mfd in-
clusive in capacity steps of 100 mmf.

Condenscr

ramic switches, assure positive con-

tact for each switch position. Preci- Shpg.
sion silver mica con- 3 Ibs.
densers +1% accu-
racy for close
tolerance
accurate
work.

‘ Silver plated contacts on husky ce-

MODEL DC-1

$16°2

Wt.

HEATH company

BENTON HARBOR 20, '

MICHIGAN
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GRID DIP METER KIT

The invaluable instrument for Hans, servieemen and experimenters.

U

peiking compensntion networks, cte. Locates spurious oscillation,
provides a relative indication of power in transmitter stages. Use it
for neutralization, locating parasities, correcting TVI, measuring

[

frequcncirs. The \'ariahle meter seusitivity control, headphone
Jack, 500 microampere Simpson meter, continuous frequency cover-
age from 2 MC to 250 MC. Prewound coil kit and rack included.,

L

Low frequency range extended to 355 KC by the use of two ad-
ditional coils. Complete with dial correlation curves. Set 341-A
for GD-1B and set 341 for GD-1.A. Shipg. wt. 1 Ib. Price $3.00

ke

3

NEW Feattiéczr HIGH FIDELITY

PREAMPLIFIER

KIT

Here is the exciting new Heathkit Preamplifier with all of the features (%'

you Audiophiles have asked for and at a down-to-earth price level.
Beautiful satin gold baked enamel finish, striking control knobs and

grrgngement, attractive custom appearance and entirely functional
esign.

DESIGN:

Uses three twin triode tubes in a shock mounted chassis, 2-12AX7 and
1-12AU7. Features tube shielding, plastic sealed color coded capacitors,
smooth acting controls, good filtering, excellent decoupling, low hum
and noise level, and all aluminum cabinet. Special balancing control for
absolute minimum hum level. Cathode follower, low impedance output
circuit for complete installation flexibility.

SPECIFICATIONS:

Provides five switch selected inputs, 3 high level, and two low level,
each with individual level controls—4 position LP, RIAA, AES, and
early 78 equalization switch—4 position roll-off switch, 8, 12, 16 with
one flat position. Separate tone controls, bass 18 db boost and 12 db cut
at 50 CPS, treble 15 db boost, and 20 db cut at 15,000 CPS. Power re-

et HAM EQUIPMENT 22

Singje
Swit chll(xl:gllband
wound goj)y Pr

AMATEUR

The Heathkit AT-1 T'ransmitter has
established a high reputation and
has been enthusiastically accepted
by hundreds of experienced oper-
ators as well as beginners. Power in-
put up to 35 watts for the novice and
suitable as a standby exciter for your
higher powered rig later on.
Model AT-1 can be crystal or

e‘\cltf'zll'io(l’r VIQ ‘:’;L\\\\"\:-/:-,\\\“‘ ] VIO excited and operates on 80, 40,
tereq Ollcrh,\;me‘ 0o © 20, 15, 11 and 10 meters. The pre-
ron. WOull’ld coils with the oscillator and
amplifier are switched simultaneously

MODEL AT-1 by the rugged band switch. Meter switch

allows a reading of the final grid and plate
current on the panel mounted meter. Mod-
ulator input and VFO power sockets are pro-
vided as well as a key jack for CW operation.
Other features include a crystal socket,
standby switch, key click filter, AC line
filter, good shielding and a 52 ohm coaxial output. The 425 volt, 100
milliampere power supply and 5U4 rectifier are more than adequate for
the 6AG7 oscillator multiplier and 6L6 amplifier doubler.

$2950

Shpg. Wt. 16 Ibs.

Heathtit

seful in TV service work, for ulignment of traps, filters, 1F stages,

L and Q of components, and determining RF circuit resonant

OW FREQUENCY COILS:

$1950

=
e .
R e 1 Z‘edtééct
- W
| ® 2 9/ ANTENNA COUPLER KIT
U™ Tor the Heathkit AT-1 Transmitter or any comparable Amateur Truns-
MODEL AC-1 mitter. Will handle power up to 75 watts at its 52 ohm ecouxial input.
. Mutches a widc range of antenna impedances with its L type tuning net-
s o work and neon indicator. A tapped inductance provides coarse adjustment
sl 4 and a trunsmitting type variable condenser sets it *‘right on the nose.”
[ Will operate on the 10 through 80 meter bands.
Shpg. Wt. 4 lbs.
5 T i S e ] s
S o . $ -

TRANSMITTER |<|T||
|V

MODEL GD-1B

Shpg. Wt.
4 \bs,

S,

. izal Dy
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quirements from Heathkit Williamson Type
Amplifier power supply 6.3 volts AC at 1 am-
pere, and 300 volts DC at 10 MA. Over-all
dimensions 12°;" wide x 5 % "deep x 3% “high.

APPLICATION:

The new Heathkit WA-P2 Preamplifier has
been designed to operate with any of the
Heathkit Williamson Type Amplifiers and is
directly interchangeable with the previous
Model WA-PI Preamplifier unit. Order your
kit today and enjoy completely smooth con-
trol over the operation of your Hi-Fi system.
Obtain the exact tonal balance of bass and treble with the precise degree
of equalization you want. Note that the design of the WA-P2 accommo-
dates the newly established RIAA curve.

MODEL WA-P2

'197;

Shpg. Wt. 7 |bs,

A chassis—

Ccoppet l""“:ccnb'\ne

minul
2187 o bulld.
Sm,
/1,00,
Braad A1 7t
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prd il
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NEW _
HEATHKIT

FO KIT

The new Heathkit VFO is
‘ the perfect companion to the ,Set-e,l
Heathkit Model AT-1 Trans- ,',ll"e lh'ob""l(l rectro?
mitter and it has sufficient out- /¢ Slerg Lhrg, Cove, g AU0 ‘g Clarh
put to drive any multi-stage ’IIL,,Z" 1,}'&'/: Iy cov) {‘“\m\- amv&c
transmitter of modern design. L Vol oscl \'0“‘.\&'
Good mechanical and electrical O M cguiato
| design insures operating sta-
bility. Coils are wound on MODEL VF-1
stable, heavy duty. ceramic forms using Litz
|or double cellulose wire coated with Poly- so
styrene cement and baked for humidity pro- $
L

type construction, especially designed
for maximum bandspread. Kit is fur-
nished with a carefully precalibrated scale
which provides well over two feet of scale length. Smooth acting
vernier reduction drive and illuminated dinl provides easy tuning
and zero beating.

Power requirements 6.3 volts AC at .45 amperes, and 250 volts
DC at 15 mils. Just plug it into the power receptacle provided on
the rear of the AT-1 Transmitter. Seven band coverage 160
through 10 meters with 10 volt average RI® output. Uses 6AU6
electron coupled Clapp oscillator and OA2 voltage regulator.

L 8 __§ 8 B N B N "N N § ]

Heathhit ANTENNA
| 9 IMPEDANCE METER KIT

tection. Variable capacitor of differential
‘ Shpg. Wt. 7 Ibs.

7\ MODEL AM-1

Determine antenna resonance and resistance,
re-

transmission lite surge impedance, and

. $I4so ceiver input impedance. Works with one-
-_ A half and one-quarter wave lines. half wave

and folded dipoles, harmonic mobile and

% Shpg. Wt. beam antennas. Resistunce type SWR bridge

2 Ibs. —100 microampere meter —frequency range

0-150 MC—impedance range -600 ohms.

BENTON HARBOR 20,
MICHIGAN
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Pleaw LOW PRICED

HEATHKIT SINGLE UNIT
Williamson Type 7#¢g# Fidelity

Ly,

chassis ooy

I8

e
\Srz&\“‘\c
WS
Y > 2
. .2 °

Here is the newest Heathkit Hi-Fi Amplifier at the lowest priee ever quoted for o complete Williamsen Type Amplifier
cireuit. The W-4 Model has been designed for single chassis construetion, and only for the new Chicago Transformer
Company Model BO-13 “super range’’ high fidelity output transtormer. This transformer, a new development in the Hi-I1
field, is Deing offered at substantial saving over transformers of compurable quality. 1t is outstanding in performance
and on the busis of our tests, we find it equal i every respeet to transtormers used in the W-2and W-3 Heathkit series.

LOW PRICES:

Through utilization of a single ehassis with resultant economy obtained through elitninution of duplieate sheet metal
fabrication, connecting cables, plugs, sockets, and a new Chicago “super range” output translormer, a 20C7 priece reduc-
tion hus been made possible without saerificing kit quality.

COMPONENTS:

The new Heathkit W-4 uses the same heavy duty power transformer and ehoke. Tt hus all of the leatures of previous
models ineluding individual jacks and a wire wound control to balanee the output tubes—plustie high quality eapacitors
and the exaet cireuitry previously utilized in Williumson Type Amplifiers. Intermodulation dastortion and harmonic
distortion are both at the same low level as in the W-2 and W-3 models.

CONSTRUCTION:

Here is the opportunity {or even the economy minded Hi-Fi enthusiast to enjoy all of the advantages olfered through
Hi-Fi reproduction of fine recorded musie. Simplified step-hy-step Construetion Manual completely ¢liminates necessity
of electronic knowledge or special equipment. Assemble this Amplifier in a few pleasant hours.

NEW 7Heattlit 20 WATT
High Fidelity AMPLIFIER KIT AMPLI

In keeping with the progressive policy
of the Heath Company, further improve-
ment has been made 1n the already fam-
ous Heathkit High IFidelily 20 Watt
Amplifier. Additional reserve power has
been ohtained by using a heavier power
transformer. A new output transformer 3
designed and manufactured especially Q, @
for the Heath Company, now provides % <
output impedances of 4, 8, 16landl 503

ohms. The harmonic disfortion level wi
MODEL A-9B not exceed 1% at the rated output. MODEL A-7B

50 FEATURES: 50
$ Qutsianding features of the Heathkit s
° 20 watt Amplifier include frequency °

r(_‘Sd)OﬂSe of +1 db from 20 CI'S to 20
KC. Separaie (boost and cut) bass and
treble tone controls. Four switch selected Shpg. Wt. 10 Ibs.
input jacks and a special hum balancing
control. Flexibility is emphasized in the in-
put circuits and proper equalization for all input devices is incorporated.

“ Shpg. Wt. 24 Ibs.

. aality
e pigh QU
Lop price NEL AmD
Tonwest Hin TYRE .
W \\\\.“cr over of

COMBINATIONS AVAILABLE

W-1iNT with Chicago “‘super-range’ trans-
former only. Single chassis main amplitier

amd power supply. Shipping
weight 28 s, loxpress only $39.75

CONMBINATION  W-4  with  Chicago
“super-rinmee’’  transformer only ineludes
single chassis mauinamplifier and power sup-

ply with WA-P2 preaaplitier
kit Shpurwt. 351bs Exmcssonlyssqoso

?‘e@téé(z SIX WATT

FIER KIT

An outstanding value, this econom-
ically priced 5 watt Amplifier is
capable of performance expected
only in much more expensive unifs.
Only 2 or 3 watts output wiil ever
be usec in normal home applications
and Model A-7B will be more {han
adequale for this purpose.

SPECIFICATIONS:

Two switch selected inputs are avail-
able for erystal and ceramic phono
pickups, tuner, TV audio, tape re-
corder, and carbon type microphone.
Model A-713 features separate bass
and treble tone controls, push-pull
balanced output stages, outpul im-

pedances of 4. 8, and 15 ohms, am! extremely wide frequency
range +1% db from 20 CPS to 20 KC. Not just a souped up AC-

TUBE LINEUP: DC job. Full wave rectification, transformer opcrated power

12AX7 magnetic preamplitier and first audio amplifier. 12AU7 two
stage amplifier with tone controls. 12AU7 voltage amplifier and phase MODEL A-7C
splitter. Two 6L6 push-pull beam power output and 5U4G rectifier.

supply and good filtering, result in exceptionally low hum level.

The Heathkit Model A-9B is excellent for custom installation and Provides a preamplifier stage and proper compensation for the
is designed for outstanding service at a very reasonable cost. variable reluctance cartridge and low level microphone. $17.50

‘WWW COMBINATIONS AVAILABLE:

W.3 Amplifier Kit (Includes Main Ampli-

WILLIAM SON TYPE fier with Acrosound Output Transformer.

Power Supply and WA-P2 Preamplifier.)

Shipping weight 37 1bs.
A M P I- I F I E R K I T Shipped expressonly ... .. $69.5°
Here is the famous kit form Williamson Type high fidelily Ampliﬁcr that has de-  wW-3M Amplitier Kit (Includes Matn Am-
servedly carned highest praise from every strata of Hi-I' music lovers. Virtually  plitier with Aerosound Output Transformer

distortionless, clean musical reproduction, full range frequeney response, and more  and Power Supply.) Shipping 549 5
g

than adequate power reserve. weight 29 1bs. Express only

OUTPUT TRANSFORMERS:

This outstanding Willimnson Type Hi-Fidelity Amplifier is supplied with the bunous

Acrosound TO-300 output transformer. This quality transformer features the pop- )
wlar “ultra-tinear™ output cireuit for clean maximum power level. Separate chassis for amplifier
and power supply.

SPECIFICATIONS:

Frequeney response within t db from 10 cyeles to 100.000 cycles. Harmonie distortionat 5 watt
output less than .59% between 20 eveles and 20,000 eveles. 1M distortion at 5 watts equivalent
output .5% using 60 and 3,000 eycles. Output impedances of 4, 8, or 16 ohms. Overall dimensions
for each unit 7% high x 531," wide x 114" long.

i

CONSTRUCTION MANUAL: BENTON HARBOR 20,

This fine kit is supplied with a completely detailed step-by-step Construction Manual and the
only cffort required is the assembly and wiring of the pre-engincered kit. Even the complete

noviee can suceessfully construct this Amplifier and have fun building it.

OCTOBER, 1954
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MODEL AR-2

$25°

Less Cabinet)
Shpg. Wt.
12 lbs.
7

§,Cop
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Heattbce FM TUNER KIT

v

Here is an FM Tuner that can be operated
with vour Hi-Fi Awmplifier or through the
“phono” section of the ardinary rudio. Com-
pletely AC operated to eliminate problems
ustally encountered in “economy type't AC-
DC tuner circuits. Features 8 tube cireuit with
separate mixer and oscillator, 3 double tuned
IF stages followed by a limiter diseriminator
providing maximum sensitivity and selectivity
across the full 'M frequeney band of s8 MC
to 108 MC. The tuning unit is factory assem-
bled and adjusted, thus eliminating tedions
critieal “front end” alignment problems. The
attractive slide rule dial and vernier tuning

22 L4 combine to make the Heathhit FM-2 Tuner

# Shpg. W1, 8 lbs. simple to operate,

MODEL FM-2

and 5Y3 rectifier. A lettered eontrol plate 1s pro-

g;mw COMMIUI‘IHYCATION\S.:\ :w 1
RECEIVER KIT

An excellent example of typical Heath Company ability to produce top quality kit merchandise at
ridiculously low prices, is the AR-2 Communications Receiver. Here is a transformer operated all-
wave receiver with all of the desired features and none of the disadvantages commonly encountered
in so-called “economy sets.”

Receiver employs high gain miniature tubes and IF transformers, chassis mounted 515" PM
speaker, headphone juek, slide rule dial with Ham Bands plainly identified, and easy tuning with
direet planetary drive. Continuous frequency coverage from 350 KC to 35 MC on 4 Bands, with
electrieal bandspreud tuning and logging seales. Other features are RF gain control with AGC on-off
switch—phone-standby-CW punel switch—prewound coils in a shielded turret assembly and copper
plated chassis and shielding.

Uses 12BEG nuxer-oseillitor, 12BA6 TF amplifier, 12AV6 detector-first audio, 12A6 beam

power output, 12BA6 BFO oscillator,
RECEIVER CABINETS

Proxvlin impregnated fabrie covered plywood
cabinet available for BR-2 and AR-2 reccivers,
Includes aluminum panel, flocked reinforeed
speaker grill and protective rubber feet.

T'or BR-2 Receiver, Cabiney 91-9

e cithinet of your choiee or you can order
t Heathkit cabinet featuring the full size

Shipping weight 5 1bs. ... .. ... ... .. %$4.50
3 AR-2 Receiver, Cabinet 91-10
shipping weight 5 1bs. ... ... .. ...%4.50

Heathbit
BROADCAST BAND

RECEIVER KIT

Thie Model BR-2 Broadeast Band Receiver is designed
especinlly for the beginner without any sucrifice of
quality. This receiver features u transformer operated
power supply, high gain miniature tubes, sharply tuned
IF trunsformers. new rod type built-in antenna, and a
trouble-free planetary tuning system. Exceptional per-
fortmance with unusually high sensitivity. good selec-
ivi and excellent tone quality from the 5157 PM
s mounted speaker. Can be used either as n re-
ir, tuner, or phono amplifier. Uses [2BE6 mixer~
oscillator, [2BAG IF amplitier, 12AV6 detector, 1246
beam power output, and 5Y3 rectificr.

MODEL BR-2

17°°
(Less Cabinet)

Shpg. Wt. 10 Ibs.
e

SHIP VIA

[J Parcel Post
[0 Express

[J Freight
[J Best Way

WALNuUT 5-1175

(PLEASE PRINT)

QUANTITY

ITEM MODEL NO. PRICE

Enclosed find () check ( ) money order for
Please ship C.0.D. ( ) postage enclosed for pounds.

On Express orders do not include transportation charges—they will be collected by
the express agency at time of aelivery.

ON PARCEL POST ORDERS insure postage for weight shown.

ORDERS FROM CANADA and APO’s must include full remittance.

76

RADIO-ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

AUDIO—HIGH FIDELITY

DUAL-PURPOSE
LIMITER AMPLIFIER

By limiting audio levels,

s tnstrument has many

By HILTON L. REMLEY

user 1 hroadcasting, rec-

erving, and general audio work

The limiter amplifier.
Terminal strips permit
convenient connections,

. Underchassis view of
‘e limiter amplifier. Unit
@ is for rack mounting.

HE limiter amplifier was built to
overcome an objectionable trend in
the television broadcasting indus-
try. The great majority of televi- b2
sion stations appear to be operating -

without limiter amplifiers and an over-
whelming number of programs seem to
have the audio level increased by sev-

6SK7(2)

47K £0in OUT.

250K
R

> 120K~ [ e

LIMIT LETEE VOLTAGE

r—-—o

eral db for the commercials, which
makes for annoyance in listening. Just
as one thinks he has the audio level ad-
justed for his pleasure, along comes the
commercial and blasts him out of his Pl
a N

complacency. It seems useless to appeal |
to the stations—they always say that ?
they have to put across the message.
After putting up with this for some
time, I finally decided to construct a
limiter amplifier which would do away
with this problem on the receiver end.

The television set I used has the audio
output fed at 600 ohms to a high-fidelity
amplifier, which in turn feeds a high-
fidelity speaker system. Thus. by in-
serting the limiter between the televi-
sion set and the power amplifier. it was
not necessary to add any gain to the
circuit. Accordingly, it was decided to
make the limiter a single controlled
stage, with balanced input and output.
Use of 6SK7’s in the controlled stage %

£08a QUT o

JD3

LIMIT
>0

“TIMEG S CI.I..I BALANCE 680

was decided upon after checking the R2

characteristics of available tubes. This ¢z

turned out to be a happy choice, since T
later frequency and distortion measure-

ments indicated low distortion under Schematic of tile limiter-amplifier. External power supply is used.

6.3vaC

P 05
3 [R' LIMTP OFF 390
' n
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CLPIOLIEILI L)1 4F IO

THE

ecw CIOTISMEN C1000

But the C1000 is far more than just a tuner——it's the complete control center
for your High Fidelity system. Combined in one chassis is a complete pream¢
plifier with four positions of record equalization, flexible tone controls, input
circuits for your television receiver, tope recorder and phonograph . . . plus
the most sensifive tuner ever offered.

Weu FM sensitivity: 3'mv for Audio limiting (40 db quieting)
Wew AM sensitivity: 1 mv for 20 db signal to noise ratio.
Wpu/ Separate Oscillators and Convertors for FM & AM.

7//&4’ Dual AM band width positions: Sharp for DX‘ing and
Broad for High Fidelity

77314' Low noise antenna input for AM.

?791(/ Preamplifier circuit featuring grounded cathode feed-
back equalization.

7//“0 Four position switch for acturate record equalization.

77@:1} Low distortion: Only 0.05% IM at 1!z volts output.

Weu' Tape recorder output, independent of monitoring level. |
7/(4(/ Semi-Military construction for maximum ruggedness.

/OAU All the features you expect in a Craftsmen tuner: Automatic Fre-

quency Control, flywheel tuning, Cathode follower outputs, sepa-
rate RF amplifiers for FM & AM and engineering you can trust

H
3
5
7
A
A
/
A

AARRARMRRRRRARARNS

. AT YOUR HIGH FIDELITY DEALER
............................................. * i OR RADIO PARTS DISTRIBUTOR. ..

» For complete information ask for Bulletin #5.

The Radio Craftsmen, Inc., Dept. G10
4403 N. Ravenswood Ave., Chicago 40, Winois
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AUDIO—HIGH FIDELITY

adverse operating conditions and yet
provided adequate limiting range.

Since the limiter was to limit over a
considerable range, I decided to provide

| exact input tube balance, with some

rapid system for obtaining such bal-
ance. Choice of balanced tubes is a help,
but not the whole answer. I provided
control of both bias and screen voltages.
The bias is balanced by 500,000-ohm po-
tentiometers in the grid circuits of the
6SK7's. The screen voltage is adjusted
by a 250,000-ohm potentiometer control-
ling one screen only. Two 6SK7’s can be
so far out of balance that they cannot
be balanced by this means. Interchang-
ing tubes or dirvect replacement of one
tube will probably overcome this diffi-
culty. There is a 3-position switch, one
position of which is used to set the tube
balance. The 6.3-volt supply feeds into
a voltage divider to provide a small
60-cycle voltage. This is fed through a
.05-uf capacitor to the center of the
input transformer secondary. This pro-
vides an in-phase signal on the control
grids of the 6SKT7’s. If the two tubes
have equal amplification with an in-
phase voltage of equal amplitude at
each grid, there will be equal but out-
of-phase voltages on the plates. Thus
with the switch set on BALANCE, balance
is exact when the output is zero. To
baluance the 6SK7’s, the limiter output
is connected through another amplifier
to a volume indicator, while the bias
and screen controls are adjusted for
minimum output. The switch also has a
position which grounds the bias to the
6SKT’s, giving linear amplification with
no limiting.

The attack and release time of the
limiter should receive some considera-
tion. By use of a dual R-C cireuit, at-
tack time is rapid, while release time is
prolonged. The parallel R1-C1 combina-
tion ol 3.3 megohms and 0.1 uf charges
very quickly; in the order of 0.00006
second, and discharges in about 5 sec-
ond. By adding R2-C2 of 3.3 megohms
and 0.3 uf in series across the R1-C1
combination. R2-C2 will charge slowly;
in a little less than 1 second, and dis-
charge even more slowly. in something
like 2 seconds. Thus on very shorvt dura-
tion peaks only R1-C1 will be effective,
since R2-C2 does not have time to
charge, and recovery time is short. On
continued  peaks, however, R2-C2
charges. and the recovery time is
lengthened. This prevents the “thump-
ing” and “breathing” that occurs on
some limiters and yet does not “dig a
hole’ in the program as would a quick-
attack and long-release type limiter.

By using the 12AT7 amplifier ahead
of the 6ALS rectifier we get much more
rapid attack. Were this stage left out,
isolation and attack time would both be
inadequate, resulting in reduced gain
and increased distortion in the limiter.
The cathodes of the 6AL5 arc biased
positive with respect to their plates.
Thus the tube will not conduct until
the output audio signal, fed through the
12AT7, exceeds this bias, or limit level.
Control of both this bias and the 6SK7
screens is obtained with the 0D3 volt-
age-control tube. The adjustable resis-

RADIO-ELECTRONICS
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Model AR-1 and AR-2

C'D'R

% Here is EVERYTHING that ANYONE .
could ask for ir a ro-or! Pow=rful enough to
turn any TV antenna . . . stardy coastruction !

...and a handsorme modern ‘design plastic
cabinet that AUTOMATICALLY turns the
antenna to any position... AND ACCURACY

Field Tested
that presents 40% SHARPER TUNING than Model AR-2 ... complete AUTOMATIC For Years
any other automatic rotor! rotor with thrust bearing . .. and handsome 777'ed
I e A S T A modern design cabinet, uses 4 wire cable if ﬁsted

in every leading rotor market area with  NMgodel AR-1...same as AR-2 without p/ol/eﬂ

saturation TV SPOT ANNOUNCEMENTS! R
thrust bearing

CORNELL-DUBILIER
SOUTH PLAINFIELD, N. J.

THE RADIART corp.
CLEVELAND 13, OHIO
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Mr. Serviceman
check these
items for...

Value!

See your local
Parts Jobber

Model BE2
Eliminates TV
Alignment Bias
Batteries. Provides
voltages recom-
mended by all TV
manufacturers.
Quickly diagr.oscs
AGC rtrouble.

O

Passes JHF, rejects
VHF up to 50 :B
withoat tuning.
Eliminztes FM,
Airpor:, ‘Tazi cab
inte-fe-emce, etc.

tip-Down

Pertnt ermn0 100

VOLTAGE
BOOSTER

Model LB2

Adds or subtracts
10 volts line vole
age with beary.
safetoggle switches
for any TV set. Line
resrored to normaf
when turned off,

" Add peak-te-peak measureméntg:: to

your seope for only $8.75

Hand~ sor servicing gated AGC, gated
sync separatcr, nc essential for. color.

Write por Additsonal Information

! SERVICE INSTRUMENTS CO. |
: 422 So. Dearborn—Chicago 5 :
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tor on the voltage-control tube allows
variation of the limit-level point of the
6AL5. The point at which limiting be-
gins may be quickly determined by con-
necting a vacuum-tube voltmeter from
the control point to ground. This volt-
age will be constant up to the point
where limiting starts, at which time it
will increase. In the schematie, the bias

Resistors: 1—390, 1—680, 2—1,000, 1—2,000, 1—2.700,
4—10,000, 122,600, 1—24,000, 2—47,000, 3—100,000,
2—120,000, 2—510,000, 2—3.3 megohms, '/, watt.
Potentiometers: 1—500, 1—25,000, (—250,000, 2—
500,000.

Capacitors: (Paper) 4—.03 uf, 1—05 uf, 1—0.1 uf,
[—0.3 uf, 400 volts. (Electrolytic) 1—10-20-20 nf, 350-
350-25 volts.

Miscellaneous: 2—6SK7-GT's, |—12AT7, |—6AL7-GT,
I—0D3, tubes; |—low impedance transformer, 50- to
600-ohm primary, 80,000 ohms secondary in two sec-
tions (UTC A-12); l—crystal-to-line transformer,
100,000-ohm primary, 50- to 600-ohm secondary (UTC
A-27); |—3-position switch; 3—4-terminal mounting
strips; 1—4 x 3 x 17-inch chassis; tube sockets, hard-
ware, etc.

line is seen brought out to a terminal
so that its voltage may be measured.
This voltage normally runs about 1.8
under no-limit conditions.

No output attenuator was provided,
although one mayv be added if necessary.
Since additional gain will be required

g ["OUTPUT LEVEL AT IKC 1MW

-

AN

“h I
]

S J
500, 00 500 IKC 5K 10K

FREQUENCY
A- 1508 LIMITING, B-NO LIMITING

% HARMONIC
DISTORTION

A%

.

A

—

-20

S LIMITING BEGINS

5 22 +—t

— 24— S S R

OUTPUT LEVEL - DBM
.
|
V

GAIN CONTROL-MAX |
T LIMIT CONTROL SET T0~
LIMIT AT 30 DBM INPUT

—26

ral

-40 30

—20 -6 0
INPUT LEVEL - DBM

Graphs of limiter performance.

behind the limiter, attenuation control
of the output may be obtained at that
point. Input-level adjustment should
just limit lowest average input level
over an average program. Output ad-
justment is then made as required for
the electronic circuits that follow.

The amplifier is built on a full-width
standard chassis—4 x 3 x 17 inches,
The chassis has wings which permit
mounting it on a standard rack. All
controls are mounted directly on the
chassis.

The limiter amplifier has a number of
uses other than for individual user or
broadcast station. It can be used with
PA or any audio systems where back-
ground type of music is required. END
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'SCOPES ARE
“GOLD MINES”

... when you know hew
to use them fully or «ll
types of service jobs

. . . AND THIS BOOK
MAKES IT EASY TO LEARN
ALL ABOUT THEM!

:\'o u\w.\libn_ about it! The cathode ray oscil ascape
s the handiest, most useful instrument in radio-TV
servicing today. Servicemen who master & =t the

best jobs—make the most money—work lots fuoster—
and are headed for even bigger things in the future!

MODERN OSCILLOSCOPES
AND THEIR USES

By Jacob H. Ruiter, Jr.
of Allen 8. DuMont Laboratories, Ire.
326 pages. 370 iliustrations. $6 OC

1 When, where, why and
how to use oscilloscopes

1* How to interpret patteras

* How to handle tough jobs
easier and faster

Now the oscilloscope won't “stump” you-—rnot when
you have the clear explanations given by this iz mous

book' Tt contains no  involved mathematics—no
puzzling and complicated discussions. lnstead. goes
right  to  work  explaining  oscilloscopes  fully  and

showing vou cxacily how to use them in @b work
and on AM FA and TV service work- from lcating
troubles to handling tough realignment joks. Each
operation is carefully explained. including detern ning
where and how to use the ‘scope: making conneciions.
adjusting circuit components, setting the conirols and
analyzing patterns fast and accurately. About 370
illustrations including dozens of  typicz! paitern
photos make things doubly clear.

No other type of specific service method kra ning
can mean so much to you in terms of efhc ency
and grearer carning power! Send for 1e roday.
See tor yourscif how this book can help you—
before you buy!

READ IT 10 DAYS .. . at our risk!

Dept. RE-104, RINEHART & CO., Inc. l
232 Madison Ave., New York 16, N.Y.

Sendd MODERN OSCILLOSCOPES AND THEHRI

I USES for 10-DAY EXAMINATION. If | cecide to

l keep the book, | will then remit $6.00 plus a tew
cents postage in full payment. If not, | will #etarn

I beok pestpaid amd owe you nothing. l
Name - e S

[ I

| Address ... ’ e |

l City. Zone, State : - l

Employer’s Name & Address.... .. ...

| OUTSIDE U. S. A—Price $6.50 cash oniy. |
Money buck in 10 days if book Is returned.
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SERVICING

By Joseph Marshall

HE tracking angle of a cartridge is

extremelyv important from a distor-

tion point of view, particularly

with symmetrical cartridges like
the G-E, Audak, and piezoelectric car-
tridges. The ideal motion is one which
is exactly at right angles to the faces
of the two poles, or the planes of the
crystal. However, since the angle of
the arm in the groove varies as the
needle moves from outside to inside,
of the record, this ideal can be met
exactly at only one point. The track-
ing angle is a function of the length
of the arm and its curve. The angle
of the arm of changers and manual
players which come with built-in arms
can be presumed to be proper—except
when a new type of cartridge has re-
placed the original one which came
with the equipment.

There is no categorical rule on track-
ing angles. A good rule-of-thumb check
is: Place a 12-inch record on the turn-
table and set the pickup so the needle
is about halfway between the outer-
most and innermost grooves. Now sight
alone the edge of the ecartridge, the
needle mount, or the edge of the lever
to which the needle is attached. Esti-
mate whether the line formed by this
edee is more or less tangent to the
curve of the groove. (See Fig. 1.) If
it is not tangent, trv the same thing on
both the innermost and the outermost
grooves. If the tracking is tangential
or close to it at one of these three
points, you can safely assume that the
tracking angle is good. However, if the
tracking seems to miss the tangent by
10 degrees or more at every point, it
would be an excellent idea to check the
instruetions which come with the arm or
changer to see that the arm is properly
mounted.

The simplest measure of correct
tracking is the so-called overhang of

82

ELITY

EQUIPMENT

Part VIII—Methods of

checking and measuring

the tracking angle

and needle pressure

the needle. Carefully place the car-
tridge on the center pin or as close to
the center as you can. Now observe how
far past the center of the hole or pin
the needle is. The proper overhang de-
pends on the length of the arm. The
length of any arm is the shortest dis-
tance from its mounting center to the
point of the needle. In curved arms, it
will be the bowstring line on the inside
of the curve. The following table gives
the proper overhangs for arms of vari-
ous lengths:

Length Overhang
(inches) (inches)
6.5 .64
7 .60
7.5 56
8 .52
9 A7

Unfortunately the differences are
very slight and rather exact equipment
is needed for precise measurement.
However, the overhang is close to %2

= PICKUP
= —=— =TANGENTIAL
TRACKING

ERROR: 3° ON INSIDE
4° ON QUTSIDE

Fig. 1—Tracking of an offset-type arm.

WwWwWW americanradiohistorv com

inch. So, vou have a rough rule-of-
thumb check here—if the overhang is
around % inch., it is probably O.K;
if less or more, vou’d better check
manufacturer’s instructions before go-
ing further.

On changers, a change to a new type
of eartridee often changes the tracking
angle. This is because the distance
from mounting centers to needle center
1s not standardized; it is likely to be
greatest when a crystal pickup has been
replaced by a magnetic. Check the over-
hang, and if much greater or less than
1% inch see if the cartridge can be
moved forward or back enough to pro-
duce the proper overhang. Unfortu-
nately, this is not always possible. The
G-E. for instance, allows no leeway in
this respect.

The Pickering comes with a special
mount, and the cartridee can be posi-
tioned exactly. Incidentally, if you are
asked to install a new cartridge, you
would do well to check the effect on the
tracking angle the new cartridge would
produce. If the angle will be badly dis-
turbed, you may be able to use a car-
tridge which permits adjustment, or
one the right size to produce good
tracking. But if a new cartridge would
disturb the tracking angle, the custom-
er will be better off with the old car-
tridge (even if it is of inferior quality)
because a poor tracking angle will mul-
tiply the distortion so severely that
over-all performance will be much
poorer.

Look before you leap!

Don’t jump at conclusions about the
tracking angle. Keep in mind that opin-
ions differ. Also, appearances can be
very deluding. The Ferrvanti pickup,
for example, will seem at first glance to
have a terrible tracking angle. But it
happens that the element of the Fer-
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ranti is mounted at an offset of 23° to
the axis of the arm; so actually the
angle is very good indeed.

Needle pressure

There is an optimum pressure for
each cartridge, and the manufacturer’s
recommendations should be followed as
closely as possible. Listed below are
some of the recommendations (the pres-
sure is given in grams):

Cartridge Pressure
Clarkstan RV (78 r.p.m.) 20
Clarkstan 204 LP
Clarkstan 204 (78 r.p.m.)
Audak (All)

G-E (78 r.p.m.)

G-E (33 r.p.m.)

G-E Triple Play
Pickering Turnover
Pickering: D-120M (78)
Pickering D-140S (83)
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Ferranti (fixed in arm) LP 3
Ferranti (fixed in arm) 78 5
Fairchild 4-6
Titone 6-9

Up to a point, the lower the pressure
the better; but when the pressure is re-
duced to where the pickup shows any
tendency to skip or to skate, both rec-
ord and cartridge may be damaged.
Many modern arms, even in changers,
provide a means for varying needle
pressure. I do not suggest reducing
pressure below the minimum recom-
mended by the manufacturer.

The only satisfactory way to measure
needle pressure is with a gauge spe-
cifically designed for the purpose. Sev-
eral of these are available at modest
prices and any service technician who
does considerable phonograph servicing
should own one.

Always measure pressure at the level
the pickup is in when a record is on the
table, and be sure the needle is free to
move in the cup of the gauge the small
distance it will have to move as the
scale is depressed. As important as the
static pressure is the pressure devel-
oped when the needle moves upward or
downward, If the arm mass is high or
the vertical bearings have too much
friction, the pressure with a slight
vertical displacement—as when the
needle is pinched in a curve of the
groove—may change the pressure by as
much as 200%.

If it is possible, try moving the
gauge upward and downward about %

Advanced Electronics

Engineers

Physicists

inch from the reference level and ob- |

serve the reading. The pressure will
increase as the pickup is raised and de-
crease as it is dropped. The variation
should not be more than about 2 grams
for an LP cartridge with a normal pres-
sure of 6 to 8 grams. If the variation
is greater than this (or more than
25% with other normal pressures)
exaniine the vertical bearings of the
arm, adjust, and lubricate. A touch of
very light graphite grease or the mer-
est drop of oil is sufficient; too much
lubricant attracts and holds dirt and
increases friction.

When examining the arm for vertical

OCTOBER, 1954

to conduct classroom

and laboratory educational
programs involving
advanced systems work in
the fields of radar fire
control, electronic compuiters
and guided misstles.

Airborne electronics is the ficld
where greatest advancements are
being made, because of military
emphasis. Developments in these
highly active areas call for an in-
creasing number of graduates in
Flectrical Engineering or Physies,
with instruction experience in
radar. radar fire control systems,
electronic computers, and other
military electronic devices and
equipment.

At Hughes Research and De-
velopient Laboratories in South-
ern California engineers assigned
to this program are members of
the Technical Staff. As training
engineers they conduct Hughes
equipment maintenance and oper-
ation instruction within the Labo-
ratories for both miiitary person-
nel and beginning field engineers.

Prior to assignment, engineers
participate in a technical (raining
program to become familiar with
latest Hughes equipment. After-
hours graduate courses under
Commpuny sponsorship are avail-
able at nearby universities.

Scientific and Engineering Staff

Hughes

RESHARCH AND
DEVELOPMENT LABORATORIES

Culver City, Los Angeles County, California

Assurance is required that relocation of the applicant will not cause chsruption of an urgent military project.
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78-45-33"s RPM

MODEL AX
1

WEBSTER ELECTRIC

Featheride

CRYSTAL CARTRIDGE
- il Twidls wechamiam.

This exceptionally lightweight, two-
needle erystal cartridge—voneL AX,
one of the " Famous Featheride Five”
—is ideal for fast, casy replacement
inliterally scores of applications.
MODEL AN comes furnished with two
needles, removable twist mechanism,
terminal lugs and complete installa-
tion instructions. It fits any standard
RMA 1g-inch mounting in tone arms
with or withoit twist mechanism.

Wreite today for full information on
the mopEL AN, Jt will give complete
customer satisfaction—and will build
sales and profits for you.

WEBSTER

RACINE

ELECTRIC

WISCONSIN

“Where Quality is @ Responsibility and fair Dealing on Obligation™
WEBSTER ELECTRIC COMPANY, RACINE, WISCONSIN » EST. 1909

84

SPECIFICATIONS - DATA

TYPE » Two-needle crystal
cartridge with twist mechanism
APPLICATION - For 78,45

and 333 rpm use

OUTPUT (1.000CPS) « 1.25 volts
at 78 rpm—.85 volts at

33 or 45 rpm

TRACKING PRESSURE

7 grams (all speeds)

CUTOFF FREQUENCY

5,000 CPS

NET WEIGHT = 13 grams
NEEOLES « One 1-mil osmium,
also one 3-mil osmium furnished

HIEWEL-CASE" PACKAGING
Each ymoprrL AX cartridge
ix pached inits own
handsome and useful
““jewel case” of clear plastic
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friction, check also the lateral friction.
This is very difficult to measure, and a
delicate touch and good judgment are
necessary. For LP records the lateral
pressure necessary to move the arm
across the record should not be much
more than 2 grams. The arm should
move with the slightest touch and
should be perfectly free throughout its
whole are. If it is not, or if the needle
has a tendency to lock in a groove,
check the lateral bearings. These are
usually one or more ball bearings. An
extremely light dab of oil usually will
set matters right, unless the bearings
have rusted or the grease has solidified.
In such cases the bearing should be
cleaned with penetrating oil or cleaning
fluid, possibly dressed with a cloth
lightly dabbed with jeweler’s rouge,
and then repacked with oil or grease,
as recommended in the manufacturer’s
instruections.

Finally, the better and freer the arm
and the lower the pressure, the more
likely that a significant departure of
the table from level will produce skat-
ing or locking. A small mason’s level,
or one of those “string levels,” is a most
useful tool. Level the turntable in both
planes. It can usually be corrected by
changing the pressure on the springs
used under the mounting holes. In
some instances, it may be necessary to
level the entire cabinet containing the
turntable.

Replacement and repair

Of the commonly used cartridges, the
Audak, G-E and Clarkstan permit
needle changes by the owner or service
technician. The others must be sent
to the factory for needle changes. Make
no attempt to remove the needle or to
make any adjustment on such car-
tridges. It is recommended that the
cartridge be removed from the arm for
all needle changes. This makes the
change simpler and insures against
damage to the arm bearings or the
cartridge. TO BE CONTINUED
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“Does this sound like the annoying
squeal you’ve been noting lately?”
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TUBE TESTER

Model 533AP

Larger, easy-to-read meter scale and a cali-
brated GM circuit provide increased accuracy in
testing today’s newer tubes.

This handy new HICKOK portable is a sound

investment in highest
equipment—whether for the radie-TV service

quality electronic test

bench, the mspection line or the laboratory.

FEATURES . . .

® Exclusive HICKOK Tube Gas Test, Tube
Noise Test and Future Tube Life Test
provide for accurate electronic circuit
balancing.

* New calibrated GM circuit.

® Separate Grid Signal: 2.5 volts AC.

¢ HICKOK Dynamic Mutual Conductance
circuits with most accurate tube evalva-
tion directly in micromhos.

® Bias Fuse prevents accidental damage
to bias potentiometer.

Write tedcy for full information on the
HICKOK cemplete line of Dynamic Mutual
Canductance Tube Testers.

THE HICKOK ELECTRICAL INSTRUMENT CO0.

10531 Dupent Avenve Cleveland 8, Ohio
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ZENITH J2026R

Symptont: Horizontal phase detector

inoperative. Trace the wire from the
lead from pin 3 of the Phonevision
socket through the two 100,000-ohmn
resistors and the .001-pf capacitor to
pin 5 (plate) of the 6W4-GT damper
socket that is used as a tie-point for
this R-C network. The junction point
is pin 2 of the 6W4 with the .001-uf
capacitor going to pin 5 to pick up
the pulse for the horizontal
detector. There is enough leakage be-
tween pins 2 and 5 of the 6W4 socket
to cause as much as 10 volts d.c. to
appear on pin 5 of the 6AL5 phase
detector. The normal voltage is about 3.

To remedy this trouble and prevent
its recurrence, remove the intermediate
junctions from the 6W4 socket and
carry them to insulated tie-points in-
stalled on the chassis for this purpose.
—Wilbur J. Hantz

MOTOROLA AUTO SETS

The hash choke leads are rather
long in Motorola auto radios. In time,
normal vibration will 