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Ask your Sponsoring Bonderf'Ray'heon Tube Distributor about ** Operator 25" and the
many other important advantages of being a Raytheon Bonded Electronic Technician,

RAYTHEON MANUFACTURING COMPANY

Receiving and Cathode Ray Tube Operations
Newton, Mass. * Chicago, 1ll. = Atlanta, Ga. « Los Angeles, Calif,

Raytheon makele Receiving and Picture Tubes, Reliable Subminiature and fAimiature Tubes. Semicon-
all these ’ ductor Diodes, Power Rectiliers and Transistors. Nucleonic Tubes. Microwave Tubes
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An Invitation. ..

-

I
{

{
To men Wl,fo want to “go places”

in Ty SERVICING

Find out about this NE Iﬁ&;
ALL-PRACTICE WAy

of becoming a Profession,]
TV SERVICEMAN

If yvou have some Radio or '.P‘,-levision
experience, or if you know basic Radio-
Television principles but lack exp, jonce—
NRI's new Professional Televis, “gorv.
icing course can train you to g¢ i 00 ip
TV servicing. This advertiseme,; ;4 your
personal invitation to get a free (,n,y of gur
booklet describing this training ;" detail,

Learn-by-Doing *‘All the wqy '’

This is 100% learn-by-doiny practical
training. We supply all conponents, all
tubes, including a 17-inch pictyre tube, and
comprehensive manuals covering a thor-
ough program of peactite. You learn how
experts diagnose TV defects quickly. You
see how various defects affect receiver per-
formance—picture and sound; learn causes
of defects, accurately, easily, and how to fix
them. You do more than just build circuits.
You get practice recognizing, iselating, and
fixing innumerable troubles.

You get actual experience aligning TV
receivers, diagnosing the causes of com-
plaints from scope patterns, eliminating
interference, using germanium crystals to
rectify the TV picture signal, obtaining
maximum brightness and definition by
properly adjusting the ion trap and center-
ing magnets, etc. There isn’t room on this
or even several pages of this magazine to
list all the servicing experience you get.

UHF & COLOR TV Making New Boom

Installing front-end channel selector strips
in modern UHF-VHF Television receivers
and learning UHF servicing problems and
their solution is part of the practice you get.
To cash in on the coming color TV boom
you'll need the kind of foundation in knowl-
edge and experience this training gives.

Get Details of New Course Free

Once again—if you want to go places in TV
servicing, we invite you to find out what
you get, what you practice, what you learn
from NRI’s new course in Professional
Television Servicing. See pictures of equip-
ment supplied, read what you practice.
Judge for yourself whether this training
will further your ambition to reach the top
in TV servicing. We believe it will. We
believe many of tomorrow’s top TV serv-
icemen will be graduates of this training.
Mailing the coupon involves no obligation,

RADIO & TELEVISION NEWS is published monihly by

Chicat 111, _ Enter as sceond-class mintter July 21,
ment, Ouawa. Canada, as second-class maller.,

ZiT-Davis  Publishing  Company, Willlam B. Ziff. Chalrman of the Roard
1948, at the "o March (3
SUBSCRIPTION RATES: Madio & Television News—one year U. S. and Possessions. and Cinada $4.00: Pan.Ametican

Train at home easily, quickly, for TV’s top servicing jobs. NRI's
Professional Television Servicing course includes a 17-inch picture
tube and all other tubes and components to build a complete TV
Receiver, Oscilloscope, Signal Generator, H.F. Probe. Complete
fraining, including all equipment, available now for a low intro-
ductory price—under $200 on easy terms.

National Radio Institute, Dept. 7AET
16th and U Sts., N.W., Washington 9, D. C.

Please send my FREE copy of “How to Reach the Top |

How 10 . o .
in TV Servicing.” I understand no salesman will call.

ReacH THE

TOP
N TV
SERVICING

......................... Zone. , . State......

ekl S ————— SR SR

40:- 1933 w64 L. lake St

st Otlice. Chicao. 111.. under the net of Ma 1878, Authorlzed fiy Post (e Depar

Union countries $4.50¢ all other foreign countries $3.00.

January, 1957
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G. F. Beane, W. Virginia, was
a truck driver. He took the
DeVry Tech Training Program,
and is now tape recorder en-
gineer at Webcor Co.

Edward Hahn, lllinois. Now
an clectronics technician with
Televiso, Inc. DeVry Tech
training helped him prepare
for his present position.

>

TIRED OF THE SAME OLD JOB?
If you're under 55, you're not too old to consider a
new type of job. If you feel the need of a change
and want to loock ahead to the opportunities in
Television-Radio-Electronics, mail the coupon below.
Let DeVry Tech tell you about its industrial training
program . .. about the good pay jobs open to trained
men. Find out if you are qualified for DeVry Tech
training,

LEARN WITH REAL EQUIPMENT
DeVry Tech puts tools and parts in your hands to
build your own test equipment, loans you home
training films to follow, explains problems in simple,
down-to-earth language.

You need no previous technicol experience to
prepare at home or in our million-dollar Chicago
Training Center. if you are between 17 and 55, send
today for free booklet, free sample [esson and ad-
ditional information.

Nick Barton, (llinois, @ DTi
grad, now has his own busi-
ness and tells us he is “liter-
ally snowed with work "’

George D. Crouch, Califar-
nio, waos o retail store clerk.
He took the DeVry Program,
and today is in business for
himself.

(OmMC

Get these s o
Valuable

Facts....

“*One of America’s

Foremost
Accredited Electronics Troining
Member of

Centers”

Notionol Home

Study Council

DeVRY TECH
CHICAGO 41, iLLINOIS

FORMERLY
DEFOREST'S TRAINING, INC.

January, 1957

DeVRY TECH Will Tell You FREE

How You May Prepare At Home For

#e Big-Opportunity Fields

TELEVISIOMN

RADIO - ELECTRONICS

A word of advice to Veterans
and Non-Veterans from
JACK DEMPSEY
“Let DeVry Tech give you an honest opinion
of the great opportunities in the electronics
field. This school is now
in its 25th year. |'ve
known it a long time and,
believe me, it makes no
idle claims. It is interested
only in producing top-flight
technicians. And in placing
them, too. The DeVry
Placement Service is in
contact with some of the
nation’s biggest businesses
it serves DeVry grad-
uates well. Why wait and wonder? Maybe
your future depends on sending in the
coupon below nght now!™

E o

-

<5

Droft-Age Men. .. Be
sure to gat valuable
informat on just for you.

MAIL TODAY FOR FREE FACTS

DeVRY TECHNICAL INSTITUTE
4141 Beimont Ave,, Chicago 41, Ill.,, Dept. RN-1-N'

Pleose give me free facts obout the mony opportunities in Tele-
vision-Rodio-Electronics, including the 3 publicotions, ond how
DTl moy prepore me for my stort in this billion-dollor field.

Nome

- Age

Please Print

Street. ——

Apt.

City
1050

Zone State

DeVry's Canadian Training Center is ot
580 Roselawn Avenve, Toronto 12, Ontario
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the best color TV picture

the growth of color TV means an even greater demand for
CDR Rotors for pin-point accuracy of antenna direction,

a better picture on more stations

CDR Rotors add to the pleasure of TV viewing because
they line up the antenna perfectly with the transmitted

TV signal giving a BETTER picture . . . and making it
possible to bring in MORE stations.

tested and proven dependable

thousands and thousands of CDR Rotors have proven
their dependabiiity over years of unfailing peiformance
in installations everywhere in the nation. Quality

and engineering you know you can count on.

pre-sold to your customers

the greatest coverage and concentration of full minute
spot announcements on leading TV stalions is
working for YOU . . . pre-selling your customers.

the complete line

a model for every need . . . for every application. CDR Rotors
make it possible for you to give your customer exactly
what is needed . . . the right CDR Rotor for the right job.

s ’?ﬂ

SOUTH PLAINFIELD. N J w CLEVELAND 13 OHIO

RADIO & TELEVISION NEWS
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YOU GET ALL THIS NEWEST
PRACTICAL EQUIPMENT

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

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

« Parts to conduct many experiments and bulld l

19 BIG KITS

YOURS TO KEEP

Continuity Checker, RF Ocillator, TV Circuits,
hudio Oscillator, TRF Receiver, Signal Generator

s A Valuable Professional Multitester -
‘. - .
Ej
YOUR NATIONAL SCHOOLS TELERAMA COURSE COVERS AlLL 8 PHASES

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

3. INDUSTRIAL ELECTRONICS 7. RADAR AND MICRO WAVES

4. SOUND RECORDING AND HI FIDELITY 8. COMMUNICATIONS

YOU ARE NEEDED IN THE TELEVISION-ELECTRONICS-RADIO INDUSTRY! - many oiher materials and services
You can build a secure future for yourself if you get into Elec- f?%suzmllo?f Prl\illgc ]\\'uh Eur

2 ¥ a) 10 S = gm0 qualined stati. and raduate m-
tronics NOW! Today's shortage of trained technicians creates plofment Service. EVERYTHING
tremendous opportunities. Nadional Schools Shop-Mct_hod trained  YOU NEED for outstanding success
technicians are in constant and growing demand for high-pay jobs in Elcctronics
in Broadcasting and Communications, Electronic Rescarch, Serv-
icing and Repair, and many other branches.

January, 1957

Let National Schools, a Resident
Technical School for over 50 years
train you for today’'s unlimited op-
portunites in ¢lectronics! Qur Shop
Method trains vou 1o be a MASTER-
TECHNICIAN. Compleely up o
date, developed by experienced in-
structors and enginecrs, your Tele-
rama Course will teach you all phases
of the industry quickly, clearly and
correcty. You can master the most
modern projects, such as Color TV,
printed circuits — even prepare for
FCC License without taking a special

A4

Fully illustrated “Career’ Book in
TV-Radio-Electronics. PLUS actual sample
lesson—yours at no cost, no obligation. !
CLIP COUPON NOW . .. MAIL IT TOOAY!

course. You can handle sales, servic- ioing i
ing, manufacturing, or make good : take youl "3::":5"5'
money in your own business. SEND) at Los W in
FOR FACTS TODAY!

EARN AS YOU LEARN. Many of our
students earn their entire tuition and
more in Spare Time jobs we show
them how to do while learning.

YOU GET EVERYTHING YOU NEED —
Clear, profusely illustrated lessons,
shop-tested manuals, modern circuit
diagrams, pracuical job projecis — all
the valuable equipment shown above

0%, MEMBER

NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1903
LOS ANGELES 37, CALIFORNIA
'G[T FAST SERVICE_MAIL NOW TO OFFICE NEAREST YOU!

NATIONAL 3CHOOLS, DEPT. RH-17
4000 5. FIGUEROA ST or 187 N, LA SALLE ST
LOS ANGELES 37, CALIF, CHICAGO 1, Ll '

Rush free TV-Radio "Opportunity” Book and sample ]

I lesson. No salesman will call, i
APPROVED FOR G.1. TRAINING § B AGE !
NATIONAL SCHOOLS |~
CITY. ZONE STATE
4000 S. FIGUEROA ST., LOS ANGELES 37, CALIF. ’ Chech if interesled ONLY In Resigent School training 3t Los Angeles.
187 N. LA SALLE ST, CHICAGO 1, iILL. b vereeans Gucdare of Dincarge
IN CANADA: 811 W HASTINGS ST., VANCOUVER, B. C. R i —
J
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Star Performer
at a Modest Price

E.V Model 927 Microphone. 17{,”
wide x 115" deep. 74" long.
Weight: 14 oz. with cable. Com-
plete with desk stond and 5’
cable,. .$22.50 List.

®
EleclhoYores
Model 927 Crystal Microphone

No one—not even Electro-Voice
—makesonemicrophonethatdoes
everything. Electro-Voice does
make the closest thing to an all-
purpose microphone on the mar-
ket, the Model 927. For public
address, call and paging systems,
for dictating machines and home
recorders, for amateur radio, for
every general communications
need.

Maximum versatility at a modest
price. That’s what you get in the
E-V Model 927, Designed primar-
ily for hand use, it comes com-
plete with a heavy die-cast slip-in
stand for desk use. Attractive,
streamlined microphone case of
sturdy die-cast metal and plastic
in metalustre medium gray. It’s
omni-directional, has a 60 to 6,000
¢ps frequency response, can be
used with any standard amplifier.

See your E-V Distributor or write for
booklet N71,’'A B C’s of Microphones.”

ElectivYores”

ELECTRC-VOICE, INC. « BUCHANAN, MICHIGAN

Canada: E-V of Canada Lid.. 1908 Avenue Noad,
Toronto, Oumﬂg_. Export: 13 East 10th Street,

New York 18, 5. A, Cables: ARLAL

_7%: % RECORD,

LEE DE FOREST'S ALADDIN'S LAMP

IT WAS just fifty years ago that a
piece of wire bent back and forth in
the form of a grid was first used as an
element In a vacuum tube. The in-
ventor was the renowned Lee De For-
est, affectionately called the Father of
Radio. Few men have contributed
more towards the advancement of
science than Lee De Forest. The tre-
mendous importance of his discovery
is reflected in the sales of TV and re-
ceiving tubes for the first nine months
of 1956 when over eight million TV
picture tubes having a value of ap-
proximately $147,000,000, plus over 347
million receiving tubes valued at near-
ly $280,000,000 were sold.

De Forest was experimenting with
an electrolytic detector for wireless
signals in the year 1900. He was work-
ing by the light of a Welsbach burner
and noted that the light dimmed and
brightened as his spark transmitter
was operated. The illusion served its
purpose well. De Forest realized that
latent forces could be utilized in a
Hertzian detector far better than any
previously known device. His first
commercial Audion appeared in 19086.
De Forest, at the time, was exploring
the behavior of a Bunsen burner flame
using two platinum electrodes held
close together in the flame together
with an outside c¢ircuit comprising a
battery and a telephone receiver. When
one electrode was connected to an an-
tenna and the other to ground, De
Forest heard signals from a wireless
telegraph transmitter in the telephone
receiver. This was known as a “flame
detector.” During the period 1903-
1905, De Forest considered the phe-
nomenon known as the Edison effect
and by 1904 he had outlined a plan of
using a gas heated by an incandescent
carbon filament in a partially exhaust-
ed gas vessel as a wireless detector in
place of the open flame. It was not
until 1905 that De Forest had the op-
portunity to prove that the same de-
tector action, found in the vicinity of
an incandescent platinum wire in the
glass flame, also existed in gas sur-
rounding the filament of an incan-
descent lamp.

De Forest used small incandescent
lamps for his experiment and intro-
duced a second electrode which could
be operated either hot or cold. De
Forest called the battery used for
lighting the filament the “A"” battery
and the other, for convenience, was
called the “B" battery. This nomen-
clature has been used ever since. De
Forest had found that the influence of
high frequency impulses could be im-
pressed to hetter advantage on the
conducting medium by adding a third

wwWw americanradiohistorv com

electrode. This new electrode was first
applied 1o the outside of a cylindrical
lamp bulb. De Forest’'s patent of 1906
shows this progenitor of the third elec-
trode. He concluded that if this were
placed within the lamp. then the weak
charges would be more effective in
controlling the electronic current pass-
ing between the filament and plate. He
then tried two plates, one on either
side of the filament. One was placed
in the telephone circuit, and the other
in the high frequency circuit connected
to the antenna. It was in this circuit
that De Forest first used a “C" bat-
tery.

De Forest realized that if this third
electrode were placed directly in the
path of the current between the fila-
ment and plate, he would obtain the
maximum effect of the incoming im-
pulses upon the current flow. He also
realized that this electrode must not
be in the form of a plate. but must be
a perforated element which would per-
mit the current to reach the anode.
De Forest’s patent, filed January 1907,
illustrated the preferred form which
the idea promptly assumed.

During the summer of 1912, De For-
est was working on problems of the
Audions as amplifiers In cascade ar-
rangements for telephone repeaters. It
was then that he discovered that if the
input or grid circuit was indirectly
coupled with the output, or plate. in-
ductance, the Audion would function
as a generator of continuous alternat-
ing currents. He demonstrated this
tvpe of circuit for the production of
alternating currents of audible fre-
quency and showed that weak high
frequency currents could be generated
by substituting radio frequency coils
for the original iron-core coils. When
the Audion was introduced as an oscil-
lator in 1914, it replaced the arc in
radiotelephony.

De Forest’s inventions and circuitry
are too numerous to be covered in an
editoriai. Literally hundreds of wiring
diagrams were developed, and experi-
menters throughout the world under-
took to improve the Audion’s perform-
ance by designing circuits in which it
could perform most capably. De For-
est’s small piece of platinum wire and
an additional battery had literally
transformed the Fleming valve into a
vacuum tube possessing unlimited ap-
plications.

Electronics, as we know it today.
would not have been possible were it
not for the invention of the three ele-
ment Audion. To Dr. Lee De Forest is
due a debt of gratitude for his con-
tributions to science and to our way
of life. 3= O. R.

RADIO & TELEVISION NEWS
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F [ ALLIED’'S 1957
value~packed 356~page
rQQ CATALOG

the only COMPLETE catalog
for everything in electronics

Worldi Mot Cruplits Qi

o Latest Hi-Fi Systems and Components
e Super-Value KNIGHT-KITS o P, A.
Systems and Accessories @ Recorders and

Supplies ® TV Tubes, Antennas, Acces-
sories ® Amateur Receivers, Transmitters,
Station Gear ® Test and Lab Instruments
@ Specialized Industrial Electronic Equip-
ment ® Huge Listings of Parts, Tubes,
Transistors, Tools and Books...

antH sathue

AL

Get ALLIED’s 1957 Catalog—it’s
complete, up-to-date—3856 pages packed
with the world’s largest selection

EeaT RN E of quahty elecf:romc equipment :at lowest,
) . money-saving prices. Get every buying advantage
SUPER-VALUE knight-kits: Finest electronic I .
equipment in money-saving Kit form — Test at ALLIED: fastest shipment, expert personal help,
Instruments, Hi-Fi kits, Hobbyist kits, Ham lowest prices, guaranteed satisfaction. . .
kits. Easiest to build and you SAVE MORE.
EVERYTHING IN HI-Fi: World’s largest selection send for the leading
of quality Hi-Fi components and complete music electronic supply guide
systems—available for immediate shipment from
stock. Own the best in Hi-Fi for less! I S I SEE—— ——
ALLIED RADIO CORP., Dept. 1-A-7 1

EASY-PAY TERMS: Only 10% down, up 100 N. Western Ave., Chicago 80, lll.
to 18 months to pay. Available on orders over $45. I I
Fast handling—no red tape. [J] Send FREE 356-Page 1957 aLLIED Catalog

Oun 36-00\.«,3%;1, lName‘ LY SRR YT g S S = aF I
ALLIED RADIO IAddress ....................................... I

World's Largest Electronic Supply House City )

LAz

........ va lesmiZone. .. . Statel sy «ape

. - I S DD RN SIS S SR
January, 1957
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GUIDE

AUTRONIC-EYE

TRAINING COURSES
MEAN MORE

BUSINESS FOR YOU!

Courses for experienced service
technicians provide latest repair
information-enable you to do the

job faster and more efficiently.

Quick, accurate circuit diagnosis and repair to factory
specifications boosts your profits. That's why so many quali-
fied auto technicians attend these Guide training courses
at no cost other than transportation and living expenses.

Jumbo-size operotional poanel of Guide's Autronic-
The Guide Lamp diploma, awarded only to those who ST R L KA Rps [V we X Sty vy

efficient instrugtion.
successfully complete the course, is proof that you're

equipped to give more and better service to more
people—und that means business.

If you're an auto radio service dealer, come yourself, or
send your technicians. There's one of 30 GM Training
Centers near you. Apply through your local United
Motors Service Division Distributor or write

GUIDE LAMP DIVISION o GENERAL MOTORS CORP. e ANDERSON, INOIANA

¥ i leg BLINKY MEANS
Thirty medern fraini BUSINESS!
newest equipment and latest s

niques. There's ona nearby .

where you live. k]

10 RADIO & TELEVISION NEWS
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Can You Call a Man a“Failure” *

at Thirty?

Men who think that success 1s only a matter of “a few years”
ave fatlures . . . however young they are!

How often have you heard some young man in business say, “I'll admit the job I have now
isn’t much but, after all, I'm only in my twenties.’

Or: “Just about every executive in the company [ work for is between 45 and 65. I have
plenty of time to get ahead.”

This mistaken idea that success comes automatically with time is easy to understand.
Promotions do come regularly and effortlessly to young men of promise. Buf the day arrives,
often abruptly, when that promise must be fulfilled. Native ability and intelligence can carry
a man only to the mid-way point in business—beyond that he must prove his capacity to justify

a position of executive responsibility. That calls for a practical, working knowledge of business

fundamentals.

The time to build that knowledge—to lay a solid groundwork for your future progress—

is now ..

. now while time is still on your side. If you fail to recognize that fact, you'll know

only struggling, skimping and regret when your earning power should be at its height.

- ]

HALF the world is half asleep!
Men who could be making twice
their present salaries are coasting
along, hoping for promotions but
doing nothing to bring themselves
forcefully to the attention of man-
agement. They’re wasting the most
fruitful vears of their businesslives.,.
throwing away thousands of dollars
they’ll never be able to make up.

If you want to discover how to
start to succeed while you're still
voung—if yvou want to avoid the
heartbreak of failure in later years
—send today for “Forging Ahead in
Business”. . . one of the most prac-
tical and helpful booklets ever
written on the problems of personal
advancement. You will discover

FOR THE BUSINESS MAN WHO REFUSES TO STAGNATE

what the qualifications of an execu-
tive are in today’s competitive mar-
ket ... what you must know to
make 315,000, $20,000 or more a
year ... what you must do to accu-
mulate this knowledge.

“Forging Ahead in Business'’ was
written for ambitious men who seri-
ously want to get down to bed-rock
in their thinking about their busi-
ness future; there's no charge for
the booklet because, frankly, we've
never been able to set a price on it
that would reflect its true value.
Some men have found a fortune in
its pages. If you feel that it's meant
for you, simply fill out and return
this coupon. Your complimentary
copy will be mailed to you promptly.

I._______________________.|
| ALEXANDER HAMILTON INSTITUTE |
i Dept.514, 71 W. 23rd St., New York 10, N. Y. |
In Canada: 57 Bloor St. W, Toronto, Ontario, Canada

| I
Please mail me, without cost, a copy of your 48-page book— 1
] “FORGING AHNLEAD IN BUSINESS" |
I H
[N e e e S P P o T80 000 50 50 0 0 B 4 ks o T3 100 Lol i
! ) & i e e B 0 6 o 0000 G Do g oman e H R B, o :
Business Address. . ... ... 00 0 00640060000000 Iy o
‘55.?:.'.'.‘ i

i Position 3 Ao
i | Yo el | o o e ceem i e o Besssee sreereens l
N | Ilome Addressy s sb baahs dsbs smns o e dh ams bk e e s o 1

ALEXANDER HA\IILTON INSTITUTE ILlcw;;:k lOrN ¥ e e N S S W SN G I T GEn G D TR G G WD W W
January, 1957 1
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did this before . .
test device in your shop.

Here’'s the story . . .

A BATTERY CHARGER

AN AC LINE AMMETER

* % % Ok % b % O % %

AN AC BIAS BOX

When you buy POWER-LAB by Precise, you get all
the advantages of owning a battery eliminator
for servicing auto radios (even signal seekers),
an AC-DC Converter, a supply for transistor sets,
AND OF MAINTAINING A CONSTANT 115 volts in
checkinig on TV set variations. You can even run
the set down to 105 volts for testing for hori-
zonta) jitter and back up to 125 volts for high
voltage breakdown, thereby eliminating the
cause of many call-backs due to arcing = PLUS

YOU'LL START AND END EACH WORKING DAY
WITH THE POWER-LAB

For the first time in the industry, one instrument
takes the place of more than 11 pieces of equip-
ment and makes you wonder why no one ever
. the most useful, often used,

now, you can get all this
COMPLETE IN ONE KIT (kit or wired):

A BATTERY ELIMINATOR

A HIGH CURRENT LINE VOLTAGE VARIAC
AN AC LINE VOLTAGE METER

AN AC LINE WATTMETER

AN AC LINE ISOLATION TRANSFORMER

A LOW VOLTAGE, HIGH CURRENT AC SUPPLY
A DC LINE VOLTAGE VARIABLE SUPPLY

A DC HIGH CURRENT AMMETER

.. PLUS .. .PLUS ... the 101 uses you'll find
each day for POWER-LAB versatility.

Just fook at these specs . . . the switches used
are more than ample to carry related loads re-
quired and the quality of every component is
EXCELLENT. You could easily pay three to four
times the price of the POWER-LAB for the equip-
ment to perform only a few of the functions of
the POWER-LAB!

There's NO OTHER INSTRUMENT LIKE THE POWER-LAB ON THE MARKET. Here again, Precise
engineering is proud to be the first to supply a need that has too long existed in the

service trade.

Your Distributor will be proud to show you THE POWER - LAB

Prices slightly higher In the West. Prices and
specifications subject to change without notice.

WRITE FOR CATALOG RN-1-7

MODEL 711
(100 Watts of Isolation) 711K — $49.95 it

MODEL 713
(300 Watts of Isolation)

HAITERY tinmaag

"
SCAC mx sy W Surery

O

HGoEL 7y

711W— $64.95 wired

713K — $62.95 kit
713W—$79.95 wired

ALL SPECS BELOW ARE FOR MOD. 711 AND 713 UNLESS OTHERWISE SPECIFIE

VOLTS MAXIMUM | CONTINUOUS

Low Voltage DC | 2 ranges 0-15v  Full Wave 20 amps® | 10 amps*
0-30v Full Wave Bridge( 20 amps® | 10 amps*
Low Voltage AC 0-24v 20 amps
High Voltage AC| No Isolation 90-140 volts 20 0mps | 10 amps
2000 watts | 1000 watts

| #igh Voltage AC| Model 713 with Isolation 3 amps

90-140 volts 300 watts
High Voltage AC | Model 711 with Isolation 1 amp

90-140 volts 100 watts
High Voltage DC 110-180 volts Tamp** |.075amp**

*Depending on voltage.

**May be increased up to 10 amperes at additional cc

SEE THE MANY MORE PRECISE [NSTRUMENTS AND PROBES AT YOUR DISTRIBUTOR TODAY!

< o ——
pﬁ%l’( DEVELOPMENT CORP. OCEANSIDE, NEW YORK, U.S.A.
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HERE'S A NEW
OPPORTUNITY
FOR YOU!

E Hgnaling Materials

MEN 17-55!1| "I/ - 707

/ PREPARE AT HOME FOR A
. PROFITABLE CAREER IN

MATION

ELECTRONICS

Want a better job? . . . more money? . . . befer
working conditions? These are the things that ¢ in
come to a man when he has a skill to offer .' .
especially when that skill is in a newer field whére
ground floor opportunities often lead to well-
paying positions. Such a field is the Electrotic
applications to AUTOMATION -— and what a fia df

Many plants, large and small, in various pa ts
of the country are looking for ways of using avio-
matic electronic control equipment to help turn ¢ ut
a better product and ot lower cost. This equipment
must be designed, installed and maintained —
calling for well trained men. That's where YCU
may come in!

You need no special technical experience . .
no previous knowledge of Autemation Electroni:s
. . . to prepare for a future that can be bright aid
more secure. For now there is a proved way to g et
this important know-how. Mail coupon for coin-
plete details. Men 17 to 55 preferred.

*WHAT IS AUTOMATION ELECTRONICS?

Simply stated, this refers to the marvelous eléc-
fronic controls that will help regulate the mu :h
talked about ‘‘avtomatic factory” —as well as other
amazing aviomatic equipment in plants, offic:s
and elsewhere. It is a gateway to some of hie
most desirable opportunities inthe amazing, new er

Get in on the Ground Floor of this
Fast-Moving Field

Recarding ond billing

A New Training Program!

As one of the leading organizations of
its kind, the DeVry Technical Institute
has years of experience in teaching
Electranics, Televisian and Radio. So it
is only natural far this training institute
to develop a new program to prepare
men for goed jobs in instrumentation —
as well as in the design, installation and
maintenance of Electronic controls ==
as applied 1o Avtomation.

EMPLOYMENT SERVICE

Following the same proved method
used to train thousands of other men,
you get valuable practical experience
from oactual electronic equipment. You
also receive well-illustrated texts and
effective moving pictures 10 show im-
portan! basi¢ principles—a wonderful
heme training odvantage! To top thot
off, D T1 provides actual empicyment
help when you have completed the
training—all of which con open the way
fa many new and exciling opportunilies.

Notional Home Study Council LA :d

MAIL THIS COUPON TODAY!

field of Automation. ONE OF AMER CA'S

FOREMOST ELECIRONICS
TRAINING CEI TERS

DEVRY TECHNICAL INSTITUTE, Dept. RN-T1A-N
4141 Belmont Avenue, Chicago 41, Iil.

I I would like a FREE copy of your booklet, " Automation and YOU.”” Alsa
. further information about the newer Electronic opportunities in AUTO-

e

e s =

1 | i l":
o=y ﬂ:"’"‘
Name AZC s

Please Print

D:VRY TECHNICAL INSTITUTE s Qs Apr.

CHICAGO 41, ILLINOIS

fm
{

MATION, and facts on how you may help me to prepore.

FORMERLY J  city Zone State
3 7 DeVry's Canadian Troining Center is ot
DeFOREST’S TRA'"'NG, INC. . et 1012 580 Roselawn Avenue, Torenio 12, Ontario

\--______-

l
\

=]
(]

January, 1957
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FROM DELCO RADIO...

come the coils
with highest performance.
You trust them ... s0o do your customers!

The core of quality service and really fine radio perform-
ance is always in Delco Radio coils. Delco Radio coils are
made with powdered-iron cores, specially treated and DE Lco

compressed to exact shape on tolerance-true machines in
Delco Radio’s own plant, Skilled craftsmen wind and = e e
test the entire assembly so that you can depend on Delco

Radio coils for uniform performance characteristics. R A D l o

Your UMS-Delco Electronics Parts Distributor carries a
complete line of Delco Radio parts, including precision-
built Delco Radio coils. See him today! And, keep your
eye on the Delco Wonder Bar Radio as advertised in
leading consumer publications. It’ll be helping you tune
in to a greater service market.

DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA

A GENERAL MOTORS PRODUCT — A UNITED MOTORS LINE
& Distributed by Delco Electronic Ports Distribuviors

A complete line of original equipment service parts from the

w O R L D L E A D ER I N AU TO R AD1O
14 RADIO & TELEVISION NEWS
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L) n
§howmdn indoor antenna

f\\ models for VHF or VHF-UHF reception
R

/

No antennas ever made
con match the perform-
once ond sales appeal of
these outstanding Channel
Master models. :

Smart styling eliminates ugly
"rabbit ears.”” Metro Dyne elec-
tronic tuning brings in pfctures
sharp and clear.

e .‘ outdoor

The most powerful antenna ever ————
developed: * Highest Gain * Top
Front-to-Back Ratios * Greatest s
Mechanical Strength.

"“ T oy r
Sy h ! |

F s

MORE PROFITS‘ f‘%” |
CHANNEL MASTER dealers

In every TV reception area Channel Master dealers are racking up new
sales records with the most popular TV antennas on the market today.
Superior products plus consistent consumer advertising is a double-
barrelled profit combination you can’t beat. When you feature the Channel
Master line you always have that extra selling edge . . . that extra PLUS
that means faster turnover . . . easier sales . . . bigger profits.

Isn’t it time you colled your Chahnel Master distributor?

Channel Master’s massive national
and local advertising program ...
establishes you as the local TV au-

thority . . . is creating loads of new
) prospects right in your own selling
area . .. and is opening millions of

homes to antenna replacement.

\ ~
l"‘w"?!!i?v!‘

_{q M "" il R "

ION '
NE\V/ pﬁfn u:a"g::m
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electronic control center for a natmnwidh_.
network of automated factories

Think of it . . . Completely automatic factories, hun-
dreds of miles apart, all operated by a single Remington
Rand Univac® computing system. Flow of materials,
processing, quality control, packaging, even market
analysis, controlled from the electronic “brain center’’

. control so complete that when a shift in the wind
changes the draft of a chimney at a distant plant, the
computer corrects the firing of a boiler.

Far fetched? Not at Univac. The Univac team of
scientists, engineers and technicians has already de-
signed the completely automatic factory. They have
built a computer (Univac Scientific) capable of remote
control of ten to a hundred factories. The next step—
central control of chains of automated plants—will
completely revolutionize American industry.

This is the kind of challenge that awaits you at
Univac. As a Univac engineer or technician you’ll
find top salaries, excellent working conditions and
opportunities unlimited—unlimited as the future of
Univac itself.

®Reg. U.S. Pat. Off.

HRBHHEH T I e

>

IMMEDIATE OPENINGS FOR:

FIELD LOCATION ENGINEERS with a college degree in a scien-
tific or engineering field and experience in electronics. Extensive
electronic background may substitute for some college. Many
opportunities for rapid advancement.

FIELD LOCATION TECHNICIANS with technical school back-
ground and preferably some experience in electronics. These
positions can lead to full engineering responsibility.

Send Complete Resumé to:

Momington Fand Univac.
DIVISION OF SPERRY RAND CORPORATION
MR. PHIL WILSON
Dept. §8J-9

1902 W. MINNEHAHA AVENUE, ST. PAUL W4, MINNESCTA

WwwWW americanradiohistorv com
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OFIT COMES BACK!

to phono cartridge and needle market with

CUT INVENTORY COSTS

Power-Point Replaces over 90%,
of All Popular Phono Cartridges

E-V Power-Point actually gives you more working
capital by cutting, drastically, the number of differ-
ent cartridges and different needles you need in stock
to do an adequate replacement business. Power-
Point alone replaces over 90% of all popular phono
cartridges. You save valuable time, troublesome
service calls . . . you can replace Power-Point in less
time than it takes toread this sentence! Remember
too, almost a million Power-Points are now in use,
and the number is growing fast. Additional mil-
lions will be demanded by the replacement market !

What is Power-Point?

A nylon-encased unit combining ceramic
cartridge and two jeweled* playing tips. A
Power-Point cartridge can be changed in
seconds, replaces virtually all popular phono
cartridges, costs less than two needles alone.
It has low inertia, superior tracking ability,
wide range, low distortion, minimum needle
noise and record wear. It is non-inductive,
hum-free, unaffected by moisture or temper-
ature. It actuates all changer mechanisms.

*Superior synthetic sapphire or natural diamond.

Y/ /l//

(THE CARTRIDGE WITH
JEWELED* PLAYING TIPS)

REPLACE CARTRIDGE
AND NEEDLE IN SECONDS

{Just Slip Out—Slip In)

Four Power-Point Types, Three Mounting
each $3.95 list Mechanisms
Model 51-1 (Red) : two 1-mil sap- -~ Model PFT-1Power-
phire tips. S (= gginlt Fixed Mount,
L ¢ list.

Model 52-2 (Green): two 2-mil

sappHire tips.

O Model PT-1 Power-
- N Point Turnover

Model 53-3 (Black): two 3-mil T >~ Mount, $1.00 fist

sapphire tips.
Model 56 (Blue) : turnover mount-

Model PT-2 Power-
ﬁ’ 5  Point Turnunder

ed 1-mil and 3-mil sapphire tips *)\*\ Mount, $1.00 list.

T AR NN N NN NN RN NNENNNNENNNENNNNNY]

MAIL COUPON TODAY!
Electho Yor
7070
ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN

Send me complete information about Electro- Voice
Power- Point cartridges, sales-aids and display.

Company

Address

City State

Signed
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An intrstng
exprmnt
in spch

Some day your voice may travel by a sort
of electronic “shorthand” when you tele-
phone. Bell Laboratories scientists are ex-
perimenting with a technique in which a
sample is snipped off a speech sound—just
enough to identify it—and sent by wire to a
receiver which rebuilds the original sound.
Thus voices can be sent by means of fewer
signals. More voices may economically share
the wires.

This is but one of many transmission tech-
niques that Laboratories scientists are explor-
ing in their search for ways 1o make Bell
System wire and radio channels serve you
more efficiently. It is another example of the
Bell Telephone Laboratories research that
keeps your telephone the most advanced on
earth. The oscilloscope iraces at right show
how the shorthand technique works.

-\

BELL TELEPHONE
LABORATORIES

World center of communications research
Largest industrial laboratory in the United Siates

18

v

Vibrations of the sound “or” in the word “four.” Paliern represents nine
of the “pitch periods” which originate in pufls of air from the larynx
when a word is spoken.

An electronic sampling of the “or” sound. One “pitch period” in three
has been selected for transmission. This permits great naturalness when
voice is rebuilit. Intelligible speech could be sent through a 1in 6 sampling.

AW

The selected samples are “stretched” for transmission. They travel in a
narrower {requency band than complete sound.

Using the stretched sainple as a model. the receiver restores original
frequency. In all speech. sounds are intoned much longer than is needed
for recognition—even by the human ear. Elecironic machines perform
recognition far faster than the ear.

The receiver fills in gaps between samples, recreating 101al original sound.
Under new svstem. three or four voices could 1ravel at once over a pair of
wires which now carries only one—and come out clearly at the end!

RADIO & TELEVISION NEWS
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You Can Train at Home for Good Pay Jobs in

RADIO-TELEVISION

Fast Growing Industry Offers Good Pay, Security, Bright Future

D Training PLUSOPPORTUNITY is theideal com-
bination for success. Today’s OPPORTUNITY
field is Radio-Television. Over 1256 million home
Radios plus 30 million sets in cars and 40,000,000
Television sets mean big money, opportumty for
trained Radio-Television Technicians. More than
4,000 Radio and TV Broadeasting stations offer
interesting and important positions for techni-
cians, operators. Color Television, portable TV
sets, Hi-Fi, other developments assure future i
| growth. Radio, Television are both growing. Need 4. E. SMITH
for trained technicians is increasing! Founder

Find Out What Oldest and Largest Home
Study Radio-Television School Offers You

Since 1914—for more than 40 years—N.R.I. has been training
ambitious men at home in spare time for Radio-TV. Thousands of
successful graduates say N.R.I.’s 50-50 training method is a fast,
easy, effective way to higher earnings, desirable jobs. Carefully
planned experiments and practice with equipment supplied free of
extra charge, bring basic principles, techniques to life right in your
own home. Find out what dependable training can do for you.

w» R | | You Learn by Doing—Get Practical

' | R T e Experience with Kits N.R.1. Sends
Add 'o Your Income Stu rtlng soon Nothgg takes the place of practical experience.

“ As part of N.R.I. Servicing Course you build

Mu'(e slo-sls a WEek Extru AC-DC Radio Receiver and Vacuum Tube Volt-

. . . mettzlr shown below. Use them to make tests,
Fixing Sets inYour SpareTime conduct experi;
Soon after enrolling, many N.R.I. students ®XPerience. All
start earning extra money fixing neighbors’ €duiPment yours to
radio sets. Many earn enough extra to pay
entire cost of course and provide capital to
start their own full time Radio-TV business
after getting N.R.I. Diploma. If you want a
job with a future, find out how you can train
at home for Radio-Television. Mail Postage
Free postcard for Sample Lesson. See how
| practical it is to learn at home. Get 64-Page o
Catalog, too. See equipment you get, out-
lines of courses, facts about opportunities in

T = N@See Oiher Sule =

N.R.!. Training leads to g.ood pay jobs like these. BROADCASTING: an on e s oo CUT OUT AND MAIL CARD NOW [

Chict¢ Technician, Chiet Operator, Remote Control Operotor. SERVICING: Home ond
Avto Rodios, P. A. Systems, Television Receivers. Elecironic Controls, FM Radios, Hi-Fi ]
SHIP AND HARBOR RADIO: Chiet Operator, Assistant Operotor, Radiotelephane sAM PLE lEsso“ NO STAMP NEEDED .
AND CATALOG "~~~
mitter Design Technician .. . AND MANY OTHERS. =
N.R.l. TRAINED THESE MEN W :{e ) s. B J:{ 73

Going into full time . 7 and am doing all right ‘

servicing soon.”” C. HIG- “A KLINE, Cincinnati, g Woshington 9, D. C.
4 ‘ i l Please mail me the FREE sample lesson and 64-Page

Operatar. POLICE RADIO: Transmitter QOperator, Receiver Servicemon. GOVERN-
Thanks N.R.l. for Good Start Quit Jobto Start Business
This card entitles you to Actual Lesson on Servicing, shows
" & GINS, Waltham, Mass. Ohio
Catalog. (No Salesman will eall.)

i
i
!
]

MENT RADIO: Operator in Army, Navy, Morine Corps, Coest Guerd, Farestry Service
Dispatcher, Airways Radio Operator. IN RADIO PLANTS: Design Assistant, Trons.
“Right now | i ! | i t i
sparge-htimz“ re::i‘r:’m:; job (:zc(id;:'r‘(; wq:rl'h fmuﬁ how you learn Radio-Television at hame. You'll also receive
« 9§ Radios and Television. time. I love my work § 64-Page Catalog.
- NATIONAL RADIO INSTITUTE, Dept. E

Engineer with Station WHPE N.R.l. Started His Way up I

“I operated a successful "I was a cab driver earn- Name ¥ Age
Radio repair shop. Then ing $35 a week. Then [ I

I got 4 job with WPAQ enrolled with N.R.I. | Address..

and now 1 am an engi- Now testerwith T\ mak-

e 3
r\‘ve?r\\;?)err([yAEN, ‘ﬁﬁ er.”J. H.SHEPHERD. g City. Zone._. State.
Point, N. C. Bloomington. Ind. Approved Member, National Home Study Council
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ts of Parts N.R.l. Sends
YOU BUILD Signal Generator

! You build this Signal Generator.
Learn how to compensate high fre-
| |

Practice Servicing-Communications with Ki

& : YOU BUILD AC-DC N
Vg Superhet Receiver

N.R.I. Servicing Course includes all

needed parts. By introducing defects

you get actual servicing experience

) practicing with this
A modern receiver.

i Learn-by-doing.

¢kl

quency amplifiers. practice aligning
typical I.F. amplifiers in receiver
circuits.

Make tests, —

.

conduct ex- B~ —— ol
o5 periments. 4
A | |
{ e ?

¥ 1
YOU BUILD Vacuum Tube ll'
Voltmeter : 5

q Use it to earn extra cash

YOU BUILD
Broadcasting Transmitter

Aspartof N.R.I. Communications Course % fixing neighbors’ sets:

ou build this low power Transmitter, TR bring to life theory .

earn commercial broadecasting operators’ P ’ you learn from '@’ r
methods, procedures. Train for your FCC i] N.R.I.’s easy-to- s

Commercial Operator’s License. ‘ ¢/ understand texts.

Radio-Television Can éie You
a Good Job with a Future

Here is a line of work that people respect--a vocation where you

N AT T YR R L] et LB L1 @ can advance, win a place for yourself, earn good pay and gain
G. much personal satisfaction in what you are ab}e“to do. And ﬁvou

—_— can learn at home in your spare time. Smart fellows everywhere

e' lmportan' Pay are using their spare time to develop new knowledge, new skills.

1 ; They know it is the trained man who gets ahead, gets the better
. job, drives the better car, is respected for what he knows and can do.

Be a Skilled Technician

The technical man is looked up to. He should be. He does important
work, gets good pay for it. Radio-Television offers that kind of
work. There are more than 40 million Televisions, 150 million home
and auto Radios. Millions more are sold each year. There are
splendid opportunities for the man well trained in Radio-Television
Servicing or Broadeasting. Micro-Wave Relay, Aviation and-Police
Radio, Two-Way Communications for buses, taxis, trucks, etc. are
M expanding- -making more jobs, greater opportunity.

b

Chief Engl-neer Paid for Insf;'uman's Has Own Radlo-v . - .
with Station out of Earnings Business You CGn Tl‘aln in Spore T'me

! am Chief Engineer of “I am doing very well in “We have an appliance s . f .

Station KGCU in Mandan, spare time TV and Radio. store with our Radli’o and Ieep your job until you're ready for a betwl: one, Id,e.arn lat home.
N. D. I also have my own Sometimes have three TV TV servicing and get TV N.R.I. Courses are planned for men who can study only during
spare time business serv- jobs waiting and alse fix repairs. During my Army spare time. You get maHY,klt_S to build equipment, get practical
icing high frequency, two- car Radios for garages. [ service, N.R.I. training experience. You work on circuits common to both Radio and TV.
way communications sys- paid for instruments out of helped get me a top rated Equipment you build “brings to life”” things you learn in N.R.I.’s
tems,” R. BARNETT, Bis- earnings.” G. F, SEAMAN, job.” W. M. WEIDNER, easy-to-understand texts. Experienced N.R.I. instructors, techni-

marck, N. D. New York, N. Y. Fairfax, 8. D. cians, specialists devote full time to making sure you get the best
@m see O'her Side @m and simplest Radio-TV training. Train as fast or as slow as you like,
N.R.I. Training is practical, thorough. You get the benefit ol

FIRST CLASS N.R.I's 40 years experience training men for success in Radio-

Television. Most successful N.R.I. men start without any knowledge

Permit No. 20-R of Radio, many without a high school education. Find out what

(Sec. 34.9, P. L. & R)) Radio-Television training. can mean to you. Make a decisive move

i il g I today toward becoming one of that select group—a Radio-TV
W ashington, D.C. Technician. Send for Actual Lesson and 64-Page Catalog, both
FREE. NATIONAL RADIO INSTITUTE, Dept. E, Washington, D.C.

BUSINESS REPLY CARD

No Postage Stamp Necessary If Mailed In The United States

SAMPLE LESSON AND
CATALOG =N |

BOTH I’

POSTAGE WILL BE PAID BY
NATIONAL RADIO INSTITUTE
16th and U Sts., N. W.
Washington 9, D. C.

CUT OUT AND MAIL
POSTAGE-FREE CARD

—
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for the expanding

independent service-dealer

More and more independent service-dealers
are strengthening their competitive position by
broadening their activities. They are adding to
radio and television service: Marine, mobile and
citizen radio . . . sound systems . . .
equipment . . . special electronic devices. . . etc.

These forward-looking independent service-
dealers are discovering expanded lines of CBS in-
dustrial tubes and semiconductors ready to help

industrial

January, 1957

them in their profitable new fields. New PA.5
and PA-17 reference guides describe respec-
tively over 200 CBS industrial receiving, power
and special-purpose tubes . .. and a wide line
of CBS crystal diodes, transistors and silicon
power rectifiers.

Both guides are free . . . from CBS Tube
distributors or direct. Just ask for Bulletins
PA-5 and PA-17.

CBS-HYTRON
Danvers, Massachusetts
A Division of Columbla Broadcasting System, Ine¢,

wwWW americanradiohistorv com

tubes - semiconductors

Reliable products through Advanced-Engineering
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BEST BUII.T‘
YET

BEST FOR
EVERY SET

All Tung-Sol Tubes are engi-
neered to one standard of
quality—Blue Chip Quality.
Whether they're for famous
set makers or leading service
dealers, Tung-Sol Tubes are
identical in design and per-
formance. Tell your supplier
you'd rather have Tung-Sol!

Llue ChipDealty
@®TUNG-SOL

MAGIC MIRROR ALUMINIZED
PICTURE TUBES
RECEIVING TUBES

TUNG-SOL ELECTRIC INC., Nework 4, N. J. Sates
QOffices: Atlonta, Ga., Columbys, Ohio, Culver
City, Calif., Dollas, Tex., Denver, Colo., Detroit,
Mich., Irvington, N. J., Melrose Park, Ill., Newark,
N. J., Seattle, Wosh.

TUNG-50L makes All-Gloss Sealed Beam Lamps,

Minioture Lamps, Signal Floshers, Picture Tubes,
Radio, TV and Speciol Purpose Electron Tubes
and Semiconductor Products. |
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* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS'
WASHINGTON EDITOR

THE MAMMOTH TV very-high—ultra-
high allocation problem, that scores of

| experts have been trying to resolve for

years. now has heen formally turned
over to a TV allocation study organ-
ization. who will attempt to develop a
body of facts that can be used by the
FCC to determine the soundest ap-
proach to channel allocations.

The group. it was said, will not he-
come involved in product research or
in the economic and sociological as-
pects of the allocation situation.
Studies of these factors will be as-
signed to other special committees
composed of engineering specialists
and marketing experts.

All members of all groups, however,
will base their analyses on the basic
conditions outlined in the crash re-
search notice issued by the Commis-
sion in the early fall of '56.

CLOSED-CIRCUIT TV, featuring pro-
grams ranging from native folk dances
to demonstrations of the use of color
TV in medical science, is having a ter-
rific impact on visitors to the United
States central exhibits at international
trade fairs now being staged in various
parts of the world.

In Afghanistan, experiencing its first
look at TV, His Majesty, Mohammed
Zahir Shah, participated in the first
telecast in the history of the country
during his visit to the U. S. Pavilion
in Kabhul. Accompanied by an entou-
rage of 300, including members of the

Royval Family, the King saw himself
on the TV eye, which proved to be one
of the hits of the exhibit. Six monitors
located at strategic spots through the
show were crowded constantly as Af-
ghans and visitors delighted in seeing
themselves and friends in action.

A similar TV eye is currently fasci-
nating large turnouts at the Ameri-
can exhibit in Izmir, Turkey. DMore
claborate TV closed circuits, operating
from attractive glass-enclosed studios.
have been installed at our exhibits in
Stockholm, Damascus. Salonika, Vien-
na, and Zagreh. At these fairs, viewers
can see performances by local singers.
instrumentalists, dancers, puppeteers,
comedians. and dramatic actors, as well
as demonstrations of a variety of prod-
ucts and devices which are on view in
the American pavilion, Do-it-yvourself
demonstrations, the workings of farm
implements and household appliances,
etc., are shown by way of monitors.
Fairgocrs are also able to see step-by-
step techniques of homesewing from a
pattern stage to machine operation and
finally the modeling of finished house
dresses.

The largest of the closed-circuit TV
operations are in the Damascus and
Stockholm exhibit areas. Ereccted in
the center of a U-shaped building, the
Damascus studio permits fair visitors
to watch programming in the court-
yard and on fifteen monitors scattered
throughout the zone. Two cameras and
six technicians man the operations.

NEW TV GRANTS SINCE FREEZE LIFT

Continuing the listing of construction permits granted by FCC since
lifting of freeze. Additional stations will be carried next month.

STATE CITY CALL CHANNEL FREQUENCY POWER*
Washington Walla Walla - 180-186 3.04
Wyoming Casper 2 54-60 .208
Virginia Arlington — 20 506-512 .876

New Call Letter Assignments

STATE CITY CALL CHANNEL FREQUENCY
Florid Palm Beach WPTV 5 76-82

SECy P (Formerly WINO-TV)

Kentuchy Ashland WALN.TV 59 740-746
!FO"E“Zar'%‘y i 32 578-584
Louisiana New Orleans WWEZ.TV B
Oregson Coos Bay KOOS-TV 16 482-488
Texas Alpine KAMT-TV 12 204-210

*ERP (effective radiated power, kw.)

WwWWW americanradiohistorv com
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JERROLD Introduces

TRAP-

Revolutionary New TV E’
Filter Knocks Out
Adjacent Channel
Interference. .. Opens

New Sales Market For
The Television Trade! |

This tunable “deep notch” antenna trap (greater than 50
db) permits TV viewers to remove ‘‘beat” or "‘herring-
bone” patterns caused by strong adjacent channel sound
or video carriers. Permits clear reception of even weak
distant stations.

’
k
[}

EAS

Only $19.95 usﬁa

Works with any TV receiver and any 300 ohm antenna
that would normally bring in pictures from the distant
stations if the interfering adjacent channel was not on
the air. Does not affect reception of regularly viewed
channels.

BRINGS IN PICTURES FROM OUT OF NOWHERE! TRAP-EASE
EASILY

INSTALLED
ON ANY
TV SET!

Before TRAP-EASE is Installed

! lr“ l

»-'--_uwi J

i

g .\.

After TRAP-EASE is Installed

In case shown Re-
ceiver AGC is held
down by a strong ad-
jacent channel sound
carrier. This lowers
receiver gain and
prevents proper re-
ception of the desired
channel. "'Beat” or ;
“"Herringbone™ pat- souwo
tern is predominant )
on the screen.

RECEIVER (.F. RESPONSE
D). SOUND CARRIER —)

1
'Fsmmb !
|

REGEIVER I.F. RESPONSE
—AasMc—)  F1sMc
1

AD). SOUND CARRIER.

The adjacent sound
carrier has been sup-
pressed by some 50
db, which: (1) En-
ables the signal level
of the desired channel
to control the AGC
action of the receiver.
(2) Completely re-
moves the "'beat”,
leaving a clear,
strong picture.

TRAP-EASE
SELLS ITSELF

Let the amazing perform-
ance of the Jerrold Trap-
Ease do its own selling.
One demonstration and the
Trap-Ease sells itself with
the greatest of ease. Simple
to demonstrate either in
your store—or in the
customer’s home.

MONEY BACK GUARANTEE

Never before a TV accessory that achieves such startling results.
Contact your Jerrold distributor today for details on the complete
sales promotion package available to you.

TWO MODELS AVAILABLE
Low Trap-Ease (Model HQ-91) covers Channels 2 to 6.
High Trap-Ease (Model HQ-92) covers Channels 7 to 13.

JERROLD ELECTRONICS CORPORATION
23rd and Chestnut Streets ¢ Philadelphia 3, Penna.

0—=p

Simply connect the Trap-
Ease in series with the
antenna lead-in and
mount on rear or top of
TV receiver. Handsome
contemporary design and
soft color tones of the
unit harmonize with
today’s modern or tradi-
tional cabinet decor.

*®Jerrold Electronics Deep Noich Adjacent Channel Trap
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Here Is The
Best Value
Ever Offered In
An Electrical
Measuring
Instrument . ..

METER PROTECTION
The meter movement is
protected up to 1000 times
overload by rectifier network.

"999R"

AOCO-DOCO v.o.Mo

ONLY THE PHAOSTRON'555A’'V.O.M. (VOLT
OHM MILLIAMMETER) MEASURES A, C. and D.C.
CURRENT and VOLTAGE AS WELL AS RESIST-
ANCE AND HAS ALL THESE FEATURES:

® Unbreakable Metal
Case of Highly
Polished Chrome

® Separate Range and
Function Switches

® Anti Magnetic Shielding

® Easy-to-Read, Large
4-Color Scales

® 43 Unduplicated Ranges

® Only 2 jacks

3% 0DC....4% A.C.
Permanent Accuracy

ACCESSORIES AVAILABLE
Genuine Leather Carrying Case $7.95
Panel Mounting Adapter $1.50

“S55A" V. O. M. s 5 0
tamplete with probes ond botteries

©t your Parts Distributor

Other Fine
Phaestran Products

MODEL ' 777''~¥acuum Tube Yolt.

meter. .. 42 unduplicated ranges

with permonent accurocy=3% D.C.,

5% AC.

CUSTOM PANEL INSTRUMENTS -
2% 7.3, 47,67, . all shielded
by their metol cases from stray
moagnetic fields. 24" and 3%"
madels ovoiloble in round or
squore foce.

PORTABLE LABORATORY
INSTRUMENT.. with double probe
ovtlets and full overlood protection.
RUGGEDIZED AND SEALED
PANEL INSTRUMENTS .. ovailoble
in 1% " (Square Bezel) ond 2Y%,".
3%", 44" Round Bezel models in
AC, DC or Null Indicators.

Write today for full details or ask your dealer

PHAOSTRON INSTRUMENT AND ELECTRONIC COMPANY

151 Pasadena Avenue, South Pasadena, California

www americanradiohistorv com

According to reports, hourly, crowds
of several thousands collect in and
around the pavilion at night to watch
well-known Syrian performers put on
shows. The big hit of the program is
the double-or-nothing quiz show which
had to be expanded from a half hour
to a full hour to satisfy audience in-
terest. Every twenty minutes, a Syrian
announcer interrupts the program to
explain how the television circuit op-
erates. In Sweden, there are thirteen
monitors in operation.

The Vienna exhibit consists of a sim-
ulated fully equipped hospital oper-
ating room. An operation performed
on a medical mannequin is transmitted
via a miniature camera mounted in
the operating light. In similar fashion,
minute details of dental surgery are
shown on color-TV monitors. Another
feature of the displav is built around
a color-TV microscope through which
images are magnified for analysis.
Transmission in color displays the nec-
essary color differentiation in cells and
tissues. Demonstrators, plaving the
roles of surgeons, are provided with
throat or hand microphones so that
their commentaries may be heard by
the public.

In addition to television, our elec-
tronics industry is represented in the
foreign exhibits by a wide variety of
radios, including those transistorized
and powered by the sun, those small
enough to place in the palm of a hand
and table models: tape recorders and
oscilloscopes; high-fidelity phono equip-
ment. etc. At Izmir. there is a graphic
display of the history of broadcasting
from the crystal set era to the newly-
developed solar-battery radios,

Record shops gaily decorated with
album jackets have been installed in
show quarters in Stockholm. Zagreb
and Bari, Italy. In Bari, there’s a
large exhibit of hi-fi equipment in op-
eration in a colorful garden’ adjacent
fo the exhibition building. Records can
be played in eight glass-enclosed
booths. There are eight tape machines
in operation at other fairs which vis-
itors can use to record and play back
their own voices.

A BOLD BID for channel 2 to serve as
a mobilé band appeared in a recent
petition to the FCC entered by the
American Trucking Association; the
Commission was asked to reallocate
that channel for fixed scatter service.

In commenting on its request, the
association said that the motor carrier
industry must now share three of the
12 frequencies in the 25-50 megacycle
band with passenger carriers. All of
these frequencies, they said, are se-
verely congested and conditions are
getting worse every day.

The ATA petition pointed out that
the “. . . Commission’s decision not to
reduce channel separations in the 25-
50 band, which offered the best pros-
pect for immediate satisfaction of the
motor carrier industry’s need for addi-
tional assignments in the very-high
band will . . . adversely affect the ra-

(Continued on page 132)
RADIO & TELEVISION NEWS
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L C. tone, B.S, MA.
President, Rodio-Tele-
visien Training Asso-
ciotion. Exgcutive
Director, Pierce School
of Radio & Television,

TRAIN FOR A TOP-PAY JOB AS A TELEVISIO
NO PREVIOUS EXPERIENCE NEEDED — study AT HOME i

S .

N TECHNICIAN
r SPARE TIME.

-4-“..‘

—

N

Next to the atom and hydrogen bombs, the b|ggen
noise being made today is by the booming radio-
television-electronics industry.

Now, while the boom is on in full force, is the time
for you to think about how you can share in the high
pay and good job security that this ever-expanding field
offers to trained technicians,

Just figure it out for yourself. There are more than 400
television broadcosting stations operating right now

and hundreds more fo be built; more fhan 34 million
sets in the country and sales increasing daily. Soon
moderately priced color television sets will he on the
market and the color stempede will be on.

All these facts mean that good jobs will be looking for
good men. You can be one of those men if you take
advantage of my training now — the same training that
has already prepared hundreds of men for successful

-

careers in the radio-television-electronics ﬁo_ld'.

—= No experience necessary! You learn by practicing with professional equipment | send
you. Many of my graduates who now hold down good paying technician jobs started

with only grammar school training.

ot FURNISHED AT NO EXTRA COST!
Iod;: Recivel

oy
ml l

Pierce School of Radio & Television.

If you have previous Armed Forces or civilian radio experience you can finish your
training several months earfier by taking my FM-TV Technician Course. Train at
home with kits of parts, plus equipment to build YOUR OWN Tv RECEIVER. ALL

After you finish your home study training in the Radio-FM-TV Technician Course or
the FM-TV Technician Course you get two weeks, 50 hours, of intensive Laboratory
work on modern electronic equipment at our associate school in New York City,

RADIO-FM-TV
TECHNICIAN
TRAINING

FM-TV
TECHNICIAN
TRAINING

Syivania Now Sponsoring
RTTA’s Coior
T.thnl:hn C.urs.

AF.RF Signel Gmmu

w

1 7 (ombination Yolimater- N
Ammeter-Ohmmeler

LEARN BY DOING

As port of your troining | give you the equipment you need fo set up your own home
laboratory and prepare for a BETTER-PAY TV JOB. You build and keep an Electromagnetic
TV RECEIVER designed and engineered to take any size pitture tube up to 21-inch,
(10-inch tube furnished. Sfight extra cost for larger sizes) . . . also a Super-Het Radio
Receiver, AF-RF Signal Generator, Combination Voltmeter-Ammeter-Ohmmeter, C-¥ Tele-
phone Transmifter, Public Address System, AC-DC Power supply. Everything supplied,
including all tubes.

EARN WHILE YOU LEARN Aimost from the very start you can eamn extro
money while leorning by repairing redio-TV sets for friends end neighbors. Many of
my students earn encugh each week to pay for their entire training from spare fime
earnings . . . start their awn profitable service business.

FCC COACHING COURSE Qualifies you for Higher Pay! Given to all
my students AT NO EXTRA COST. Helps you qualify for the TOP JO8S in Redio-TV
that demand an FCC license| Full troining and preparation ot home for your FCC

W Talaphone
Tranwmirter

Public Address System

& d’.!

Radio-Television Training Association

52 EAST 19th STREET e NEW YORK 3, N. Y,
Licensed by the Stale of New York ® Approved for Veteron Troining
January, 1957

COLOR TV TECHNICIAN COURSE—AIl new! Learn the latest. Be prepared for those /
Color TV servicing profits ahead! Contains the mist up-to-date servicing data, pro-
cedures and circults. For men with radio or TV training or experience.

My Schoal fully opproved 1o troin Veterans under
new Koregn G. 1. Bill. Don't lose your school bene-
fits by woiting toa long. Write dischorge dote on

r LB _B B 0 B 8 BB ‘
Mr. Leonard €. lane, Prevident

' RADIO-TELEVISION TRAINING ASSQCIATION l
Dept. RT-1D, 52 East 19th Street, New York 3, N. Y,

Bl Dot Mr. Lone: Send me your NEW FREE BOOK, FREE SAMPLE [}
LESSON thot will show me how | con moke TOP MONEY IN

. TELEVISION. | understand | om under no abligation. l

. {PLEASE PRINT PLAINLY) l

I Nams. e -~ S Age.

. Addres: e | S .

. City. = .
D Color TV Technician Course I

. [ Rodie-FM-TY Technician Course

. [ FM-TY Tachnicion Course l
[0 TV Studio Technieian Course |

K I P p—————
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How far

can you go

in electronics

without

a degree?

2 years ago, degreeless Bill Miles had
reached o blind alley in his career. Yet
today, with IBM, he's actually supervis-
ing engineers in Americe’s biggest elec-
tronics project. Here’s how this technician
broke through the ‘‘education barrier.”
“Training and local assignmenis,” recalls
Bill Miles, ““were what caught my eye
when I saw an IBM ad in 1955. So I in-
vestigated. Now here I am with an ad-
vanced electronics education under my
belt —and responsibility as a Group Super-
visor in Project Sage. I work on the world's
largest and most advanced computer. I
live in my home town. And my future in
the company is what I make it. Yet only
2 years ago, I thought I'd gone as far as a
technician ever could!”’

Becomes radar technician

Bill's background is typical of thousands
of capable, ambitioustechnicians whonever
acquired a formal engineering degree. His
interest in electronics, aroused in Camden,
New Jersey, high school, was nourished by
a 3-year stint as Aviation Radar Tech-
nician in the Navy's “Black Cat’ air-sea
rescue squadron.

Takes night courses

Discharged in 1946, Bill married a girl
he'd known in high sehool. During the

26

32-year-old Bill Miles talks frankly about the technicians” biggest problem

next 9 years, Bill was teacher in a radio-TV
institute, TV service man, TV company
technician, and chief supervisory TV tech-
nician. All the while he pursued an engi-
neering education at night. But growing
family responsibilities made it more and
more difficult.

Finds doors barred

However, feeling he was equipped for
greater responsibility, Bill, now 30, in-
vestigated several companies but found
that, while they liked his abilities, his lack
of degree barred the door to any significant
future advancement.

Enters IBM school

In May 1955, when he moved his family
to Kingston, New York, and started at
IBM, Bill wasn't quite sure what to expect.
The 9-month training course— valued at
$10,000 per man— had been the big mag-
net for him. He hoped the future would
match his expectations.

Meets head of school

“Sixty of us started school at IBM, at-
tending class 8 hours a day. The course
consisted of about 20 subjects, mostly
dealing with computer circuits and units,

wwwW americanradiohistorvs<com

and maintenance techniques. The teaching
was adult, superb. After the first 20 weeks,
our living expense allowance, over and
above salary, rose to $59.50 a week. We
kept our own grades, and every 6 weeks
when we reviewed them with the instruc-
tors, they asked us for ways to improve
the course. I expected a casual ‘hello’
when I met the Division Manager of
Education, but he talked to me for an hour
about myself and my interests. The real
concern IBM has for you as an individual,
both before and after they hire you, is
undoubtedly one reason why we all began
to take a lot of pride in this outfit.”

Joins home-town computer site

Bill had joined IBM as a Field Systems
Engineer. After graduation, when 10 of his
classmates were immediately promoted to
specialized assignments, Bill was assigned
to a computer site near his home in Mt.
Holly, New Jersey, with IBM paying his
moving expenses. For the first two months
he helped install the SAGE computer, an
important link in America’s air defense.
Ultimately, such computers will ring Amer-
ica's entire air defense perimeter. Looking
back, Bill notes, *I'll admit the work was
laborious and difficult, but still I have a
sense of great accomplishment. Together
we all helped create something of value
from almost nothing.”

RADIO & TELEVISION NEWS
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World’s largest computer

*“The computer is probably the largest one
in the world, with over a million compo-
nents. Flattened out, it would probably fill
a ball field. The computer analyzes radar
data on every object in the sky. Then it
checks each object against available traffic
information and identifies it as either
friendly or hostile. It can make sugges-
tions, but it can’t send a Nike missile
against what it thinks is a ‘baddie.’ Only
airmen can make that decision.”

Bill zets $10,000 computer education
at IBM Kingston

Supervises fifteen

Recently premoted to Group Supervisor,
Bill now direets an entire shift of 15 men,
reporting to a Group Manager. His job:
to maintain the computer in combat readi-
ness. "I have to be familiar with the entire
system. I rely on two types of specialists
to help me: computer units men who are
specialists in certain areas; systems engi-
neers for the over-all computer.”

Vi

i
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Miles does diagnostic programming
on the Maintenance Console of the
Sage Computer

Jonauary, 1957

Miles nails down problem with
Site Manager R. Schimmel

Buys house, car

Bill has bought a 7-room house-in Mt.
Holly. When not busy with his son and
twin daughters, he likes to bowl. He drives
a '56 automobile. He's enjoying the good
life, and expects it to get even better. His
employee benefits alone represent a cash
value of many hundred dollars a year. He
expects the IBM-sponsored General Educa.
tion Program will prepare him for higher
management responsibilities. Later, Bill’s
manager said, ‘‘He’s currently assuming
the responsibilities of an electrical engi-
neer.”

But the question remains: Is Bill really
an engineer?

The “professional’ engineer

“No, I certainly don’t consider myself a
‘professional’ engineer, qualified to design
machines, for instance. But the point is,
I'm doing work ordinarily done by engi-
neers . . . work usually denied to men
without a degree.”

IBM upgrades technicians

Could he do this elsewhere? “Of all the
companies I know, IBM appears to be one
of the few upgrading the technician to the
level of engineering responsibility. Fortu-
nately for me, IBM had the imagination to
get men without degrees and encourage
them to rise in responsibility and income
to the level of their native talents . . . not
what their formal education dictates.”

“Student’” Bill Miles
diagrams computer circuit

www americanradiohistorv. com

Both titles gain

Is this a sign that the educational system
is wrong? “Not at all,”” answers Bill Miles.
“A Doctor’s, a Master's, a B.S. degree
stand for something and always will. But
if a technician can perform many jobs that
traditionally belong to the engineer, they
both stand to gain. The technician, because
he gets much of the engineer’s salary,
satisfaction and recognition; the engineer,
because he is free to do work which only a
man with his formal training can do. When
everybody wins, and nobody loses, it's the
sign of a good thing.”

Since Bill Miles joined IBM, opportuni-

Home-town assignment pleased
Miles’ wife, son, twin girls

ties in the Project Sage program, destined
for long-range national importance, have
grown more promising than ever. If IBM
considers your experience equivalent to an
E.E., M.E. or Physics degree, you'll re-
ceive 8 months’ training, valued at $10,000
per man, as a Computer Systems Engineer.
If you have 2 years’ technical schooling or
the equivalent experience, you'll receive
6 months' training, as a Computer Unrits
Field Engineer, with opportunity to assume
full engineering responsibility. Assignment
in area of your choice. Every channel of
advancement in entire company open—
and IBM is leader in a field that's sky-
rocketing in growth. All the customary
benefits and more. WRITE to Nelson O.
Heyer, IBM, Kingston, New York. Include
the questions you would want answered.
You’ll receive a prompt reply.

CUSTOMER ENGINEERS: opportunities
are also available, locally, for servicing
IBM machines, after training with pay.
Contact the nearest IBM office.

MILITARY
PRODUCTS

DATA PROCESSING « ELECTAIC TYPELWRITERS
TIME EQUIPMENT MILITARY PRAOCDUCTS
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New

28

“Convertible’’ 20-watt Amplifier and Pre-Amp with controls,

In one versatile unit, only *399°

HE new General Electric Convertible is a

dual-chassis design. In a single, amazingly
flexible and low cost unit there's a powerful
amplifier, with 20 watts of undistorted output
—plus a pre-amplifier with seven panel-mounted
controls. It gives you sound reproduction as it
was meant to be heard.

There's New Installation Flexibility, too! With the
General Electric dual-chassis design, the ampli-

OR CUSTOM INSTALLATION

fier a 1d pre-amp may be mounted independently
in built-in systems. Or, as one complete unit,
the h indsome Convertible cabinet may be placed
on a rookshelf or table.

W ite today for new hi-fi ideas and the name
of y¢ 1r dealer. ile can show you the full line of
G-E 1i-Fi components. General Electric Cont-
pany Special Products Department, Scction
R161., [Electronics Park, Syracuse, New York.

7>rogress fs Ovr

Most Important Frodvct

FOR TABLE OR BOOK ASE

GENERAL
ELECTRIC

RADIO & TELEVISION NEWS
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QU CAN plod along for years, getting a paltry increase
now and then, enjoying little security, finding your work
dull and drab.

Then something happens. Things look up. You become
more confident. Your earnings rise. You feel more im-
portant.

“Luck,” some may say.

“Contacts,” others may suggest.

But in your heart, you will know the answer: “Training.”
And it all may have started the moment you filled out a
coupon requesting a copy of a free booklet named “Your
Future in the New World of Electironics.” From this data
yvou get knowledge of where you stand in Electronics. Tre-
mendous expansion leaves this gigantic industry pleading
for trained men. Top manufacturers sold billions of dollars
worth of electronic merchandise in 1956. By 1960, the radio-
electronics industry should do ne less than 15 billion dollars
per year, not counting military orders.

The data that Launched
Thousands of Careers
s Yours FREE to show

HOW YOU CAN BE SUGGESSFUL
IN RADIO-TV-ELECTRONICS

Send for

Your Booklet Today!

Lines, Canadian Broadecasting Corporation, Trans-Canada
Airlines, Sears, Roebuck and Co., Bendix Products Division
and All-American Cables and Radio, Inc.

CREI courses are prepared by recognized experts in a
practical, easily understood manner. You get the benefit
of time-tested materials, under the personal supervision of
a CREI Staff Instructor, who knows and teaches you what
industry wants. This is accomplished on your cwn time,
during hours selected by you, and controlled by your own
will power. This complete training is the reason that gradu-
ates find their CREI diplomas keys-to-success in Radio, TV
and Electronics. CREI alumni hold top positions in Amer-
ica’s leading firms. At your service is the CREI Placement
Bureau, which finds pesitions for advanced students and
graduates. Although CREI does not guarantee jobs, requests
for personnel far exceed current supply.

Now is the time of decision for

Today there are over 97,000 radio-
equipped police cars; at least 87,000
taxis are radio equipped; 37,730 civil-
ian planes have radio; 35,000 Ameri-
can ships have radio.

Today there are over 132,000,000
radios in use. There are 38,000,000
TV sets and 477 TV stations in oper-
ation. Color TV is coming into its

CREI resident

information.

instruction
night) is offered in Washington, D. C.
New classes start once a month,

KOREAN WAR VETERANS: If eligi-
ble for training under the new G.1. Bill
of Rights, check the coupon for full

you. Luck will not propel you for-
ward unless it finds you trained,
Contacts won’t budge you an inch
unless you have the skill to back
them up. The answer is: Technical
Training . . and willingness to
learn. Together they will bring
you increased earning in this new
Age of Electronics. Fill out the

(day or

own. Countless positions must be
filled—in development, research, design, production, test-
ing and inspection, manufacture, broadcasting, telecasting
and servicing. To fill these posts trained men are needed
—men who somewhere along the line take time to improve
their knowledge, their skills. Men
who, today, perhaps, take two min-
utes to send for a booklet.

“Your Future in the New World

MAIL THIS couroN Today!

coupon below and mail it now. We'll
promptly send you your free copy
of “Your Future in the New World
of Electronies.” The rest—your fu-
ture—is up to you.

of Electronies’” shows you how
CREI Home Study leads the way
to greater earnings through the
inviting opportunities described
above.

However, CREI does not promise
yvou a “snap.” With an acecredited
technical school such as this, you
must study to convert your ambi-
tion into technical knowledge you
can sell in the fabulous Electronics
market,

Since its founding in 1927, CREI
has provided thousands of profes-
sional radio men with technical
educations. During World War 11
CREI trained thousands for the
Armed Services. Leading firms
choose CREI courses for group
training in electronics, at company
expense, among them United Air

January, 1957

CAPITOL RADIO ENGINEERING INSTITUTE
ECPD Accredited Technical institute Curricula

DEPT. I11-D, 3224 t6th S1., N. W., Washington 10, D. C.

lease send me your course outline and FREE lllustrated Book-
let "Your Future in the New World of Electronics” . . . de-
scribing opportunities and CREI home study courses in Prac-
tical Electronics Engineering.

CHECK lC] Practical Radio Electronics Engineering {B)

FIELD OF \[J Broadcast Radio Engineering [AM, FM, TV}
GREATEST ( [ Practical Television Engineering

INTEREST [ Practical Aeronautical Electronics Engineering
NOERE s ot o T T e o L A ot B ey VD s e
SHreetl s s e S S e

C ity s e o e el Zone State

CHECK: [J Home Study [] Residence School [] Veteran

wwWw americanradiohistorv com

To bhelp us an-
swer your re- .
quest intelligently, please give the
following information:

EMPLOYED
BY

HOURS
AT WORK

TYPE OF
PRESENT WORK. ... ... .

SCHOOL
BACKGROUND
ELECTRONICS

EXPERIENCE

IN WHAT BRANCH OF ELECTRONICS
ARE YOU MOST INTERESTED ?
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Sena Zaty

Pou yous Conpteie
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NORELCO

F(%d SERIES

FULL RESONANCE
TWIN-CONE
SPEAKERS

L

sassacccaacssmacsnsaa,

Norelco's twin-cone speakers are de-
stgned to meet the problem of high
and low frequency dispersion in a
single speaker. The large (heavy)
cone is designed to produce good
bass while the small (light) cone radi-
ates higher frequencies.

Eliminating operating inefficiency ex-
perienced in multiple speaker cross
over systems, Norelco’s twin-cone is
driven by a single voice coil—produc-
ing a flat response with exceptional
reproduction of transients. Based on
economy and value any one of the
Norelco FRS twin-cone speakers is
your best choice. If your neighbor-
hood dealer does not stock Norelco
write direct to North American
Philips Company, Inc. giving your
dealer’s name and address.

ADD TO ...and improve any

sound system withA/orelco@
*FULL RESONANCE SPEAKERS

Write loday fo Dept. GI fo brochures
ond prices of these unique spedkers.

North American Philips Co., Ing,)

100 E. 42nd Streey @
New York 17, LY.

Within the - 5[
Industry

e ot B remr i

il

JAY CARVER has been appointed to the
post of advertising and sales promotion

manager of Elec-
tro-Voice, Inc., Bu-
chanan, Michigan

manufacturer of mi- ‘
crophones and high- - W
fidelity equipment.

Mr. Carver moves % H
up to his new posi-
tion after six months
of managing wood
product sales of the firm. He was for-
merly advertising manager of Cabin-
art, a division of G €& H Wood Prod-
ucls of Brooklyn, N. Y.

* & ]
LEON PODOLSKY, technical assistant to
the president of Sprague Electric Com-
pany, is this year’'s recipient of the
engincering award presented annually
at the Fall Meeting of the RETMA
and IRE.

The award, a gold plaque, has been
presented each year since 1941 to an
individual in recognition of outstand-
ing contributions or services to the

| electronies industry.

Mr. Podolsky's citation reads:
“Awarded for his outstanding contri-
butions to international standardiza-
tion in the field of components for
electronic devices.” He has served as
technical advisor and chief delegate
of the U.S. on electronic components
at the meetings of the International
Electrotechnical Commission since 1952.
He is also chairman of the RETMA
International Standards Committee and

| chairman of the ASA commnittec on

electronic components.
*® 3

MILTON R. SCHULTE who has been a
vice-president of Tung-Sol Electric Inc,
since 1951 and a di-
rector since 1953
has been elected to
the newly created
post of executive
vice-president.

He joined the firm
in 1923 immediately
following his grad-
uation from Stevens
Institute. He has worked for no other
firm. Starting as a draftsman, Mr.
Schulte became foreman of the lamp
department in 1925 and three years
later was made superintendent of radio
tube manufacture.
- * *

FEDERAL TELEPHONE AND RADIO COM-
PANY has established a Puerto Rican
manufacturing subsidiary which will
be known as FEDERAL CARIBE, INC. The
new unit is located at Santa Isabela,
near Ponce, on the southern shore of
the island. It will produce selenium
rectifiers, starter switches, and other

www americanradiohistorvy com

VARIETY
of Newark, N. J.
its corporate name 1o
VARIETY ELECTRONICS CORP. tc more
accurately reflect the category of prod-

clectronic components
ELECTRIC CO,, INC.
has changed

ucts distributed by the firm . . . L. A.
YOUNG SPRING & WIRE CORPORATION
has purchased the assets of GONSET
COMPANY, INC., Burbank, Cal, manu-
facturer of communications electronic
equipment. It will be operated as a
division of the parent firm ... MAGNE-
CORD, INC. of Chicago has established
a MAGNE MATIC division to specialize
in the development and manufacture
of magnetic tape recording equipment
for industrial applications.

* * *

DR. BEN R. GOSSICK has been appointed
to the post of chief engineer in charge
of the circuitry de-
partment of the
Semiconductor
Products Division
of Motorole Inc.

In his new posi-
tion, he will be re-
sponsible for tran-
sistor electrical
evaluation, testing
procedures, and specifications. His func-
tion also includes customer circuit en-
gineering and transistor circuitry re-
search.

He was formerly associated with the
Oak Ridge National Laboratory and
RCA. He will make his headquarters
at the division’s Phoenix, Arizona plant.

SYLVANIA ELECTRIC PRODUCTS INC.
has opened an 87,000 square foot distri-
bution center in Los Angeles and an-
other 79,000 square foot unit in the
San Francisco area, more than doub-
ling its warehousing and sales oflice
facilities in California . . . FAIRCHILD
RECORDING EQUIPMENT CO. has moved
to a new and larger plant at 10-40 45th
Avenue, Long Island City 1, N. Y. . ..
CANNON ELECTRIC COMPANY of Los
Angeles has added 100,000 square fect
of space to its East Coast facility with
the signing of a 10-year lease in the
Salem, Mass.. Industrial Center. It will
be used for manufacturing purposes
. . . The Radio Division of BENDIX
AYIATION CORPORATION has opened
a new 100,000 square foot Engineering
Center which will be used for projects
covering guided missiles, ground and
airborne radar, aviation communica-
tions, and mobile two-way radio sys-
tems . . . ELECTRONIC ENGINEERING
COMPANY OF CALIFORNIA has broken
ground for a new laboratory and gen-
eral office at 1601 E. Chestnut Street
in Santa Ana. The 41,000 square foot
building is expected to be completed
by the end of March . . . The Elec-

RADIO & TELEYISION NEWS
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Prepare for a Good Paying Job —Or Your Own Business

25 BIG KITS “I Will Train You at Home in

RADIO-TELEVISION

On Liberal No Obligation

New Equipment! New Lessons! Enlarged
Course! The true focts are yours in my
big new «otalog . . . YOURS FREE . . .
JUST MAIL COUPON!

1 can train and prepare you in as little as
10 months to step into the big opportunity \ b
Radio-Television service ficld. Train without

signing a binding contract . . . without obli- u

gating yourself to pay any regular rpomhly Frank L. Sprayberry
amounts. You train ¢ntirely at home in spare President. Sprayberry

hours . . . you train as fast or as slowly as Academy of Radio

you wish. You'll have your choice of THREE SPRAYBERRY TRAINING
PLANS .. . planned for both beginners as well as the more experienced
man. Get the true facts about the finest most modern Radio-Ttaining avail-
able today . . . just mail the coupon for my big new 56 page fact-filled
catalog plus sample lesson—both FREE.

Train the Practical Way—with Acval Radio-Television Equipment

My students do beter because I train both the mind and the hands. Sprayberry
Training is offered in 25 individual training units. each includes a practice giving
kit of parts and equipment . . . all yours (0 keep. You will gain priceless practical
experience building the specially engineered Sprayberry Television Training Re-
ceiver, Two-Band Radio Ser, Signal Generator, Audio Tester and the new Spray-
berry 18 range Multi-Tester, plus other test units. You will have a complete set
of Radio-TV test equipment to starc your own shop. My lessons are regularly
revised and cvery important new development is covered. My students are com-
pletely trained Radio-Television Service Technicians.

See for Yourself... Moke Your Own Decision

NEWEST Mail € Today!

DEVELOPMENTS ++ - Mail Toupon Today:
Your training The coupon below brings you my big new catalog plus
covers UH F, Color an actual sample Sprayberry Lesson. 1 invite you to read
Television, F M, the facts . . . to see that I actually illustrate every item

Oscilloscope
Servicing, High
Fidelity Sound
and Transistors,

1 include in my training. With che facts in your hands,
you will be able to decide. No salesnian will call on you.
The coupon places you under no obligation. Mail it now,
today, and get ready for your place in Radio-Television.

SPRAYBERRY ACADEMY OF RADIO

111 North Canal Street, Dept.25-G, Chicago 6, lllinois

Mml LLIE (oupon For Free Facts and Sample Lesson

1 SPRAYBERRY ACADEMY OF RADIO i
Dept. 25-G, 111 N. Canol St., Chicage 6, NI A

Please rush all informotion on your ALL-NEW Radio-Tele-

RadIOTeIEWSIOn vision Training Plan. | understand this does not obligate me

IRAINFNG PLL » and that no salesman will call upon me. Include New Cata-
log and Somple lesson FREE.

Name Age

Addre:

Zone |17 ] — }

T i e ek ek ke ek e e e et e e e S S P —————————— -
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tronics Division of FAIRCHILD CAMERA |

AND [INSTRUMENT CORPORATION has
moved into its new headquarters on
Aerial Way North in the Landia In-
dustrial Park. Syosset. Long Island,
N. Y. .. . REEVES INSTRUMENT COR-
PORATION has established a West Coast
office at 1216 Fifth Street. Santa Mon-
ica, Cal. This office will handle the
Los Angeles area . . . FEDERAL ELEC-
TRIC CORPORATION has opened a new
plant on Garihaldi Ave. in Lodi, N. J.
The new building will house the Train-
ing and Publications Divisions of the
company . . . ELECTRONICS MEASURE-
MENTS CORPORATION has moved its
entire manufacturing and executive

facilities to 625 Broadway in New York |

UNITED STATES DYNAMICS COR-

PORATION has dedicated building and |

production facilities at 1250 Columbus
Avenue in Boston, Mass. The new
20,000 square foot plant will be used
for the manufacture of electronic com-
ponents and systems and for research
and development of commercial and
military gear . . . The offices of the
TV receiver department of HOTPOINT
€0. have been moved to 715 S. 25th
Ave., Bellwood, Iil. . . . GENERAL PRE-
CISION LABORATORY INCORPORATED
has started construction on its second
engineering building in Pleasantville,
N. Y. The 22,000 square foot building
is expected to be ready for occupancy
by the end of July . . . WHEELER LABO-
RATORIES, INC. has begun construction
of a second laboratory to be devoted
to antenna engineering in Smithtown,
N. Y. The plant will be an 11,000 square
foot unit, forming one terminal of a
1000 foot antenna range . . . WARWICK
MANUFACTURING CORPORATION of
Chicago has opened a new research
center in Zion, Illinois . . . Ground has
heen broken on Pleasant Valley Boule-
vard in Altoona, Pa. for a 190,000
square foot, fully air-conditioned tube
plant by SYLVANIA ELECTRIC PROD-
UCTS INC. Completion is scheduled for

late 1957 . . . U.S. ENGINEERING CO.,
INC. has moved to 5873 Rodeo Road,
Los Angeles 16, Cal. . . . ELECTRO-

MEASUREMENTS, INC. has moved into
a modern 26,000 square foot plant at
7524 S.\V. Macadam Ave., Portland 1,
Ore.

* ¥ %

|
VINTON K. ULRICH has heen named

head of applications engineering for
Raytheon Manufacturing Company’s

Receiving Tube Division. Iie was for- |

merly general sales manager of David
Bogen Co., Inc. . . . DR. GEORGE ROKA
has joined Marvelco Electronics Di-
vision as director of the semiconductor
division. He was formerly manager of
semiconductor activities at Delco

The broadcast and television equip-
ment department of Radio Corporation
of America has appointed EDWIN C.
TRACY to the post of manager. He will
make his headquarters in Camden,
N. J. . . . ROBERT L. SHAW has been
named national sales manager of the
radio and television division of Syi-
vania Electric Products, Inc. The post
is a new one . . . Stundard Coil Prod-

(Continued on page 168)
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An FCC license can be your
Guarantee of Success in Electronics!

MAIL COUPON NOW..

Here’s proof FCC Licenses are often secured in a
few hours of study with our coaching at home in
spare time . ..

IS

Every month our trainees
get jobs like these:

Boyd Daugherty: Irving Laing:

PETPRE B

“Your lessons are helping me a
lot in my Navy work. You cover
topics that were not presented
by the Navy at the E. T.
School . Your course has
helped greatly to get my 2nd
class FCC ticket. | am now a

“l am pleased to inform you
that I recently secured a posi-
tion as Test Enuineer with Mel
par, Inc, (Subsidiary of Westing-
house}. A substantial salary in
crease was involved. My Cieve-

land Institute training pl lyetl
r’ullo and T. V. engineer at W1V S and WDTR
a major role in qualifying me for this position. 1o Ihetroit, Wiichigan 5
Boyd Daugherty Irving I.. Laing
102 Goodwin Cr., Apt. C 15887 Itobson
IFalls Church. Va. Detroit 27, Michigan

Top Grade Employers Like These

AMERICAN AIRLINES: “We are very interested in receiv-
ing applications from Cleveland Institute graduates.”

BENDIX RADIO: “We shall look forward to receiving com-
pleted applications from your students.”

PHILCO: “We have employed a great number of well qual-
ified electronics personnel who were graduates of Cleveland
Institute.”

WESTINGHOUSE: "We would appreciate your listing our
current openings in your monthly Job Opportunities.”
RADIO & TELEVISION NEWS
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WE GUARANTEE

TO TRAIN YOU UNTIL YOU RECEIVE

YOUR FCC LICENSE

If you fail to pass your Commercial License exam after
completing our course, we guarantee to continve
your training, without additional cost of any kind,
until you successfully obtain your Commercial license.

Name and Address License Time .
Walter Eggers, Pacific Grove Ist 12 weeks |
Pauvl Reichert, West Salem, Ohio 2nd 10 weeks
Harold Phipps, LaPorte, Indiano st 28 weeks
John H. Johnson, Boise City, Okla. 2nd 12 weeks
Jomes Faint, Johnstown, Pa. st 26 weeks - OF RADIO ELECTRONICS

sampie.

Bob Thompson:

In a year and a half, he received his first class FCC \e SSO“
license. {le isn’t through yet. He is continuing his \
traming with Cleveland Institute. His goal is much
higher than his present position with Fastern Air-
lines, so, he is adding technical “'know-how"" to his MASTER COURSE
practical expericnce. You can be sure he will go far. [
Bob Thompson
2935 ronwood Drive
Nashville 14, Tennessee

James Glen:

When Jim enrolled. he was a temporary employee
of the City of Tacoma. Washington. He was help-
ing wire and install an interoffice phone system. In
the space of 14 months. he completed the Master
Course and received his first class license. He is now
installing and maintaining mobile and microwave
equipment.

James S. Glen, Jr.

2820 Knobh I1ill Road

Tacoma, Washington

Accredited by National Home Study Council

Cleveland Institute of Radio Electronics :;:

Desk RN-1 4900 Fuclid Ave., Cleveland 3, O.

Lo o k To c LEVE LAN D Please send Free Booklets prepared to help me
get ahead in Electronics. | have had training or "

I N STITUTE experience in Electronics as indicated below:

) ] Military 1 Broodcasting
Aer0|'et-Ger.1ercl International Telephone & Tele [] Radio-TV Servicing [] Home Experimenting
American Airlines graph Co. )

American Telephone & Tele- Mohawk Airlines [:] Manufacturing D Telephone Company
graph Co. Motorola ] Amateur Radio [ Other

Bendix Radio North American Aviation, Inc.

Braniff Airways Northwest Airlines In what kind of work are you In what branch of Electronics

Burroughs Corp. Philco nowengaged?_____ | are you interested?

Capital Airlines RCA

Continental Air Lines, Inc. Ryan Aeronautical Co,

Convair TWA Nome

General Electric Union Switch & Signal Co,

Glenn L. Martin Co. United Airlines e :

Goodyear Atomic Corp. Western Electric Co. City Zone State

IBM Westinghouse Electric Co. Special Tuition Rates o Members of Armed Forces

*(Plus Many Others)
January, 1957
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A NEW
FRONTIER

FOR

TECHNI/

RCA offers an opportunity for you
to apply your technical skill to its
Missile Test Project at Patrick
Air Force Base, Florida—
“Launching Site of the Satellite.”

Here at the world’s longest missile
testing range, extending from
Florida far across the South Atlan-
tic, you can enjoy improved status
with the recognized leader in Elee-
tronics. Unprecedented growth op-
portunities are offered in various
phases of data acquisition, transmis-
sion and processing, including Radar
— Communications—Opties—
Computers— Timing— Telemetry.

At RCA’s Missile Test Project you
will enjoy technical advancement

34

combined with famous Florida liv-
ing. Your family will appreciate
the ideal climate—allowing year
'round outdoor activities—and
pleasant social surroundings.

Immediate assignments are avail-
able in Florida, the Bahama
Islands, and aboard tracking ships
in the South Atlantie. Attractive
home leave policy and salary dif-
ferential make the Bahama Islands
and tracking ship ussignments
especially attractive for single men.

Let the Missile Test Project be-
come your symbo! of the future.
Join in our assault on the frontier
of space!

For complete information about
this new and challenging field,
write to:

Personnel Manager, Dept. N-16A
RCA Service Company, Inc.
Missile Test Project

P.O. Box 1226

Melbourne, Florida

RADIO CORPORATION of AMERICA

RADIO & TELEVISION NEWS
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NEW! coLor and Black-&-White
LAB & TV 5" OSCILLOSCOPE #460
KIT $79.95. Wired $129.50

The FINEST professional 5 mc wide-band scope
value. Ideal for research, h-f & complex waves,
plus Cotor & Monochrome TV servicing. Flat from
DC 10 3.58 mc =1 db (color hurst freq.), flat BDC
to 4.5 me +1, =3 db. Vert. sens. 25 rms mv/in.
Vert. Z 3 megs. Has the following outstanding fea-
turcs not found in scopes up to scveral times its
price, kit or wired:

VERTICAL AMPLIFIER: direct.esupled (DC)
thruout 10 clhiminate 1-f phase shift; push<pull
thrueut for negligible distortion: K-follower coup-
ling hetween push-pull pentode stages for extended
h-f resp. (minimizes h-f phase shift, extends use-
ful resp. 1o 10 mc); full-screen undistorted vert,
defl; 4.step freq-compensated decade step attenu-
ator up 10 1000:1. SWEEP CIRCUIT: periectly
lincar sweeps, 10 cps — 100 ke (ext. cap. for down
o ! €ps): pre-set TV vert. & hor. positions (30 &
7875 cps); automatic sync. ampl. & limiter clim-
mates sync amplitude adi. PLUS: direct or €ap.
coupling: bal. or unbal. inputs; edge:lit engraved
lucite graph screen: dimmer: anti-glare filter:
hesel fits std pholo equipt. OTHER IMPORTANT
FEATURES: Righ intensity trace CRT. Finest sq.
wave resp. (.06 usec rise time). Push-pull hor.
ampl., flat to 100 ke, sens. 0.6 rms mv/in. Built-in
voltage calibration. Intensity mod. Sawtooth & 60
€ps outputs. Astigmatism control. Retrace blank-
ing. Instant, drift-fiee full-screen vert. positioning & 2X full-screen hor.
positioning. #Hal.. ecal., aslig. adj. esternally  accessible. 5UP1 CRT,
2-6AUSR, 2.6CB6, |-12AU7A, 2.616, t-6ANX3, 1-1V2. Deep-ciched satin
aluminum panel. rugged grev wrinkle steel cabinet. Designed for casy
building at home with uo special equipment. 137 x 844" x 16“, 30 1bs.
SCOPE DIRECT PROBE* =PD: KIT $2.75. Wired $5.95. Eliminates stray-
pick-up & signal re-radiation.

SCOPE DEMODULATOR PROBE* =P5D: KIT $3.75. Wired $5.75. Demodu-
lates AM carviers between 150 ke and 250 inc.

SCOPE LOW CAPACITY PROBE* =PLC: KIT $3.75. Wired $5.75. For signal
tracing in high frequency, high impedance & wide-band ¢ircuits (as in TV)
without distortion from overloading or frequency discrimination.

for COLOR and Monochrome TV servicing

New/! PEAK-to-PEAK VTVM #232
& UNI-PROBE (pat. pend.)
KIT $29.95. Wired $49.95

UNI-PROBE: cxclusive with EICO! Terrific
time-saver! Only I probe performs all fune-
tions—a half-tuin of probe-tip selects DC or
AC-Ohms.

The new leader in professional peak-to-peak VTV Ms.
Latest circuitry, ligh seasitivity & precision, wide
ranges & versatility. Calibration without rémoving
from cabinet. New balanced bridge circuit. High Z
input for negligible loading. 414" meter, can’t-burn.
out Circuit. 7 won-skip ranges on every function. 4
functions: +DC Volis, =DC Volts, AC Volts, Ohms.
Uniform 3 to 1 scale ratio for extreme wide-
range accuracy. Zero center, One zero-adj. for all
fnnctions & ranges. 1% precision ceramic multi-
plier resistors. Aleasure directly peak-to-peak
voltage of complex & sinc waves: 0-1, 14, 42, 140,
420, 1100, 4200, DC/RMS sine \olls 0-1.5, 5,
15, 50, 150, 500, 1500 (up to 30,000 v. with HVP
probe, & 25 0 me with PRI probe). Ohms: 0.2 ohms to 1000 megs.
12AU7, GALS , selenium rectifier; sfinr.operated. 812” x 5" x 5”. Deep-
etched satin aluminum panel, rugged grey wrinkle steel cabinet. 7 lbs.

New/! oeLuxe PEaK-10-PEAK VTIVM 2249
with 7%2' METER & UNI-PROBE (pst. pend.)
KIT $39.95. Wired $59.95

All the advaneed & exclusive features of =232—PLUS the
extra convenicnoe and readability of its big 7V2” meter. Your
ideal bench instrument.

VIVM RF PROBES* #PRF-11 or PRF-25:

11 or 25 megohm VTVAL

VIVM HV PROBE #HVP-2: Wired $1.95. Complere
with multiplier resistor. Mcasures up to 30 kv wwith
any VTVM or 20,000 oluns/volt VOM.

EICO

RIT $3.75. Wired $4.95, Accuracy *10%. Usc with any

fil]

150 ke to 435 mc
with ONE generator!
New/! RF SIGNAL GENERATOR #324
KIT $26.95. Wired $39.95
for COLOR and Monochrome TV serviting

New wide-range, stable generator — hetter value then genera-
tors selling at 2 or 3 times its cost! Ideal for: IF-RTF alignment,
signal tracing & tronble-shooting of TV, FM &k AM sets; mar.
ker gen.; 400 ¢ps audio testing: lab. work. 6 fund. ranges:
150.400 ke, 100:1200 ke, 1.2.3.5 me, 3.5:11 me, 11.37 me,
37.145 me: 1 harmonic band 111.4335 nie. Freq. accurate to
*1.5%: 6:1 vernicr tuning & excellent spread at most import-
ant aligniment freqs. Erched tuning dial, plexiglass windows,
edge-lit hairlines. Colpitts RF osc., directly plate-modulated
by K-follower for improved mod. Variable depth of int. mod.
0-50% Dy 400 cps Colpitts osc. Variable gain ext. mod. ampli-
fier: only 3.0 volts needed for 30% mod. Turret-mounted
coils slug-tuned for inax. accuracy. Fine & Couarse (3-step) RF
atenuators. RF output 100,000 uv; AF sine wave output to
10 volts. 30.0hmn output Z. 5-way jack-top binding posts for
AF in/out; coaxial connector & shiclded cable for RF out.
Tubes: 12AU7, 12AVT, sclenium rectifier; xEmr-operated.
Decp-etched satin alhiminum panel, rugged grey wrinkle steel
cabinet, 87 x 107 x 434", 10 Ibs.

The specs are the proof...

NEW BEST BUYS

Y TEICDL,

COMPLETE
with Preamplifier, Equalizer and Control Section

New! 20-WATT Ultra-Linear Williamson-
type HIGH FIDELITY AMPLIFIER *HF20

KIT $49.95. Wired $79.95

A low-.cost, complete-facility amplifier of the higliest quality
that sets a new standard of performance at the price, kit or
wired. Every detail, down to the etched, brushed solid brass
control plate, is of the {ine quality EICO is famous for.

Rated power output: 20 watts (34 w peak). IM distortion (60
cps: 6 ke/4:1) at rated power: 1.3%. Mid-band harmonic
distortion at rated power: 0.3%, Maximum harmonie distar.
tion betueen 20 and 20,000 eps at 1 b under rated power:
approx. 1%. Power response (20w): *=0.5 db 20.20,000 cps:
5 db 10-40,000 ¢ps. Frequeney response (Y w): 0.5 db
13-35,000 eps; 1.5 db 7-50,000 cps.
B feedback equalizations for LP's & 78s including RIAA.
Variable turnover feedhack tone controls do not affect volume
& permit large boosts or cuts at cither end of audio spectrum
with mid-freqs. unaffected. Loudness ¢ontrol & separate level
set control an {ront pancl. Low Z output to tape recorder.
4 hi-level switched inputs: tuner. tv, tape. auxiliary (xtal/cer-
amic phono or 2nd rtuner); 2 low-level inputs for proper
loading with all leading magnetic. FM & quality xtal cart.
ridges. Hum bal. control. Extremely fine output transformer
has interleaved wmdmgﬁ. ughl couplmsz. careful balancing &
grain-oricnted steel. 814" x 157 x 107 24 bs.

These amazing EICO values are NOW IN STOCK
at your nearest distributor. Examine them
side-by-side with ANY campetitor. You'll see

for yourself why indeed EICO is your BEST BUY.
Fill out coupon oun reverse page.

TURN PAGE FOR MORE EICO VALUES...
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the specs are
the test that tells

who’s best!

TT#TTTTH ®

s AA A e s e

i

]

for COLOR & Monochrome
TV servicing

NEW! bYNAMIC
CONDUCTANCE TUBE &

TRANSISTOR TESTER #666
KIT $69.95 WIRED $109.95

Unexcelled testing thoroness & accu-
racy. Checks transistor collector cur.
rent & Beta using internal dc power
supply. Tests all recelving tubes includ-
ing subminiatures (& Color & Mono-
chrome tv pic tubes with accessory
adapter). Composite indication of mu.
tual eonductance, plate conductance, &
peak emissdon. Simultaneous scl. of any
I of 4 combinations of 3 plate, 3 screen,
& 3 ranges of control grid voltage. Grid
voltage variable over 3 ranges with 5%
accurate pot. New series-string voltages
for 600, 450 & 300 ma types. 5 ranges
meter sens. with 9% precision shunts &
5% accurate pot. 10 SIX-position lever
switches for frec-point connection of
every tube pin or cap. 10 pushbuttons
fer rapld inscrt of any tube element in
teakage circuit & specdy sel. of individ-
ual tube sections. Direet reading of
inter.clement leakage in ohms. New
gear-driven rolichart. Steel case with
cover & handle. Sensitive 200 ya meter,

for COLOR & Monochrome

TV servicing

TV-FM SWEEP GENERATOR

& MARKER #368
KIT $69.95  WIRED $119.95

The FINEST scrvice instrument of this
type ever offered in either kit or wired
form at ANY price! Qutstanding ease &
accuracy in FM & TV (including Color)
alignment. Euntirely clecironic sweep
eircuit with accurately biased Increduc-
tor: superb linearity on both sides of
selected center freq. Newly-designed
AGC circuit automatically adjusts gsc.
for max. output on each band with
min. amplitude variations. Sweep gen.
range 3-216 me in 5 QOVERLAPPING
FUND. BANDS. Sweep width continu.
ously variable from 0-1 me lowest
max. deviation to 0-30 mc highest max.,
deviation. Variable marker gen. range
from 2-75 me in 3 FUND BANDS plus
a calibrated harmonic band (p0-225 mnch.
Variable marker calibrated with dat.
xtal marker gen. 4.5 mc xtal incladed.
Ext. marker provision. Double pi line
tilter. Edse-llt hairlines  eliminate
parallax.

Turn page for other £1CO ad

TUBE TESTER
#623

KIT $34.95

Wired $49.93
* tests 600
mil serles
string type

tubes

o llluminated
roll-chart

Pix Tube Test Adapter .. ..$4.50

battetics)

F?QEE 1957

EICO CATALOG!

Tells you how to SAVE 50% on

your test equipment costsl|

New/! GEIGER COUNTER 1803
KIT $19.95 Wired $29.95

t

all-electronic, sensitive,
rugged—at lowest cost! Indicates by
neon lamp & headphone clicks.

Professional,

S” PUSH-PULL
0SCILLOSCOPE
#2425
KIT $44.95
Wired $79.93
77 PUSH-PULL
0SCILLOSCOPE
#470

KIT $79.95
Wired $129.5¢

VACUUM TUBE
VOLTMETER 3221

KIT $25.95
Wired $39.95

| BELUXE VTVM
T2 v METER)

Q «9,  Krsiass

L Wired $54.95

RF SIGNAL
GENERIJOR

-
-

KIT $19.95
Wired $29.95
150 ke-34 me,
calibrated har.
monics to 102
mec. Pure or
mod. RF, &
Colpitts osc.
400 cps stne

NEWI
REDI-TESTER

#540
KIT $12.95
Wired $15.95
Multi-ronge oc/dc
voltmeter, omme.
ter, ochmmeter,
wottmeter, leok-
oge checker for
home & ouvte re-

* fast check all
flybacks & yokes
in or out of set,

e spots even 1
shorted turn!

outputs, pairs.
3944 FLYBACK hasg 500fkca— 1% £ 60
mc on fand. accuracy
TRANSFORMER & Cont. sweep all 7 ranges.
YOKE TESTER wlgthagonnol, Ranlg5e°75 KC=
—30 me. me.
KIT $23.95 volt reg.
Wired $34.95 KIT $34.95

wired $49.95

TY/FM SWEEP GENERATOR #1360
SMC-4.5MC CRYSTAL $3.95 ea.

KIT $39.95

DELUXE RF SIGNAL GENERATOR #3153

. Sep. volt-
! meter &
- ammeter

6V & 12¥V BATTERY ELIMINATOR &
CHARGER 31050

Sep. hi-gain RF
& lo-gain audio
inputs.
Special nolse
locator. Catibra-
ted wattmeter.

KiT $24.95
wired $39.95

DELUXE MULTI-SIGNAL TRACER #147

" R-C BRIDGE & R-C-i COMPARATOR
#9508

\" “Theem. Reals 0.5 chms

—500 meas, 10
mmfd-5000 "mfd
power factor.

Kir

$19.95

Wired
$29.95

-~Em2

Hi-F) PREAMPLIFIER £ HF-61

KIT $24.95 Wired $37.95. With Pow-
er Supply: KIT $29.95. Wired 544.91

Feedback circvitry thruoutl Preamp-
one controls, scratch &
s, K-follower cutput.

equalizer,
rumble fi

For FREE 1957 cotalog, moil covpon NOW!

20,000 Ohms/Voit
MULTIMETER #£565

KIT $24.95
wired $29.95

7000 Ohms/Volt
MULTIMETER
3 536

XIT $12.90

Wired $14.90

Prices 5% higher on West coast

and subject to change without notice.

| EICO, 84 Withers Street
i Brooklyn 11, New York

1
] EICO jobber.
: N 1 e e e

84 Withers St. ¢ Brooklyn 11, N.

Send FREE 1957 Cotolog ond name of neighborhood |

VTVM PROBES
Peak-to-Peak ...

Rlgh Voltage Probe 2 ..

SCOPE PROBES

Demodulator ...
Direct

D N e )

Y. 1 Home Address......... .o .. comvmei bt 5w o5 e l
| | (S P e e M [y e SO e e - 1
! (@ 0 T[T [T s S S S L e e e ==

Over o Decode of Know-How & Value Leadership in Kits & Instruments — Over 1 Million Sold to Date!
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1946, officials of the Federal gov-

crnment and the University of
Pcnnsylvania, scveral luminaries of
the world of science, and representa-
tives of the press met at the Moore
School of Electrical Engineering, on
the University of Pennsylvania campus
in Philadelphia.

Norbert Wiener, the MIT math pro-
fessor who was o start a whole cross-
section of America using the term
cybernetics, arrived characteristically
without an overcoat. Others parked
their wraps and were shown into a
large room at the back of the build-
ing. Racks of electronic apparatus
surrounded them. They were told they
were inside an clectronic calculator
which could solve complex differential
equations-—such as an equation in ex-
ternal ballistics- faster than most peo-
ple could state the problem. Some
were excited. others politely interest-
ed, a few were bored. They watched
the electronic gadgetry being put
through its paces: punched cards with
problem data were fed in, cards with
answers were punched seconds later.
Someone checked the results; they
were correct. The press asked some
questions, got some answers, and then
everybody went to dinner.

These men had been summoned to
witness the first public showing of the
Moore School's electronic numerical
integrator and calculator (a mouthful
of description shortened by Army
Ordnance officers into the acronym
ENIAC). It was not an occasion that
scemed particularly world-shaking, but
the outgrowths from this machine
have been giving the world its share
of shudders ever since.

The whole pattern of our existence
is being shaped by electronic comput-
ers, or ‘“giant brains,” to use Edmund
C. Berkeley’s much abused term. These

UN A RAW afternoon in February,
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commercial use.

Giant Brains

The IBM 650 magnetic drum data processing machine built tor
This machine
counting and computing needs in areas between
served by the company’s very large and its smaller machines.

is designed to meet the ac-

those now

Part 1. Historical development and principles of electronic

computers. Here's the story about the devices that are now

beginning to shape our lives. To be concluded next month.

computers can not only solve complex
problems in advanced mathematics,
but modeis now in existence can han-
dle ail kinds of information, from a
payroll to the Bible. One, the Rem-
ington Rand ‘“Univac,” a lineal de-
scendant of the ENIAC, was recently
used by the Thomas J. Nelson Pub-
lishing Company to compile the Con-
cordance for the Revised Standard
Version of the Holy Bible. Other sys-
tems are gradually infiltrating our
daily lives: our social security ac-
counts, our insurance policy informa-
tion, our income tax records, all are
being converted onto files of magnetic
tapes, which can be swiftly and effi-
ciently processed by these automatic
electronic computers.

The Monster on the Second Floor

The reactions of people associated
with them are as varied as opinions
about the proper proportions for a
martini. Some people—notably the de-
signers—feel that these computers are
the greatest boon to mankind since
the invention of the round wheel.
Others, secing phantoms of technologi-
cal displacement, redeployment. and
unemployment, regard the introdue-
tion of electronic brains into everyday
affairs with great distaste. More con-
sidered opinions place atomic energy
and automatic computers on the same
level, as the two most important tech-
nological advances to have come out
of the War.

In the New York oflice of one of the
major manufacturers of the giant elec-
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tronic computers, a systemx has been
set up to operate as a computing serv-
ice bureau on the second floor of the
building. One of the old-line employeces
of this corporation refers consistently
to the machine as “the monster on the
sccond floor.” No amount of persua-
sion, exhortation, or scientific evi-
dence can convince him that it is any-
thing but a monster.

War Babies

ENIAC, the first of all tkese elec-
tronic ‘‘monsters’’-——no more monster
than the thermostat that turns your
heat on and off—has been working
around the clock at Aberdeen Proving
Grounds ever since it was moved there
in 1948 Another of the computer in-
dustry’s grandparents sits where it was
first built, at Harvard. This is the
famous Aiken Relay Calculator Mark
I, first of all truly automatic com-
puters, built in 1944 by Harvard Com-
putation Laboratories for the U. S.
Navy. The two of them, different in
concept but complementary to ecach
other, have sired many progeny.

Mark I was not electronic; ENIAC
was. DMark I was automatically se-
quenced, which is to say, it was capa-
ble of automatically performing a se-
ries of instructions fed to it from
punched paper tape; ENIAC recog-
nized patterns of instructions set up
in advance on wiring panels. Modern
computers, which are generally both
electronic and automatically sequenced,
are logically descended f{rom both
“old” designs.
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All computing and processing of information in the Harvard Mark I was performed by means of high.
speed relays. This is what the calculator looks like today. aiter some modifications have been made.

Mark I and ENIAC were hoth “war
babies.”” Army Ordnance, trying to
supply complete ballistic data on new
weapons to Army field commanders,
had pricked up its ears when John W.
Mauchty, then an assistant professor
on the staff of the Moore School. and
now an executive of Reniington Rand’s
“Univac” division, had suggested an
electronic calculator as a possible so-
lution; Ordnance funds sponsored the
construction of ENIAC. Mark I, de-
signed by Harvard’s Howard Aiken
and built by his staff in cooperation
with International Business Machines
Corporation, was fostered by the simi-
lar needs of Navy Ordnance.

From these original wartime projects
have sprung the burgeoning family of
electronic digital computers- -comput-
ers which recognize and electronically
process actual numbers, or alphabetic
characters, and not varying voltage
levels, or turns of a cogwheel or gear
or axle. The latter, called analogue
computers, form a completely different
family, with a somewhat similar her-
itage. but with different parents, and
different uses.

The Tributary Currents

Several separate streams have joined
to form the torrent of activity that
the computer industry has become.

The principal headwater is an old
and familiar one: man has always
sought ways of harnessing nature to
serve him. Mathematicians are no ex-
ception, and creative mathematicians
especially have frequently bridled at
the plain stickwork involved in the
rigorous proofs of their theories. Pas-
cal, Leibnitz, Gauss, and Maxwell are
among the great scientists who de-
signed and built mechanical aids to
calculation. These machines were of
some help to their creators, but of
little general use.

Another stream first was struck by
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a watchmaker named Jacques de Vau-
canson, who, in 1741, invented a deli-
cate automatic loom for weaving fig-
ured silks. The designs in the silks
were established by patterns of holes
punehed in a metal drum; the holes
controlled the raising and lowering of
the treadles. In 1804, Joseph Marie
Jacquard adapted the idea to a much
larger scale for weaving tapestries,
rugs, and other heavier materials. To
increase the utility of his automatic
loom, Jacquard wused as controls
punched sheets of stiff paper which
could be changed fairly easily. Within
eight years, eleven thousand Jacquard
looms had been placed in operation in
France.

The name of Charles Babbage, one
of the two men in history ever to hold
the Lucasian professorship of mathe-
matics at Oxford University, is a re-
vered one in the computer field, for
Babbage was the first to envisage a
truly general-purpose computer. lHe
also merged the de Vaucanson-Jac-
guard idea, of storing information as
punched holes in a sheet of paper,
with the idea of mechanical computa-
tion.

Babbage began work on what he
called a difference engine in 1823. The
purpose of the engine was to provide
mechanical assistance for advanced
mathematical computations. The Brit-
ish government offered some financial
support to his project. and he was able
to draw up working diagrams and
specifications. But this was the ecra of
Watt's steam engine, when the cri-
terion for the fit of a piston within the
cylinder wall was that a thin sixpence
could just be slipped between the two;
built to such tolerances, Babbage’s
difference engine, and his later ana-
lytical engine, could never he made to
produce reliable answers. Eventually
the government withdrew support, and
the Babbage designs became historical

www americanradiohistorv com

curiosities. Many of today’'s mechani-
cal and electronie ecalculators, however,
possecss a logical organization remark-
ably similar to the analytical engine
whieh was the triumph and despair of
Babbage’s life.

Enter the Census Bureau

Mechanical tabulators, capable of
simultaneously registering horizontal
and vertical sums. were the next im-
portant development. These grew,
quite naturally. out of the needs for
statistical analysis. and many of the
most important advances were made
in the U. S. Bureau of the Census. For
example, Charles Seaton. who was
Chief Clerk of the Census Bureau, in-
vented such a mechanical tabulator in
1872. And in 1887, Dr. Herman Hol-
lerith, then chief of Census’ tabulation
section, further adapted the Jacquard
punched-paper control system to the
accumulation of statistical data. This
was a most important stride in me-
chanical computation, for it introduced
into a working system the concept of
mechanically stored (remembered) in-
formation, which could be used for
many calculations or tabulations with-
out the necessity for re-entering the
data from a keyboard. The Hollerith
equipment was one of the ancestors of
familiar punched-card equipment.

During the eleventh decennial cen-
sus (1890), another member of the
Census Bureau staff. James Powers,
developed another kind of mechanical
tabulator which also used punched
cards. The Hollerith holes were rec-
tangular; the Powers holes were
round. Both types of equipment were
used by Census for years—are still in
use, in fact. Both men left the Census
Bureau to merchandise their ideas in
the commercial world. Descended from
the Powers’ idea are the familiar Remn-
ington Rand and Underwood-Samas
round-hole cards, while Hollerith's idea
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is found in the equipment of Interna-
tional Business Machines, Compagnie
des Machines Bull, and others.

Just prior to Hollerith's and Powers’
inventions, a host of meehanical
“arithmetic engines,” which we would
today call adding machines, were pat-
ented. One of the most important of
these was the 1885 adding machine of
William Seward Burroughs. probably
the first to be designed for production
in quantity. These machines were the
ancestors of the modern desk calcu-
lator, now emerging, complete with
high-speed electronic and magnetic
components, as a serious contender for
the attention of the computing public.

For years following the invention of
the various kinds of punched-card tab-
ulators and calculators— until about
the time of World War II-—-these ma-
chines were the highest order of me-
chanical aids to computation. But the
third major contributory stream ac-
tually had appeared as early as De-
cember, 1919, when a paper describing
an electronic “trigger circuit” that
could be used for counting pulses of
electrical energy was published in the
first volume of Radio Review. The
authors of the paper were W. H. Ec-
cles and F. W. Jordan; the Eccles-
Jordan trigger circuit, and its many
modifications-—multivibrators, one-shot
trigger pairs. and so forth-—all of
which are familiar to the world of
television and radar, are foundation
blocks of the electronic digital com-
puter as we know it.

While punched-card calculators were
growing larger and more complex, a
small group of scientific minds saw
the coming of an era when mechanical
devices, however fast, efficient, and
succinct, would not be capablc of
keeping pace with the need for in-
formation. All over the country, the
capacity of punched-card calculator
centers was exceeded and expanded
and exceeded again. In the late thir-
ties, men in widely separated activities
began asking “‘can we apply electron-
ics to this problem?” And more and
more frequently, the answer was “'yes.’

The Analogue Computers

A group of scientists and engineers,
sparked by the physicist Vannevar
Bush, had meanwhile been pursuing
another tack. During the twenties,
Bush had merged an idea of Lord Kel-
vin's, some of Babbage's concepts. and
the then-recent development of me-
chanical torque amplifiers. From this
merger, he developed a reliable me-
chanical device for the rapid and auto-
matic analysis of differential equations.
Several of these differential analyzers
were built from his plans at various
universities in this country and Eu-
rope. They were not digital calculators
as envisaged by Babbage and as built
by the various punched-card manufac-
turers. They formed a major group
within the completely different class
of analogue computers.

Analogue computers derive their
name from the fact that they compute
by mechanical or electrical analogy.

January, 1957

The turning of a gear, or a set of
gears, through part or all of a revolu-
tion may be used to represent, by anal-
ogy, a parameter in an equation. Or
the movement of a diagonal slide in a
rectangular frame may represent an-
other parameter. Various torque con-
verters or torque amplifiers perform
operations analogous to mathematical
computations.

A simple analogue computer could
he made from two circular gears in
the ratio of 3.1416 to 1. Turning the
larger gear would cause the smaller
to be displaced 3.1416 times as much
If angular displacements were shown
on a pair of calibrated dials. one could
multiply by pi (approximately) on this
simple device. Numerical values for a
diameter could be entered on the
larger dial, and instantaneous appioxi-
mate values for the circumference
would be read on the dial for the
smaller gear. (Such a device would, of
necessity, produce approximations,
since pi cannot he exactly represented
by a ratio of integers.)

Similarly, a large variable resistor
might be wound on a card shaped like
a sine curve, instead of heing wound
on the usual rectangular card. The
angle of displacement of the wiper
arm would then be a parameter in the
equation; the voltage applied across
the resistor would be multiplied by
the sine of this angle when tapped by
the wiper. Another wiper 90° dis-
placed from the first would simulta-
neously produce a voltage analogous
to the cosine of the same angle.

Complexes of such mechanical and
electrical analogies could be assembled
into computing systems which repre-
sented the equations of external bal-
listics, for example. Such analogue
computers were much used during the
second World War for artillery fire-

control, in conjunction with radar
tracking systems. Bell Laboratories,
Speirry, Westinghouse. and General

Electric, among others, all built ana-
logue computers for the Army and

Punched paper tape, such as that which is
shown in the photo in use in the lamous Bell
Relay Calculator, was the source of Har-
vard Mark I's instructions and programming.

Navy. More recently, such systems
have been used in industry for a.c,
network analysis, for the analysis and
synthesis of gas distribution systems,
and in many instances for the simula-
tion of fairly complex machinery or
systems (such as missile svstems or
ultra-thin high-speed propeller blades)
prior to their design and construction.
Because they work so readily with
physical measuring and instrumenta-
tion apparatus, and with mechanical
or electronic controls, they are also
natural choices for the needs of indus-
trial automation.

The Differences

Analogue computers are eminently
suited for representing involved equa-
tions in physical form. In design work,
they permit the varving of parameters
by analogy. to determine the effect of
such variations on the system as a
whole. As control systems for indus-

The ENIAC as it looked when it was installed at the Moore School of the
University of Pennsylvania, The hundreds of cables, carrying control and
information signals from one part of the computer to another, all had to
be set up before a problem was run. Newer computers are somewhat more
sophisticated, can vary operations through a stored program of instructions,
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Powers for the census of 1910. The op-

erator set up on the keyboard all the
values to be punched; she then used
the knee-treadle to gang-punch the card.

trial

automation,
valves, speed up or slow down transfer
systems, and so forth, as rcquired by
the standards of the output product
desired.

Analogue computers possess two in-

they can adjust

herent limitations. First, they cannot
easily be used for dissimilar problems.
The computer itself is a mechanical or
electrical analogy to an equation;
changing the equation means changing
the hardware of the computer. Sec-
ond, they are generally only precise to
two or three significant figures, de-
pending on the fineness of construction;
and their accuracy depcnds, not only
on the accuracy of the input data, but
also on the instruments which present
the answers (calibrated oscilloscopes,
meters, counters, etc.), and on the
subjective “‘feel” of the operator who
inspects these presentations.

A digital computer can process ordi-
nary numbers or alphabetic characters
without any trouble at all. It can han-
dle continuously variable data only by
“digitalizing” it—sampling the value

40

>

chine as used in the
1880 census.

sented on the counter
dials, and had to be
copied off by hand.

<= The accumulator of Charles Babbage's
difference engine, from an old woodcut.

of the continuous functlon at regular
time intervals and giving it a numeri-
cal representation—and then applying
the methods of numerical analysis;
but it can generally do far more types
of work than an analogue computer,
and, once the information is trans-
lated into discrete digital form, it
never loses a decimal point of pre-
cision. Furthermore, the accuracy of
the digital computer’'s work can easily
be checked by inverse operations
(proving addition by subtraction. etc.),
by identical parallel operations com-
pared for identical answers, or by
many other means

General-purpose digital computing
systems are far simpler than analogue
networks (although some of them are
much larger); thcy can basically only
add, compare, and discriminate be-
tween relative magnitudes, store (or
remember, if you prefer) information,
and shift the information around.
Mostly they subtract by inverse addi-
tion, multiply by repeated addition,
and divide by alternately performing
repeated additions and subtractions.
Depcnding on their discriminatory abil-
ities, they can select paths of action, or
sort information, or start (or stop) a
process. They can, in other words, be
empowered to make decisions.

Note well: be empowered to make
decisions. The two most mystifying
things. to many pecople outside the
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= Herman Hollerith’s
electric counting ma-

The ac-
cumulated and tabu-
lated results were pre-

field, are that these machines seem to
make decisions, and seem to remem-
ber information. Neither one is at all
mysterious.

How Machines Remember

Memory, for example, as a machine
function, is quite familiar to everyone.
A thermostat remcmbers two things:
you tell it how hot you want it to be
by setting the value on a dial (which
at the same time sets a control con-
tact), and a bimetallic thermometer
tells it how hot it actually is. When
the thermometer tells it that the tem-
perature has fallen below your set-
ting, it turns on the heat.

A wall switch remembers that you
turned it on, but the little button on a
flashlight, which must be locked to re-
main on, does not; as soon as you re-
lease it, it “forgets” it was on and
goes out. An annoying characteristic
of certain cathode-ray tube phosphors,
for television purposes. is persistence;
this is nothing morc than thc phos-
phor's “remembering” the current
which excited it into phosphorescence,
and continuing to glow after the cur-
rent is gone. The characteristic was
used to advantage in a type of com-
puter memory.

A magnetic tapc or wire, or an
acetate or vinyl disc, remembers the
information put on it for a long time.
Materials which are truly elastic can-
not remember; they snap back into
their normal state too rcadily. Brittle
materials (such as glass after its elas-
ticity has been exceeded) are crude
memories only, because they cannot
be restored. The most concentrated
effort in developing memory systems
has been expended on hysteretic ma-
terials—materials which exhibit a
time-lag between the removal of a
stimulus and the restoration of the
material to its normal state. Magnetic
materials are an ideal example; after
the magnetizing current is removed. a
certain amount of magnetism remains
in the material (for a period of time
depending on the material). And much
of the most fruitful effort in designing
and building computer memorics has
been devoted to magnetics research.

How Machines Make Decisions

The way the thermostat “decides”
to turn on the heat is an excellent
illustration of thc type of decision-
making common in the computing ma-
chine. When the actual temperature
sensed by the thermometer falls below
the setting of the contact, the heat
comes on. Now the thermostat setting
is an artificially established control
point, set by a human operator; the
control contact is moved closer to or
farther from the contact on the bi-
metallic thermometer as the operator
decides the temperature should be
higher or lower. The ability to reach
a decision to turn heat on or off is
built into the thermostat, in that elec-
trical power connects through the two
contacts to start a blower motor or
automatic stoker.

A computer, which can compare
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quantities and discriminate between
them, can choose one of several paths
of action in terms of the relative mag-
nitudes of the two quantities. The
ability to select the alternate routes is
built into the computer; the criteria
for the selection are given to it by the
controlling human agency. The giant
brain and the simple thermostat both
have the same degreec of mindless un-
awareness of what they are doing.

In making its decisions, the com-
puter merely transfers control when
one quantity equals another, exceeds
another, becomes less than another, or
goes through zero. If control is trans-
ferred to an instruction which tells it
te ""add,” it adds; "stop."” it stops; "‘re-
wind tape,” it rewinds tape, and so
forth.

A set of values can be given to the
computer. and its comparison circuits
can check each one of the set, making
several "yes-no” choices which lead to
a compound conclusion. In making
these choices, the computer actually
seems to be exhibiting a complex type
of judgment, but each single decision
remains a '‘ves" or '‘no” choice. The
computer's secret is that it handles the
most complicated prohlem in the world
in the simplest and most primitive
steps. It is exactly like an expert
player of "Twenty Questions,” who can
narrow down on a single object out of
all the objects in the world by getting
twenty “‘yes-or-no’ answers.

It is an error to romanticize, hu-
manize, or personify these devices.
They are completely unimaginative
servants; they can do exactly what
they are told, provided a tube doesn’t
burn out, and provided also that what
they are told is consistent with what
they can do; but they can do no more.
They are controlled by the men who
make them, the men who operate
them, and the men who program them.
‘They are especially at the mercy of
the men who turn them off when the
day is through.

Any time a computer seems to show
imagination. it is because someone
used imagination in designing its pro-
gram. If a “‘giant brain” solves a prob-
lem. it is because someone (a) knew
exactly how to go about solving that
problem, and (b) knew precisely how
to instruct the equipment in the pro-
cedures [or solving that problem. If
anyone ever gets one of these com-
puters to write a symphony, for exam-
ple, it will be because that person
knows the laws of imelody and har-
mony, counterpoint, orchestral place-
ment, musica! structure, and scoring,
and knows what limits to set, and
knows further how to translate all
these laws, maxims, and principles
into an abecedarian lingo that the
simpleminded “brain” can follow. Any-
one who can do that could write the
symphony himself, in less time than it
would take to get the computer to do
it. The only advantage would be that
the computer could turn out an in-
finitude of remarkably similar sym-
phonies at an extremely rapid rate.

(Concluded next month)
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for Industry

USINESS and industry, hard-pressed for
information to aid management, turn to
computers for help—and find it!

The giant electronic computers no longer
rank as laboratory curiosities or frightening
science-fiction robots. Imaginative busi-
nessmen, hard-pressed by a shortage of
clerical help, have put them quietly to work
in the accounting office, the stockroom, and
wherever else work can be routinized.

First of the giant brains to be built spe-
cifically for business, the Remington Rand
"Univac"” has been familiar to most Ameri-
cans through the role it has played in pre-
dicting the outcome of the last three na-
tional elections. On last November's elec-
tion evening, with less than !5 per-cent of
the votes (300,000} counted, the "Univac"”
predicted at 7:15 p.m., EST, that the odds
were (00 to | in favor of an Eisenhower
landslide and that only 87 electoral votes
were likely to wind up in the column of can-
didate Stevenson. By midnight, "Univac"
had virtually pinpointed the final results
with a forecast that President Eisenhower's
plurality would be 9,269,524, totalling 58
per-cent of the popular vote to Steven-
son's 42 per-cent. [The actual plurality, as
of the time of this writing, is very close to
9,312,700).

The first political forecast of '"Univac"
was made back in 1952, Then, with 3,380,-
000 votes reported, "Univac™ also quoted
odds of 100 to |, predicting 438 electeral
votes for Eisenhower and 93 for Stevenson
{final returns: 442 to 89). At that time,
only six ""Univac" systems had been sold;
these six were all the general-purpose busi-
ness data-processing systems that had ever
been built. Now about a dozen large
oHice-equipment and electronies manufac-
turers are engaged in the building of big
computers; half a hundred more companies
are building major systems components.
What was a minor novelty in 195] has be-
come a several-hundred-million-dollar in-
dustry in the remarkably brief ensuing pe-
riod of a little over five years' time.

The "Univac" system shown on the cover
of this month's issue is one of the two such
systems installed by the Consolidated Edi-
son Company of New York to process its
customers' accounts. Over a hundred large-
scale computing systems of this type are
already working for American business and
industry across the land, in various govern-
ment agencies, and in a great many mili-
tary establishments and equipment, as are
described in the article "Behind the Giant
Brains,' in this issue.

The“Univac”

An Electronic Brain

TELEVISION|

NEWS
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The distinguishing feature of the ''Uni-
vac,” when it was introduced in 1951, was
not its computing speed; its own predeces-
sor, the "Binac," could compute almost two
times as fast, and many other machines
released before or since were faster than
the Remington Rand development. "Uni-
vac's' forte was in flexibility; it was one of
the first big computers to be able to handle
numbers and alphabetic characters with
equal ease; it was the very first computing
system to use high-speed magnetic tape
recording to get information into the com-
puter and get results out. High-speed tape
input and output, of course, permits the
rapid handling and processing of informa-
tion in volume. Since most problems of
business and industry are characterized by
masses of alphabetic or numerical informa-
tion on which a relatively small amount of
computing or processing is done, input-out-
put facilities make the difference between
a scientific computer and a data processor
which is truly applicable to large-scale busi-
ness problems.

"Univac” is also unusual in being a self-
checking computer. Over a third of the cir-
cuitry in the large central computer cabinet
is devoted to checking and verifying opera-
tions. Every arithmetical process, all trans-
fers of information, and even the instruction
set-ups, control functions, and so forth, are
checked. Inconsistencies, discrepancies,
ete., cause the computer to stop and alert
the operator to their presence and location.
Since the machine cannot introduce an un-
detected error, processed results are thor-
oughly reliable.

Itis difficult to estimate the savings which
have accrued to dozens of computer users,
because these savings are both direct and
indirect. Not only do companies relieve
pressure on their overburdened clerical
staffs, and eliminate the many machines
which formerly did the work now done by
computers; but they also do work which
they had never planned, hoped, or intended
to de before; work which only a high-speed
electronic computer can make possible.
And in this realm, of course, there is no
basis for comparison. But in every case,
companies which have leased or purchased
such computers made their decisions to do
so after their own staffs had made exhaus-
tive surveys which pointed conclusively to
substantial and measurable savings over
other systems. In this field, as in almost
any other, the searching criterion of econ-
omy has brought us into the electronic age.
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Fig. 1. A zip-open holder
in the leather carrying case \
permits exposure of sun battery. -

energy the carth reccives from the

sun is equivalent to approximately
one and one-half horsepower per
square yard. Theoretically, if this en-
ergy were harnessed, it could provide
an economical and reliable source of
universal power. For over two thou-
sand years the world's scientists have
searched for an efficient solar-energy
conversion method whereby this free
source of power could be put to work,

The search came to an end ahout
two yvears ago when scientists from
the Bell Telephone Laboratories pre-
sented to the National Academy of
Sciences a ‘‘solar battery.” This
amazing device could enslave power
from the sun by transferring solar en-
ergy directly, instantly, and efliciently
into electrical energy. The discovery
of the solar battery developed out of
the study of semiconductors of elec-
tricity based on the p-n junction used
in transistors. This junction, in this
case, is a slice of silicon—the second
most abundant element on ecarth.

First the silicon must be purified
until the ratio of non-silicon atoms is
1 to 10,000,000; for although silicon
represents 2.5 per-cent of the earth’s
crust, pure silicon is rarely found.
Then the purified silicon is contami-
nated deliberately with a minute
amount of impurity. This treatment
causes the silicon slice to become n or
negative-conductive material. The slice
of silicon is treated again by heating
it in a tube containing still another
impurity. This creates a shallow p or
positive layer on the surface.

The result of the process is a p-n
junction. When the silicon is now ex-
posed to light, the surface becomes
positive and the interior negative.
With wires connected to the exterior
and interior of the silicon, a voltage
potential is available for useful work.

42

l'l‘ HAS long been known that the

The solar battery utilizes 6 per-cent
of the energy received from the sun.
In efficiency, this far exceeds that of
thermocouples and photoelectric cells.
In fact, it compares favorably with
the efficiency of steam and gasoline en-
gines. It can be seen readily why re-
searchers envisioned that some day
solar batteries, possibly containing
many silicon cells, would supply cheap,
reliable power for home and industrial
use.

The Admiral Corporation recognized
the solar battery as an excellent po-
tential power source for a portable
radio. and engineering personnel were
assigned the task of determining if
such a device were feasible. After 18
months of development work, Admiral
Corporation introduced the world’s
first sun-powered tubeless radio de-
signed for the consumer market.

The solar battery (“Sun Power
Pak") developed to power the radio
consists of 32 individual quarter sec-
tions of silicon solar cells connected
in series. This arrangement delivers a
total of 9 volts at 15 milliamperes. The
solar cells of the battery are encased
in a block of clear plastic with a sili-
con oil center. The plastic covering
and oil center not only allow the best
focusing of sun on the surface of the
silicon cells, they also protect the cells
from shock damage. The block meas-
ures approximately 6 inches long, 4
inches wide, and %% inch thick. As
shown in Fig. 1, the solar battery is
mounted in a common carrying case
with its associated receiver during ac-
tual use, in such a way that it can be
exposed to light while the receiver is
in operation.

The solar cells are most efficient
when exposed to light of the upper
spectral region ranging from red to
infrared. They can convert more than
15 per-cent of the sunlight they re-
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From
Sun to

By PERRY SHENEMAN

Admiral Corporation

ceive into electrical power. The unit
is so sensitive it can operate satisfac-
torily on overcast days, or from an
artificial source of light such as an
eleetric bulb or infrared lamp. It can
operate over a temperature range of
185 degrees to minus 60 degrees
(Fahrenheit). Fig. 2, which shows how
the solar battery may be energized by
artificial light, also demonstrates the
use of the battery on its own stand,
separate from but connected to its
receiver,

The radio used with the “Sun Pow-
er Pak,” automation-produced, con-
tains six transistors and two germa-
nium diodes. It has a maximum power
output of 250 milliwatts and a sensi-
tivity of 175 microvolts. Printed wiring
is used throughout the chassis.

Without the “Sun Power Pak.” the
tubeless radio can be operated by six
flashlight batteries. Because the set
requires less than one-tenth the power
consumed by a conventional portable
radio (15 ma.), the batteries will last
from 700 to 1000 hours before requir-
ing replacement.

Cireuit features, shown in Fig. 3,
are as follows: A 2N172 n-p-n trans-
istor is used as an autodvne convert-
er, two 2N146 or one 2N147 and one
2N145 wn-p-n transistors are used for
the 1st and 2nd i.f. amplifiers. Trans-
istors, like triode tubes, must be neu-
tralized when used as r.f. amplifiers.
Capacitor Cs and resistor Ra, also Cia
and R... provide feedback in each stage
that is equal and opposite in polarity
to the feedback through the relatively
high base-to-collector capacity. Since
transistor amplifiers have a low input
impedance, special tapped if. trans-
formers are used. The 1st and 2nd if.
transformers are double tuned to pro-
vide optimum bandwidth consistent
with good selectivity.

The overload diode conducts on
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Fig. 2. A house lamp will also charge the
power pack, shown here on its own stand.

l!\_

»
T

Sound

How a practical solar battery,
now on the market, energizes
a companion transistor radio.

strong signals, and its shunt resistance
across the primary of the 1st i.f. trans-
former reduces the gain of the circuit
to prevent overloading in a strong sig-
nal area. This diode, therefore, acts to
“‘assist” the more conventional a.v.c.
action provided by the bias fed to the
1st i.f. amplifier from the second-de-
tector diode, CR..

The second detector is a standard
1N295 germanium diode. A type 310
p-n-p transistor is used as a first audio
amplifier and driver to supply the

The “Sun Power Pak” is sold as an
accessory item. \When it is plugged
into the jack on the back of the radio,
the regular battery is disconnected.
The radio will then play on electrical
energy from the sun or a 150-watt
lamp.

The selling price of the “Sun Power
Pak” is §185.00. The price seems high
until one realizes that pure silicon,
from which it is made, presently costs
over $300.00 a pound. Eventually. the
cost will be reduced as metallurgists

which it represents are important elec-
tronic achievements.

Servicing the Radio

In the servicing of transistor radios,
precautions must be taken to prevent
damage to transistors and other com-
ponents designed to operate with rela-
tively low supply voltages. Transistors
may be damaged by external heat or
by heat generated within the circuit
as a result of excessive current flow,
Most transistors are hermetically
sealed. If the seal is broken and the
crystal is exposed to air and moisture,
the performance of the transistor will
be seriously affected.

To prevent possible damage to the
transistors while servicing the radio,
remember these few basic rules: When
replacing components connected to a
transistor socket, remove the tran-
sistor before doing any soldering. If
the transistor should be wired into the
circuit without the use of a socket,
grasp the lead hetween the transistor
base and the soldered junction wvith
long-nose pliers hefore doing any
soldering or unsoldering. The bpliers
will help dissipate the heat.

Always solder as quickly as possible.
Use only 50/50 or 60/40 (60% tin, 40%
lead) low melting-point rosin-core
solder. DMake certain that the solder-
ing iron is hot enough to melt solder
quickly before touching it to the sol-
dered connection. Also, watch battery
polarity closely. Reversing the power-
supply battery may damage a trans-
istor or one of the low-voltage elec-
trolytic capacitors commonly used in
transistor radios.

Never remove or replace a transistor

audio-output amplifier. The output develop new refining methods along without. tur‘ning the recei.\'er off. In
stage uses two 352 p-n-p transistors with mass production efficiencies. Some circuits the resulting voltage
operated as a push-pull class “B” am- Nevertheless, the “Sun Power Pak" transient could do harm. The current
plifier, radio and the unlimited potential (Continuwed on page 118)
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An advocate of high power audio amplifiers for home use

gives his reasons—including a simple scope test for you

fo use to check your own amplifier. Don't miss Hartley's

arguments for lower power in his article in this issve.

there more controversy than try-

ing to answer the question, *“How
much power is necessary for high-
fidelity reproduction of music in the
home?” Opinions range from milli-
watts to hundreds of watts, but these
opinions are based more on conjecture
than on scientific reasoning and ex-
periment.

Starting in pre-World War II days
many authorities expressed the opinion
“10 watts is enough.” They talked
about *average’” power requirements
of a fraction of a watt and ‘‘peak re-
quirements” ten times average. This
concept of ten times peak was based
on the sluggish ballistics of vu meiers
in recording and radio studios and, of
course, has no relationship to the dy-
namic peaks of musical crescendos. In
this post-war period, the dynamic
range of records, FM stations, and
tape far exceeds that of 78 r.p.m. shel-
lac records and AM broadcasts. There-
fore, the “ten times” ratio is an ar-
chaic concept, and power requirements
for modern program sources are far
higher than in the days when ten watts
were enough.

The author has observed that chang-
ing from a 10-watt amplifier to a 25-
watt unit made an immediate improve-
ment in cleanliness of sound. The
25-watt amplifier handled the loud cli-
maxes with obviously improved ease
and lower distortion. Changing from
25 watts to 50 watts resulted in fur-
ther improvement in sound quality-—
even on loudspeakers of 25-watt rating
and less. Higher power correlated
with cleaner, more natural reproduc-
tion——particularly in the low-frequen-

NOWHERE in the art of audio is
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cy portion of the audible spectrum.

These observations are at variance
with the opinions of the *“‘ten watts is
enough” school; but if we ask “enough
for what,” the problem is brought into
its true perspective—how much power
is required for realistic sound intensi-
ties under home listening conditions
with home equipment? The qualifica-
tion “realistic'” means that sound pres-
sures at the ear are comparable to
those in the concert hall. and it also
means that distortion is minimized
over a wide band and transient attack
is preserved. A truly low distortion
system does not sound objectionably
loud as realistic levels are approached.
Systems which are obviously too loud
invariably are high distortion systems
in which the objectionable qualities
stem from irritating distortion content
rather than from excessive sound pres-
sures.

There have been demonstrations
which indicate that a conservatively
rated 60-watt system hits overload
only occasionally in a concert hall
when reproducing the actual sound
levels of a small ensemble such as a
woodwind quintet. It is unfortunate
that these demonstrations did not in-
clude the Carabinieri Band, the Bos-
ton Symphony, or other groups in
which brasses, drums, or massed
strings appear. Anyone who has felt
the solid impact of the bass drum, or
the snarling blare of horns and trum-
pets, or the ensemble power of 50 uni-
fied string instruments realizes imme-
diately that these are loud and take
tremendous power to reproduce realis-
tically. Yet some superficial tests have
been made which indicate that very
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little power is required for normal use.

Most tests of power requirements
are made by scaling down measured
concert hall intensities to living room
acoustics and then correcting for
speaker efficiency. For example, a
measured 200 watt intensity in a con-
cert hall might be simulated with one-
half watt in the home, To obtain one-
half watt out of a 5% eflicient speaker
requires 10 watts of input; therefore,
“ten watts is enough.” This is fine
theory which is meaningless bhecause
it does not go far enough.

Why High Power?

There are several reasons why sim-
ple measurements do not truly show
power requirements. First, even if the
same actual acoustic power is radiated
from a loudspeaker as from the orig-
inal sound source, it will not sound as
loud unless stereophonic reproduction
is used. Therefore, the same degree of
realism requires more power from a
loudspeaker than emanates from the
actual sound source. Verification of
this astonishing fact can be accom-
plished readily by paralleling the two
channels of a stereo system and noting
the drop in the loudness level which
occurs even though the total power
radiated by the speakers is unchanged.
The use of a monaural sound system
increases the amount of power re-
quired past that which is indicated by
direct measurement and computation.

Another little known but highly sig-
nificant factor which increases the
power required for realistic reproduc-
tion is the loss in damping of the loud-
speaker which occurs on peak signals.
A low internal impedance, approaching
a short circuit, is generally the most
desirable source for a loudspeaker in
order to obtain crisp, solid sound.'
When the amplifier is driven hard, the
internal impedance tends to increase,
and when overload is reached, there is
no longer a short circuiting effect and
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no braking of the speaker cone mo-
tion. This results in hangover and
blur, and realism is lost.

It is particularly difficult to avoid
approaching overload in the low-fre-
quency region since the distortion
characteristic of combined amplifier
and speaker rises at low frequencies.
The better the amplifier, the less it
contributes to this increased distortion,
but the number of amplifiers on the
market which deliver rated power at
20 cps at less than 1% distortion can
be counted on the fingers of one hand.
Even these few will show a rise in dis-
tortion at high output levels when
they are mismatched by the rising
speaker impedance which is found in
the low-frequency range. Thus the
overload point (as judged by increas-
Ing distortion) is reached below the
nominal power rating of the amplifier.
There are many combinations of am-
plifier and spealier where an amplifier
rated at 25 watts cannot deliver 2
clean watts to the speaker at 40 cy-
cles. Obviously the 25-watt rating
fails to indicate the inadequacy of the
system to deliver sufficient clean pow-
er. Therefore, the nominal rating of a
system at mid (requencies must be far
in excess of customary expectations in
order to be able to deliver power re-
quirements at low frequencies.

These considerations indicate the
difficulty of trying to theorize concern-
INg how much power 1s required. It
would seem to be more simple to con-
duct an empirical investigation, bhut
even this has difficulties.

An Experimental Approach

The logical way to evaluate power
requirements is to set up a system.
determine what is an adequate level
and measure the power being used.
Both of these elcments—determination
of adequate level and measurement of
power used-—create problems,

How much level is necessary for
realism is a subjective factor which
cannot be evaluated by instruments
but which requires the considered
opinion of people who know how music
should sound. In the experiments on
which the conclusions of this article
are based. a group of people which in-
cluded music lovers, audiophiles, and
musicians were given a chance to ad-
Just the loudness level until the play-
back from records and tape was at a
Ievel which they considered to be real-
istic. In addition, tests were made in
which a piano was recorded in a living
room. and the tape playhack was ad-
justed so that comparison with the
original sound showed equal intensities
to a group of knowledgable judges.

Thus test levels were those which
closely approximated actual instru-
mental levels, scaled to living room

acoustic environment.

Great difficulties were encountered
in setting up an experimental ap-
proach to measure the actual power
being delivered to the loudspeaker sys-
tem. Short duration bursts of sound
could not activate meters to furnish
accurate readings. The use of neon
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lights and similar types of peak meas-
uring devices was also found to lead
to erroneous conclusions on music with
very short duration peaks and of rap-
idly changing dynamic characteristics.

The use of an oscilloscope as a volt-
meter permitted determination of volt-
age output from the amplifier., How-
ever, since power is a combination of
voltage and impedance (P = E*/Z), and
the impedance varies with the frequen-
cies used, it was not practical to de-
rive power measurements directly by
this system. Fortunately, oscilloscope
procedures can be used indirectly to
establish the power requirements, and
this is dor.e as follows:

The signal from the amplifier is con-
nected to the vertical input of the
scope. The signal to the amplifier is
connected to the horizontal input of
the scope; and the internal sweep in
the scope is shut off. This way the in-
put versus the output of the amplificr
is shown. Proper adjustment of the
gain controls result in an oscilloscope
trace such as is shown in Fig. 1A
where a straight line with a slope of
45° appears. (This presupposes no
phase shift in the amplifier.) As the
input to the amplifier is increased, the
trace increases in a horizontal direc-
tion. As long as the amplifier output
is linear and non-distorted, it will in-
crease proportionately with the input,
and the scope trace will remain linear
and at the same slope. As soon as
the amplifier approaches overload the
vertical extensions of the trace fltatten
out as shown in Fig. 1B. This type
of trace instantly reveals that the
amplifier has passed the overload point.

This is a very simple and basic
overload test. It does not require
knowledge of how much power is be-
ing delivered. If an amplifier of a
given power rating is overloaded, real-
istic reproduction would obviously re-
Quire an amplifier of higher power
rating. The fact that the overload is
a result of inability of the amplifier
to deliver its power into a mismatch
of impedance—or whatever other fac-
tor causes the overload—is immaterial.
This tvpe of test proves conclusively
whether or not suflicient power capac-
ity was available. Further, this test
eliminates conditions of speaker over-
load and limits the analysis to the
power ampiifier alone.

The most elegant characteristic of

Fig. 1.
is now being slightly overdriven.

(A) Full amplifier output versus input without overload.
(C) Here a serious overload occurs and the

this testing procedure is that it also
indicates how much more power would
have been required in order to have
permitted undistorted reproduction.
This is established by noting that the
horizontal trace is unaffected by out-
put clipping. After vertical clipping,
the horizontal trace continues to ex-
tend if the input signal continues to
increase. Comparison of horizontal
trace with the clipped vertical trace
can be used to indicate the extent of
input signal past the point at which
the amplifier is overdriven. This can
be used to show how much more
power would have been required to
handle the input levels used. As an
example, in Fig. 1C the horizontal
trace is twice that of the clipped
vertical trace. This means that the
amplifier would have required handling
of an input signal twice as large to
avoid overload clipping. Since we are
talking in terms of linear systems, the
output voltage would have been twice
as great if clipping had not occurred.
Twice as much voltage across a con-
stant impedarce would have required
that the power rating be increased by
four times, since power varies as the
square of the voltage. In the condition
of Fig. 1C the amplifier would have
had to have four times the power
rating of the one used, in order to
have handled the signal without dis-
tortion.

Thus this procedure permits check-
ing the adequacy of the amplifier pow-
er rating; and if this is found lacking,
permits establishing how much more
power would have been necessary for
realistic reproduction,

Experimental Tests

Actual tests were performed using
these techniques. Although these were
conducted with various speaker and
amplifier combinations, the relerence
speaker system used was the AR-Juns-
zen. This was selected, despite its low
efliciency, hecause it was one of the
few systems in which the distortion
over the entire 20 cycle to 20,000 cycle
spectrum could be kept helow 5% over
the dynamic range anticipated. The
efliciency of this speaker combination
is between 1% and 2%. Conclusions
established with this speaker syvstem
can be extrapolated to others by allow-
ing ftor relative efliciencies.

(Continuved on page T8)

(B) Amplifier

amplifier would require four times present power capacity to avoid clipping shown.

ta)

(8)

(c)
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Fig. 2. An open-face console. the
“Saratoga.” features dual speakers.

Fig. 1. The *“Granada.”
a table model with side
speaker, is the basic set.

Partially concealed controls produce streamlined
appearance; a novel channel-tuning lever is used.

standardization is found in every

color TV receiver, the 1957 line of
Sylvanie color models contains a num-
her of novel features. Some are elec-
trical, some mechanical, and a few are
of more interest to the set owner than
to the service technician. These fea-
tures as well as Syivania’s price and
service policy, will be considered here.

ALTHOUGH a certain amount of

Models and Prices

The basic chassis for all Sylvania
color sets is the type #1-534-1, with
the major differences between models
involving cabinet size, finish, and loud-
speaker size. Fig. 1, model 31T304B,
the *“Granada,” lists at $605.00 in
blonde while the same set with the
letter suffix “M* for mahogany costs
$595.00. These models use a v.h.f. cas-
code tuner, but ecquivalents are avail-
able at slightly higher prices for both
v.h.f. and u.h.f. reception. The inclu-
sion of u.h.f. is indicated by the letter

16

“U" following the set's model number.

An open-faced console model is
shown in Fig. 2. This is the 31C606M
“Saratoga” which lists at $695.00 for
the mahogany finish and $715.00 for
the blonde Korina veneer version. The
console has one 4-in. and one 8-in. PM
speaker, both mounted behind the
cloth-covered baffle board below the
picture tube, while the table-model re-
ceiver uses a 53%-in. PM speaker
mounted at the upper right-hand side
of the cabinet.

Service Policy and Warranty

Like all TV manufacturers, Sylvanic
provides a standard 90-day guarantee
on all parts and one year for the color
picture tube. At the time of writing,
no factory service has been offered.
The manufacturer relies on franchised
dealers for monochrome installation
and repair, and expects to continue
this policy with color. To enable its
distributors and dealers to service

www americanradiohistorvy com
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color TV receivers, Sylvania is offering
a one-week factory training course for
service technicians. The course con-
sists of classroom lectures combined
with actual work on color receivers.
The total of 48 hours of instruction
usually gives the student quite a good
knowledge of color service.

The independent service technician
who is not part of the Sylvania dealer
system can get full color TV informa-
tion from the manufacturer's Service
Department. Detailed circuit diagrams
with voltage readings and waveforms
are provided, as well as a hooklet ex-
plaining color TV and special circuits.

Operating Features

The location of the operating con-
trols and the method of channel tuning
is probably the most outstanding fea-
ture for the set buyer. Channel tuning
is performed by means of a lever,
which actuates the conventional cas-
code turret tuner through a rack-and-
gear arrangement and is also linked to
a channel number display drum. By
pushing the lever to the right a new
station is tuned in, but for fine tuning
a partially concealed wheel must be
adjusted.

The other controls are similarly con-
cealed, as can be seen in Figs. 1 and 2.
Only the rim of each knob is visible,
which gives the appearance of a
smooth cabinet without any knobs and
dials protruding. Both console and
table models have a tone control and
only two color controls for the view-
er's use. These are the hue or color
phase control and the chroma or color
gain control. All other controls and
adjustments are accessible from the
rear of the receiver.

Adjustment and Operation

To receive a color program, turn the
“color” control first to its extreme left
position until the switeh clicks. Next
adjust the monochrome controls for
proper contrast and brightness, and
make sure that the fine-tuning adjust-
ment is correct. In other words, the
first series of steps is concerned with
obtaining a good monochrome picture.

After this has been accomplished,
turn the *color” control slowly to the
right until the picture becomes tinted.
If colors appear to have the wrong hue

observation of flesh tones will gen-
erally provide the most accurate indi-
cation adjust the “hue” control care-
fully for the most natural tones. When
this is achieved, the “color” contro! is
once more adjusted, this time until ajl
colors are properly bright. Make sure,
in this last step, that white objects
remain white: 30—
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With the transistor in the output stage, use of these new .
tubes in auto radios makes possible a vibratorless supply.
o

Re-evaluation of design parameters led to this new family
of tubes for direct operation from a 12-volt source. With

a compatible power transistor, they make the elimination

of vibrator power supplies in automobile radios possible.

Bardeen. Brattain, and Shockley of

Bell Telephone Lab. in 1948 started
a new phase in the technology of com-
munication and electronic instrumenta-
tion. The rapid development of tran-
sistors provides many challenging
opportunities to achieve results here-
tofore difficult or impossible with vac-
uum tubes.

Of immediate interest are those ap-
plications where the special advan-
tages of the transistor can be most
fruitfully employed. A clear-cut ex-
ample is the hearing-aid field, where
the transistor inroad is complete. An-
other intriguing onportunity is in auto-
mobile radios, and this field received
early attention from application engi-
neers. Many experimental, and a few
commercial, all-transistor automobile
sets have been made. They have many
good features but are presently expen-
sive and an adequate, economically
practical, supply of the varied tran-
sistor types needed for volume pro-
duction of such sets is not yet at hand.

Probably the most attractive feature
transistors afford in auto-radio design
is the chance to eliminate the vibrator
power supply. Aside from its cost and
the jealously husbanded space it re-
quires, this facility is a cause of con-
siderable field trouble. The car manu-
facturers rank vibrators No. 1 among
the components needing attention dur-
ing the early period of service. Fur-
thermore, in doing its job, the vibrator
does not suffer in silence. Vibrator
noise which is both mechanical and
electrical (in the form of r.f. hash and
low-frequency hum) is an irritation to

THE development of the transistor by

January, 1957

the set designer. His mastery of this
problem, often incomplete, also results
in minor annoyance to the customer,

A single power transistor providing
power output levels that are out of the
guestion with vacuum tubes operating
at low anode potentials allows one to
discard the vibrator power supply;
provided the functions of amplification,
heterodyning, detection. and automatic
gain control can be fulfilled with vac-
uum tubes at low potentials. Whether
provision of such functions was feasi-
ble has been a hotly debhated subject.

Tung-Sol took a lively interest in
this matter shortly after March 1952
when the Lamp Department began
work on 12-volt sealed-beam lamps.
One of the motor car companies had
advised it was changing from 6 volts
to 12 volts in its automobiles, princi-
pally to obtain better ignition, but also
to save some copper. Later, the other
car companies made the same switch
and furthermore adopted the conven-
tion of a negative ground connection.
In the past. many makes of automo-
biles had the positive terminal ground-
ed. This lack of standardization would
have been awkward.

Incidentally, the writer has been un-
able to rationalize the choice of polar-
ity made by different car manufactur-
ers, in the past, although he has in-
quired extensively of automotive pco-
ple. One quaint story was to the effect
that a certain ground polarity was re-
quired because its opposite caused
ground currents returning from the
rear axle wia the drive-shaft to de-
plate the crank-shaft bearings. In any
case, the trend just noted opened the

wwWw americanradiohistorv com

By
C. E. ATKINS

Tung-Sol Electric Incorporated

way for a realistic consideration of a
hybrid receiver employing one power
transistor and 4 or 5 vacuum tubes.

Most tube engineers were loathe to
embark on a tube program for low
plate-potential service. There was a
history of unhappy consequences when-
ever set designers tried using tubes at
too low an anode potential. For in-
stance, during the war the 6AJ5 was
designed in a hurry because the 6AKS
proved unusable in production com-
munication equipment running at 28
volts, even though this type had been
used successfully in a pilot run. There
was an old rule of thumb to the effect
that the mu of a tube must always be
less than the plate potential. Oper-
ating difliculties were sometimes en-
countered with triodes having a mu
of 100 operating in a.c.-d.c. sets with
anode potentials of 80 to 100 volts.

If one attempted to use much bias
on the tube, the plate current would
be cut off. This sometimes happens in
practice. Because of this, some engi-
neers expressed the offhand opinion
that practical tubes at 12 volts E,
must have an amplification factor, or
mu, of less than 10. They felt that,
since the grid bias had to be approxi-
mately —1 volt (due to contact poten-
tial), there would be no plate current
if the mu were higher than this value.
Although the mu decreases rapidly as
the plate voltage is reduced below 20
volts, it is possible to have an appre-
ciable plate current and G. under
these conditions.

In fact, one is surprised that the
I, is higher than a prediction based on
the tube’s characteristics at 100 volts
would lead one to expect. From in-
spection of the plate families of the
type 12AJ6 (a diode-triode) at high
and low plate voltages respectively, it
can be seen that the mu, which was
112 at 250 volts, drops to 50 in the
neighborhood of 10 volts. Fig. 1 is a
dramatic display of this effect, where
the mu of the 12AJ6 is shown to drop
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from 77 to 50 volts E, to 15 at 1.5
volts E, The plate current was held
constant at the different values of B,
in taking this data.

It is belicved the reason for this
phenomenon is that, as the grid bias
approaches zero, the potential mini-
mum which is normally at or very
close to the cathode moves over in the
direction of the grid plane. This
changes the cffective geometry of the
tube, thus lowering the mu. Also, the
initial velocities of the emitted eclec-
trons are more nearly comparable to
the accelerating field due to the plate

atl these low anodce potentials. This un-
doubtedly modifies the behavior of the
tube.

Another serious pitfall was thought
to be contact potential. Since this
would establish the bias at which
these low-voltage tubes would operate,
many engineers felt that variations of
contact potential between different
production lots (or during life in the
same tube) would seriously affect the
performance of any equipment using
them. Contact potential had been the
villain in many an ill-fated marriage
of tube and circuit. However, a deeper
insight into the inter-relation hetween
contact potential and other tube pa-
rameters revealed how it might he
possible to exploit the very feature
that generated the apprehension.

One facet of this many-sided situa-
tion is depicted in Fig. 2. This is a
plot of plate current vs heater voltage
in the 12CR6. By shifting the screen
voltage for each value of control-grid
resistor, it is possible to adjust 7, so
that it is always .5 ma. with 12 volts
on the heater. Hence, all the curves
intersect at this point. Note the dra-
matic difference in slope between the
condition of zero grid resistor and that
where 10 megohms is employed. Even
using 1000 ohms makes a considerable
improvement. These phenomena stem
from the fact that with higher heater
voltage (and consequent greater cath-
ode temperature), more current flows
to the No. 1 grid because of the
greater velocity possessed by the emit-
ted electrons. Of course, more current
will go to the plate and other eclec-
trodes as well.

If the resistance in the grid-to-
cathode path is low, there can be no
change in grid potential as the grid
current increases. If this grid resist-
ance is high, the grid develops a nega-
tive voltage which will increase with
increasing cathode temperature. This
rising voltage at the grid will prevent
the more energetic electrons from
reaching the plate. Hence, there is a
kind of compensation which, as Fig. 2
shows, tends to hold the plate current
more nearly constant. In the same
manner G. and other tube character-

40 390 Fig. 3. Power output in milliwatts of
several tube types. Only the newly de-
veloped 12K5 comes close to providing
the drive needed by the power transistor.
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istics are leveled out as well. Also, this
compensation affords a measure of bal-
ance when the effective cathode area
or the cathode activity changes. At
Twung-Sol, several new tube designs
have been evolved embodying this
principle.

In the composition of a hybrid auto
set, there appeared to be these prob-
lems the tubes must solve:

1. Driving the power output trans-
istor: This step required a shift from
volitage amplification to current ampli-
fication, calling for some power output
from a vacuum tube. It was estimated
this might be as much as 50 milli-
watts.

2. Getting guain: Vohtage amplifica-
tion could use either low-impedance or
high-impedance circuitry. The earliest
endeavors took the form of tubes with
larger cathodes giving higher G. at
the price of lower R, and greater grid-
plate capacitance. After some prelim-
inary experimentation. this approach
was temporarily side-tracked because
the conventional tubes with lower G..
but high R, and low (., appeared to
give a quicker answer. Already de-
sighed i.f. transformers could be used,
and some early sets were made using
standard tubes selected for the best
low-voltage operation. As a matter of
fact, while the design of most of these
tubes has undergone considerable revi-
sion, one of them, the 12AJ6, remains
unchanged. It is merely a 12AV6 with
special processing. tested under the
low-voltage conditions.

3. The a.g.c. problem: The fact that
the input signal at the first r.f. grid is
commensurate with the plate voltage
posed some new and nasty problems.

4. Stability of gain: Since 12-volt
auto sets are expected to function ef-
fectively at supply voltage from 10 to
16 volts inclusive, this apparently he-
roic requirement had to be met. Good
life is also required under these con-
ditions.

Returning to problem 1, the trans-
fer of power, it was felt 30 milliwatts
might be needed to drive the transis-
tor. Whether this will remain so de-
pends. of course, upon the power gain
of available transistors. In some re-
spects. a suitable driver tube is the
keystone of a successful hybrid radio
set.

As Fig. 3 shows, conventional tubes,
even telatively high-power examples,
are inadequate to do the job. Only the
newly developed 12K5 comes anywhere
near the power-output objective. The
availability of peak current approach-
ing 40 milliamperes in the vicinity of
zero bias is achieved in the 12K5 by
employving the structure depicted in
cross-section in Fig. 4. The plate fam-
ily and transfer characteristics ob-
tained with the special design are
shown in Fig. 5.

In the 12K5 the space-charge grid
principle is employed. This was first
disclosed by Langmuir in 1913. By
providing a No. 1 grid adjacent to the
cathode with a positive accelerating
potential applied to it and a control
grid disposed between this accelerator

RADIO & TELEVISION NEWS


www.americanradiohistory.com
www.americanradiohistory.com

and the plate, Langmuir was able to
make tetrodes with very high trans-
conductance. When screen-grid tubes
became commercially available after
1926, sporadic efforts were made to
use this principle in equipment. How-
ever, most of the tetrodes and pen-
todes available to the equipment de-
signer did not operate well under
space-charge conditions. Furthermore,

it was not good engineering economics .

to provide the power required by the
space-charge grid, as the gain in trans-
conductance did not generally warrant
the cost entailed in exploiting it.

But in a car radio there is a differ-
ent kind of logic. Since the voltage is
low, it is easily provided by the car-
carried battery. The 50 or 100 ma. re-
quired for the space-charge grid is
minuscule in the over-all current
needs of the modern automobile. Ac-
cordingly, this ancient stratagem, long
discarded, was revived for the tube
that became the 12K5. The geometry
of this type provides a fine-pitch No. 1
grid having 150 turns-per-inch spaced
.018" from the cathode, which is fairly
large, with an area of 1.8 square centi-
meters. The grid-to-cathode spacing is
generous and poses no manufacturing
difficulties. The No. 2 or control grid,
having 80 turns-per-inch, is a bit
closer to both No. 1 grid and plate.
Here the spacing is approximately
.012" each way. Holding this configu-
ration is a bit tricky in production.

This disposition of elements provides
the desired features. It is believed that
the fine No. 1 grid to which the 10- to
16-volt car-battery potential is applied
accelerates the electrons and groups
them into thin sheaths. It is well
known that the factor that limits cur-
rent in thermionic devices is the re-
pelling effect of the electrons upon one
another when they are crowded to-
gether. The provision of a multitude
of layers where the space-charge den-
sity is low probably helps to achieve
high space currents with low applied
potentials. In addition to its power-
output performance, the 12K5 is an ex-
cellent low-voltage relay control tube.
It is possible to achieve 8 or 10 ma. of
plate current with only 2 volts of plate
potential.

As mentioned earlier, providing ade-
quate automatic gain control was a
real problem. The usual a.g.c. poten-
tial has a magnitude comparable to
the anode potential of the if. ampli-
fier. This is insufficient to protect the
No. 1 grid of the first stage against
positive excursions on very strong sig-
nals. Accordingly, there is bound to
be spill-over through the first stage.
and this can be sufficient to overload
the converter tube. However, design-
ers hit upon the expedient of applying
additional a.g.c. voltage to the sup-
pressor grid of the r.f. tube in order
to limit the amount of signal getting
to the following stage. To do this suc-
cessfully, certain compromises have
heen forced on the tube designer.

With high impedance i.f. transform-
ers, it is necessary that the amplifier
tube have a correspondingly high dy-

January, 1957
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Fig. 4. Location of special space-charge or accelerating grid in 12K5 tetrode.

namic plate resistance (R,). This has
been difficult to achieve in tubes oper-
ating at low anode potentials. The
beam-forming plates and suppressor
grids, which are effective in high po-
tential devices, do not give the same
favorable results with operating po-
tentials in the region of 10 to 15 volts.
In fact, the suppressor grids employed
in these hybrid r.f. tubes are probably
more useful in reducing the control-
grid-to-plate capacity than they are in
providing effective suppression.

The R, of a tetrode is considerably
influenced by secondary emission from
the anode. These secondary electrons
leave the plate and are collected by
the screen grid. Since the magnitude
of this effect is sensitive to the applied
potentials, a condition exists whereby
small increments of anode potential
can cause either a drop in plate cur-
rent or too rapid a rise in plate cur-
rent. In the latter case, R, will be too
low whereas, in the former case, it will
be negative. Either of these effects can
be harmful. On many tubes it was
found that a nice balance betwecn
negative and positive R, along the
plate volt-ampere curve resulted in
R, values which were astonishingly
high (several megohms where, without
this effect, the R, would have been a
few hundred-thousand ohms).

This dip in the characteristic is
shown in the curves for the 12ADS6 in

Fig. 6A. Those readers who are old
enough to remember the early screen-
grid tetrodes (type 24A), will recog-
nize this shape as the dynatron kink.
Pentodes were introduced to cope with
this characteristic. A coarse-pitch No.
3 grid placed between the screen grid
and the plate served to thwart the re-
turn of electrons from plate to screen,
Because of the geometry involved, this
grid did not adversely affect the flow
of primary electrons to the plate to
any great extent. As stated earlier,
suppressor-grid techniques do not
function as well with tubes at low
voltages. While suppressor grids are
still used in the hybrid-set tube de-
signs, it is mainly to help reduce the
grid-plate capacity and because this
grid is sometimes nceded to secure
adequate a.g.c.

It was found necessary to rely on
special materials and processing in or-
der to iron out the plate characteris-
tic and secure the needed control over
the R;. The efficacy of these measures
is greatly facilitated by the important
fact that these tubes are used at very
low voltages, so that there is very lit-
tle plate or screen dissipation. The
heat developed by the electrodes in
more conventional operation has the
effect of disturbing or destroying any
surface film left on the electrodes by
special processing. In contrast, it is

(Continued on page 130)

Fig 5. Characteristics of the 12K5 obtained with construction shown in Fig. 4.
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Electronic System

for 2-way Speaker Operation

By ROBERT G. YAUGHN

Details on a simple two-stage circuit designed to be used

as a high-frequency amplifier for improving reproduction.

N THE operation of systems using
I separate speakers for high- and low-

frequency ranges, commonly known
as “woofer-tweeter” combinations. it
has been standard practice to accom-
plish separation of frequency bands in
the low impedance circuit between the
output tfransformer and speaker voice
coils. The low impedance makes this
circuit unwieldy for the purpose and
imposes practical restrictions and dis-
advantages.

There is a distinctly better method
of operating such a speaker system
which has advantages unobtainable
with other methods as well as impor-
tant features which have nothing to
do with crossover networks. The as-
sumption that a separate high-fre-
quency amplifier would he much more
expensive than an adequate low-im-
pedance dividing network is umnwar-
ranted because it overlooks a very
important fact. This is that an ade-
quate high-frequency amplifier may be
small in comparison to the wide-range
amplifier already in operation and may
cost just a fraction of the price of the
larger unit. The reason, of course. is
the reduced power requirements in
the high-frequency range.

Experiments made with simple rec-
ord plaving equipment show that a

minimal two-stage amplifier with a
single output tuhe, such as a 6V86, is
adequate as a high-frequency ampli-
fter when used in combination with a
main amplifier of about 20 watts out-
put. These tests showed that with
this method a worthwhile inmprove-
ment is realized even without using a
special high-frequency speaker, irre-
spective of the pickup used. It may be
applied to any existing system having
an amplifier and speaker system
which performs satisfactorily at low
frequencies.

With this method. frequencies above
approximately 800 cps are diverted
from the main power amplifier into
the high-frequency amptifier and fed
to a separate speaker, which may or
may not be especially designed for this
purpose. A simple filter attenuates
frequencies above this point at the
rate of 6 db per octave in addition to
any equalization present, before they
get into the main or low-frequency
amplifier. Frequencies helow 800 cps
are attenuated so rapidly in the high-
frequency amplifier they soon drop
out altogether. In its design, none of
the special precautions necessary f{or
low-frequency  power amplification
have to be considered. An inexpensive
output transformer will be entirely

Circuil of the high-frequency amplifier which covers range from 800 to 30.000 cps.
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satisfactory and only the simplest
filtering is required.

The possibility of intermodulation
distortion virtually disappears because
no large low-frequency voltages are
present in the high-frequency ampli-
fier. The large low-frequency noise
voltages developed in record repro-
ducing equipment never get into the
high-frequency amplifier at all. The
separate gain controls for each am-
plifier afford complete and exact con-
trol of power supplied each speaker
without any possibility of interaction
between the units.

Reference to the circuit diagram of
the high-frequency amplifier used in
these experiments shows it to be al-
most identical to any other two-stage,
single-ended-output audio amplifier.
Actually, there is a world of difference
in its performance and this is due, al-
most entirely. to the values of coupling
and input capacitances. The input im-
pedance corresponds to 230 wppfd. in
series with 500,000 ohms. Thus it may
be connected directly to any crystal
or ceramic pickup with virtually no
effect on its response. 1n the case of a
variable reluctance or any other type
pickup requiring a preamp, it is con-
nected at the preamp output. Little
if any, advantage is sacrificed because
of this necessity. Equalization remains
exactly as before.

In all cases, the simple high-fre-
quency filter shown in the diagram is
connected at the input of the main
amplifier. The values given assume an
input impedance of 500,000 ohms.
There will be an insertion loss of 6 db
whichk can he tolerated in most cases.
No changes whatsoever are required
in the amplifier itself if its low-fre-
quency power response is at all satis-
factory.

The feedback vesistor. R, was chosen
to give 10 db of feedback with a Stan-
cor 3830 transformer. using the entire
secondary. With any other transform-
er, its value may be different and must
he determined by experiment.

While there may be an advantage in
using a special high-frequency speaker
if one with a cut-off below 800 cps is
available, it cannot be said to be ab-
solutely neccessary. It is obvious that
the importance of speaker efficiency.
if not of range, is less with this sys-
tem hecause, within limits, it may be
compensated by adjustment of the
high-frequency gain. It was found that
an ordinary 12-inch specaker without
any sort of haffle (which, incidentally.
may bhe entirely neglected if desired
above 800 cps) gave quite satisfactory
performance. The advantage of the
wider angle of projection of exponen-
tial horn speakers may be important
in many cases. however. The most
pleasingly realistic and surprising re-
sults were obtained, as might be ex-
pected, with a \wide separation of
speaker, as wide as the room permit-
ted. about 20 feet. It is a simple mat-
ter to hang a speaker in a far corner
of the room, for appearance sake it
may be mounted on a small panel. and

(Continued on page 147)
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hangover from the early davs of re-

production, before electrical meth-
ods of recording were introduced. The
tone arm was the swiveling channel
that conveyed the sound waves gen-
erated in the sound box to the horn
that was the acoustic phonograph’'s
counterpart of the modern loudspeak-
er. It literally conveyed the tone from
the sound box to the horn. Reproduc-
tion has come a long way since those
days!

Early experimental electrical pick-
ups were first strapped to thc tone
arm of an acoustic phonograph as a
quick and ready means of giving the
new idea a tryout. Hence when arms
began to be designed specifically for
carrying the pickup, it was only nat-
ural that the old name should be car-
ried over to the new part.

Even the first electrical reproducers
were a considerable improvement on
the acoustic systems, because they
made available extended frequency
range and considerably reduced the
peakiness of the reproduetion. But
those early electrical pickups were a
far cry from the modern high quality
product. High fidelity is an ideal hob-
by for the perfectionist. Better loud-
spcakers, better amplifiers. better
pickups¢ach in turn receives atten-
tion with a view to approaching per-
fection,

As the quality of loudspealker units
improved, it became evident that the
enclosure in which the loudspcaker
was mounted plays an important role
in the quality of reproduction. Early
arms for carrying pickups were, like
early loudspeaker enclosures, merely
regarded as a means of holding the
electrical unit so it could do its job.
But modern developments have shown
that attention to the design and con-
struction of the tone arm is as impor-
tant to successful pickup from a rec-
ord as attention paid to the designh
of an enclosure is to reproduction from
a loudspeaker.

In each case it is at the low-fre-
quency end of the spectrum that the
means of mounting-—in the case of the
loudspeaker. the enclosure, in rhe case

-l-HE name ‘“‘tone arm” is really a
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By N. H. CROWHURST

How to pick right unit for your particular high-fidelity

system and discussion of most important factors involved.

of the pickup, the tone arm—influ-
ences the over-all response of the sys-
tem. In fact, a tone arm has to per-
form several functions satisfactorily
to give good reproduction under all
circumstances.

While there is a variety of extreme-
ly good tone arms on the market, it is
not possible, at present, to pick out
onc as being *“hest” in all respects.
Each model has its good features and
its bad points. The bhest we can do
here is to outline the requirements
and the purposcs served by different
features in a tonc arm so that cach
reader can select for himself the com-
bination of characteristics that will
best serve his purpose. To tackle this,
we will take different fecatures in turn
and point our the pros and cons of
cach.

Long or Short Arm?

This question is principally linked to
the problem of tracking, that is, mak-
ing surc the direction of styvlus travel
is always perpendicular to the groove.
If it is not perpendicular to the groove,
then the way in which the stylus
moves in tracing a sine wave along
the groove will no longer be sinusoidal,
but will take the torm shown in Fig.
1A. Fig. 1B shows how this waveform
can be synthesized from the funda-

Fig. 1. (A) Qutput from pickup cartridge when
movement of stylus is not at right angles
to direction of groove and (B) the wavelorm
synthesized by a fundamental and a second
harmonic. Refer to discussion in the text.
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mental and a second harmoni¢c com-
ponent,

Thus, failure to track correctly will
introduce a component of second har-
monic distortion proportional to the
error of tracking anglc from the true
perpendicular, or 90 degrecs. In addi-
tion to harmonic distortion there will
be intermodulation distortion when
more than one frequency is present,
as is the case with practical record-
ings. All tone arm manufacturers sup-
ply necessary instructions, and usual-
ly a mounting jig, to assist in making
sure that the tone arm is correctly
mounted to obtain minimum tracking
error. But a simplc explanation of
how tracking error is reduced to a
minimum for a given length of arm
will serve two purposes here: it will
help to get a clearer picture of why
the correct mounting position is so im-
portant; and also it will show exactly
the cffect of tone arm length on this
tracking problem.

Records are made with a cutter
head that travels on a lathe mech-
anism at right angles to the groove, as
shown in Fig. 2A. This insures that
the modulation recorded in the groove
is at right angles to the direction of
the groove, throughout the recording.
A hinged tone arm can only produce
an approximation of this ideal at the
reproduction end.

First consider a straight tone arm
with the stylus mounted so as to move
at right angles to the line of the tone
arm as shown in Fig. 2B: for any par-
ticular radius of groove the tone arm
can be mounted so as to give the cor-
rect movement. as shown by the solid
line position; but as soon as the tone
arm moves from this set radius, the
tracking is ne longer true—the angle
of movement is no longer at right
angles to the direction of the groove,
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Fig. 2. Approaches to tracking, (A} In
recording, the cutter head traverses a bar
along @ radius of the recording. which
gives true tracking at all points. (B) A
straight arm con only achieve correct
tracking at one point. represented by the
solid line. Dotted lines represent other
positions that depart from correct track-
ing. (C) An arm with the pickup mounted
at an angle can achieve correct tracking
at two points, as shown here; keeps much
closer than a straight arm for rest of its
traverse. This matter is covered in text.

as illustrated by the dotted lines in
Fig. 2B.

It is impossible, using an effectively
straight tone arm, to produce correct
tracking at more than one radiis on
the record.

Notice that the direction of devia-
tion from correct tracking is the op-
posite way, depending on whether the
radius is larger or smaller than that
for which the mounting is correct. By
using a curved arm, or having the
pickup mounted at an angle on the
end of a straight arm, it is possible to
set the pivot so that the tracking is
correct at two different radii during
the playing of the record. This means
that the deviation from correct track-
ing will be considerably reduced
throughout the entire recording as
illustrated in Fig. 2C.

The new relation can be better un-
derstood by referring to the diagrams
of Fig. 3. Fig. 3A is a repetition of
the method of mounting in Fig. 2B to
suit one particular radius. The solid

Fig. 3. A demonstration of the geometry in.
volved in the tracking problem. (A) Straight
arm, with single correct position. (B) Bent
arm. single correct position. (C) Bent arm
with modified mounting to give two correct
positions. (D) Longer bent arm, showing
reduced deviation ifrom accuracy over the
entire range of movement. Refer to Fig. 2,
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radius shows the actual movement of
the stylus point with the tone arm
pivoted at the position shown. The
dashed-line radius going through the
same point shows a stylus point move-
ment that would be necessary, holding
the line of the arm through the same
pivot point, for tracking to be main-
tained throughout the recording. This
would, of course, necessitate an arm
that changed its length as it pivoted
around its fulcrum. Notice that this
deviation is in the opposite direction
on either side of the central point.

In Fig. 3B is a similar construction
for the head mounted at an angle as
in Fig. 2C. In this construction the
tracking is arranged to be correct at
the central point and two curves are
again drawn to show the actual move-
ment about the pivotal point and the
required movement using the same
pivot to maintain correct tracking.
Notice, in this instance. that the de-
viation in length of the arm on each
side of the central point is in the same
direction, instead of in opposite direc-
tions as in Fig. 3A.

By making a slight adjustment in
the pivot point, as shown in Fig. 3C,
the tracking is slightly incorrect at
the central radius. but becomes cor-
rect a little distance on either side of
it. In this way a mihimum error can
be achieved throughout the whole
playing band of the record.

Now compare Fig. 3C with Fig. 3D
which represent the same method of
mounting with arms of different
lengths relative to the diameter of the
record being plaved. Notice that the
shorter arm, represented by Fig. 3C,
shows greater deviation from correct
tracking than Fig. 3D, as represented
by the spacing between the two
curves over the width of the record
band to be played.

Now we are in a better position to
answer the question about the length
of the tone arm. To maintain the
nearest approach to correct tracking
through the whole band of recording,
the longer the tone arm the better.
Whatever its length, however, the best
tracking will be achieved:

(a) by having the pickup mounted
at an angle relative to the tone arm
pivot so that the stylus movement is
perpendicular to the line joining the
center of the turntable to the tone
arm pivot at a point approximately in
the middle of the playving band of the
record, as shown in Fig. 4.

(b) by setting the pivot slightly for-
ward from the position for correct
tracking. in the middle of the record
band, so as to give perfect tracking at
two points, a little in from the ex-
tremities of the band.

This means that to obtain the best
possible playing over each of the dif-
ferent size records available, the angle
of pickup mounting should be altered
to suit. However. by using a longer
arm, and regarding the total playing
bandwidth as being from the largest
diameter on a 12-inch disc to the
smallest diameter on any kind of disc
played, the best compromise can bhe
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achieved for playing all kinds of rec-
ords without having to change the
angle of pickup mounting and the po-
sition of the tone arm pivot.

Ten-inch and twelve-inch discs are,
to some cxtent, interchangcable as re-
gards groove modulation, having both
the old 78 rpm groove and the micro-
groove or 33'% rpm so 1t is not prac-
ticable to make different mountings
for each of these diameters. On the
other hand. for equipment designed to
play only the smaller 45 rpm discs it
is feasible to use a shorter arm with
the pickup mounted at an angle to
suit the playing of this particular
disc.

This means that a considerably
shorter arm is practical for operation
on a unit designed to play 45 rpm
discs only. For the more usual type
of equipment, designed to play all
three different speeds, the practical
solution is an arm and pickup mount-
ing that is common to all sizes of disc:
it is hardly practical to make a mount-
ing for the 45 rpm pickup at a dif-
ferent angle and radius from the
pivot than the pickup used for 10-inch
and 12-inch records. But the use of a
longer arm will insure a closer ap-
proach to correct tracking throughout
all of these records.

The problem that sometimes occurs
with a long arm is that of getting it
into the cabhinet chosen: a longer arm
necessitates a larger space to get the
pivot in the correct position, and hence
a larger cabinet to enclose the whole
mechanism.

Straight or Curved?

This question is closely linked with
the previous one and is, to some ex-
tent, a matter of esthetic choice. The
important thing is that the pickup
should be mounted at the correct
angle to suit the length of arm and
the mean diameter of the groove to be
played: whether this angle is achieved
by utilizing a curved arm with the
pickup mounted straight on the end of
it, or by using a straight arm and
mounting the pickup at an angle, is
immaterial from the viewpoint of
achieving correct tracking.

Some prefer the curved arm for
psvchological reasons, because the
angle of the arm tip is in line with
the direction of the groove where the
stylus rides in it, and this seems more
logical.

On the other hand, the straight arm
can sometimes save space, as illus-
trated in Fig. 5. When the arm is at
its position of rest, with the pickup
parked outside of the record diameter.
the greatest distance from the turn-
table, apart from the pivot itself, will
be the outward curve of the arm. This
will mean that the dimensions of the
motorboard will have to be extended
in two directions instead of just the
one necessary to include the pivot in
a corner. The straight arm allows one
dimension to be smaller than is pos-
sible with a curved arm of the same
length. This is probably only a mat-
ter of an inch or two and may not al-
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ways be important, but in some in-
stances it may make the difference
between fitting ot not fitting a certain
arm into a certain cahinet size.

Pivot Construction

This is another feature in which
tone arm practice differs widely be-
tween one manufacturer and another.
The pivot allowing vertical movement
of the pickup may coincide with the
vertical pivot of the tone arm, about
which it turns, or it may be nearer
the pickup. The latter arrangement
reduces the vertical inertia effectively
applied at the pickup stylus point
which can prove advantageous.

All pivots should be as free from
friction as possible, hecause any fric-
tion will be liable to impose distortion
on the system. Friction is not to be
confused with viscous damping, which
merely limits the speed at which move-
ment can take place.

In considering the general mechan-
ical construction and positioning of
the pivot, the important factor to re-
member is that the pickup is only re-
quired to move very slowly laterally,
as it follows the spiral groove from
the start of the record to the end.
With modern recordings allowance is
not necessary for eccentricity of the
groove, hecause this would produce a
very definite wow. For this reason,
recordings must be made with the cen-
ter hole well centered so the groove is
a true spiral. On the other hand, re-
cordings do sometimes warp to some
extent so that the pickup has to go up
and down as the record rotates.

To follow the groove, an ideal mod-
ern pickup may only need a stylus
force of about 1 gram to keep it in the
groove and maintain tracking. The
tone arm should be so designed that
up and down movement, due to slight
warping of the disc. does not appre-
ciably modify this stylus force. Of
course, it is bound to modify it to
some cxtent, due to the vertical iner-
tia of the arm. This is the advantage
of an arm where the pivot allowing
vertical movement is nearer to the
pickup head than is the tone arm pivot
for horizontal movement.

For some applications another [ac-
tor requires consideration. This is
when the system is subject to vibra-
tion or movement, as, for example, if
it is to be played in a vehicle while
traveling (can fhis he high fidelity 2!,
Under these circumstances the arm
needs to be dynamically balanced for
both wvertical and horizontal move-
ment, so that jolts will not jerk the
stylus out of the groove or produce
undue stress on it. This is a some-
what special application, but if you
are thinking of it, attention is neces-
sary

Arm Shape and Structure

It may be thought that provided the
arm has suitable mechanical charac-
teristies, as described previously, its
actual shape is immaterial. In prac-
tice, however, its mechanical perform-
ance is largely dependent on the shape
ind construction of the arm.
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The important thing from the view-
point of over-all frequency response is
the low-frequency resonance that a
tone arm can contribute to the per-
formance of the pickup. This res-
onance is caused by the movement of
the arm as driven through the com-
pliance of the pickup. One resonance
at least is unavoidable. this is a res-
onance produced between the compli-
ance of the pickup movement and the
mass of the arm, moving laterally as
a whole,

Careful choice of the pickup and
arm combination can put this res-
onance at a position in the frequency
response where it will be unimportant,
but bad design of the tone arm can
result in additional resonances. These
may cause irouble and arise due to
the fact that the arm does not always
vibrate as a whole, but sets up sub-
sidiary resonances at much higher fre-
quencies. Any arm that has the same
cross-section throughout its length is
more liable to set up multiple vibra-
tion as harmonics of its natural vibra-
tion. some of which are shown in Fig.
6. and thus contribute irregularities
to the response not inherent in the
pickup itself.

This is a general argument in favor
of an arm with a tapered structure,
wider at the base or pivot end, and
narrowing down to a smaller section
where the pickup fits on to it.

An important feature in choosing a
pickup and tone arm combination is to
ascertain that the fundamental res-
onance does not occur in the region of
30 cycles, which is the frequency
where most turntables gencrate their
rumble. The recsonance can be quite
pronounced and could amplify the
rumble considerably. It -is also un-
desirable that the frequency should be
above 30 cycles as this will produce
unnatural accentuation of low fre-
quencies in the program material. The
best position for the resonance is be-
low 30 cycles and, if possible, well
below, that is, below 20 cycles.

The major possibility of damping
this resonance is, of course, in the
des:gn of the pickup itself, because the
arm is moving as an entire mass and
has to have freedom of pivot move-
ment in order to allow the pickup
to track. However, viscous damping
can help reduce its amplitude. But
the principal possibility for damping
the resonance is in the compliance of
the pickup.

Usually the damping of the pickup

Fig. 4. Detailed diagram showing how the
correct arrangement is related. See text.
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Fig. 5. How an arm with angled mounting
for pickup (A) can save space in comparison
with curved arm (B) of same length. The dif-
ference is shown dotted in (B) of diagram.
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Fig. 6. Modes of tone arm resonance. (A)
Basic fundamental resonance between the
mass of the tone arm and pickup compli-
ance. (B) First overtone resonance in the
tone arm itselt and (C) second overione.

is designed to achieve the correct re-
sponse at the high end of the band.
It is not feasible to adjust tke pickup
damping so as to achieve perfect re-
sponse at hoth ends of the band, so
careful choice of tone arm is the best
solution.

A simple way of checking for the
low-frequency resonance effect is to
use a 78 rpm frequency test disc, with
frequencies from 50 cycles upwards,
and run the turntable at 33 rpm which
will reduce these frequencies to the
region of 20 cycles. Comparison of the
response to different frequency grooves
will then show how much peaking
effect the tone arm and pickup exhib-
its. This will enable different combina-
tions to be checked and a suitable
choice to be made.

The writer does not expect that you
will be ahle to find a combination
without any resonance at all. The
thing to look for is a resonance that
does not color the program material
appreciably nor produce distortion due
to any vibration that might occur at
this frequency.

What About Viscous Damping?

As far as playing is concerned, vis-
cous damping is usually unnecessary.
It will seldom be adequate 10 damp
out the low-frequency resonance, so
its primary purpose is as a safety pre-
caution against dropping the stylus
onto the platter with undue force,
which might damage either the stylus
or the stylus arm in the pickup. Vis-
cous damping insures tnat, if the arm
is dropped, it descends to the record
at a slow rate and with insuflicient
impact to do any damage.

If the arm is only to be used for

(Continued on page 143)
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" A New Master-Control Preamp
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Dual controls are used to simplity appearance.

High fidelity audio preamp with seven inputs, tone, level, loudness controls,
and five equalizations settings. Rumble and scratch filters are also included.

their high-fidelity systems progres-

sively now have a new master-con-
trol preamp kit available for consider-
ation, the Eico Model HF-61.

Designed to be used with any high
quality amplifier, the new preamp is
housed in a handsome cabinet measur-
ing 47" wide. 123{,” long. and 4%"
high. The circuit is so designed that
the unit may be used separately ov
may be built-in by removing the hous-
ing.

There are two unique and outstand-
ing features which have been incor-
porated in the design of this preamp.
The first involves a new teedback type
control for bass and treble tone ad-
justments. The circuit provides low
distortion and wide frequency range
yet the controls do not affect the vol-
ume nor interact on each other. As
turnover at both ends varies with the
amount of boost and attenuation. boost
or cut at the extremes of the audio
range is possible without affecting the
mid-range. Neither of these controls
affect the tape output jack.

One novel feature of the tone con-
trol circuit is that the midpoint (flat
response characteristic) is not sharp
in its adjustment. There is actually a
range of rotation ahout the midpoint
where tlat response can be obtained.

The second unique feature is the
loudness control, a Centralab *“Com-
pentrol” unit which raises or lowers
the volume in strict accordance with
the Fletcher-Munson curve. This con-
trol is quite effective; for flat over-all
response the loudness control should
be set at maximum.

As the control is turned counter-
clockwise from maximum clockwise
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rotation. not only does the volume
decrease, but there is an increasing
emphasis on the bass and treble in
accordance with the Fletcher-Munson
configuration. An uncompensated level
control is also provided to permit the
proper operation of any system.

A feature unique with kit-type pre-
amps is the inclusion of built-in high-
and low-end noise elimination filters.
These filters are not only valuable
when listening to worn records or poor
program material but are especially
important. in tape recording.

The (lat positions of the filter con-
trols should be used in direct listening
to clean records played on high-quality
turntables or cleanly recorded or live
AM broadcasts.

It is interesting to note that the fil-
ter circuits provide relatively sharp
cut-offs whereas the tone controls pro-
vide gradual. frequency-proportional
changes in the response. One type of
control is not a substitute for the
other, however. and hoth may be used
to achieve any desired response. It is
worth noting that the “variable turn-
over” tonc controls employed in the
cireuit may be used to further sharpen
the cut-off if desired and in order to
shift the cut-off frequencies in cither
direction

According to the manufacturer, fre-
quency response of the preamp (at the
3 volt level) is = 1 db from 8 to 100,600
cps and = .3 db from 12 to 50,000 cps.
The IM distortion (60 and 6000 cps,
mixed 4:1) ranges from .2 per-cent at
.5 volt output to 1.5 per-cent at 5 volts.
Harmonic distortion is less than .82
per-cent from 20 to 20.000 cps at the
3 volt level.

Equalization for RIAA, Columbia,
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London. European 78's, and American
78's is provided on the input selector
switch along with positions for tape,
TV, tuner, and auxiliary inputs.
Tone controls have a range of about
15 db boost and cut at 30 ¢ps for the
bass control, and 15 db boost and cut
at 10 ke. for the treble control. Hum
and noise are 60 db below 2 volts on
the low-level phono inputs, and 75 db
below 2 volts on the high-level inputs.

Rumble and Scratch Filters

Relerence to the schematic diagram
shows that the high- and low-end filter
circuits actually consist of dual-section
low-pass and high-pass RC networks
within a feedback loop. Thus two 6 db
per octave turnovers are combined to
obtain a final slope that is 12 db per
octave, assuming zero input resistance
and no output loading. Over-all feed-
back is used to control the sharpness
of the initial turnover. Filter circuits
are inserted in the feedback pair audio
amplifier hy two front panel 3-position
slide switches.

Rumble (low vibration) occurs at
about 29 c¢ps in 4-pole record changer
and turntable motors and at approxi-
mately 58 c¢ps in the inexpensive
changers and plavers of the 2-pole va-
riety. Recorded rumble (29 cps) will
also sometimes be found in discs re-
corded hefore the development ol the
improved techniques in use today.
Transmitted program matcrial may al-
so include such records. Reduced rum-
ble is one of the obhjectives in the de-
sign of turntables and changers for
high-fidelity use, hut the extent to
which it is eliminated depends on the
quality and condition of the turntable
or record changer used. That is why
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the rumble filter circuits are provided.
Note that whether the rumble itself is
audible or inaudible (depending on the
rumble frequency and the extreme
low-frequency response of the speaker
system), it may still overload the am-
plifier and cause distortion in the audi-
ble region.

Use the "50 cps” position whenever
recording on tape from records in order
to eliminate any trace of suhsonic
rumble from appearing at the record-
ing head and eventually magnetizing
it with increased distortion level as a
result. The 50-cps cut-off also elimi-
nates tape overload from noisy com-
ponents helow this frequency and thus
provides cleaner tapes. In general, the
50-cps cut-off is useful for eliminating
the effect of moderate rumble in 4-pole
record changers, whether in direet lis-
tening or recording. The 100-cps cut-
off serves to eliminate noise, rumble,
and hum that may be found in older
records. It aids in reducing the cffect
of severe rumble in 4-pole changers
as well as rumble from 2-pole chang-
ers. The 50 eps” and 100 cps” posi-
tions may also be used to restore tonal
balance on AM broadcast listening, if
desired. The rule for tonal balance,
based on a statistical study of audience
reactions, is that the product of the

extremes of the audio spectirum re-
produced should be about 500.000.
Many peoplc feel that full bass re-

sponse is more important than tonal
balance and ignore such considerations.

The use of the high-end filters to
eliminate scratch and high-frequency
distortion when recording from or lis-

A-OVER-ALL RESPONSE — LOUDNESS CONTROL MAX.(FLAT} POSITION. TONE CONTROLS FLAT POSITION
8 -RUMBLE FILTER = ggg?g ALL OYHER CONTROLS FLAT
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Curves showing over-all response of the preamplifier along with beth rumble and

scratch filter characteristics. It

consider most important in

was

the above performance which your
the design of this unit.

aditors
The editors were qgratified

to note the sharp roll-ois at both ends of the above response curves which we

ran.

Rumble filter curves are down about 4 and 8 db at 50 cps while scraich fil-
ter curves are down about 8 and 15 db at 10 ke.

It should be pointed out that

due to construction differences and component tolerances. somewhat different fig-

ures may be expected on other units.

According to the manufacturer, the average

figures fo be expected are: for the rumble filter, curves are down 6 and 16 db

at 50 cps: for the scratch filter.
nation from AM broadcasts, will result
in cleaner tapcs and more enjoyable
listening. The 10 ke” position is useful
for reducing thc annoyance of high
frequency distortion and noise from
records or broadcasts. The "3 kc” posi-
tion is useful for reduction of noise on
older or scratchy rccords, particularly
older 78 rpm records, and for elimina-
tion of noise ahove 5 kc. on AM Dbroad-

curves are down about 7 and 20 db at

10 ke.

The preamp will operate on 30 or 60
cvele a.c. at from 105 to 125 volts. The
Model HF-61A (82495 in kit form)
does not include its own power supply
but can be driven by the amplifier with
which it is used providing the ampli-
fier can supply 350 volts at 10 ma. d.c.
and 6.3 volts at 1 amp. The Model
HF-61 ($29.95 in kit form) has its own
self-contained supply. Power consump-

tening to records, and for noise elimi-  casts. tion is only 13 watts. B
Schematic diagram of the £.co HF-61 master-control preamplifier. A Centralab “Compentrol” is used as the loudness con-
trol, Rumble and scratch filters are shown in “Flat” positions. For other positions, see the table showing shorted contacts.
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By WILLIAM LEONARD

Two segments of the industry get together to

settle past differences, agree on a program.

beset the independent service in-

dustry in its efforts to bring about
some degree of stability in the opera-
tion of an electronic service business
has been its relations with parts dis-
tributors. The rapid growth of the bil-
lion-dollar electronic service industry
while it was tied to a system of dis-
tribution that had been created to
serve a market made up of radio am-
ateurs, experimenters, and radio tech-
nicians brought about inequities in
distribution that cause continual con-
fusion in the operation of a consumer
service husiness.

Spurred by statements made by Jo-
seph DeMambro, president of NEDA,
to the effect that the National
Electronics Distributors Association
planned to work with service associa-
tions to improve the relations hetween
distributors and the service industry,
a meeting was called that brought to-
gether representatives of service asso-
ciations in Pennsylvania and New Jer-
sey. Purpose of the meeting was to
formulate a plan for cooperation be-
tween the service industry and parts
distributors.

The initial program, which detailed
ten suggestions for the improvement
of jobbing practices and six for the
service industry. was sent to service
associations in Pennsylvania, New
York, New Jersey, Connecticut, New
Hampshire, Massachusetts, and Rhode
Island for their consideration, sugges-
tions for improvement, and for rati-
fication in whole or in part.

Subsequently a meeting was held in
Bridgeport, Connecticut, to formalize
the program for presentation to

HIGH among the problems that have
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NEDA. This meeting, under the chair-
manship of Frank Silverman, president
of TELSA of Connecticut, was attend-
ed by more than 100 delegates repre-
senting associations in the seven
northeastern States.

The Bridgeport meeting, termed by
the participants as the Eastern States
District TV Service Conference, for-
malized a program of cooperation that
includes ten points for the improve-
ment of distributor practices and ten
points for the improvement of service
practices.

Distributor Rules

Titled the “Ten-Point Program for
Distributor-Service Relations,” the
plan, as it was presented to a NEDA
Committee early in December, detailed
the following:

Point 1: Parts distributors will ar-
range to sell a package deal if the
standard discount is to be obtained.
All sales under the minimum package
deal to be sold at progressively smaller
discounts.

Point 2: Development of a system of
classification and identification to be
issued to personnel (service techni-
cians and shop operators) for the pur-
pose of obtaining trade discounts.
There would, perhaps, be several de-
grees of classification and a simple,
uniform identification system accept-
able to hoth jobhers and service,

Point 3: Jobbers discontinue the use
of repair shops for other than author-
ized warranty repairs.

Point 4: Jobbers advise counter, re-
pair shop, warehouse, and other help
to discontinue the solicitation of serv-
ice work as being in competition with
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the jobbers' own servicing accounts.

Point 5: Jobbers should eiiminate
the use of net prices in advertising
and merchandising displays. Only the
manufacturers' list prices should be
advertised or publicized.

Point 6: Jobbers should make all
published material of an educational
nature, and of new and advanced de-
velopments in the field, available as
soon as possible.

Point 7: Jobbers should make all
merchandising displays and related
material available to the trade for dis-
play in order to assist in obtaining
public acceptance of their products.

Point 8: Jobbers should, collectively
and as a matter of course, cooperate
with all local service associations in
sponsoring educational forums.

Point 9: Symposiums and exhibi-
tions of all new and advanced elec-
fronic equipment should be sponsored
jointly by the local service associa-
tions and the paris jobbers for the
benefit of the local electronic service
trade,

Point 10: Eliminate all premium and
sales gimmicks and their allied pro-
motion.

Service Industry Rules

The following are some of the ways
that we in the service industry can be
helpful to our parts distributors:

1. Make all purchases from inde-
pendent, established jobbers.

2. Discourage the purchase and/or
use of surplus merchandise.
3. Refuse to purchase
and bulk tubes and parts.

4. Destroy all defective tubes and
parts, unless requested not to do so by
our customers.

5. Refuse to accept and return to
the sender electronic parts and tubes,
mail order catalogues, and similar di-
rect mail material which is sent indis-
criminately.

6. Encourage service shops to carry
adequate stocks of parts, tubes, and
test equipment.

7. Refrain from sending retail cus-
tomers to wholesale jobbers as much
as possible.

8. Lend every support and coopera-
tion to jobbers who help to establish
local service associations.

9. Cooperate wholeheartedly with
any educational program instituted
by independent jobbers.

10. Do all that is possible mutually
to aid the jobbers in stabilizing the
industry.

Immediately after the approval of
the dual ten-point program by the del-
egates to the Eastern States District
TV Service Conference, a committee
sent copies of the plan to practically
every known association in the indus-
try with a request for suggestions and
endorsements of the program.

Backed by these endorsements from
associations in all sections of the coun-
try, the committee for the service in-
dustry, headed by DMr. Silverman,
presented the program to the distrib-
utors’ association as a national service
association plan for cooperation. 30—
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Removal of wrap-on
aluminum cabinet
exposes jnterior
parts for service.

no bigger than a breadbox, General

Electric’s new 9-inch portable TV
receiver (models 9T001, 9T002) intro-
duces many innovations in design,
manufacture, and serviceability. A
new, hghtweight, rectangular picture
tube, printed and dip-soldered cir-
cuits, aluminum cabinet, miniature
components, and wider use of semi-
conductors contribute to its lightness
and compactness.

The prohibitive heat problem which
would result with the use of conven-
tional 600-ma. heater tubes has bheen
eliminated by the use of the new 300-
ma. types. This step alone reduces
heater power consumption and the ac-
companying heat dissipation problem
from approximately 70 watts to 35
watts, and reduces total power con-
sumption of the receiver to 70 watts.

Because the average consumer feels
that service charges should be in di-
rect proportion to the initial cost of
the equipment, serviceability becomes
an important consideration in the de-
sign of a low-cost, compact receiver.
To this end, the physical layout of the
receiver has been arranged to allow
easy access to all tubes and major
components as well as the new, twist-
lock type of a.c. fuse shown in the
chassis side-view photograph.

Fig. 1 shows the block diagram of
the receiver which employs 12 tubes
plus one tube rectifier, one selenium
power rectifier, and five semiconduc-
tors. Built-in u.h.f. adds a 6AF4 oscil-
lator tube and a mixer diode. The
tuner is a conventional 12-position
pentode type and this is the only ma-
jor component that has not been min-

wEIGHING less than 13 pounds and
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Second-ancde lead
enters CRT at base
rather than through
connector on bell.

By
JACK NAJORK

Field Service Representative
General Electric Company

Design Features
of 9 G-E Portahles

Use of semiconductors and 300-ma. heater tubes

makes lighter weight and compact size practical.

iaturized for this application. With
u.h.f.-equipped receivers, a 13-position
v.h.f. tuner is used, together with the
added u.h.f. tuner, to provide single-
conversion reception.

The two i.f. stages operate at 40 mc.
and feed a germanium diode detector
which, in turn, drives the pentode sec-
tion of the 12CT8 video amplifier. The
triode section of this tube operates as
a sync clipper, with a.g.c. voltage de-
veloped in this stage for application to

the i.f. and tuner stages. A 10CS8 tri-
ode-pentode is used as a vertical oscil-
lator-output stage; this same tube
type is also used as a combination first
and second audio amplifier, Horizon-
tal circuits consist of a dual selenium
a.f.c. phase detector, TAUT stabilized
horizontal oscillator, 18A5 horizontal
output, 1TH3 damper, and 1V2 high-
voltage rectifier. Audio circuits make
use of a 6AUGA 4.5-mc. amplifier and
(Continued on page 160)

Fig. 1. Block diagram of the G-E 9-in.
portable shows how a reduction to only
13 tubes has been achieved by the
judicious use of semiconductor devices.
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Crystal Photocell Circuits

P,
¥
w

J Over-all view of the control unit and a closeup view
of the Clairex CL-2 crystal photocell as wired into the
Cinch-Jones plug and as the component looks unmounted.
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By ALLAN M. FERRES

The development of this tiny, light-sensitive cell makes

possible an interesting variety of compact control units.

teresting subject for the eclectronice

experimenter. When connceted to
relays, the number of uses to which it
can be put is limited only by the in-
genuity of the experimenter. It can
be used for such diverse applications
as announcing a patient in a doctor’s
waiting room, turning on house lights
and advertising signs at dusk. auto-
matically opening and closing doors.
warning householders of intruders,
preventing shoplifting, etc. The list
seems almost endless, but mayv now be
even further cxtended with the devel-
opment of the crystal photocell.

This tiny cell has several advan-
tages over the high vacuum and gas-
filled tubes usually employed in pho-
toelectric relay circuits. Its charac-
{eristics are such that light-controlled
relays may now he used in applica-
tions which are impractical with the
conventional photoelectric tubes.

The crystal photocell is a very small
device about the size of a lead pencil
eraser. 4" in diameter and ':»" long.
The light sensitive clement is a pure
cadmium sulphide crystal which re-
sponds to light over the entire visible
spectrum. The crystal is a semicon-
ductor, its resistance decreasing with
an increase in light intensity. Its elec-
trical characteristics are such that it
may he operated at a considerable
distance from the associated amplifier
and relay. This factor and its small
size make it ideal where concealment
of the device is desirable, or where
space is limited. The crystal is so
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T}IE photoelectric cell is a most in-

sensitive that operation is practical
with normal room illumination when
used with a simple amplifier. This
climinates the nccessity for using spe-
cial exciter lamps and opticat equip-
ment. In some applications, the relay
may be operated directly by the crys-
tal itself. Its low cost and mechanical
ruggedness make the eryvstal photocell
an ideal device for light-controlled re-
lay experiments.

This article describes a control unit
using a simple, basic photocell ampli-
fier and relay circuit. Four other cir-
cuits are also discussed which will be
of interest to experimenters.

The basic circuit, shown in Fig. 1A,
is sensitive enough to operate at one-
tenth of a footcandle of light. A pro-
fective resistor. R,. the c¢rystal photo-
cell, the Clairex CL-2. and the vari-
able load resistor. R.. are connected in
series across the 117-volt a.c. line. C.
which shunts the load resistor. charges
to peak voltage on each cycle to pro-
vide a higher striking voltage for the
thyratron. The miniature thyratron,
its current-limiting resistor. R. and
the relay are also connected across
the line through the switch S,. The
relay is a plate-circuit type having a
coil resistance of 5000 to 8000 ohms
and an operating current of not more
than 6 milliamperes and provided with
s.p.d.t. contacts. C: shunts the relay
coil to prevent chattering. The light,
bell, or other device to be operated
plugs into receptacle 80.. As a photo-
cell relay is usually operated continu-
ously. no a.c. "on-off” switch is in-
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cluded. but, of course. one may be
added if desired, in series with the
line cord.

The starter anode of the 5823 thyra-
tron obtains its voltage from the volt-
age divider made up of E. the crystal
cell, and R.. When the cell is dark, its
resistance is high and the starter
anode voltage is too low to allow the
thyratron to draw plate current. When
light strikes the cell, its resistance
drops. increasing the voltage across
R:. and the tube conducts. With the
switeh on, the relay contacts are wired
so that the line voltage is connected
to the output receptacle only during
the interval of time when the light on
the cell is interrupted. When the
switch is off. a momentary interrup-
tion of the light will remove the plate
voltage from the thyratron and power
will be furnished to the receptacle
continuously, even though the light to
the cell is restored. This locking type
of operation is desirable when the de-
vice is used to sound an intruder
alarm bell.

As shown in the photographs. the
necessary parts can be easily mounted
in a 27x3" x5" case. No ventilation
of the case is needed as the power cdis-
sipated in the unit is less than one
watt. The placement of the parts is
not at all critical, so any convenient
arrangement may be used. Socket ter-
minals 2, 5. and 6 of the 5823 should
not be used as tie points as these pins
are used for internal connections in
the tube. The crystal photocell is
wired into a Cinch-Jones type P-302-
FHT plug. A matching receptacle is
mounted on the case, so that the cell
can be either attached to the case or
used at a distance of 20 fecet or so
from it hy means of an extension cord.
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Fig. 1.

Five practical circuits using the Clairex CL-2 erystal photocell.

(A) Basic circuit which will operate at 1/10th {sotcandle.

(B)

Variation of basic circuil in which power is furnished to the output receptacle when light falls on cell. (C) Circuit for operating lighting

sequences.

Ordinary lamp cord is adequate for
this purpose. provided that its insula-
tion is good, as leakage Dhetween the
conductors will reduce the sensitivity
and may cause erratic operation. The
cell can be shielded from stray illu-
mination by a short length of cambric
tubing.

The unit is put into operation by
turning switch S, to “on,” plugging
the line cord into an a.c. outlet, and
pointing the photocell toward a source
of light. R. is adjusted so that a
steady blue glow appears in the thvra-
tron and the relay pulls in. Cutting
off the light to the cell will cause the
blue glow in the tuhe to disappear and
the relay will drop out. The adjust-
ment of R:is not critical, except with
very low levels of illumination. Line
voltage variations will have little ef-
fect on the opecration of the unit.

Fig. 1B is similar to the basic unit
except that power is furnished to the
output receptacle when light falls on
the cell, instead of when the celi is
dark. The switch must be set to “on”
for locking operation. The only addi-
tional part required is R.. a 1-megohm.
1-watt resistor which is wired to hold
the tube in conduction when the relay
pulls in. This circuit might be used
to open a gate or garage door when
the car’'s headlights illuminate the cell.

Fig. 1C is a good circuit to use to
turn on signs or lights at dusk, and
to turn them off again at dawn. The
cell load resistor is divided into two
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parts. and an additional set of relay
contacts is used to change the value
of the load when the relay drops out.
This modification of the circuit is de-
sirable to insure positive operation of
the relay at the time of day when the
light is slowly fading down to the op-
erating value. R: must be adjusted
first so that the relay pulls in, turning
off the artificial light at the desired
amount of davlight, and then R, is ad-
justed to turn on the light at dusk,
The photocell must be shielded from
the artificial light, or the light will
blink on and off in a form of oscilla-
tion,

Qver-all view of the photocell unit.

placement of parts is non-critical as there is no heating.

It is built into a 2” x 3" x 5” case.

(D} Circuit for high speed operation at low illumination levels. and (E) A simple setup ic be used as "intrusion” alarm.

The circuit shown in Fig. 1D is use-
ful when high speed operation is re-
quired at very low illumination levels.
The value of cathode capacitor, C,,
depends upon the amount of light
available. For .1 footcandle, C, should
be 100 pfd. and for 1 fooicandle, 10
ufd. is adequate. 1350-volt capacitors
should be used. If fast recovery from
an overload of light 1s necessary, R
must be shunted by capacitor C. its
value being determined experimental-
ly. under actual operating conditions.
‘The relay pulls in when the cell is ex-
posed to light and drops out when the

(Continued on page 102

The
CL-2 unit is at right,
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or replaced? Will their use

change service techniques?

ITH receivers using modular cir-
WCuitry well on their way—at least

two manufacturers have released
sets using modules as of this writing—
it is to the advantage of the service
technician to become familiar with the
practical aspects of this type of cir-
cuit. Although the use of miodules in
home receiver equipment is new,
enough information is available con-
cerning these units to enable consid-
eration of their replacement and re-
pair.

Most service technicians have al-
ready been exposed to and have ac-
quired some experience in the servic-
ing of TV and radio receivers using
etched (printed) circuit wiring. Gen-
erally, the use of etched wiring has
simplified certain phases of servicing,
since many components can be re-
placed without having to remove the
chassis from the cabinet. Circuits
using etched wired boards with con-
ventional components usually occupy
the same area, if not more, than a con-
ventionally wired chassis using point-
to-point wiring. This is primarily due
to the fact that components must be
placed adjacent to one another and
cannot be stacked, as was usually done
prior to the use of etched circuit
boards. Also, etched wiring paths can-
not ¢cross one another unless an elec-
trical connection is to be made.

One way to reduce the size of a
given etched circuit board would be to
cut it in several sections and place one
section on top of the other with the
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Are modules to be repaired

™ By HAROLD BERNSTEIN
ﬂ'L > Fig. 1. This sweep circuit module board is

used in some Emerson 120306 TV chassis.

necessary connecting wires and spac-
ers added. A module, as shown in Fig.
1, in effect does just this and, there-
fore, the use of modules will permit
more compact design of both radio and
TV receivers. Fig. 2 shows an ex-
ploded isometric view of two of the
decks of a module used in conjunction
with a 6CG7T horizontal control and
oscillator tube. With the exception of
the horizontal frequency and phase
coils, all other components associated
with this circuit are contained in this
one module.

Construction of a Module

Modules can contain a tube socket
plus a wide assortment of coniponents.
Furthermore, a module usually con-
tains only those components associated
with a particular circuit. It is this de-
sign factor which will make servicing
of modular receivers simple, in many
respects, as compared to conventional
or etched wired receivers. An excep-
tion to this would be the use of a mul-
ti-section tube where each tube sec-
tion has a different circuit application,
The module associated with this type
of tube would, therefore, contain com-
ponents in more than one circuit.

Modules will also be made without
a tube socket and can also contain
components which are only a part of a
given circuit. An example of such an
application would be a module con-
taining only those components in the
grid circuit of a horizontal output
tube. The screen-dropping resistor,
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the horizontal-output transformer, the
horizontal-output tube, etc., would be
wired conventionally.

A module contains a series of
stacked ceramic wafers approximately
7" square. Various connector patterns
are applied to the wafers where need-
ed and terminate in a particular wafer
notch. Specially designed componeéents
are then fastened or printed in place,
depending upon the size and type of
the component.

When all of the components are in
place, the wafers are stacked in their
proper order and the 12 riser wires are
added. These riser wires not only
serve as mechanical supports, but as
electrical connectors as well. Each
component will be connected between
two or mwore riser wires; that is, no
junction will be made between compo-
nents unless this junction is also con-
nected to sone riser wire as well. This
factor is important, as will be shown
later, and greatly simplifies the repair
of modules. After all of the wafers
and risers are fastened in place, the
complete unit is coated with an opaque
resin and baked. A!l of these construc-
tion steps are performed by automatic
machines, which also electrically test
the module. Each ceramic wafer con-
tains a locating notch between riser
wires 12 and 1.

The etched circuit boards will prob-
ably also have some form of locating
point, such as an etched dot or a small
hole. In the event the locating notch
is not clearly visible on the deck
closest to the etched board, examine
the other decks since some of the
opaque resin coating may have par-
tially filled up one or more of the lo-
cating notches. Looking at the dip
soldered side of the etched board (top
of tube socket, if used), risers are
counted in a counter-clockwise direc-
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tion starting just to the right of the
locating notch.

Approximately 13 modules could
make up a complete TV receiver. The
tuner and the low- and high-voltage
power supplies would be wired conven-
tionally. Emerson Radio & Phono-
graph Corporation has developed a
comipletely modularized TV receiver
but presently plans releasing it (Chassis
120306) using only one modular etched
circuit board. This board (shown in
Fig. 1), using four modules. will con-
tain the vertical and horizontal oscil-
lator and sweep circuits as well as the
sync phase-inverter circuit. Two of
these modules contain a tube socket
as well. This chassis (120306) will also
be manufactured by Emerson using an
etched wired sweep board containing
conventional individual component
parts. Both boards can be used inter-
changeably and will, therefore, permit
accurate comparisons as to cost, pro-
duction ease, serviceability, etc.

Troubleshooting and Repair

As already pointed out, an individual
modute will usually contain those com-
ponents which are part of a specific
circuit. The methods used by service
technicians to isolate the receiver de-
fect to a given tube or tubes could
readily bhe extended to include the
module or modules. The procedure to
use which is not too different, at the
outset, from conventional techniques,
would be as follows:

1. By eye and ear, check picture and
sound to determine which stage or
stages might be causing difficulty. A
good knowledge of the receiver's signal
path (block diagram) will help.

2. Replace the suspected tube or
tubes.

3. If trouble is not due to a faulty
tube. quickly check the low-voltage
power supply or any other suspected
conventionally wired section by means
of a voitmeter. If trouble still persists,
replace the suspected module. These
wil usually be located near, if not
actually house, the suspected tubes. If
more than one module is suspected, it
would be a good idea to narrow the
trouble down to one module by volt-
meter, scope, signal injection, etc.

In all probabhility, manufacturers
using modules in their TV sets will ex-
tend their tube troubleshooting charts
fo include modules. This should great-
ly reduce the amount of lahor usually
connecied with the more complicated
shop repairs. You will undoubtedly re-
call examples of repairs which took
many hours of your time only to end
up with the replacement of an inex-
pensive resistor or capacitor. Trying
to account for this labor on your cus-
tomer’'s repair bill is also a problem
since most people are not familiar
with the difficulty of certain tvpes of
repairs.

The use of modules should, in the
long run, materially reduce the aver-
age repair time per set. This should
permit an increase in work output
which, together with the higber list
price of a module (as compared to a
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single component), should result in
more equitable servicing profits. Also,
due to the higher list price of a
module, the total repair charges to the
customer, in general, will not appear
to be so oversweighted by labor charges,
misleading as that appearance can be.

Replacing a TY Module

Generally speaking, components used
in TV receivers are larger than those
used in radios with the exception of
i.f. coils and transformers, which are
approximately the same size. When a
tube socket is a part of the module or
when a large component is mounted
to the deck closest to the etched board,
it is necessary for the etched wiring
Loard to have a square cut-out to per-
mit the tube socket or component to
fit through and allow the module to
he flush with the top of the etched
circuit board. Where a socket or large
component is not a part of the bottom
deck (4). individual holes may be used
for each riser rather than a large
square cut-out. This tvpe of mount-
ing method will be found mostly in
radios. and the removal of same will
be described later.

Where a square cut-out is used on
an etched board, it is necessary to
bend each of the riser wires over to
make contact with the etched wiring.
This is usually accomplished by a spe-
cial tool which bends all of the riser
wires at the same time. The complete
etched wiring board is then dipped in
a solder pot where all connections are
soldered simultaneously. To remove
such a module for replacement pur-
poses, the following procedure is rec-
onmmended :

1. Insert the small sharp tip of a
low-wattage soldering iron ‘(approxi-
mately 35 watts) under a riser wire
and pry riser upward as solder melts.
Repeat for all riser wires of module
to be removed.

2. Make sure all the riser wires are
bent so as to fall within the etched
wiring board cut-out.

3. Note the position of the locating
notch in the module wafers with re-
spect to the etched hoard before re-
moving the module from the board.

Fig. 2. Exploded view of two adiacent
decks shows construction detail of mod-
ule. Risers are joined in actual use.

SOLDERING iRON

TuBE SOCKET

LOCATING NOTCH

DECK C
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Fig. 3. Specially designed soldering
tip for unsoldering all twelve risers
of the modular unit at the same tlime.

(This is usually next to some type of
locating mark on the etched circuit
board.)

4. Replace new module in board,
making certain the module locating
notch is in the proper position.

5. Bend risers over etched wiring
and individually solder each riser by
means of a low-wattage iron. Make
certain all solder splashes are removed
to prevent possibility of short.

If reasonable care is exercised in re-
moving the suspected module, no gam-
age should result. In the event, there-
fore, that the replacement module does
not repair the trouble, the riser wires
of the original could be straightened
out and the module used over again
as a replacement.

Radic Module Technique

Since a radio has few stages and
components as compared to a TV re-
ceiver, the use of modules will not ap-
preciably simplify radio service as in
the case of TV. You will probably find
that two small modules can replace all
of the individual components in a ra-
dio receiver with the exception of con-
trols, electrolytics, filter resistor, large
coils, and transformers. Since it is not
practical to use a separate module for
each circuit in a radio receiver, you
will generally find that all resistors
and caracitors which are a part of the
r.f. and i.f. stages of the radio will be
in one module, while all components
(except those just mentioned) in the
audio circuit of the receiver will prob-
ably be part of another module.

Since the majority of radio failures
are due to tubes and components
which are not included in modules
(electrolytics, tubes, oscillator coils,
volume controls, etc.), the type of serv-
ice will generally be the same as for a
conventional radio.

If the trouhle is traced to a compo-
nent in one of the modules and it is
decided to replace the complete mod-
ule, the following procedure shouid be
followed:

1. Remove defective module by dip-
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Fig. 4. R wiring schematic is most use-
ful for troubleshooting. Other render-
ings of the module are in Figs. 5 and 6.
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Fig. 5. Schematic diagram of the tube
and modular stage rendered in other
ways in Figs. 4 and 6. Numbers in cir-
cles refer to riser wires to which the in-
dicated points connect. Where a riser
number is shown in a square. it indi-
cates that the riser has been clipped at
some point inside the module itself, and
the point indicated is therefore not avail-
able for testing at the dip-soldered
side of the set's etched-circuit board.

ping underside in a small solder pot
or apply a solder iron with a hollow
square-shaped tip (this type of tip,
shown in Fig. 3, will probably be made
available soon) to all of the risers at
the same time.

2. While the heat is being applied to
all of the risers by one of the ahove
methods, pull® the defective module
away from the etched circuit board.

(Note the location of the module-posi-
tioning notch with respect to the
etched board. This is usually next to
some type of locating mark on the
etched circuit board.)

3. Place a new module in the ctched
board, making certain to position it as
the original, and individually solder
each riser in place. A low-wattage
iron should be used for this purpose to
prevent the possibility of damage to
the ctched wiring.

Repairing Modules

As already pointed out, the use of
modules will speed up certain types of
receiver repairs, especiaily if trouble
exists in a feedback circuit (horizontal
a.f.c.) or is of an intermittent nature,
By replacing the complete module in
a given circuit, all components in that
circuit are changed at the same time.
There will be times, however, when
the exact replacement module is not
immediately available, and it might be
more advisable actually to repair the
module.

During the process of troubleshoot-
ing the receiver, you might also trace
the source of difficulty to a singlie com-
ponent just as easily as to a specific
module. With this condition, it would
be more economical to repair the
module.

The first step in repairing a defec-
tive module is to determine which com-
ponent in the module requires replace-
ment. This can usually be accom-
plished by standard service procedures.
The easiest components to check are
those which would materially change
a voltage, resistance, or waveshape
reading at a tube pin if defective.
Open plate supply resistors, shorted
bypass capacitors, open shunt video
peaking coils. open coupling capacitors,
cte., are good examples of casy-to-lo-
cate components.

To check a capacitor which has other
components shunted across it presents
a more difficult problem. Either a spe-
cial type of capacity checker which
can check capacitors in the circuit
must be used or one side of the capac-
itor must be temporarily disconnected
from the circuit. To do this in a
module, however, is more difficult than
in a~conventional chassis and would
require the cutting of one or more

risers. If the capacitor checks good,
the cut risers would have to be re-
paired, and another component

12 1

Fig. 6. Deck-by-

N ! deck construction
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checked. Since this type of repair is
very time-consuming, it should only be
attempted in the event that a replace-
ment module is not available.

After the defective component is iso-
lated by voltage, resistance, or wave-
shape measurements at tube pins, you
will then have to physically locate the
module and the exact wafer to which
the component in question is connect-
ed. The schematic diagram will indi-
cate the module and risers to which
the component is connected but will
not show the ceramic wafer {(deck A4,
B, etc.) to which the component is at-
tached. Before procecding with the re-
pair, it is necessary to know how many
other components are connected to the
same risers. This is easily accom-
plished by referring to a module draw-
ing, as shown in Fig. 4.

In the event such a diagram is not
available, one can be prepared if a
drawing, such as the one shown in Fig.
6, is provided. Fig. 4 is much easier
to work with since it clearly shows
the easiest method of repairing a
module. When converting Fig. 6 to
Fig. 4, it will also be necessary physi-
cally to look at the module and indi-
cate in Fig. 4 the exact position of all
cut risers.

Fig. 5 is a conventional schematic of
the circuit built into the module. It
is not as useful in troubleshooting as
the wiring schematic. Fig. 4.

Before going into the actual repair
procedure, we should like to point out
several facts about the module dia-
gram shown in Fig. 4. The arrows in-
dicate the points at which the module
is wired into the etched board. The
components are shown attached not
only to their proper risers, but to the
proper ceramic wafer (deck), Note
that no components are on decks B, D,
or F. Components that may appear to
be located on these in Fig. 4 are ac-
tually on the topsides of the decks be-
low or on the undersides of the decks
above. Not all of the risers are elec-
trically used and somec of them are
used between only a few of the ceram-
ic decks. It is generally easier to re-
pair a component which is located on
the wafer farthest from the etched
board. The most difficult ones are gen-
erally located on the wafer closest to
the etched board (deck A).

If a circuit analysis indicates that
R: is open, the module could be re-
paired simply by soldering a new re-
sistor between risers 3 and 7, This is
most conveniently done on the dip-
soldered side of the etched board. If
R, were shorted, however, it would
first be necessary to remove it from
the circuit. Before doing this, Fig. 4
should be carefully studied to deter-
mine if such a repair is practical and,
if so, the simplest way to handle it. If
riser 3 were cut between decks C and
E, it would also remove E, from the
circuit. If it were cut between decks
A and C, it would remove C: (s
and R, from the circuit as well, If
riser 7 were cut between decks C and
E. it would eliminate only R.. The

(Continued on page 162)
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Atomichron=|

pose frequency producing instru-

ment, was unveiled recently by Na-
tional Co., Inc., of Malden, Mass. The
most accurate clock in the world. the
Atomichron is the first atomic beam
clock available for commercial use.
By maintaining synchronism with the
natural resonant frequency of the cesi-
um atom, the device is the most accu-
rate primary frequency standard in
the world. it was said.

The extreme stability will permit:
increased speed and volume of long
distance telephone communications in
higher frequencies of the spectrum;
greater volume of industrial communi-
cations; extension of power and pipe
line control systems: and increased
accuracy in electronic navigational
equipment. In the high frequency spec-
truni, the Aromichron will permit the
use of radio receivers and transmitting
equipment of unprecedented narrow
bandwidths and precise frequency con-
trol. eliminating crowded air waves
often resulting in one station or chan-
nel interfering with another. In the
area of navigation. the device is being
used by the Air Force in its experi-
mental long-range ‘“Navarho™ naviga-
tion system.

How It Works

Electrons, and most sub-atomic par-
ticles, act in many respects like tiny
bar magnets. The outer electron in an
atom, like cesium. finds itself in the
magnetic field of the nuclear magnet
and tends to align itself just like a
compass ncedle. If the electron is
disturbed, it wiil vibrate about its
position like the necdle. Frequency of
the vibration of the analogous com-
pass needle is determined by the mag-
net strength of the needle. the ficld
in which it is located, its weight, and
shape. Corresponding quantities for the
clectron are {ixed. unchanging, and
identical for all electrons and cesium
nuclei. It is the guality of not chang-
ing which makes the vibration fre-
quency a primary standard and the
Atomichron constantly corrects an
auxiliary vacuum-tube oscillator to
operate at the frequency of this elec-
tron resonance. {Sce diagram at right.)

A reservoir of cesium atoms s
placed at onc end of a long, evacuated
chamber. As heat is applied, individual
cesium atoms drift away from the
poot. In the diagram, two cesium
atoms of different orientations of nu-
cleus and electron are considered 1o
be given off and to begin drifting
through the atomic beam tube. where
they come under the influence of two
permanent magnets and an r.f. field.
The orientation of nucleus and elcc-

THE ATOMICHRON, a multi-pur-
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First practical

tron in atom 2 is such that it is
attracted to the strong pole of the
first magnet. and deflected away from
the 1.f. chamber. Atomy #1 exists in
an encrgy state which causes it to he
deflected awayv from fhe magnet and
toward the r.f. chamber.

When the r.f. field is necar the cesi-
um resonance frequency. atom #1 will
probably emit a photon and change its
cnergy state to the configuration of
atom #2. If the r.f. field is not near

g gl o w

atomic primary
frequency standard with stability
better than 0.5 second in 300 years.

Dr. ]. R. Zacharias (left).
a key figure in develop-
ment of the Atomichron,
H. C. Guterman (center).,
and J. H. Quick (right).
chairman and president of
National Company, view
the atomic beam tube.

Front view of the
Atomichron, which
stands 7 feet
high and weighs
about 500 pounds.
Unit costs $50,000.

cesium resonance. the atom will prob-

ablv remain at its original cnergy
level.
As the atom passes through the

sccond magnetic field. and if its energy
state is unchanged, it is deflected away
from the%strong pole of the second
magnet. If it has changed its energy
state in the r.f. field. it is deflected
toward the strong pote. In this case,
however, deflection toward the strong
{Continued on puge 120)
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1gh Fidel

The Power |
" that drive

Part 9. Output stage characteristics — including

power requirements and loudspeaker matching.

HOSE parts of this series dealing
Twith speakers could justly be

deemed controversial. There are
several ways of designing near-perfect
speakers and there are several ways
of judging them. The “end product” is
called high fidelity, and whether this
results in realism must be a matter of
opinion. As no speaker is perfect, the
type of distortion present may be ac-
ceptable to one listener but not to an-
other, and the musical taste of the de-
signer himself will literally color the
reproduction. As vour editor pointed
out in a note, there are several schools
of thought in speaker design. simply
because positive and precisc measure-
ment of the sound of music is not pos-
sible. Moreover, however conscien-
tiously I strove to give an impartial
account of the important features of
speaker design. I suppose it was in-
evitable that I should feel that my
way was the best way, otherwise I
wouldn’t have done it that way!

When it comes to considering the
power required to drive the speaker
there can be (or, perhaps, should be)
no argument at all. There should bhe
no conflicting schools of thought. QOur
requirements can he stated precisely
there must be no distortion in the am-
plifier output within audible limits,
and this can be achieved at reasonable
cost. Further, the amplifier perform-
ance can be measured with precision,
<o an absolute and objective standard
of performance can not only be postu-
lated but achieved and proved. In addi-
tion, I, as a writer, have no financial
or business interests in any amplifier
extant or projected. All I want is un-
distorted power for the speakers of

64

my choice, and I assume that that is
what you want too.

I had hoped to give the answer in a
single article, and when I wrote this
part and read it through I had to tear
it up because it did not answer the
hasi¢c question—what is the best out-
put stage? As a result of much expe-
rience I know what I prefer, but when
I recalled that in this presumably ex-
act field of amplifier design there is a
strong body of opinion in favor of tri-
ode output stages and another equally
insistent on tetrodes or pentodes,

Ebitor's Note: The author of this articie
adrocates fairly limited output powers.
Don't miss the article in this issue by
David Hafler, who gives the reasons for
the use of higher audio output powers.

something more was needed than just
another resumé of the various types of
output stages. And the high-fidelity
enthusiast must have heard of or tried
dozens of different circuits, each of
which was supposed to be the last
word in perfection. Writing an article
on an amplifier is the easiest form of
technical journalism; the demand is
insatiable. for everybody wants some-
thing better, and most amateurs can
build an amplifier if they can’t build a
speaker,

This is my thirtieth year in speaker
design. All that time I have wanted
better and still better amplifiers; being
something of a specialist T have gone
through the praocess, year after year,
of hooking up every circuit that has
come along, in the belief that others
knew more about it than I did. I don't
know any more about amplifiers than
others, but I have found out where

www americanradiohistorv com

most of these didn’'t match up to my
requirements, and it is that knowledge

I shall try to give you. This article,
therefore, will deal with the approach
to the problem; the next will con-
structively criticize the various types
of hi-fi output stages so that you can

- make your own selection.

How Much Output Power?

Any exhibitor at an audio fair knows
quite well that if he stages a demon-
stration with artistic restraint, with a
genuine desire to display his equip-
ment as it should be heard in a
civilized home, he will lose bhusiness.
It isn’t a case of one exhibitor trying
to shout the next man down; it is
what draws the crowds that matters.
Every show has a large proportion of
acoustic rubbernecks, wise guys who
don’'t know much about music¢, but
reckon they know a lot about hi-fi.
They dash from one room to another,
listen for a minute and off to the next,
rather like the traditional Yankee
doing a three-day tour of Europe. If
nothing very much seems to he hap-
pening in room A and room B is rais-
ing hell, then the crowd will bhe in
room B. whatever the real quality of
reproduction. In due course these peo-
ple will report to their friends that
the company in room A doesn’t know
how to put on a show. A manufac-
turer hires a room at an audio show
for the sole purpose of selling his
equipment, and whether he likes the
noise he creates in that room or not,
his main interest is the order book. If
he gets the orders, he is doing the
right thing; if he doesn't, he isn't. And
that seems to be all there is to it.

But there is more to it, for this un-
fortunate state of affairs has precon-
ditioned the audio fan into assuming
that hi-fi and hi-volume go hand-in-
hand, and that is not only bad for your
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neighbor but bad for yourself. If you
have never been to a first-class sym-
phony concert, I suggest you go to one.
You will get the shock of your life. for
the first thing that will strike you is
the fragility (the only word I think
fits the case) of the orchestra. I am
assuming you normally run your
equipment at a fairly high *realistic”
volume, and what you will find is the
conductor working quite hard, egging
on the instrumentalists to do some-
thing grand, and all that comes out is
a thin strain of music which, if it is a
Mozart or Havdn program. may be so
quiet that any noise from the audience
will ruin the whole thing. If, however,
it is the Dies Irae from Berlioz's
Requiem, with full orchestra, 16 tyvm-
pani, 4 brass bhands and a choir of
300, then 1t doesn’t matter very much
what the audience does; it will be
something like Haydn being plaved at
an audio fair. The great “trick” rec-
ord of the 1952 New York Fair was
the fine Westminster recording of the
Haydn “Military’” Symphony (No.
100). Haydn composed far finer sym-
phonies, but could I demonstrate
these? No! Over and over again I
was asked to put on “The Military and
give it all you have. I want to hear
that big bass drum.” And I had to do
it or out they went! DNusic is more
than big bass drums, and that was no
way to demonstrate realistic sound re-
production.

If you are a regular concertgoer you
arc accustomed to the refinement of
good music beautifully played and con-
ducted. If you can get the same pleas-
ure from a record of a work you love
as you got in the concert hall, you
have a good reproducer, and the vol-
ume will be adjusted to suit.

The amount of power required to
produce that volume depends on the
size of the room, the way it is fur-
nished, and the sensitivity of the
speaker. As I have explained in an
ecarlier article, a horn-loaded speaker
is more efficient than a direct radiator,
and the sound output of the latter de-
pends on whether it is enclosed in a
housing which projects the sound from
the back of the diaphragm or absorbs
it. Order of sensitivity is, therefore,
horn-loaded, direct radiator in acoustic
phase-inverter, direct radiator in in-
finite baffle or closed box. For these
three types of speaker systems the out-
put power required for an average
living room of about 2500 cubic feet is
about 3, 6, and 11 watts undistorted
peulk. As the smallest high-fidelity am-
plifier generally available is a 10-watt
job, and others are available with
claimed undistorted outputs up to 60
watts, there seems to be something
wrong with my figures. Which brings
us to the situation that there is more
in assembling a hi-fi system than buy-
ing an amplifier whose looks and price
appeal to vou and using it to drive the
speaker of your choice.

The apparently simple process of
connecting a speaker to an output
stage by means of an audio trans-
former is, in reality, an extremely
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complicated business indeed. The prob-
lem is usually avoided by adopting
what might be called technical clichés.
Given the optimum load of the output
stage, as revealed in the tube cata-
logues. and the nominal impedance of
the speaker, the ratio of primary to
secondary turns in the output trans-
former is obtained from the formula:

‘Opﬁnﬁnn load of output stage
Speaker impedance

It is common knowledge that a re-
serve of power will guard against dis-
tortion through overload on peaks. and
if the amplifier tends to distort, either
through poor design or because of the
critical load of tetrodes and pentodes,
put in some negative feedback which
will reduce distortion and lower the
plate impedance of the output stage.
It seems so easy. Now let us consider
what really does happen.

Ratio="\

Qutput Transformer Characteristics

To conform to the foregoing ratio
formula it is obvious that the trans-
formation ratio must be constant for
all frequencies if the load (i.e., the
speaker) has constant impedance. A
transformer is an impedance matching
device, and the load reflected onto the
output tubes is that of the impedance
of the secondary circuit multiplied by
the turns ratio squared. This is with
an ideal transformer, but practical
transformers are not ideal. At Ilow
frequencies the ratio is less by a fac-
tor which includes the plate resistance
of the output tubes, the resistance, and
inductance of the primary winding. At
high frequencies loss of ratio results
from leakage inductance (through im-
perfect coupling between the two
windings), self-capacity of the wind-
ings (acting as a short circuit at high
frequencies). To make things more
difficult, the transformer will peak at
a high frequency through resonance of
a low-"Q" circuit formed by the pri-
mary reactance and resistance and the
self-capacity of the windings; beyond
this peak the response falls rapidly.

The design of audio transformers is a
perfectly straightforward matter for a
competent technician, but is too com-
plex to be included in this series. The
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Fig. 34. Hookup for impedance measure-
ment of loudspeaker. See text for details.

reader wil! prebably buy his output
transformer from a specialist manu-
facturer, but the hest results will not
be obtained by using a so-called uni-
versal transformer. As you can see,
even a well designed transformer will
not have a constant transformation
ratio unless the actual output tubes
are specified as well as the speaker
impedance. A tapped secondary may
not have equal coupling for all fre-
quencies, and although the primary
inductance may be adequate to give
good bass, the actual value of the pri-
mary inductance depends not only on
the lowest frequency to be reproduced,
but the relationship between the op-
timum load and the a.c. resistance of
the output tubes. Different tubes may
have the same load resistance yet dif-
fer in their plate resistance. This, in
turn, determines the damping factor
and accounts for the triode-pentode
controversy. The a.c. resistance of tri-
odes is about a quarter of the optimum
load; tetrodes and pentodes have an
a.c. resistance about five times the
load resistance. A good deal of the
prejudice against the latter is due to
the fact that they are not properly
used.

Loudspeaker Characteristics

Apart from the acoustic perform-
ance of a speaker, it has two proper-
ties which are directly associated with
the output stage—power-handling ca-
pacity and impedance. Advertisements
and catalogues frequently state that
some particular model is, say, a 15-
watt speaker, but this bald statement
means nothing beyond an implication
that it is suitable for use with a 15-
watt amplifier. It may not be.

As far as [requency is concerned,

Impedance curve of a typical 4 chm loudspeaker with a bass resonance at
Eight and 16 ohm speakers would have proportionate variations of impedance.
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the power-handling capacity of a
speaker depends on the flux density in
the gap, the freedom of suspension
and the size of the cone. Fig. 13 (Part
4) gives some information on this: it
indicates that for speakers of 5% effi-
ciency with a freec movement of cone
and coil of ' inch (a fairly usual state
of affairs) a 5-watt input produces
maximum deflection at 30 cps in a 15-
inch speaker: at 45 ¢ps in a 10-inch
speaker; and at 80 e¢ps in a 5-inch
speaker. Any greater power can only
result in gross distortion and mechan-
ical damage. It follows that the appli-
cation of any power greater than 5
watts is restricted to those frequen-
cies higher than those just listed at
which the conc movement does not ex-
ceed % inch. In any casc the lower
limit of non-distorted reproduction is
the bass resonant frequency, for below
that the output is miainly third har-
onic. A speaker has. therefore, vir-
tually no power-handling capacity be-
low bass resonant frequency. and
above that is limited by the cone size—
frec movement factor. (Certain types
of enclosures can modify the bass re-
sponse, as described previously in this
series, hut acoustic output of a speak-
er and its enclosure should not be con-
fused with the fundamental power-
handling capacity of the speaker itself.)

At higher frequencies. where cone
movement is of no consequence, the
limiting factor is dissipation of heat
generated in the voice coil. If watts
go into the coil, the inductive compo-
nent is wattless, but the resistive com-
ponent must crecate heat, and if the
temperature vise is too great the coil as-
sembly will be destroyed. Some read-
crs may have had the unhappy expe-
rience of burning out a speaker when
no signal was fed into the amplifier,
simply because there was enough su-
personic oscillation in the output stage
to do the damage. It has happened to
ne. At middle and high frequencies,
therefore. the power-handling capacity
of the speaker is a function of the ac-
tual size of the voice coil and the heat
radiating abilities of the adjacent
metal parts.

Finally is the question-—what is the

impedance of the speaker? It is not
the figure quoted by the manufac-
turer, for it varies widely with fre-
quency. Quoted speaker impedances
follow on from an old rule-of-thumb
concept that the impedance of a speak-
er is approximately twice the d.c. re-
sistance of the wvoice coil. For design
purposes in cheap equipment this is
near enough not to matter, but it is
not near enough for the bhest results.
The speaker manufacturers quote as
usual impedances 4, 8. and 16 ohms,
and the output transformer manufac-
turers obligingly tap their secondaries
at these figures.

There are dozens of versions of the
so-called “equivalent loudspeaker cir-
cuit.” which consist of more or less
complicated networks of resistance,
inductance. and capacitance; the varia-
tions derive from different opinions of
how the various parts of a speaker's
construction and behavior shall be in-
terpreted in terms of inductance and
capacitance. Pure resistance does not
vary with frequency but the inductive
and capacitive reactances do. so the
impedance of the speaker must vary
with frequency. In general, there is a
sharp rise in impedance at bass res-
onant frequency, then the normally
quoted impedance at about 300 to 1000
cps. after this the impedance rises at
an increasing rate owing to the in-
ductance of the voice coil. How. then,
if you cannot get a guaranteed imped-
ance curve from the maker of your
speaker. ¢can vou determine its imped-
ance? The simple answer is to meas-
ure it. and this is almost obligatory in
the case of multi-channel systems with
dividing networks, for a very compli-
cated total network is involved.

Fig. 34 shows the output transform-
er of an amplifier which is fed from
an audio oscillator. Across the sce-
ondary a known resistance R and the
speaker under test are connected in
series. An a.c. peak voltmeter can be
connected across cither KB o1 the
speaker. R must be either a nonindue-
tive wirewound resistor or a bank of
coniposition resistors of a wattage as
high as the audio power from the am-
plitier. If K were not used, the speak-

Fig. 36. The ideal curve of a multi-stage amplifier to give g level response from
50 to 15,000 ¢cps with 30 db of negative feedback and a salety margin of 10 db (to
guard against instability following heavy transients) is shown by the solid line
below. The dashed line shows the response of a well designed amplifier with.

out step circuits.

The step circuits for the desired bass and treble attenuation are
shown below their respective portions of the frequency spectrum.

These are

seen to consist of the networks designated “R” and "'C” in the pentode amplifiers.

{ i I
O T /@
\\L
-l
g
-
SRS
o "A b iy
2z 100 wC.
FREQUENCY-CFS
&6

www americanradiohistorv com

er might be burned out with steady
high inputs. Signals of various fre-
quencies are injected into the amplifier
and readings at each frequency taken
across R and then across the speaker.
Call the voltages across these E. and
Ejs respectively, then:

R X Es
El.’

It is important to take a careful
reading exactly on the bass resonant
frequency. indicated by a sharp rise in
the voltage reading across the speaker.
When all the readings are taken, a
curve is drawn, which will look like
Fig. 35. which is a curve of a typical
4-ohm speaker with a bass resonance
at 70 cps.

It the output transformer has been
chosen to give the optimum loacd with
a secondary impedance of 4 ohms. then
there will be serious mismatching at
the bass resonant frequency and in the
extreme treble. It has heen my expe-
rience that. since all frequencies are
ecqually important, such a speaker
should be considered to have an av-
crage impedance of 8 ohms. You will
notice that the rise in impedance is
much greater in the extreme treble
than at the bass resonant frequency.
This has an effect on the reproduction
when the spealker is coupled up for its
nominal impedance.

If vou studyv the figures for triodes
and tetrodes or pentodes in the tube
manuals. you will see that the latter
give more power and less distortion
than triodes for a given plate supply,
but this is only when the load is rea-
sonably correct. The optimum load
gives the optimum power without dis-
tortion, but if that amount of output
power is required and the load is wrong,
distortion is excessive. Triodes are not
as critical as to optimum load. and
unless the amplifier is driven hard. the
distortion from this mismatching will
not be enough to worry about. As it
is seemingly impossible to produce a
speaker with constant impedance, a
speaker assessed at its nominal imped-
ance will give less distortion in the
extreme highs with triodes than with
pentodes when the amplifier is driven
hard; hence the term “pentode qual-
ity.” But as vou can now see. this is
not due to pentodes as pentodes but
because the wrong load is applied to
them at high frequencies. There are
ways of getting over this difficulty, as
I shall explain in the next article; for
the moment, my suggestion of doubling
the nominal impedance will give much
better general quality.

Negative Feedback

There is a good deal of misappre-
hension as to what negative feedback
can do. In later articles the practical
application will be discussed in a tech-
nical way; for the moment I shall
summarize what it can do and what it
cannot do in terms of the performance
of a typical audio power amplifier.

Negative feedback reduces the gain
of an amplifier. The “feedback factor”

(Continued on page 148)
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By DONN G. SHANKLAND

Front panel and internal
views of an inexpensive
vacuum-fube electrometer.

MICROAMPERES

i ‘;%

- -

REPLACE Wiy

FOR BE5T mesupg

Electrometer-

A Very High Input Resistance V.T.V.M.

Inexpensive, easily built servicing instrument has input

resistance of about 100,000 megohms for high Z circuits.

voltage drop across a 10-megohm

resistor? As you know, a multi-
meter is a virtual short across such re-
sistors on the low voltage ranges. and
even a vacuum-tube voltmeter. with
its 11-megohm input resistance, will
draw enough current to change the
voltage being measured. How, then.
can one measure such voltages as grid
bias in a superregenerative detector.

H AVE you ever tried to measure the

automatic volume control voltages.
and some screen voltages?
The answer lies in the use of an

“electrometer.” a device of extremely
high input resistance. Such units are
normally quire expensive, but this ar-
ticle will describe such a unit which
can be built by anvone familiar with a
drill, file, and soldering iron.

The instrument is basically a simple
triode amplilier connected as a cath-
ode follower, with a conventional volt-
meter reading the cathode voltage. Sre
Fig. 1. Such a connection has a very
high resistance. as the grid is normal-
ly held negative with respect to the
cathode by virtue of the cathode-fol-
lower action, so the only load the input
circuit sees is that due to the grid cur-
rent of the tube. Most tubss have a
grid current of about 01 pa. although
specially designed tubes can be op-
erated at even lower grid currents. For
this instrument, a 6AKS was chosen,
as its grid current is about 10 ga. and
the tube is easily available. A hetter
tube would be the 959 acorn tube. but
it is more expensive new. and sur-
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plus ones are not always available.
Two defects of the circuit shown. how-
ever, are that the voltmeter will indi-
cate the tuhe bias even if the grid is at
zero voltage, and the voltage read will
vary considerably with changing sup-
ply voltage and different tubes.

To overcome rthese defects, a bal-
anced circuit is actually used. In this,
the voltage difference between the
cathodes of two similar tubes is meas-
ured. See Fig. 2. With the grid of
the left-hand tube grounded, the volt-
meter reads zero. as the two cathodes
should be at the same potential. When
a voltage is applied to the input. the
voltmeter reads this as a change in the
cathode voltage. An analysis of the
circuit shows that the voltage across
the cathodes in this case is E..rwi- =
1/(1 + 1/#) Ei.pe and so. since ¢ (the
amplification factor of the tube) is
quite large and does not vary greatly,
the voltage indicated is the true volt-
age. The small correction for the 1/p
term is achieved in this instrument
with a calibrating resistor. Also. if the
power supply voltage changes, the
cathode voltages change together. can-
celling a large part of the possible
error. The resistor, R:, is a zero-set
resistor to correct for small differences
in tubes and the cathode resistors. R«.

The construction of the device pro-
ceeds in three stages: mechanical.
wiring. and calibration. The unit was
built in a Bud “Minibox” measuring
3"x 4" x 5" with a hole cut to fit the
meter used (0-200 pa.). A chassis was
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built of copper sheet and the tube
sockets were mounted and partially
wired. A 45-volt battery, RCA VS-055,
just fits in the space below the meter
and is held with copper clips. The fila-
ment transformer and switch were
mounted at the top of the case as
shown in the photographs.

A porcelain feedthrough insulator
was used for the grid connection of
V. (Fig. 3). Care must he taken that
nothing touches this lead and that the
insulator is clean as lecakage resistance
here could affect the operation of the
device. Steatite sockets must be used

(Continued on puge 114)
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Fig. 1. The basic electrometer circuit.

Fig. 2. Addition of balancing circuit.
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By LARRY DORST

The completed
saw-tooth substitution box

Substitute vertical or horizontal saw-tooth pulses
to deflect TV sets are supplied by junk-box unit.

put out a saw-tooth waveform

with enough amplitude to drive a
horizontal amplifier should find its
place on the workbench of the busy
television technician.

As a general rule, quite a bit of the
trouble experienced in television serv-
icing originates in the vertical or hori-
zontal sweep circuits. If some method
of direct substitution similar to that
used in checking the oscillator tubes
themselves could be employed, it
seems this would be the answer. Not
only is substitution generally conclu-
sive, but 1t is also time-saving. With
a scanning generator, this type of sub-
stitution could be accomplished and a
large number of tedious tests could be
eliminated.

The fact that a generator of this
type can be built from parts found
around the shop makes it a worth-
while project for anyone who wishes
to make a quick check of the horizon-
tal and vertical oscillator circuits of
almost any television set.

The instrument to be described was
tried on virtually every known make
of television set and it was found that
there was sufficient drive to the grid
of either vertical or horizontal ampli-
fier stages.

The peak-to-peak output voltage of
the instrument was of sufficient am-
plitude to drive the grids of the ver-
tical or horizontal amplifier circuits of
the set under test by injecting the
saw-tooth signals into the preceding
coupling circuits. This approach to the
problems of no high voltage or of lack

A SCANNING generator that will

AR

or deterioration of vertical sweep will
give evidence as to the point at which
the trouble may be originating.

How I+ Works

Primarily, the circuits of both hori-
zontal and vertical stages in the in-
strument are simple multivibrators of
the type found in most television sets.
The horizontal oscillator stage, which
is a 12AU7, oscillates at a frequency
determined by the resistor and capac-
itor combinations found in the grid,
plate, and cathode circuits of the dual
triode.

The horizontal generator is V., while
V: is the vertical saw-tooth output
stage. These conventional cathode-
coupled multivibrators, as Fig. 1 illus-
trates, do show some difference from
their cousins in TV sets: there is no
provision for a pulsed input in either
stage to accomplish exact synchroniza-
tion.

As will be seen shortly, an advan-
tage resuits from this arrangement.
Also, if desired, an optional synchro-
nizing input can be added to the cir-
cuit, with jacks brought out to the
front panel for connection to sync
take-off points in the receiver.

With the selector switch in the hori-
zontal position, the plate voltage is fed
from the “B+" supply to the plate re-
sistors of V. The 15,750-cycle saw-
tooth output from C: goes through the
switching circuit to the output termi-
nals on the front panel. One output
terminal, J4, is at ground potential go-
ing through the test lead to the chassis
of the set under test. The hot output
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makes a compact unit for the bench,

SAWTOOTH
OUTPUT

terminal, J., can be connected directly
through the test lead to the grid of
the horizontal amplifier.

The output may also be fed through
the coupling circuits, such as the drive
control and other components in this
portion of the circuit. By connecting
the output of the generator to the
output plate of the horizontal oscil-
lator tube of the set under test, it is
possible to test a large number of
these components to see if they will
pass the saw-tooth voltage to the grid
of the horizontal amplifier.

After the raster has been formed by
applying the saw-tooth voltage to the
grid of the horizontal amplifier it is
now possible to adjust the hold con-
trol R:.. The picture may be brought
into a morfentary lock-in position.
The picture will not stay completely
locked in, but will keep framing due
to the lack of horizontal sync voltage
from the sync separator and phase de-
tector circuits. This is not a disad-
vantage, due to the fact the hold con-
trol on the scanning generator allows
one to free-wheel the picture and view
the sync information.

The principle of the vertical multi-
vibrator circuit is primarily the same
as the circuit of the horizontal oscil-
lator stage, the only difference being
in the size of the components used to
change the operating frequency of the
circuit.

Once again the operation procedure
is very similar to the horizontal check.
This time the vertical position is set
on the selector dial and a vertical
saw-tooth now exists at the output
terminals.

The hot lead from the output ter-
minal goes to the grid of the vertical
amplifier, or through the coupling net-
works, and a raster is formed on the

RADIO & TELEVISION NEWS
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television screen. The vertical hold

control of the ger.erator now controls _ 3

the circuit and the picture can be

locked in near its framing frequency. C'G 3

The power supply is a conventional \ 120U7 e 3
full-wave rectifier type and it is highly v b g
recommended that the plate voltage to —_— 4 | % Ri3
the oscillators be kept quite close to o c3 pg
320 to 340 volts d.c. Any large change « R3 c2 «“3
may upset the oscillator stages so GES =
they will not lock in at the proper R4 ce
frequency. =i

If desired, either horizontal or ver- 5 J‘ 3
tical oscillators of the scanning gen- HORIZ. ! .
erator may be locked in so that the HOLD — j S <7
picture can be viewed without free = X4
wheeling the hold controls. It is pos- V3 Ri4 i Vh ov
sible to feed horizontal sync from the ™ s -
phase detector of the set under test, s) e 58 e
or feed vertical sync from the inte- h—
grator circuit of the set under test. +jco +] co

Input terminals can be mounted on W%, N =
the front panel to accommodate this o— é“% 9‘{%”-&5}‘[\ T
type of input. The terminal leads can
be run directly to the input grid of adl o 3§ 4 ! 2o §2
V, or V.. vi ve | SAWTCOTH

Since a single saw-tooth source can- = ouTPUT
not provide output th.’:.lt will meet the R—100,000 ohm por €037 pfd., 400 ». capacitor
exact waveform amplitude and shape R:, Ri—100,000 oftm, V3 ». res. Ci—.047 ufd.. 400 v. capacitor
requirements for all sets, there will, Rs—1 megohm, V3 ». res, C:. Cs—.005 ptd., 600 v. capacitor
of course, be deviations in linearity ::_:270‘:::;2; "’zl w-wre'sc- g:—-eo:lé.fd;,o -:,oo v. ca:.::;m

a 3 gor n, . res, — 9 v. capacior
and height or width. However, that R:—47,000 ohm, '; w, res. Cs, Cm—“-}O/}O uid., :50 v. elec. capacitor
should not detract from the usefulness R—22,000 ohm, V3 w. res. S—S8.p.s.t. toggle switch
of having a saw-tooth generator avail- Ry—3900 ohm, Yy w. res. Se—D.p.d.t. wafer switch (CRL #1462 or
able for test substitution. R:—470.000 ohm, V4 w. res. equiv.) )

The chassis layout is not critical | RrZ3Teshmeer Mg R S A T g e
and may be arranged to accommodate Ri—240.000 ohm. V; w. res. Tr—Power trans. 230-0-230 +. @ 50 ma.; 6.3
the parts on hand. g:n;lﬂl);;:h:n.’; l‘:’rr;. . eror temmera v. @ 2.5 amps. (Stancor PCE8418 or equiv.)

. L ;n 2 . $— « sSHyer m r ¥ ”r ra- e
a é" wcc}:i?’s:l(si"sc?(;b;2zsanga:n;l§ﬁ!d 1'\(;(]):11: l'm mcmm’ capucitor o ' 5;‘2‘;«'111?’ e
was found to mount all parts. The

cos_t of building this uni.t is quite small. Fig. 1. Complete schematic diagram and parts list for the substitution saw-teoth
Using all new parts, it can be done scanning generator. One mullivibrator. V., provides a horizontal saw-tooth for re-
for less than $20.00. —30— ceiver checking. Another multivibrator, V.. fulfills a similar role at the vertical rate.

Bottom view of the scanning generator chassis shows relatively Top view of the generator out of its housing indicates the un-
straightforward layout and wiring practice used in assembly. cluttered layout obtained despite the smqll size of the device.

January, 1957 69

www americanradiohistorv. com


www.americanradiohistory.com
www.americanradiohistory.com

By BERT

on three-channel sterco, I have had many

letters and other communications on the
subject. There would seem to be little doubt
that there is a great deal of interest in this
field. Well, things in the world of three-
channel sterco have been going very slowly
since my cotumn and I have had nothing to
report. However, within the past two weeks
a great deal has been popping! To take first
things first, Mercury has constantly been
adding to its backlog of three-channcel stereos,
with another 30-odd tapes “in the can” since
I first told vou of this activity. Work is
progressing on dubbing facilities, but nothing
concrete vei. You never know how close
help is to home, until you nced it! Most
readers of this column probably know the
byline of a Mr. Charles Boegli, whose writ-
ings have appeared in the pages of Ramo &
TELEVISION NEwsS with some frequency. Mr.
Boegli was kind enough to contact me ahout
three-channel stereo, and it secems that a
company oi which he is an officer is about to
conclude negotiations with a Japanese firm
for the importation of three-channel stereo
tape heads. Leave it to our astute Japanese
friends! As far as I can learn, these will be
offered for sale in this country and will con-
form closely to American manufacturing
standards. In addition to this startling devel-
opment, the Japanese have embarked on a
program of three-channel recording and re-
portedly have alrcady quite a backlog and
facilities for dubbing them. Not long after
this news, I learned from another source that
still another Japanese outfit was engaged in
three-channel stereo recording and they are
purported 1o have over 60 tlapes ready for
dubbing! What the material is (other than
I know it is mostly symphonic) and what it
sounds like, 1 den’t know at this moment,
but I am supposed to have a demonstration
in a few weeks time. I might add that if
present plans jell in time, several of the peo-
ple involved in this Japanese dcal have
stated that thev hope to be able to demon-
strate the three-channel stereo at the Los
Angeles Audio Show. Obviously all this activ-
ity ¢can have nothing but a salutary eifect on
stereo affairs in this country. Let’s hope so,
and soon!

THE UNABASHED VIRTUOSO

TIGER ON THE KEYS
Stephen Kovues, pianist. Elektra 106,
and Elektra 111 respectively. RIAA
eurve. Price £4.98 each.

If vou particularly savor piane music in
the lighter vein, these two Flektra discs
should prove most gratifving. Stephen Ko-
vacs is a remarkable talent and in the range
of material covered displays virtuosity far
bevond its demands. In fact, so good is this
fellow that one wonders at his predilection
for this lightweight stuif when he is so oh-
viously of concert-hall calibre. Well, I guess
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AS YOU can imagine, ever since my column

WHYTE

that’s Mr. Kovac'’s affair, and if he doesn’t
mind lavishing his talent on this relatively
trivial repertoire, we'll just sit back and en-
joy ourselves. With his technical command,
his keen humor, and his depth of feeling he
makes newly interesting such tired war-
horses us “Danse Macabre,” “Humoresque,”
“Flight of the Bumble Bee,” “12 St. Rag,”
“Sabre Dance,” and others including (s’help
me!) the “Beer Barrel Polka.” Sound fanciers
of piano won’t de disappointed cither as this
is one of the most technically satisfactory
piano recordings on LP, Quite interesting is
the fact that the microphone used was an
RCA-M13026A, a bi-directional ribbon type
discontinued by RCA hack in the 1030%!
Whatever shortcomings this mike had, it
would certainly scem to be onc of the hest
piano mikes available. The sound seems very
wide-range, utterly clean, and with an espe-
cially good transient response. Little or no
ringing ¢an be heard, and hammer action
noise was minimal. Add intelligently spacious
acoustics and it all adds up te a superbly
realistic piano sound. A pair of fine “show-
ofi” records.

RACHMANINOFF
SONATA IN G MINOR FOR CELLO
AND PIANO
Zara Nelsova, cellist, and Artur Balsam,
pianist. London LLI480. RIAA curve.
Price $3.98.

This lovely work has been recorded once
previously . . . an exceltent performance by
Schuster and Pennario on a Cupitol disc. For
those who may have “built-in” prejudices
against chamber-style music, let me assure
vou that if you will listen to this work vou
will like it. One would have to have a very
narrow perception of music to be tinmoved
by its immediate and ingratiating charm.
Performance-wise, Nelsova seems to be more
at easc with the score than was Schuster . . .
her technical tluency is bevond reproach, her
ccllo has a gorgeous fat tone, very warm and
intimate. Balsam is somewhat reticent in his
playing. but is gencrally satisfactory. Sound-
wise this is a superh recording of the close-up
variety, but with sufficient room tone to sus-
tain liveness. The cello and piano are ultra-
clean in their projection and the engineers
have managed an exceptional balance be-
tween them. This disc has a slight edge in
over-all quality as compared to the Cupitol
version, but both have their virtues and one’s
preference is largely a matter of personal
taste.

VERDI-MACKERR AS

THE LADY AND THE FOOL
WEBER-BERLIOZ

LE SPECTRE DE LA ROSE
MINKUS

The oulnlons expressed in this column are those of
the reviewer and do not nevessarily refleet the views or
oplnions of the editors or the puhlishers of this magazine,
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DON QUICHOTTE
New Symphony Orchestra conducted by
Robert Irving and Anatole Fistoulari,
London LL1518. RIAA curve. Price
$3.98.

This is most obviously a record for the
ballet enthusiast. The Minkus and Weber
scares were previously issued by London on
a 10 inch disc, as was the Verdi-Mackerras
suite. The sound, which was excellent in the
10 inch version, sectns to have been improved
in this new 12 inch coupling. Whether this is
new cutting techniques or whatever
strings, brass, and woodwind are cleaner,
much better definition is notable, and dy-
namic range appears extended. Robert lrving
and Fistoulari are old and practised hands
with ballet scores and do full justice to the
material. The Verdi derivation is to me the
most interesting, consisting of music taken
from 11 of his operas, which except for
“Ernani” are relatively obscure. That their
obscurity is no doubt deserved detracts in no
way from the material excerpted, which for
the most part is highly listenable. All in all
a most satisfactory recording which should
enjoyv a brisk sale among balletomances and
more casual listeners as well,

MENDELSSOHN

PIANO CONCERTOS #1 AND #2
Peter Katin, pianist. London Symphony
Orchestra condueted by Anthony Collins.
London LL1453. RIAA curve. Price
£3.98.

This is the third recording to appear in
which the two Mendelssohn piano concertos
are coupled. Taken as a pair, they have liter-
ally no competition either in sound quality
or performance. Considered as separate en-
tities, katin is stilt top man in the 2nd con-
certo and more than holds Lis own in the
first concerto, even ii he can't pre-empt
Gilels’ superb reading on a Colossewm disc.
Splendidly endowed with technical ability,
Katin is no! yet matured sufficiently to
match the refinement of plaving cxhibited by
Gilels. However, when sound quality is also
considered this evens the score for Katin as
much of the Gilels advantage is lost in the
altogether miserable sound of the Soviet
tapes. Katin's playing is full of fire and spirit,
but he never oversteps the hounds of good
taste by committing any pianistic excesses.
His attitude is obviously respectful and as
such he makes these oft-played works newly
enjovable. With fine support from Anthony
Collins and the men of the London Sym-
phony Orch., and with some oi London's
best piano recording, this disc¢ is highly rec-
ommended, especially to those who have had
a surfeit of the Tchaikovsky, Grieg, and
Schumann concertos.

DEBUSSY

IBERIA

LA MER

PRELUDE TO THE AFTERNOON OF

A FAUN
Detroit Svinphony Orchestra conducted
by Puul Paray. Mercury MG50101. RIAA
curve. Price 83.98.

Lately there has been a regular rash of re-
cordings of the “Prelude to the Afternoon of
a Faun”, and it goes without saving that
“L.a Mer” and “Iberia” are hardly new to the
I.P catalog. But with really great music ia-
miliarity cannot breed contempt, and indced
with recordings there is always the hope that
the newest will be that elusive phantom, the
“definitive” version. This recording presents
Paul Paray’s statement on the three greatest
Debussy works and it is, 1 think, as close to
“definitive” as we are likely to encounter.
Wow! I can already hear the yvowls from the
Toscanini camp on the matter of “La Mer.”
As long time readers of this column know,

(Continued on puge 144)
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A V.H.F. Field-Strength Meter Adapter

be described is low in cost, compact,

and wide-range. Since the costliest
item in a field-strength meter is usual-
ly the sensitive microammeter, it was
decided to utilize the low-current
movement already available in the av-
erage volt-ohm-nulhhammeter. The pop-
ular Simpson 260 meter was used by
the author but other makes are equal-
ly adaptable.

The circuit is simplicity itself, utiliz-
ing a wide-range tank circuit, a semi-
conductor diode, and an r.f. hypass
capacitor. The extremely wide cover-
age of the meter adapter is made pos-
sible by the use of a special tuning
capacitor which is marketed by Lafay-
ette Radio. By using this unit, which
measures only 17 x 1”x 5:”, the tuning
range is 50 through 300 megacycles.

The adapter is assembled ina 1% " x
1%"” x 24," hinged plastic box of the
type now popular for packaging small
items like transistors and fishing lures.
First, hold the box above the position
it will occupy on the meter. Mark the
point for drilling the hole which fits
around the "Ohms Zero” knob. After
drilling this hole, position the bhox
again and accurately locate and drill
the holes for the output pins. Finally,
drill a hole for the antenna pin jack.

The output pins are simply two
small plated nails, cut to proper length
for a snug fit into the meter pin jacks.
The pins are passed through soldering
lugs and soldered to the tugs. Now
solder small, flexible wires to the lugs.
Next, with the box in position on the
meter. pass the pins through their
holes in the box, into the meter pin
jacks. Apply the iron to the nail heads
and, as the plastic softens, press the
lugs into the plastic material. Allow
complete cooling before removing from
the meter. Seated with a bit of care.
the pins are solidly anchored to the
box

The horseshoe tank (a 1%-inch
length of No. 14 wire) should be bent

ll-HE field-strength meter adapter to
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The adapter in place on the author’s Simpson
260 meter and close.up of the adapter unit.

around any round object so that it will
fit the capacitor terminals. The tank
should be soldered to the tuning ca-
pacitor before assembly in the box.
The dial scale was first temporarily
taped outside the hox for calibration
purposes. The antenna connection is
tapped onto the tank at the mid-point.
The usual precautions should he exer-
cised in soldering to the diode and
other small parts. The antenna is
made of a length of 8" brass welding
rod. Its length, although not critical,
may be cut to the shortest length
which gives adequate meter readings.
For some uses around high-powered
transmitters, no antenna may be re-
quired.

The dial scale was calibrated using
a signal generator as the standard.

Complete schematic diagram and parts
list tor the v.h.{. lield-strength meter unit.

! 3"456

. - _ outeur
] — =
= —r—
e, Aaes ooz METER
uutd. ptd.

Cr—365 pufd. midget tuning capacitor (La-
fayectte MS-274)

Ci—.002 ufd. capacitor (Acrovox Type P83Z
or equiv.)

L;—Tank inductor, 1V,
text)

I—INSG6 crysial diode

t—Plastic box (Lofaycite MS-156)

" of No. 14 wirc (see
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By GENE BRIZENDINE, w4ATE

Profitable Products

Details on an inexpensive and compact
unit which can be used with practically
any service-type volt-ohm-milliammeter.

The generator output was ecoupled
to the field-strength meter tank, using
a one-turn link on the generator lead.
Alternatively, any oscillator or trans-
mitter of known frequency may also
be used as the calibrating standard.

The scale points were transferred to
another sheet of paper, using carbon.
and final markings were typed in. The
finished scale is placed inside the case,
for protection. Finally, the case was
sealed, using Duco cement sparingly,
on the joining surfaces. After the unit
is dry, it is very sturdy and service-
able.

In use, the adapter is plugged into
the meter and placed where the meter
deflection is visible during transmitter
or antenna adjustments, Possibly its
most useful application has heen in
tuning up mobile, marine, and aircraft
transmitters where the lack of space
precludes the use of elaborate or bulky
instruments.

In addition to antenna system ad-
justments. the adapter also serves as
an absorption frequency meter and is
useful in the tuning of multiplier
stages for maximum field output. It
will also help to locate leaky shielding
and, with headphones clipped to the
output pins, modulation quality and
carrier hum may be judged.

All in all, this tiny adapier more
than pays its way for the small space
it occupies in the service technician's
kit. 30—
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Shortened Rotary Beam Ante%

for the Amateur

Hams from Eimac put up a beam antenna for
Day” operations under the call letters WBUF/6. The
‘Bantam” beam mounted on a
TV antenna crank-up tower. Its husky “bow.tie” ele-
ments and silver-plated loading coils produce a hali-
size beam oHering essentially fullsize performance.

antenna is a 20-meter *

B AR T W et

“Field

The advantage of using a shortened rotary beam is often

not fully appreciated by hams. Here is the true story!

EW experienced radio amateurs
Fneed 10 be rold the advantages of a

rotary beam antenna. especially for
working DX on the frequencies of 7
me. and above. Most of the more suc-
cessful amateurs use them on the 14-,
21-, and 28-mec. bands. A smaller per-
cenlage (those with the strongest sig-
nals) use them on 7-mc.. and a few
even use them on the 3.5-me. band.

Figs. 1A and 1B compare the radia-
tion patterns of a %-wave antenna
and a typical rotary heam antenna.
The difference between them is equal
to the difference in the light emitted
from an unshielded light bulb and
from the same light bulb in a flash-
light. The available energy is concen-
trated in one direction, insteard of he-
ing sprayed all around the compass.

\When transmitting, a trotary beam
permits putting all vour transmitter
power in the desired direction. \When
receiving it gives an equal hoost lo
incoming signals from the desired di-
rection, while reducing the strength
of signals arriving from other direc-
tions, thereby reducing interference on
the desired signal tremendousty.

With high-frequency radio condi-
tions now good and getting Detter, this
is time for amateurs without beams to
put them up and start beaming. This
includes Novices on 21 me. (and 7
me.).

Most rotary bheam antennas use a
% -wave driven antenna and one or
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two parasitic elements. Depending
upon their adjustment, thev accept
power from the antenna and re-radi-
ate it to modify the radiation pattern
of the antenna alone.

A 2-element parasitic beam consists
of the driven element and one para-
sitic element. When the parasitic ele-
ment is made 5% shorter than the
antenna and is spaced about 0.1 wave-
length in front of the antenna, it func-
tions as a director. A director increases
the power radiated in the forward di-
rection from the antenna 3.5 times (5.5
db). At the same time, the signal ra-
diated in other directions is sharply
reduced.

Making
longer

the added element 3%
than the antenna and spacing

nﬂL ﬁ’u&-

Fig. 1. A comparison of
the radiation patterns of a
half-wave (A) antenna and
(B) that obtained with a
rotary beam antenna.

-

AX(S OF ANT.
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By [\

HERBERT S. BRIER, & |
WIEGQ \

it 0.15 wavelength behind the antenna
changes it to a 7reflector. Forward
gain will then be about three (4.8 db),
again with reduced signals in other
directions.

Adding both a reflector and a di-
rector to the antenna results in a
power gain of seven to eight (8 to 9
db) and a front-to-back ratio of 100:1
(20 db), if the parasitic elements are
spaced 0.15 to 0.2 wavelength from the
antenna element. NMore parasitic ele-
ments may be added. but the size of
the array goes up much faster than its
gain does. Therefore, few amateurs
use more than three elements for fre-
quencies below 30 mec.

For comparison purposes, a typical
2-element. 14-mc. beam will consist of
a 33 long antenna and a 31" 4" direc-
tor seven feet in front of it. A 3-ele-
ment beam will have a 34’ 6” reflector
in addition and will be about 20 feet
long. Parasitic arrays for the other
amateur bands will he proportionately
larger or smaller. It should be noted,
however. that none of these dimen-
sions is to be considered “final.” Many
factors can comhine to change dimen-
sions in an aetual beam.

Shertened Beams

For the average amateur with the
room for it and the facilities to sup-
port and rotate i1, there is little doubt
that a full-size rotary beam comes
close to being the ideal antenna. The
rub is that there are many circum-
stances that make it impossible to
erect one, even for the 10-meter band.
One of them is lack of room. Another
is the unhappy fact that a heam that
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looks like a streamlined beauty to a
ham, usually looks ten times as large
and one-tenth as beautiful to his wife,
landlord, parents, or neighbors.

To help overcome these circum-
stances, shortened beams may be used.
They take advantage of the fact that
any electrical conductor has capacity,
inductance, and resistance distributed
throughout its length. When an an-
tenna is cut to operate at a certain
frequency, its inductive and capacitive
effects neutralize each other, and the
antenna readily accepts and radiates
power at the desired frequency.

An antenna shorter than the proper
length appears as a capacitive react-
ance to the exciting frequency, and
this reactance must be tuned out in
some manner before the antenna will
accept power. This can be done by
cutting the antenna in half and in-
serting a loading coil of the proper
inductance.

In a parasitic beam, the reflector
and director elements can be short-
ened in the same manner, remember-
ing to resonate them 5% below and
above the antenna resonant frequency.

Loading an antenna element in this
manner reduces its radiation resist-
ance somewhat, compared to a full-
size antenna, because it has less ac-
tive radiating area. In the absence of
losses, and assuming equal power in-
put, this reduction would cause a cor-
responding increase in antenna current
to maintain the same radiating efli
ciency.

Unfortunately, all antennas do have
losses, and even the best toading coils
have higher losses than the sections
of antenna they replace. These losses
reduce the amount of power available
to be radiated; consequently, a short-
ened antenna is not quite as eflicient
as a full-size one. The difference is
not as great as some skeptics would
have you believe. Naturally, however,
shortening should not be carried too
far.

Carefully checking all available in-
formation on the effect of shortening
elements in parasitic arrays indicates
the following : at first. as the elements
of normal construction are shortened.
the efficiency drops off guite slowly
from that of a full-size beam. As the
process continues, the efficiency starts
dropping off more rapidly. and by the
time element lengths have been cut in
half. output is down about 40%. Be-
vond this point, output drops off very
rapidiy.

Of course, the foregoing pre-sup-
poses low-loss construction and care-
ful tuning after each adjustment of
element lengths.

One way to reduce the size of the
loading coil, and thus the losses, in
shortened elements is to make the ele-
ments of large diameter tubing. Do-
ing so increases their effective capac-
ity, which tunes the coils. This is
done automatically in practical arrays,
bhecause fairly large diameter elements
of aluminum tubing are used anyway
so that they will be self supporting
and will not flop around in the wind.

January, 1957

SPECIFICATIONS ON COMMERCIAL SHORTENED BEAM ANTENNAS

Gonset Company. 801 South Main Street, Burbank. California. Makers of the Gonset
“Bantam’ Z2-element beams for the 14-, 21., and 28-mc. amateur bands, featuring
“"bow-tie” element consiruction.

ELEMENT BOOM GAIN APPROX.
BAND LENGTH LENGTH F/B RATIO PRICE
14 mc. 166" 10" Almost equal $59.50
to full-sized 2-
element beam
21 mc, 16'6"” 10’ Almost equal 59.50
to full-sized 2-
element beam
28 me. 10'7" . Almost equal 44,50

to full-sized 2.
element beam

Fed with 52-chm coaxial cable (RG-8/U), not supplied.

Mosley Electronics, Inc., 8622 St. Charles Rock Road. St. Louis 14. Missouri. Makers of
the “Vest-Pocket” shortened 2- and 3-element beams for the 7- 14.. 21-, and 28-mc.
amateur bands. Cernter-loaded low-loss coils weather protected in clear acrylic cases.

LONGEST BOOM APPROX.
BAND MODEL ELEMENTS ELEMENT LENGTH GAIN F/B RATIO PRICE
7 me. VPA40-2 2 36" 1%"  14'10" 5db 19 db 574.95
14 mc. VPA20-2 2 22°10%4" 6 5db 20 db 44.73
14 mec. VPA20-3 3 237 1% 12 7Vv2 db 28 db 66,37
2l or VPA1015-2 2 13° 11" 4’6" Sdb 15 db 39.89
28 me.”
2l or VPA1015-3 3 131127 10 7% db 20 db 59.68
28 me.*
‘May be adiusted to operate in either band
7. 14, VPA-3B
21 mc. (triband) 4 36 15" 5db 20 db 135.00
144 VPA1020
28 mc. {dualband) 6 22" §” 12 7V2 db 28 db 120.79
21& VPA1520
28 mc. {dualband) 6 22’ §” 12 7V db 28 db 129.90

All Mosley beams fed with 52.0hm coaxial cable (RG-8/U). not supplied.

Radio Specialties. Inc.. 652 Union St.. Brooklyn. N. Y. Makers of 2- and 3-element
“Shortbeams’ for the 7-, 14-, and 21-mc. amateur bands. Centerlloaded with low-loss
coils weather protected with Bakelite covers.

LONGEST BOOM APPROX.
BAND MODEL ELEMENTS ELEMENT LENGTH GAIN F/B RATIO PRICE
7 mc. RS2-40 2 33 12’ 4.4db 15 db $74.95
14 mc. RS2-20 2 16’ 6 4.4db 15 db 49.95
14 mc. RS3-20 3 16’ 12 4.8db 20 db 59.50
21 me. RS2-15 2 13 6’ 4.4db 15db 44.95
21 mc. RS3-15 3 13’ 12 4.8db 20 db 54.95

Also available are dual 2-element “Shortbeams’ for any combination of the cbove
bands and a 3-element, 14., 21-, and 28-mc. "3 Bander.” using four special loading
devices in each of its 28’ elements. All Radio Specialties beams fed with 52-ohm cecaxial
cable (RG-8/U), not supplied.

Telrex. Inc.. Asbury Park., N, |. Makers of “Super Minibeams™ for the 3.5- to 28-mec.
amateur bands. Features high strength and high gain in minimum practical size.

LONGEST BOOM APPROX.
BAND MODEL ELEMENTS ELEMENT LENGTH GAIN F/B RATIO PRICE
3.5 mc. 80-M-370 2 64" 36 3.2db 15 db $370.00
7 me.  40-M-365 2 46’ 14 3.4db 16 db 180.00
14 mec. 20-M-56.79 2 29" 10’ 4.8db 14 db 79.50
21 me. 15-M-56.67 2 189" 810" 4.8db 14 db 87.50
28 mc. 10308 3 137 9’ 7db 18 db 36.50

“Hairpin” loading stubs supported along the center boom. rather than loading coils.
are used o resonate the higher-frequency "Super Minibeams.” All Telrex beams dre
fed with 52-ohm coaxial cable (RG-8/U). not supplied.

World Radic Laboratories. Inc.. 3415 West Broadway. Council Bluffs. lowa. At present.
has only one shortened beam in its line. It is for the l4-mec. band and features two
low-loss coils per element for loading.

LONGEST BOOM APPROX.
BAND MODEL ELEMENTS ELEMENT LENGTH PRICE
14 me. “Globe Spannette” 3 21" 18" $54.95

May be fed with any standard transmission line from 52-chm coaxial cable to 450-0hm
twin-lead. Line not supplied. Also available is a 3-element. 14-. 21-. and 28-mc. beam.
using four special loading devices in each element. Boom length 20°. Price 5$99.75.
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This photo of the center of a Mosley “Vest Pocket” beam shows the antenna loading
coil and how power from the RG-8/U transmission line ls coupled into it. The load-
ing coil ifor the reflector and director are similar, except that the coupling link
is omitted. Method of supporting elements to boom and beom itself are also shown.

A further increase in element capac-
ity can be obtained by making each
half element of two, fanned-out lengths
of tubing joined together with a cross-
piece at the ends. A complete element
then looks like a bow tie, with the
loading coil representing the knot.

Another approach to the problem of
reducing coil losses is to use two load-
ing coils per element, one near each
end, instead of one in the center. The
closer to the end of the element a
coil is placed, the less current it car-
ries; therefore, coil losses should be
less. On the other hand, there is also
less capacity across the coil to tune it,
making more turns necessary. The
best compromise between these con-
flicting factors occurs when the coils
are placed approximately half way be-
tween the center and each end of the
element.

The different manufacturers of the
shortened arrays listed in the accom-
panying table take advantage of all
these methods to shorten elements
lengths 18% to 50%.

Covering Several Bands
All conventional parasitic type an-

The 3-element Telrex “Super Minibeam” of W9VEY, Hillsboro, Ill..
mounted atop a 50400t TV antenpna tower and rotated with a
TR-4 rotator.

Installation has been in operation several years.

tennas work efficiently over only a
relatively narrow range of frequen-
cies, approximately plus or minus 75
ke. of the design frequency on 14 mc.
for a typical shortened beam, with
proportionate coverage on the other
bands. To cover additional bands,
therefore, requires stacking separate
antennas Christmas-tree fashion at
least five feet apart, or use of 2- or 3-
band arrays. They consist of independ-
ent antenna systems mounted on a
single support boom and adjusted for
minimum interaction between them.

Support and Rotation

The nicest thing about shortened
beams is that they can be supported on
properly guyed TV antenna towers.
Also, up to three elements on 14 mc,
or two on 7 mc. can be rotated by a
good heavy-duty TV antenna rotator.
Among the suitable rotators for the
purpose are the (C-D-R AR-22 and
TR-4. The latter is available with spe-
cial heavy-duty gears as model HD-4.
Equivalent rotators of other manufac-
turers are equally satisfactory. For
multi-band installations, rotators de-
signed especially to turn amateur
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beams are required, unless the beam
drive shaft is brought within reach of
the operator for manual rotation.

How high should the antenna be
erected? The stock answer to this
question is *“as high as possible.”
Translated into actual figures, every
foot of height up to 50 feet helps, es-
pecially in working DX. Below 30
feet, results usually drop off rather
rapidly. Above 50 feet, improvement
comes slowly, unless the added height
boosts the antenna above utility wires
and other obstructions.

Ideally, the antenna should be
erected at the desired height in the
center of a large field completely free
from all obstructions. In practice, we
put it on top of the house or garage
or in the back yard. If the antenna is
put on the roof of a building and the
building is of steel frame construction,
effective antenna height is usually its
height above the roof, rather than its
height above the earth. Under these
circumstances, the height of the build-
ing is useful only to help clear nearby
obstructions. Over a wooden building,
however, the effective antenna height
approximates its height above the
earth.

Expected Results

It would be nice if it were possible
to predict just how much better re-
sults will be obtained when using a
beam antenna, compared with those
obtained from a non-directional one.
Unfortunately, this is not possible, be-
cause so many unpredictable variables
are involved. However, many ama-
teurs who have never worked a for-
eign DX station before erecting a
simple beam are able to work them
regularly with a beam. What you can
expect is that, with your beam, you
will hear signals much more clearly,
and you will get out more consistently.
In other words, those periods in which
you cannot raise anyone, no matter
what you do, come much less fre-
quently and last a shorter length of
time with a beam. —30—

The 3-element. 20 meter ‘Globe Spannette’ of World Radio Lab.
uses a pair of low-loss loading coils in each element. “Carpet
beaters” at the ends of elements act as vibration dampers.
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IN THE WORLD

Jests over yjzor ALL

POPULAR TV TUBES —IN SECONDS

Accurotely mokes each tube test in seconds
Checks average TV set in mimimum minutes

Tests each tvbe for shorts, grid emission, gas
content, leakage, ond dynomic mutual conductance.

Ingenious life test detects tubes with short
life expectancy.

One switch tests everything. Na multiple
switching. No roll ¢horts.

Shaws tube condition an ““Good-Bad'’ scole
and in micromhos. Large 4'%-inch plastic meter

has two highly accurate scales calibrated
0-4000 and 0-18,000 micromhaos

Automatic line compensation is maintained by o
special bridge that continuowsly manitors
line voltage.

Built-in 7-pin ond 9-pin straighteners are mounted
on the panel

* NAMES ON REQUEST

FASTEST SELLING TUBE TESTER

"Paid for itself several times
Really indispensable i

.
e ever owned

1
v
ester I Saves time."

t
vgest tube perate.

Simple to ©

"Makes lots of money for us
Wonderful instrument."

vest fo‘r
11ity."

es my purpose

ngerves nY W pendab

speed an

B’( MODEL 500

—_—J

YNA-QUIK

DYNAMIC MUTUAL CONDUCTANCE TUBE TESTER

One extra tube sale on each of 5 calls a day
pays for the Model 500 in 30 days

Enthusiastic comments like those above come from
servicemen all over the country. Actual experience shows an
average of close to 2 additional tube sales per call.

Instead of the “trial and error” method of substitution
testing, the Dyna-Quik 500 quickly detects weak or
inoperative tubes. Cuts servicing time, saves costly call-backs
shows each customer the true condition and life expectancy
of the tubes in the set, and makes more on-the-spot tube
sales. Helps keep customer good-will, give a better

service guarantee, and make more profil.

The B&K Dyna-Quik 500 measures true dynamic mutual
conductance. Completely checks tubes with laboratory
accuracy under actual operating conditions right in the home
...in a matler of seconds. Saves time and work in the shop,

too. Simple to operate. Easily portable
in luggage-type case. Weighs only 12 |bs. NET, $10995

See Your B&AK Distributor or Write for Bulletin No. 500-N

S
© - ‘°'J
Makers of Dyna-Quik, CRT, o S
Dyna-Scan qnd Calibrotar
Model 1000 DYNA-SCAN Model 400 CRT Model 750 CALIBRATOR

BaKX MANUFACTURING C€O.
3726 N. Southport Ave. ¢+ Chicago 13, lllinois

Picture and Pattern Video Cathode Rejuvenotor Tester. Designed ta check end adjust
Generotor Complete Fiying Tests and repairs TV picture  test instruments with lobora-
Spot Scanner. Net, S199.95  tubes. Net, $54.95 tory accuracy. Ne1, $54.95
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thing, he was not chattering away

like a magpie, and this in itself
was abnormal; moreover, he seemed to
be lost in thought as he worked away
at the service hench alongside Mac,
his boss. Finally the latter put down
his solder gun and demanded:

“What's eating you this morning?
Did Margie stand you up last night, or
did some ham in Lower Slohbovia give
you a bad signal report on that glori-
fied diathermy machine you call a
transmitter?”

“You hknow I never have woman
trouble.” Barney boasted: “but you're
pretty warm with that second guess.
I've get a bug in my transmitter that’s
about to drive me goofy. About three
months ago the transmitter started
blowing fuses. At first this would hap-
pen only about once a week, although
occasionally two fuses might go in a
quarter of an hour; but lately the con-
dition has grown much worse, Last
night I couldn’t say. ‘Boo. into the
mike without going off the air. And
I'm using fuses plenty heavy enough
to carry the rated current drawn by
the transmitter.”

“Does this happen oh c.w. or phone?"”

“Alvays on phone, and that's what
has me sweating,” Barney said rue-
fully. “I'm afraid it's the modulation
transformer insulation breaking down
between a winding and the core. If it
is, that's going to make an awful dent
in my bank account; but still worse is
the fact that I'm not positive that the
transformer is causing the trouble. If
I bought a new modulation transform-
er and then found the trouble still per-
sisted, I'd be ready for one of those
white jackets with the wraparound
sleeves,”

“Does the fuse just let go quietly, or
are there other symptoms that show
up the instant it blows?"

“I always hear a sort of spitting
nois2 that sounds like an arc-over, but
I know it's not in the plate tank ca-
pacitor or the antenna-loading capaci-
tor, for I've been looking right at these
two in a darkened room when the fuse

BARNEY was not himself. For one

76

By JOHN T. FRYE
TURN ABOUT

let go, and T didn't see any fire. The
arc must be somewhere out of sight-
waich again points at the modulation
transformer.”

“Let me see now,” Mac said as he
rubbed a thumb along the sharp out-
line of his chin; *“the same high volt-
age flows through the centertap of the
primary of your modulation trans-
former 1o the plates of the modulator
tubes and also goes through the sec-
ondary winding to the plate of the
final amplifier tube. Is that right?”

“Check,” Barney said. “That means
either the primary or secondary wind-
ing could short to the core and cause
the trouble; but a short could develop
a lot of other places, too. Either one
of the modulator tubes could develop
an internal short; so could the final
tube; the plate-blocking capacitor in
the final tank circuit could arc over
internally; some of the feedthrough in-
sulators could be breaking down-—oh
there are lots of places for an arc to
occur that could blow a fuse. That's
what makes it so headachy.”

Mac walked over to a drawer, pulled
it open, and took out a half-dozen littie
porcelain sockets. "Maybe you can pin-
point the source of the trouble with
these,” he suggested. "They take
standard screw-type panel lamps. It's
my idea you insert lamps of appropri-
ate current carrying capacity at stra-
tegic points in the circuit and then sec¢
which lamp or lamps blow when the
arc occurs. Lamps rated at 150, 250,
and 500 milliamperes should take care
of about all the currents in the high-
voltage part of your rig.”

“Hey! Wait a minute! I think you've
got something,” Barney said with en-
thusiasm. “You mean I can put one
lamp in the lead going to the center-
tap of the primary of the modulation
transformer. Another could go in the
‘B-plus’ lead of the secondary of that
transformer, and still another could be
in the other lead of this winding that
goes up to the final amplifier. If the
lamp in the primary lead goes out
when the short circuit occurs, I can
forget the rest of the circuit and con-
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centrate on the plate circuit of the
modulator tubes. On the other hand,
if the lamp burns out in the 'B-plus’
lead to the secondary, but the one in
the other lead of this winding stays
okay, I can be sure I have an arc be-
tween the secondary winding and the
core. And if the one burns out in the
lead going to the final amplifier, I'll
know hey. wait a minute; since the
same current will be flowing through
this lamp and the one in the other lead
as well, one lamp is as likely to go first
as the other if the trouble is in the
final amplifier.”

“You've got a point there, but that's
why 1 suggested lamps of different
current ratings. Suppose you put a
500 ma, lamp in the ‘B-plus’ lead and
a 250 ma. lamp in the lead going to
the final amplifier. A short circuit be-
tween the winding and the core will
take out the 500 ma. lamp quickly;
but if the short happens on beyond the
250 ma. lamp, it will burn out and
leave the 500 ma. lamp okay. Another
point is this: if vou can arrange the
lamps so that you can see them and
still have a little separation bhetween
them, the ftash of the overloaded lamp.
even though seen out of the tail of
your eye, will reveal which part of the
circuit is carrying too much current.
Once vou have established that, you
can use more Jamps, strategically
placed. to corner the trouble in the
smallest possible unit of the circuit.
In using lamps in some leads, it may
be easier to solder them in place
rather than employ these sockets.”

“Well, I'll surely give it the old col-
lege try tonight,” Barney promised as
he slid the sockets and several assort-
ecl pilot lamps into a paper sack. "This
thing has worn me down until I'm
ready to try anything. If I don't find
it tonight, I'm going to call on Madam
Miranda, the crystal ball gazer, to-
morrow."”

When Mae came down to open up
the shop the next morning, he was
astonished to find it already open.
Barney greeted him at the door with
a dazzling grin spread all over his
freckled Irish face.

"“Are you ever a right thinker!" he
exclaimed. “Thanks to that suggestion
about the lamps, I found my rig trou-
ble; and it was mot the modulation
transformer!”

“What was it?"” Mac asked.

“It was a nasty little feedthrough
insulator that had cracked and was
arcing to the chassis down inside out
of sight. This insulator fed the voltage
from the high side of the modulation
transformer to the final amplifier; so
both the d.c. voltage and the audio
voltage were impressed upon it. A
lamp on one side of the insulator went
out every time I heard the arc. but the
one on the other side never did. When
I took the insulator apart, it was very
easy to see where the arc¢ had black-
ened the chassis and charred one of
the little paper anti-strain washers, 1
replaced the insulator and then could

(Continued on page 96)
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1. Do you wish to extend your experience
in electronics systems?

2.Would you like to instruct others in
advanced fire control systems and labora-
wory techniques?

3.Would you like to handle a responsible
position representing a leading electronics

I l organization?
4.Do you belicve that you can accurately

relate your findings and studics in tech-
nical language?

6.Do vou enjoy working with people?

c . Are youinterested in such devices as an-
A N Yo U alog computers, digital computers, power
supplics, transmitters, receivers, and mi-

crowave antennas?
AN SWE R If you can answer “yes” to four of the
above questions and have an Electrical
Enginecring or Physics degree, chances
A\ 17 B that you cnn_qualify fo.r one.of the
Y E s ? several engineering  positions in  the

® Hughes Field Engincering department.

In addition to giving you weli-rounded
cxperience in electronic systems and con-
trols, Hughes offers you training at full
salary, moving and travel allowances, per
diem expenses, and many other benefits.

For further information write Mr, W. A,
Barnes at the address below.

- —— =

RESEARCH AND DEVELOPMENT LABORATORIES
SCIENTIFIC STAFF RELATIONS
fHughes Aireraft Company, Culver City, Calif,

January, 1957
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4 great high fidelity
tape recorders from a name
that stands for precision. ..

DedlR

tape deck for the components owner
portables for people on the go
co“soleue for music lovers

TMB-820

“Dual Professional” Basic Tape Recorder
Push-button, custom-installation tape deck ready to
combine with pivesent sound system. At 734" equals
or exceeds performance of “professional’” machines
operatingt at 15”/sec. Also 3% “/sec. speed. Push-
hutton track reversal, Heavy-duty hysteresis syn-
chronous motor.

$329.50

Tk.820 “Duai

Professional'’” Portabie
Same controls and specs
as the TMB-820 but com-
plete with HI-Five Speak-
¢r System in travel case.
Acelaimed by experts as
finest portable under $500!
F e 99.50

cr-820 “Consolette”
with Hl-Five Speaker Sysiem

“Dual Professional™ basic
unit housed in furniture-
weight Korina cabinet.
HI-Five speaker system
in special acoustical
¢hamber gives magnificent
audio quality. $499.00

PTR-90

“Embassy" Portable
Three-speaker port.
able dua! track with
sl the elassic DeJUR
features: superb audio
aquality, 78 and 33
sbeeds, magnificent
performance, $299.50

You're always sure with

DedUR

Audio Equipment

DEJUR-AMSCO CORPORATI(ON.
LONG ISLAND CITY 1. N. v.
CHICAGO. ILL.

BEVERLY HILLS. CALIF.
DEJUR INTERNATIONALE,
GMBH. WEST GERMANY

DeJUR-AMSCO CORPORATION. Dept. RN1, 45-01 Northern Blvd., L.1.C. 1,N.Y.
Please send me, without obligation, complete specifications.

]
|
|
|
|
| Name
|
|
|
!
|
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Power Requirements for Hi-Fi
(Continued from page 45)

Tests conducted in an actual living
room readily confirmed the fact that
the recason higher powered amplifiers
sound better is because realistic music
requiremients require in excess of 25
watts with eflicient speakers, and in
excess of 100 watts with the most in-
cflicient speakers. For example. with
the AR-Janscen combination it was
impossible to ohtain reatistic piano re-
production on a direct comparison with
the original loudness level with less
than 100 watts of power. On com-
mercial recordings in which volume
compression is used, 50 watts of ca-
pacity was adequate. However., on
tapes made directly from live sources,
with dynamic program material. occa-
sional overload was expericnced with
a 50-watt amplifier even with mod-
erately high efficiency speakers.

The most significant fact in these
experiments was that the visual over-
load on the scope correlated with
traces of roughness in the reproduc-
tion showing that overioad is audible.
The type of distortion which was evi-
denced by overload was that which is
attributed frequently to “record break-
up.” *“lack of stylus tracking.” and
similar excuses. Much of the criticism
of sound reproduction which has been
levelled at program sources scems to
arise from inadequate power capacity
in the playback systems. This over-
load eondition is particularly offensive
to the ear when the associated ampli-
fier has a poor recovery characteristie
under overload conditions.”

It is suggested that audio enthusi-
asts who have an oscilloscope avail-
able try the tests outlined in this
article. It is amazing at how low an

| average level some visual evidences of

clipping appear. As the playback level
of the system is increased. many loud
passages will be scen to cause ampli-
fier overload even when they do not
sound tremendously loud. Once the
tvpe of sound associated with overload
is recognized, it will be found that
many systems overload very frequent-
ly. This is particularly true of deinon-
strations in sound rooms and audio
shows where demonstration levels far
exceed the capacity of the equipment.
but where large crowds create such
a high ambient noise level that demon-
stration levels are increased above
normal requirements. The problem of
insuflicient amplifierr power capability
is one which will be more acute in
the future since the trend toward
greater recorded dynamic range con-
tinues. The power requirements of the
future may well be in excess of 100
watts, particularly if speaker cfficien-
cics are further reduced.

REFERENCES

1. Hafler, David: ‘“Coutrel of Amplifier
Damping Factor”’ Rap1o & TELEVISION NEWS,
Jrwly 195

2. Hafler, David: “A 50 Watt Power Awli-
plifier,” Rap1I0 & TRELEVISION NeEws, June
1950, 300
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RCA offers you the
finest training
at home in®
Radio-
electronics,

TV servicing,
Color TV

SEND FOR THIS FREE
The instruction you receive and equipment you
BOOK Now ’ get (and keep) will start you on your way. Pay-
B as.you-learn. You pay for only one study group

at a time. This 52 page book contains complete
information on Home Study Courses for the be-
ginner and the advanced student.

e e —— e S ——— — —— — . ikt fi o Aem —m w— —— ——

I RCA Institutes, Inc,, Home Study N-17.
® | 350 wWest Fourth Sireet New York 14, N. Y,
I without obligation, send me FREE CATALOG VETERANS
n Home Study Courses in Rodio, Television
RCA INSTITUTES, INC. | oo iouion s | vorean e
P.L. 550
A SERVICE OF RADIO CORPORATION of AMERICA | Meme o | o | Gyicy g
350 WEST FOURTH STREEL, NEW YORK 14, N.Y. | Address. ... ()
| City e LON@. L Slabe y
B e e e e e e e e e e e . s ——— —— —— ——— —-
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www americanradiohistorv. com


www.americanradiohistory.com
www.americanradiohistory.com

HEATHKIT ETCHED CIRCUIT, PUSH-PULL

5” Oscilloscope Kit
COLOR TV

The previous Heathkit oscilloscope{Model O-10) which
was already a most remarkable instrument, has been im-
proved even further with the release of the Heathkit
Model O-11. It incorporates all the outstanding features
of the preceding model, plus improved vertical linearity,
better sync stability, especially at low frequencies, and
much-improved over-all stability of operation, including
less vertical bounce with changes in level. These improve-
ments in the Model O-11 ¢ircuit make it even more ideally
suited for color TV servicing, and for critical observations
in the electronic laboratory. Vertical responseé éxiends
from 2 CPS to 5 MC without extra switching. Response
only down 22 DB at 3.58 MC. The 1ll-tube circuit
features a SUP1 cathode-ray tube. Sync circuit functions
MODEL 0O-11 effectively from 20 CPS to better than 500 Kc in five steps.
Sh Modern etched circuit boards employed in the oscillo-
pg. Wt o . . . o
21 Lbs, scope circuit cut asscmbly time almost in half, permit a
level of circuit stability never before achieved in an
oscilloscope of this type, and insurc against errors in
assembly. Both vertical and horizontal output amplifiers
are push-pull. Built-in peak-to-peak calibrating source —
step-attenuated input — plastic molded capacitors and top-
quality parts throughout — pre-formed and cabled wiring
harness — and numerous other “extra” features. A pro-
fessional instrument for the serviceshop or laboratory.
Compare its specifications with those of scopes selling in
much higher price brackets. You can’t beal it!

0 0060600000000 0006000000000000

1 FEWER DOLLARS BRING MORE REAL
QUALITY.

® Factory-to-you sales eliminate extra profit margin.
® 'Build-it-yourself'' eliminates labor charge.
® Heath purchasing power ¢uts component costs.

2 PERSONAL SERVICE ASSURES
CUSTOMER SATISFACTION.

® You deal directly with the manufacturer.
® We are Interested In you before and after sale.

- Hontld

ARE YOUR BEST BUY...

PROVEN DESIGNS MEAN RELIABLE

PERFORMANCE.

© Relsearch and development efforts concentrated on kits
only.

& A]l kits guarantieed to meet advertised specifications.

- § EVERY KIT BACKED BY WORLD-WIDE
REPUTATION.
¢ The world's largest manufacturer of electronic equip-
ment in kit form.
® Producer of more than a million electronic kits for the
home workshop and industry.

5 EASY TIME-PAYMENT PLAN TO FIT YOUR
BUDGET.

RADIO & TELEVISION NEWS
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ne[u HEATHKIT ETCHED CIRCUIT

5" Oscilloscope Kit

Brand new model with improved performance

just e x . 9
p specifications.

eeds,

e'fmen'ing
You can equip

—there gre

Full 5" scope for service work at a remarkabiy
low price.

Attractively styled front panel in charcoal gray with
sharp white lettering.

* ¥ X% ¥

Easy to build from step-by-step instructions and large
pictorials. Not necessary to read schematic.

This new and improved oscilloscope retains all the outstanding features of the
preceding model, but provides wider vertical frequency response, extended sweep-
generator coverage, and increased stability. A new tube complement and improve-
ments in the circuit make these new features possible. Vertical frequency response
is essentially flat to over 1 mc, and down only 1% DB at 500 kc. The sweep
gencrator multivibrator functions reliably from 30 to 200,000 CPS, almost twice
the coverage provided by the previous model. Defiection amplifiers are push-pull,
and modern etched circuits are employed in critical parts of the design. A SBP1
cathode-ray tube is used. The scope fcatures external or internal sweep and sync,
one volt peak-to-peak reference voltage, 3-position step-attenuated input, adjustable
spot-shapc control, and many other “cxtras” not expected at this price level. A
calibrated grid screen is also provided for the face of the CRT. allowing more
precise observation of wave shapes displayed. The new Model OM-2 is designed pODEL OM-2
for general application wherever a reliable instrument with good response charac-

teristics may be required. Complete step-by-step instructions and large pictorial $4 250

L ]

Shpg. w1,
21 Lbs.

diagrams assure easy assembly.

QOO0 000 OOOOOOOSOOOIOOOIOPOOOIOOQROIOOOOSIOOOOOOIOIOIOIOIOIONONOIOEONOPOIONEOIOS

HEATHKIT LOW CAPACITY PROBE KIT HEATHKIT ELECTRONIC SWITCH KIT

Oscilloscope investigation of high frequency, high im- This handy device allows simultancous oscilloscope observation of
pedance, or broad bandwidth circuits encountered in two signals by producing both signals. alternately, at its output. It
television requires the usc of a low-capacity probe to features an all-electronic switching circuit, with no moving parts,

Four switching rates arc sclected by a panel switch. Provides actual

J f gain, circuit leading, or waveform dis- g . -
Piran loss of & E gain for input signals, and has a frequency response of £ | DB from

lqulon. The ”?alhk't 10w-cap§u:|.ty probe may be used 0 to 100 kc. Sync output provided to control and

with your oscilloscope to eliminate stabilize scope sweep. Will function at signal levelsas  pmopgL 5.3
these effects. It features a variable cap- No. 342 low as 0.1 volt. This modern device finds many ap-

acitor, to provide correct instrument 5350 plications in the laboratory and service shop. It $2|95
impedance match. Also, the ratlio of D employs an_cntircly new circuit, and yet is priced e
1menuaﬁon can be varied. Shpg. Wr. 1 Lb. lower than its predecessor. Shpg. W1. 8 Lbs.

HEATHKIT SCOPE DEMODULATOR PROBE KIT HEATHKIT VOLTAGE CALIBRATOR KIT
Extend the usefulness of your oscilloscope by employing This entirely new wvoltage calibrator produces near-perfect square
this probc. Makes it possible to observe modulation of wave signals of known amplitude. Precision 19, attenuator resistors

assure accurate output amplitude, and multivibrater ¢ircuit guaran-

RF or IF carriers found in TV and radio reccivers. tees good, sharp square waves, as distinguished from clipped sine

Functions much like an AM detector to pass only modu- waves. Output frequency is approximately 1000 CPS. Fixed outputs
lation of signal, and not the signal itsclf. Among other sclected by panel switch are; .03,0.1,0.3, 1.0, 3.0, 10, 30, and 100 volts
uses, it will be helpful in alignment p_cak-llo-pez;'k‘_dAllgws mcasyrcmenﬁ of unknkown

Py . signal amplitudes comparing to known pcak-to-
ut?r}\,as a S|.gnal tracer, an_d for deter- NO. 337-C peak Oulpr:jt of VC-yJ on gn os%illoscom. \inll also MODEL VC-3
mining relative gain. Applied voltage s 50 double as a squarc wave generator at 1000 cycles for s 50
limits are 30 volts {RMS) and 500 3 A determining gain, frequency responsc, or phase- 12 A

. shift characteristics of audio amplificrs. Equally
volts DC. !t uses an etched circuit shpg. we, 1 tb. valuable in the laboratory or in radio and TV service Shpg. Wt. 4 ths,
board to simplify assembly. shops.
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HEATHKIT ETCHED CIRCUIT
VACUUM TUBE

* Eusy to build — a pleasure to use,
* 1% precision resistors employed for high accuracy.

* Etched circnit board cuts assembly time in half.

Voltmeter Kit

The fact that this instrument is the world’s largest-sclling
VTVM savs a great deal about its accuracy, reliability,
and overall quality. The V-7A is ¢qually popular in the
laborutory or service shop. and represents an unbelievable
test equipment bargain. without a corresponding sacrifice
in quality. Its appearance reflects the performance of
which it is capable. A large 42" panel meter is used for
indication, with clear, sharp calibrations for all ranges.
Front panel controls consist of a rotary function switch
and a rotary range selector switch, zero-adjust, and ohms-
adjust controls. Precision 1% resistors arc used in the
voltage divider circuits and etched circuits are employed
for most of the circuitry. This makes the kit much easier
to build, eliminates the possibility of wiring errors, and
assures duphication of laboratory instrument performance.
This multi-function VTVM will measure AC voltage
(rms), AC voltage (peak-to-peak), DC voliage, and re-
sistance. There arec 7 AC (rms) and DC voltage ranges of
0-1.5, 5,15, 50. 150. 500, and 1500. In addition, there are
7 peak-to-peak AC ranges of 0-4. 14, 40, 140, 400, 1400,
and 4000. 7 ohmmeter ranges provide multiplying factors
of X1, XI10, X100, X1000, X10K, XI00K, and X! meg-
ohm. Center-scale resistance readings are 10, 100, 1000,
10K, 100K ohms. | megohm, and 10 megohms. A DB
scale is also provided. The precision and quality of the
components used in this VTVM cannot be duplicated at
this price through anv other source. Model V-7A is the
kind of instrument yvou will be proud to own und use.

82

HEATHKIT Etched Circuit

RF PROBE KIT

This RF probe extends the requency
response of any |1-megohm YTVM
%0 that it will measure RF up 10 250
miegacycles within & 105%. Cmploys
printed circuits for increased stability
and ease ol assem-

bly. Ideal for ¢x- No. 309-C
tending service and

laboratory appli- 53 50
cations of your L4
Heathkit VIVM. spog, wi. 1 b,

ETCHED CIRCUIT
PEAK-TO-PEAK PROBE KIT

Use this peak-to-peak probe with
your |i-megohm VTV M to measurc
peak-to-pcak voliages directly on
the DC scales of the instrument.
Will ricasure p-to-p voltages in the
frequency range of § ke 10 § mc.
Employs etched circuit boards for
increased circuit stability and sim-
plificd construction. Extend the use-
fulness of your
r\:{TVM. NOTE: NO. 338-C

ot required
for the Heathkit 9 550 Shpg. Wi.
V-TA VEVM. 2Lk

HEATHKIT 30,000 VOLT DC
HIGH VOLTAGE PROBE KIT

This probe provides a multiplication factor of 100 on the DC ranges of the
Heathkit 11-megohm VIVM. Precision multiplicr resistor mounted inside
the two-color plastic probe body. Plenty of insulation No. 334
for completely safe operation. even at highest TV poten- )
tials. Designed especially for TV service work. $4 50
.
Shog. Wr. 2 Lbs.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 15, MICH.

HEATHKIT 20,000 OHMS/VOLY YOM KITY
Sensitivity of this instrument is 20.000 ohms-per-volt DC and 5.000 ohims-per-volt AC. Mecuasuring
ranges arc 0-1.5. §, 50. 150, 500, 1500. and 5000 volts for both AC and DC. Also measures current
in the ranges of 0-130 microamperes. 15 ma, 150 ma. 500 ma. and 15 a. Resistance ranges provide
multipliers of X1, X100, and X10.000. resulting in center scale readings of 15, 15.000. and 150.000
ohms. DB ranges cover from —10 db to 465 db. Housed in attractive black bakelite case with
plastic carrying handle, this finc instrument provides a total off 25 meter ranges
on its two-color scale. It employs a sensitive S0 microampere. 41)
features all 1% precision multiplicr resistors. Requires no cxternal power, and is,
therefore, valuable in portable applications where no AC power is available.

MODEL MMm-1

$295°

Shpg. Wt. 6 Lbs.

meter and

HEATHKIT HANDITESTER KIT

The Model M-1 measures AC or DC voltage at 0-10, 30, 300,
L1000, and 5000 volts. Direct current ranges are 0-10 mi. and
0-100 ma. Ohmmeter ranges are 0-3000 (30 ohm center scale)
and 0-300.000 ohms (3,000 ohms center scale). Uses a 400
microampere meter for sensitivity of 1000 ohims-per-volt. A
very popular test deviee for the home eaperimeter, electricians,
and appliance repairmen. and {Or use as an “extra’ instru-
ment in the service shop. lts small size and rugged construction
make it pcrl‘gct tor any portable application. MODEL M-1
Lasily slips into vour tool box. glove com-

partment, coat pocket. or desk drawer. Top $'|4 50
quality. precision  components  employed °
throughout. Shpg. Wt. 3 tbs.

RADIO & TELEVISION NEWS
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CONTROLLED Quatiry

Incomin ;
9 ports inspecti :
terial comi N and inspectio
ot themf? off ‘o‘f our own prodyction h'nreT of mo.
cantl nest “build-it-yoyrself e assures %
uy. Each kit contains it that Mmoney

L

and added stability.

fveed for assembly—gnd Yoa” the components yoy

v
can have confidence *
I‘hemselves.

This brand new AC vacuum tube voltmeter emphasizes stability, broad frequency re-
sponse, and sensitivity. It is designed especially for audio measurements, and low-level AC
measurements in power supply filters, etc. Employs a cascode amplifier circuit with
cathode-follower isolation between the input and the amplifier, and between the output
stage and the precceding stages. An extremely stable circuit with high input impedance
(1 megohm at 1000 CPS). Response of the AV-3 is essentially fiat from 10 CPS 1o 200
ke, and is usable for tests even beyond these frequency limits. Increased damping in the
meter circuit stabilizes the meter for low frequency tests. Nylon insulating bushings at
the input terminals reduce leakage, and permit the use of the 5-way Heath binding post.

The extremely wide voltage range covered by the AV-3 makes it especially valuable not
only in high-fidelity and service work, but also in experimental laboratories. AC (RMS)
voltage ranges are 0-.01, .03, .1, .3, 1, 3, 10, 30, 100, and 300 V. Decibel ranges cover
— 52 DB to 452 DB. An entirely new circuit as compared to the previous model. Em-
ploys 1% precision multiplier resistors for maximum accuracy. Handles AC measurc-
ments from a low value of onc millivolt to a maximum of 300 volts.

HEATHKIT NEW AUDIO VACUUM TUBE
Voltmeter Kit

Brand new circuit for extended frequency response
Ten accurate ranges from 0-.01 to 0-300 volts.

sk Modern, functional panel styling. “On-off” switch
at both extreme ends of range switch.

MODEL AV-3

29"

Shpg. Wi,
5 Lbs,

HEATHKIT AUDIO WATTMETER KIT

This instrument measures audio power directly at 4, 8, 16, or
600 ohms. Load rcsistors arc built in. Covers 0-5 MW, 50
MW, 500 MW, S W, and 50 W full scale. Provides 5 switch-
sclected DB ranges covering from —10 DB to +30 DB. Large
415" 200 microampere meter and precision
multiplier resistors insure accuracy. Frequen-
¢y responsc is + 1 DB from 10 CPS to 250 ke.
Functions from AC power Jine. Use in the
audio laboratory or in home workshop.

MODEL AW-1

$295°

Shpg. Wi, 6 Lbs.

HEATHKIT AUDIO ANALYZER KIT

This multi-function instrument combines an AC VTVM, an
audio wattmeter, and an intermodulation analyzer into one
case, with combined input and output terminals and buili-in
high and lew frequency oscillators. The VITVM ranges are
01,.03,.1,.3, 1, 3,10, 30, 100, and 300 volts (RMS). Wattmeter
ranges are-.15 MW, 1.5 MW, 15 MW, 150
MW, 1.5 W, 15 W, 150 W. IM scalcs arc 19,
3%, 10%, 30%, and 100%,. Provides in-
ternal load resistors of 4, 8, 16, or 600 ohms.
A valuable instrument for the engineer or
serious audiophile.

MODEL AA-1

$4995

Shpg. Wi. 13 Lbs.

HEATHKIT HARMONIC DISTORTION METER KIT

The HD-1 is equally valuable for the audio engineer or the
scrious audiophile. Used with a low-distortion audio signal
generator, this instrument will mcasure the harmonic content
of various amplifiecrs under a variety of conditions. Functions
between 20 and 20,000 CPS, and reads distortion directly on
the panel meter in ranges of 0-1, 3, 10, 30, and 100 percent
full scale. Built-in VTV M for initial reference scttings and final
distortion readings has voltage ranges of
0-1, 3, 10, and 30 volts. 19, precision re-
sistors employed for maximum accuracy.
Features voltage regulation and other “ex- $4950
tras’. Mecter calibrated in volts (R MS), per- .
cent distortion, and DB. Shpg. we. 13 Lbs.

MODEL HD-1

January. 1957

HEATHKIT AUDIO OSCILLATOR KIT

Producing both sine waves and squarce waves, the Model AO-1
covers a frequency range of 20 to 20,000 CPS in three ranges.
An extra feature is thermistor rcgulation of output for flat
response through the entire frequency range. AF output is pro-
vided at low impedance. and with low dis-
tortion. Produces good sine waves, and good,
clcan squarc waves with a rise time of only
two micro-seconds for checking square wave
response of audio amplifiers, etc, Designed
especially for the scrviceman and high-
fidelity enthusiast. A real dollar value in test
equipment.

MODEL AO-1

52450

Shpg. Wi 10 ibs.
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HEATHKITY Audio
Generator Kit

This particular audio generator is “‘made to order” for high
fidelity applications. It provides quick and accurate selec-
tion of low-distortion signals throughout the audio range.
Three rotary selector switches on the front panel allow
sclection of two significant figures and a multiplier for
determining audio frequency. In addition, it incorporates
a step-type output attenuator and a continuously variable
attenuator. Output is indicated on a large 4%2" panel
meter calibrated in volts and in db. Auenuator sysiem
operates in steps of 10 db, corresponding with the meter
calibration. Output ranges are 0-.003, .01, .03, .1, .3, 1, 3,
and 10 volts rms. A “load” switch provides for the use
of a built-in 600 ohm load or an external load of higher
impedance when required. Qutput and frequency indi-
cators accurate to within = 5%. Distortion is less than .1
of 1% between 20 cps and 20,000 cps. Total range is 10
cps to 100 ke. New engineering details combine to provide
the user with an unusually high degrec of operating effi-
* Less than 0.1% distortion — ideal for hi fi work. ciency. Oscillator frequency sclected entirely by the switch

method means that accurate resetability is provided. Com-
parable to units costing many dollars more, and ideal for
use in critical high fidelity applications. Shop and compare,
] . . and you will appreciate the genuine value of this pro-
* Sfep-type mnmg fO’ maxpnum converenee. chSiOnﬂ.l instrument.

* Large 4%5”" meter indicates outpui.

HEATHKIT RESISTANCE HEATHKIT CONDENSER HEATHKIT AUDIO GENERATOR KIT

SUBSTITUTION BOX KIT SUBSTITUTION BOX KIT The Model AG-8 is a low cost, high performance unit for use

The RS-1 conmirns 36 l;)% {-watt rle& This kit sonlains l‘s RE'I;]MA stan;I- in service shop, or home workshop. It covers the frequency

sistors ranging from 15 ohms to ard condenser values that can be = 5 = e p

megohms in standard RETMA val-  selected by a rotary switch. Values ra.”‘bh of..O SRS me"n_ﬁ“ Lances. (?ulpul is 6000l and

les, AlL values are switch-selected for  frange from 0.00001 mfd to 0,22 mid. overall distortion will be less than .4 of 19 from 100cps through

use in dlclerm;ning desirable resht- A1l capacilocrs rated at 400 volts the audible range. Qutput is available up 10 10 volts, under no

ance values in or higher. Ca- 8 1 o .

experimentalcir-  MODEL RS-1 pacitors are  MODEL CS-1 load c0ndu|ons,.md’0u1‘put remains constant | oo AG-8

cuits. Many il siltivie rk within +1 db from 20 ¢ps 10 400 ke. A five-

applications _in $559 mica, or plastic 55 5.0 step attenuator provides control of the out- 529 50

;:‘\1__‘2 “!;‘rkTV I S malded. A put. Precision resistors are employed in the .
e P 7 i (K W, 3 (15, frequency determining network. Shpg. wt. 11 tbs.

HEATHKIT DECADE
CONDENSER KIT

Precision, 19, silver-mica capac-
itors are employed in the Model
DC-1 in such a way that a sclec-
tion of precision capacitor values
is provided ranging from 100
mmf ((000] mfd) to 0.11 mfd
(110,000 mmf} in 100 mmf steps.
Extremely valuable in all types of

design and de-
velopment MODEL DC.1

work, Switch-
es are ceramic $'|6 s.o
wafer types.

Shpg. Wt 3 Lbs.

HEATHKIT DECADE RESISTANCE KIT HEATHKIT VARIABLE VOLTAGE
The Model DR-1 incorporates twenty 1% precision resistors arranged around REGULATED POWER SUPPLY KIT
2::_’;\,';ﬂegl':‘:oz:i"fah:::gf‘r;gh;:r;gu;gﬁ;%r;%:::;oﬁf ﬁr EAtIch [Rosition K] This power supply is regulated for stability, and the amount of
ohm steps. Switches are labeled ““units.”” “tens,” hun- MODEL DR-1 DC output available from the power supply can be controlled
dreds.” “thousands,” and “ten thousands.” Use n|tor $|9 50 manually from zero to 500 volts. Will provide regulated output
?,,“‘,I:u’{‘tf;;,,[:“c','ﬁ’;;,';;’“t,‘;‘ CHQSEir-is TR L) at 450 volts up to 10 ma, or up 1o 130 ma at 200 volts output.
' Shpg. Wt. 4 Lbs. In addition to furnishing B-plus, the power supply provides 6
volts AC at 4 amperes for filaments. Both the B-plus output
and the filament output are isolated from
HEATH COMPANY S e e gt SRR TR iong vi
A Subsidiary of Daystrom, Inc. mental work inthelaboratory, the home work- 53550
shop, or the ham shack. Large 414" panel *
BENTON HARBOR 15, MICH. meter indicates output voltage or current. Shpg. Wt. 17 tbs.
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Here is an RF signal generator for alignment applications in the service shop or the
home workshop. Thousands of these units are in use in service shops all over the
country. Produces RF signals from 160 kc to 110 mc on fundamentals on five bands.
Also covers from 110 mc to 220 mc on calibrated harmonics. RF output is in
excess of 100,000 microvolts at low impedance. Qutput is controllable with a
step-type and a continuously variable attenuator. Front panel controls provide
selection of either unmodulated RF output or RF modulated at 400 cps. In addition,
two to three volts of audio at approximately 400 cps are available at the output
terminals for testing AF circuits. Employs a 12AU7 and a 6C4 tube. Built-in power

supply uses a selenium rectifier.

HEATHKIT
Signal
Generator Kit

sk No calibration required with pre-aligned eoils.
K Modulated or unmoduiated RF output.

* 110 mc to 220 mc frequency coverage.

One of the most outstanding features about the Model SG-8 is the fact that it

can be built in just a few hours. even by one not thoroughly experienced in clec-
tronics work. Complete step-by-step instructions combined with large pictorial
diagrams assure successful assembly. Pre-aligned coils make calibration from an

external source unnecessary.

HEATHKIT LABORATORY GENERATOR KIY

This laboratory RF signal generator covers from 100 ke 1o 30 me
on fundamentals in five bands. The output signal may be pure
RF, or may be modulated at 400 cycles from 0 1o 507,. Provision
for external modulation has been made. RF output available up
to 100,000 microvolts. Output contrelled by a fixed step and a
variable attenuator. Output impedance is 50 ohms. Panel meter
reads RF output or percenitage of modulation.
Incorporates pvv.)ltag{.3 regulated B+ supply, LI WErT
double shielding of oscillator circuits, copper 54895
plated chassis, and other “extras.” ¢
Shpg. Wt. 16 Lbs.

MODEL
$G-8
s 50 Shpg. Wt.
¢ 8 Lbs.

HEATHKIT TV ALIGNMENT GENERATOR KIT

This improved sweep generator model provides essential stability
and flexibility for work on FM. monochrome TV, or color TV
sets. Covers 3.6 mc to 220 mc in four bands. Provides usable out-
put even on harmonics. Sweep deviation from 0-42 mc. depend-
ing on base frequency. All-¢lectronic sweep circuit climinates
unwieldy mechanical arrangements. Includes built-in crystal
marker generator providing output at 4.5 me
and multiples thereof, and variable marker
covering 1910 60 me on fundamentals and from
57 to 180 mc on harmonics. Effective two-
way blanking.

MODEL TS-4A

54950

Shpg. ¥t 16 Lks.
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HEATHKIT LINEARITY PATTERN GENERATOR KIT

This instrument supplies information for white dots, cross-hatch
pattern, horizontal bar pattern, or vertical bar pattern. It feeds
video and sync signals to the set under 1est, with completely con-
trolled gain, and unusual stability. Covering chahnels 2 to (3.
the LP-2 will produce 5 to 6 vertical bars and 4 to 5 horizontal
bars. The dot pattern presentation is a must for the sétting of
color convergence controls in the color TV set. Panel provision
made for external sync if desircd. Use for adjustment of vertical
am_l horizontal linearity, piclu_rc size, aspect MODEL LP-2
ratio, and focus. Power supply is regulated for

added stability. Essential in the up-to-date TV $22 S‘O
scrvice shop. Shog, Wr. 7 Lbs.

January, 1957

HEATHKIT CATHODE RAY TUBE CHECKER KIT

This instrument checks cathode emission, beam current, shorted
clements. and leakage betwcen elements in electro-magnetic
picture tube types. It eliminates all doubt for the TV serviceman
and even more important, for the customer. Features its own
sclf-contained power supply, transformer operated to furnish
normal test voltages for the CRT. Employsspring-loaded switches
for maximum operator proiection. Large 413" meter indicates
CRT condition on **good-bad™ scale. Luggage-
type portable case ideal for home service ¢alls.
Special “*shadowgraph™ test permits projection
of light spot on screen. Also 2ives relative check
of picture tube screen coating.

MODEL CC-1

$22°9

Shpg. W1, 10 Lbs.
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HEATHKIT Tube Checker Kit

This fine picce of test gear checks tubes for quality,
emission, shorted elements, open elements, and filament
continuity. Will test al! tube types normally encountered
in radio and TV scrvice work. Sockets provided for 4, 5,
6, and 7-pin large, rectangular, and miniature types,
octal and loctal types, the Hytron 9-pin miniatures, and
pilot lamps. Condition of tubes indicated on a large 412"
meter with multi-color “good-bad” scale. An illuminated
roll chart is built right in, providing test data for various
tube types. This tester provides switch selection of 14
different filament volitage values from 0.75 volts to 117
volts. Individual switches control cach tube element.
Close tolerance resistors employed in critical test circuits
for maximum accuracy. A professional instrument both
in appearance and performance.

The Model TC-2 is very simple to build, even for a
beginner. [t employs a color-coded cable harness for
neat, professional under-chassis wiring. Comes with at-
tractive counter style cabinet, and portable cabinet is
available separately. At this price, even the part-time
serviceman can afford his own tube checker for maxi-
mum efficiency in service work.

K Arnractive counter-style cabinet.
I b HEATHKIT TV PICTURE TUBE
* Wiring-harness simplifies assembly. TEST ADAPTER 4
n . Designed especially for use with the Model
L ; ] 3 b ( :
* Lm}ge 42" meter with two-color “good-bad TC-2 tube checker. Use it to test TV picture MODEL 355
ST tubes for emission, shorts, cte. Consists of $A 50
g 12-pin TV tube socket, 4 fr. cable, octal 4 5
* Separate tube clement switches prevent obsol- connector, and necessary technical data. o
escence. Not a kit T

HEATHKIT PORTABLE HEATHKIT VISUAL-AURAL SIGNAL TRACER KIT

TUBE CHECKER KIT Although designed primarily for radio receiver work, this

i -, ] valuable instrument finds extensive application in FM and
This portable tube checker is identical. TV servicing as well, Features a high-gain channel with de-
clectrically, with the Model TC-2. How- modulator probe, and a low-gain channel with audio probe.
ever, il is housed in an attractive and Will trace signals in all sections of a radio receiver and in
practical carrying case, finished in prox- many scctions of a FM set or TV receiver. Uses built-in
ylin impregnated material. The cover is MODEL

speaker and clectron beam eye tube for in-
detachable. and the hardware is brass T1C-2P

dication. Also features built-in wattmeter ~ MODEL T-3
plated. Thisrugged unit isideal for home $34 50 shop. wr. and a noise locater circuit. Provision for 523 5.0
service calls or any portable application. ® 151bs.

patching speaker and/or output transformer
into external set. Shpg. Wi. 9 Lbs.

HEATHKIT
DIRECT READING
CAPACITY METER KIT

Operation of thisinstrument
is simplicity itself. One has
only to connect a capacitor
to the terminals, select the
proper range, and read the
capacity value directly on
the large 434" meter cali-
brated in mmf and mfd.

Ranges are 0 to 100 mmf, 1.000 mmf, 0.01 HEATHKIT CONDENSER CHECKER KIT
mfd, and 0.1 mfd full scale. Precision cali- o0 o0 The Model C-3 consists of an AC powered bridge for both
brating capacitors supplied. Not susceptible capacitive and resistive measurements. Bridge balance is in-
to hand capacity effects. Residual capacity 529 50 dicated on electron beam eye tube, und capacity or resistance
less than | mmf. Especially valuable in pro- B w:. \-aluc_ns _indicutcd on ffont pancl calibrations. Mcasures
duction line checking. or in quality control. 791'“' . capacity  four ranges from .0000F mfd to .005 mfd. .00}
mfd to .5 mfd, .1 mfd to 50 mfd, and 20 mfd to 1000 mfd.
Measures resistance in two ranges, from 100 ghms 1o 50,000
ohms, and from 10,000 ohms to $ megohms. Selection of
HEATH COMPANY five ditferent polarizing voltages for ¢heck-
A Subsidi f Dayst | ing capacitors, from 25 volis DC to 450  MODEL C-3
ubsidiary o aystrom, inc. volts DC. Checks paper, mica, ceramic, $ 50
BENTON HARBOR 15, MICH. and electrolytic capacitors. Indicates power Iq )
factor of clectrolytic condensers. Shpg. Wt. 7 Lbs.
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HEATHKIT
Impedance
Bridge Kit

* 12% precision resistors and silver-mica

PIONEFER DEsiGn |

New ang unique o

Circuit designs—ap

d you benefy | more reliaple

engineerip from th;
leader in "g, Progress. B"Yi"g from 1p . c.onsyo,,, capacitors.
e e'edron.’c kit £ € vndisputeq
Pletely moge, . eld assyres .
desi " equipment, wirh o ' ' Yov of com. * Battery-type tubes, no warm-up required.
9n features. vistanding advaneeqy

* Built-in phase shift generator and
amplifier.

The Model 1B-2 is a completely self-contained unit. It has a built-in power
supply, a built-in 1000 cycle generator, and a built-in vacuum tube detector.
Provision has been made on the panel for connection to an external detector,
an external signal gencrator, or an external power supply. A 100-0-100 micro-
ampere meter on the front pancl provides for null indications. Measures
resistance from 0.1 ohm to 10 megohms. capacitance from 10 mmf to 100
mfd, inductance from 10 mh to 100 h, dissipation factor (D) from 0.002 to I,
and storage factor (Q) from 0.1 to 1000. V2 of 1% decade resistors employed
for maximum accuracy. Typical accuracy figures are: resistance, =3T;
capacitance +3%; inductance, +10%; dissipation factor, +20%; storage
factor, +20% . Employs a Wheatstone bridge. a Capacity Comparison bridge, MODEL
a Maxwell bridge, and a Hay bridge. Special two-section CRL dial provides 1B-2

maximum convenience in operation. Use the Model 1B-2 for determining

values of unmarked components, checking production or design samples, ete,

A real professional instrument.

$5Q50 5"
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HEATHKIT “Q‘’ METER KIT

The Q Meter permits measurement Of inductance from | micro-
henry to 10 millihenries, *Q™ on a scale calibrated up to 250 full
scale, with multiplying factors of I or 2, and capacitance from
40 mmf 10 450 mmf, +3 mmf, Built-in variable oscillator per-
mits testing components from 150 k¢ to 18 me. Large 414" pancl-
mounted meter is features. Very handy for checking peaking
coils, chokes, etc. Use to determine valucs of

unknown condensers, both variabic and fixed. MODEL QM-
Compile data for coil winding purposes, or 54450
measure RF resistance. Distributed capacity, .
and Q of coils. Shpg. W1. 14 Lbs.

HEATHKIT ISOLATION TRANSFORMER KIT

This device isolates equipment under test from the power line.
It is rated at 100 volt-amperes continously, or 200 voit-amperes
intermittently. AC-DC sets may be plugged directly into the 1T-1
without the chassis becoming “hot.” Additionally, since the IT-1
is fused, it is ideal for usc as a butfer between the power line and
a questionable receiver, or a new picce of equipment. Protects
main fuses. Features voltage control, allowing
control of the output from 90 volts 10 130 volis.
Panel meter monitors output voltage. A very
handy device at an extremely low price.

MODEL IT-1

#1650

Shpg. W1 9 Lbs.

HEATHKIT 6-12 VOLT BATTERY ELIMINATOR KIT

This completely modern battery climinator will supply DC out-
put in two ranges for both 6-volt and 12-volt automobile radios.
The output is variable for cach range. so that operating voltage
can be raised or lowered to determine how the recciver functions
under adverse conditions. Range is 0-8 velts DC or 0-16 volts
DC. Will supply upto 15 amperes on the 6-volt range. or up to 7
amperes on the [2-volt range. Two 10,000 microfarad output
filter capac'llors msu-rc s.nw‘olh DC output. Two MODEL BE-4
separate pancl mcters indicate output voltage

or output currcnt. Makes it possible (o test $3'| 50
automobile radios inside at the workbench. N
Will also doublc as a battery charger. Shpg. Wi. 17 Lbs.

January, 1957

HEATHKIT 6-VOLT VIBRATOR TESTER KIT

This instrument functions very much like a tube checker, to test
auto radio vibrators. Vibrator condition is indicated on a simpie¢
“good-bad” scale. Tests for proper starting and overall quality
of operation, of both interrupter and sclf-rectifier types of 6-voit
vibrators The model VT-1 is designed to operate from any bat-
tery climinator capable of delivering continuously variable out-
put from 4 to 6 volts DC at 4 amperes or more. Jt is an ideal
companion unit for the Heathkit Modcl BE-4
battery eliminator. The construction book for MOCEL VT-1
the VT-I contains vibrator test chart for popu- $'|4 50
lar 6-volt vibrator types, A real time saver! .
Shpg. Wt. 6 Lbs.
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HEATHKIT DX-100 PHONE AND CW

189

Shipped motor freight unless
otherwise specified.

$50.00 depesit required

on ¢.o.d. orders.

MODEL
DX-100

Shpg. Wh.
107 ibs.

Phone or CW on 160, 80, 40, 20, 15, 11 and 10
meters.

Built-in VFQ, modulator, and power supplies.

* % %

High quality components iised throughout for re-
liable performance.

sk Fearures 5-point TVI suppression.

Transmitter Kit

The Heathkit DX-100 transmitter is in a class by itself in
that if offers features far beyond those normally received
at this price level. It takes very litle listening on the bands
to discover how many of these transmitters are in opera-
tion today. A truly amazing piece of amateur gear. The
DX-100 features a built-in VFO and a built-in modulator.
It is TVI suppressed, and uses pi network interstage coup-
ling and output coupling. Wiill match antenna impedances
from approximately 50 to 600 ohms. Extensive shielding is
employed, and all incoming and outgoing circuits are
filtered. The cabinet features interlocking seams for sim-
plified assembly and minimum RF radiation outside of
the cabinet. Provides a clean strong signal on either phone
or CW, with RF output in c¢xcess of 100 watts on phone,
and 120 watts on CW. Completely bandswitching from
160 through 10 meters. A pair of 1625 tubes are used in
push-pull for the modulator, and the final consists of a
pair of 6146 tubes in parallel. The VFO dial and meter
face are illuminated, and all front panel controls are
located for maximum convenience. Panel meter reads
driver plate I, final grid I, final plate I, final plate voltage,
and modulator current. The chassis is constructed of heavy
# 16 gauge copper-plated steel. Other high-quality com-
ponents include potted transformers, ceramic switch and
variable capacitor insulation, silver-plated or solid-silver
switch terminals, etc. All coils are pre-wound, and the
main wiring cable is pre-harnessed. The kit can be built
by a beginner from the comprehensive step-by-step in-
structions supplied. It is a proven, trouble-free rig, that
will insure many hours of “on-the-air” enjovment in vour
ham shack.

88

HEATHKIT COMMUNICATIONS TYPE
ALL BAND RECEIVER KIT

This receiver covers 550 ke to 30 mc in four bands. and is ideal
for the short-wave listener or beginning amateur. 1t provides
good sensitivity and selectivity, combined with good image re-
jection. Amateur bands clcarly marked on illuminated dial
scale. Employs transformer type power supply —electrical
bandspread—antenna trimmer—scparalc RF and AF gain
controls—noise limiter—he¢adphone jack—  MODEL AR-3
and automatic gain control. Has built-in 52995
BFO for CW reception. N
CABINET: Fabric tovered cabinet with alumi-
num panel as shown. Part 91-15A. Shipping
weight 5 Lbs. $4.95

INCLUDING NEW
EXCISE TAX
(Less Cabiner)
Shpg. Wi, 12 Lbs.

EASY ON THE BUDGET!

You can buy Heathkits on an easy time-payment plan
tha: provides u full year to pay. Write for complere
details and special order blank.

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 15. MICH.

HEATHKIT VFO KIT

You can go VFO for less than you might expect. Here is a
variable frequency oscillator that covers 160, 80, 40, 20, 15,
I, and 10 meters with three basic oscillator frequencies, that
sells for less than $20. Provides better than 10 volt average RF
output on fundamentals. Plenty of drive for most modern
transmitters. Requires a power source of only
250 VOC at 15 10 20 ma. and 6.3 VAC at
0.45A. Incorporates a regulator tube for
stability. Hluminated frequency dial reads fre-
quency directly on the band being employed.
Temperature-compensated capacitors offset
coil heating.

MODEL VF-1

51959

Shpg. Wi. 7 Lbs.

NEW HEATHKIT CW TRANSMITTER KIT

The brand new Hcathkit Model DX-20 Transmitter is one
of the most efficient little rigs available today. Featuring un
entirely new circuit, it is ideal for the novice, and even for
the advanced-class CW operator. A 6DQ6A final amplifier
provides plate power input of 50 watts. A 6CL6 oscillator is
employed, and a SU4GB rectifier. The transmitter features

one-knob bandswitching to cover 80, 40, 20, 15, Il and 10
meters. It is designed for c¢rystal excitation,
but may be excited by an external VFO. A

i network output circuit matches antenna  MODEL DX-20

impcdances . between 50 and 1000 ohms.
Front panel controls are functionally located
for your convenicnce. If you appreciate a
good signal on the CW bands, this is the
transmitter for you!

53595

Shpg. Wt. 18 Ibs.
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The DX-35 features a 6146 final amplifier 10 provide 65 watts plate power input
on CW, with controlled carrier modulation peaks up to 50 watts on phone. In addi-
tion, it is a most attractive transmitter. Modulator and power supplies are built-in,
and the rig covers 80, 40, 20, 15, 11, and 10 meters with a single band-change
switch. Pt network output coupling provided for matching various antenna im-
pedances. A 12BY7 buffer stage provided ahead of the final amplifier for plenty
of drive on all bands. 12BY7 oscillator and 12AU7 modulator. Provision for switch
selection of three different crystals. Crystals reached through access door at rear.

{ LIy

Front panel controls marked *“off—CW-—stand-by--phone”,

successful assembly.

HEATHKIT ANTENNA IMPEDANCE METER KIT

This instrument employs a 100 microampere panel meter and
covers the impedance range of 0-600 ohms for RF tests. Func-
tions up to 150 me. Used in conjunction with signal source,
such as the Heathkit Model GD-1B grid dip meter, the Model
AM-1 will determine antenna resistance and

resonance, maich transmission fines for mini-  MODEL AM-1
mum standing wave ratio, determine receiver

input impedance, etc. Will also double as a $I4 5.0
phon¢ monitor. A very valuable device for

many uses in the ham shack. Sk Wik 2 U

final tuning”, “antenna
coupling”, “drive level control”, and “band change switch”. Panel meter indicates
final grid current or final plate current. A perfect low-power transmitter both for
the novice, and for the more experienced operator. A remarkable power package
for the price. Incidentally, the price includes tubes, and all other components neces-
sary for assembly, As with all Heathkits, comprehensive instruction manual assures

HEATHKIT PHONE AND CW
Transmitter Kit

sk 6146 final amplifier for full 65-watt plate power
input.

%k Phone and CW operation on 80, 40, 20, 15, 11,
and 10 meters. Pi network output coupling.

%k Switch selection of three crystals — provision for
external VFO excitation.

LI

MODEL DX-35

S56% i

HEATHKIT ‘@’ MULTIPLIER KIT

The QF-1 functions with any recciver with an IF frequency
between 450 and 460 ke that is not AC-DC type. Operates
from the receiver power supply, requiring only 6.3 VAC at
300 ma. and 150 to 250 VDC at 2 ma. Simple to connect with
cable and plugs supplied. Provides additional selectivity for
scparating two signals, or will reject one sig-

nal and eliminate heterodyne. A big help on .
crowded bands. Provides an effective Q of MODIEL KGRt
approximately 4,000 for sharp ‘‘peak’™ or 5995
“null’”. Tunes to any signal within the IF [

bandpass of the receiver, without changing gn.c we. 3 tbs.
main receiver tuning dial.

HEATHKIT ANTENNA COUPLER KIT

This device is designed to match the Model AT-1 transmitter to
a long-wire antenna. In addition to impedance matching. this
unit incorporates an L-type filter which attenuates Signals
above 36 megacycles, thereby reducing TVI. Designed for 52
ohm coaxial input. Handles power up to 75 watts, 10 through
80 meters. Uses a tapped inductor and vari-
able capacitor. Neon RF indicator on front  MODEL AC-1
pancl. Copper-plated chassis—high quality
components throughout—simple to build. $I4 50
Eliminates waste of valuable communications O
power due to improper matching. A *“‘natu- S$hpg. Wi, 4 tbs.
ral” for all AT-1 transmitter owners.

January, 1957

HEATHKIT GRID DIP METER KIT

The grid dip meter was originally designed for the ham shack.
However, its usec has been extended into the service shop and
laboratory. Continuous frequency coverage from 2 me to 230
mc with pre-wound coils. 500 microampere panel meter em-
ployed for indication. Use for locating parasitics, neutralizing,
determining RF c¢ircuit resonant frequencies,
etc. Coils are included with kit, as is a coil
rack. Front pancl controls include sensitivity
controi for meter, and phone jack for listen-
ing to zcro-beat. Will also double as an ab-
sorbtion-type wavemeter.

MODEL GD-18

$1993

Shpg. Wt. 4 Lbs.
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HEATHKIT BROADCAST BAND

MODEL BR-2
{Less Cabinet)
Shpg. Wt. 10 tbs.

INCLUDING NEW
EXCISE TAX®

ATTENTION BEGINNERS . . .

This kit is an ideal “first project” if you have never built
a Heathkit before. A good chance to “learn by doing.”

sk 5Vz-inch PM speaker.
sk Provision for phono jack.

sk Miniature tubes and high-
gain IF transformer.

sk Rod-type buili-in antenna.
Good sensitivity and se-
lectivity.

Transformer - operated
power supply.

0O OOOOPOOOOP0000 0000000000000 OCOESDSSLOEOIBLOLOILOISIOIOSIOSEOSIEOSIOSESOSISIYS

HEATHKIT PROFESSIONAL RADIATION COUNTER KIT

This sensitive and rcliable instrument has alrcady found ex-
tensive application in prospecting. and also in medical and
industrial laboratories. It offers outstanding performance at a
reasonable price. Front-panel meter indicates radiation level,
and oral indication produced by panel-mounted speaker.
Meter ranges are 0-100. 600, 6,000 and 60,000 counts per
minute, and 0—.02, .1, I and 10 millircent-

gens per hour. The probe. with expansion MODEL RC-
cord, employs type 6306 bismuth counter $1995
tube, sensitive to both beta and gamma radia- .
tion. It is simple to build, even lor a beginner,  Shpg. we. 8 tbs.

sk Amazing new circuit for
high efficiency.

¥ Compac:, poriable and rugged.

¥ Stahle circuit requires only one 67%2 volt “B” battery
and two 1V4 voli "A” bateries,

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTOMNM HARBOR 15, MICH.

Receiver Kit

You need no previous experience in electronics to build
this table-model radio. The Model BR-2 receiver covers
550 kc to 1620 ke and features good sensitivity and selec-
tivity over the entire band. A 5%2” PM speaker is ¢m-
ployed, along with high gain miniature tubes and a new
rod-type built-in antenna. Provision has been made in the
design of this receiver for its use as a phonograph ampli-
fier. The phono jack is located on the back chassis apron.
A transformer operated power supply is featured for
safety of operation, as opposed to the usual AC-DC
supply commonly found in “economy radio kits.” Don’t
let the low Heathkit price deceive you. This is the kind
of set you will want to show off to your family and friends
after you have finished building it.

Construction of this radio kit is very simple. Giant size
pictorial diagrams and detailed step-by-step instructions
assure your success. The construction manual also includes
an explanation of basic receiver circuit theory so you can
“learn by doing” as the receiver is built. The manual even
provides information on resistor and capacitor color codes,
soldering techniques, use of tools, etc. If you have ever
had the urge to build your own radio recciver, the out-
standing features of this popular Heathkit deserve your
attention.

CABINET: Proxylin impregnated fabri¢ covered plywood cabinet
available for the BR-2 receiver as shown. Complete with olumi-
num panel, reinforced speaker grill, and protective rubber feet.
Shipping weight 5 lbs., port No. 91-9A. .. ... ......... $4.95¢%

HEATHKIT CRYSTAL RECEIVER KIT

The crystal radio of Dad's day is back again, but with big
tmprovements! The Model CR-1 employs a secaled germanium
diode, eliminating the critical *“*cat's whisker adjustment. It is
housed in a compact plastic box. and features two Hi-Q tank
circuits, employing ferrite core coils and variable air tuning
capacitors. The CR-1 ¢overs the standard broadcast band from
540 k¢ to 1600 ke. and no external power iS  MODEL CR-1
required for operation. Could prove valuable
for emergency signal reception, This easy-to- 5795
build kit is a real “lcarn by doing’ expericnee =
for the beginner, and makes an interesting
project for all ages.

INCLUDING Niw
EXCISE TAX $
Shpg. Wt. 3 Lbs.

HEATHKIT ENLARGER TIMER KIT

The Model ET-1 is an casy-to-build device for use by amateur
or professional photographers in controlling the timing evele
of an enlarger. [t covers the range of 0 to | minute with a con-
tinuously variable, clearly calibrated scate. The timing period
1$ pre-set, and the timing cycle is initiated by depressing the
spring-return switch to the “print” position. Front panel pro-
visien is made for plugging in the cnlarger and a safelight. The
safelight is automatically turned *‘on’ when
the enlarger is “'off 7. Handles up to 350
watts. The timing cycle is controtled elec-
tronically for maximum accuracy and rclia-
bility. Very simple to build in only one
cvening, ¢ven by a beginner.

MODEL ET-1
1150

Shpg. Wt. 3 Lbs.
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COMPREHENS;

VE INSTRUCTIONS

Literally thousands of these preamplificrs are in use today, because the kit meets

HEATHKIT HIGH FIDELITY

Preamplifier Kit

% 5 switch-selected inputs, each with its own level
control.

Equalization for LP,RIAA, AES, and Early 78's.

Separate bass and treble tone controls, and
special hum control,

® ok 3k

Clean, modern lines and satin-gold enamel finish.

or exceeds specifications for the most rigorous high-fidelity applications, and . 4

will do justice to the finest available program sources. Provides a total of 5

inputs, each with individual leve! controls (three high-level and two low-level). -i"m"-m. e ~ ._%_
Frequency response is within 1 DB from 25 CPS to 30,000 CPS, or within t) .

1¥2 DB from 15 CPS to 35,000 CPS. Hum and noise are extremely low, with ’ ':) ‘) ’

special balance control for absolute minimum hum level. Tone control pro-  —— " W ‘ﬂ

vides 18 DB boost and 12 DB cut at 50 CPS, and 15 DB boost and 20 DB — =

cut at 15,000 CPS. Cabinct measures only 12-9/16” W. x 33" H. x 4%"” D, T—

and it is finished in beautiful satin-gold enamel. 4-position turnover and 4 MODEL (With Cabinet)

position roll-off controls provide “LP,” “RIAA,” “AES,” and “early 78" equal-

WA-P2 Shpg. Wi, 7 Lbs,

ization, and 8, 12, 16, and 1 flat position for roll-off. Derives operating power

from the main amplifier, requiring only 6.3 VAC at 1 amperc and 300 VDC
at 10 MA. Easy to construct from step-by-step instructions and pictorial dia-

grams provided,

19%

HEATHKIT HIGH FIDELITY FM TUNER KIT
* Hluminated slide-rule dial covers 88 to 108 MC.

* Modern circuit emphasizes sensitivity and

stability.

* Housed in attractive satin-gold cabinel to
march WA-P2 and BC-1.

This amazing new FM tuner can provide you with real high-
fidelity performance at an unbelievably low price level. Cover
ing 88 to 108 MC, the modern circuit features a stabilized,
temperature-compensated, oscillator, A.G.C., broadbanded

IF circuits, and better than 10 UV sensitivity far 20 DB of
quicting. A high gain, cascaded, RF amplifier is used ahead of
the mixer t0 increasc overall gain and reduce oscillator leak-
age. It employs a ratio detector for high efficiency without
sacrifice in high-fidelity performance. | F and ratio transformers
are pre-aligned, as is the front end tuning unit. This means the
kit can be constructed by a beginner, without claborate test
and alignment equipment. The FM-3A is designed to match
the WA-P2 preamplifier and the BC-1 AM  MODEL FM-3A
tuner. An illuminated slide-rule dial is em- $2595
ployed for frequency indication. Step-by-step .
instructions and large pictorial diagrams  INCLUDING REN

. EXCISE TAX
assure success. (With Cabinet)

Shpg. Wt. 7 Lbs.

HEATHKIT BROADBAND AM TUNER KIT

This AM tuner has been designed cspecially for high-fidelity
applications. It incorporates a low-distortion dctector, a
broadband IF, and other features essential to usefulness in
high-fidelity. Special voltage-doubler detector employs crystal
diodes for low distortion. Sensitivity and sclectivity are excel-
lent. Audio response is = | DB from 20 CPS to 2 k¢, with §
DB of pre-emphasis at 10 k¢ to compensate for station roll-off,
Covers the standard broadcast band from  MODEL BC-1
550 to 1600 kc. Incorporates a |0 ke whistle-

filter and provides a 6 DB signal-to-noise 52595
ratio at 2.5 UV. RF and IF coiis are pre- .
aligned, and_power supply is built-in. Incor- m&ggn{uc NEW
porates AVC, two outputs, and two antenna 05 X

Inputs. Shpg. Wt 8 Lbs.

January, 1957

HEATHKIT ELECTRONIC CROSS-OVER KIT

This unusual device functions to separate low frequencics and
high frequencics so that they may be fed 1o separate amplifiers
and to scparatc speakers, This eliminates the need for conven-
tional cross-over circuits, since the Model XO-1 does the com-
plete job electronically. Cross-over frcquencies of 100, 200,
400, 700, 1,200, 2,000 and 3.500 CPS are sclectable with front
panel controls on the XO-1, and a scparate level control is
provided for each channel. Minimizes inter-

modulation distortion problems. Handles un-  MODEL XO-1
limited power, since frequency division is

accomplished ahcad of the power stage. $'|895
Altenuation is 12 DB per octave, with sharp L]
“knee” at cut-off frequency, Shpg. Wt. & Lks,

www_americanradiohistorv com
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HEATHKIT ADVANCED-DESIGN

Shpg. Wt. 31 Lbs
Express Only

MODEL W-5 s Full 25 watt output with KT-
Consists of Model W-5Mm 66 outpui tubes.

plus Model WA-P2 pre- *
amplifier.

Shpg. Wt. 38 Lbs.
Express anly. ...

All connectors brought out
to front chassis apron.

$79.50 sk Protective cover over all
above-chassis components.

HEATHKIT DUAL-CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

This, 20-watt high-ﬁdclily amplifier cmp!oys the famous Acro-
sound Model TO-300 “ultra-linear output transformer and
uses 5881 output tubes. The poswer supply is built on a separate
chassis, and the two chassis are inter-connected with a power
cable. This provndss additional flexibility in mounting. Fre-
quency response is = | DB from 6 CPS 10 150 ke at 1 watt.
Harmoni¢ distortion is only 19 at 21 watts, and [M distortion
is only 1.3% at 20 watts. (60 and 3.000 CPS). Output impe-
dance is 4. 8 or 16 ohms. Hum and noise arec 88 DB below 20
watts. A very popular high-fidelity unit employing top-quality
components throughout.

MODEL W-3M: Shpg. Wt. 29 Lbs. Express only........ $49.75
MODEL W-3: Consists of Model W-IM plus Model WA-P2 pre-
amplifier, Shpg. W1, 37 Lbs. Express only. ... ......... $69.50

HEATHKIT 7-WATTY
AMPLIFIER KIT

This amplifier is more limited
in power than other Heathkit
models, but it still qualifies as
a high-ﬁdelity unit. and its per-
formance deﬁnitcl{ exceeds
that of many so-called *'high-
fidelity™ phonograph ampii-
fiers. Using a tapped-screen
output transformer of new de-
sign, the Model A-7D provides
a frequency response of = 114
DB frumlI’a() to 20.000 CPS. Total distor-
tion is held to a surpris-

ingly low level. Quiput MODEL A-7D

stage is push puli, and $'795
separate bass and treble .
tone controls are Pro-  INCLUDING NEW
vided. S$heg. Wi 10 Lbs. EXCISE TAX

MODEL A-7E: Similar to the A-7D, except
thot a 125L7 tube has been added for pre-
amplification. Two inputs, RIAA compensa-
tion, and extra gain. 519,953

HEATH COMPANY

A Subsidiary of Daystrom, Inc.
BENTON HARBOR 15, MICH.

HIGH FIDELITY

Amplifier Kit

This 25 watt unit is our finest high-fidelity amplifier. Using
a special design peerless output transformer, and KT-66
output tubes by Genalex, the Model W-5M provides per-
formance characteristics unsurpassed at this price level.
Frequency response is = 1 DB from S to 160,000 CPS
at 1 watt. Harmonic distortion is less than 1% at 25 watts
and |IM distortion is less than 1% at 20 watts (60
and 3,000 CPS, 4 to 1). Hum and noise are 99 DB
below 25 watts. Damping factor is 40 to 1. Input voltage
for 5 watts output is 1 volt. Tubes employed are a pair
of 12AU7’s, a pair of KT-66's and a2 SR4GY rectifier.
Measures 13-3/32" W. x 812" D. x 8% " H. Output im-
pedance is 4, 8, or 16 ohms. Featured, also, is the “tweeter
saver” which suppresses high frequency oscillation, and a
new type balancing circuit requiring only a voltmeter for
indication. This balance is casicr to adjust, and results in
a closer “dynami¢” balance between output tubes. The
Model W-SM provides improved phase shift character-
istics, reduced IM and harmonic distortion, and improved
frequency response. Conservatively rated high-quality com-
ponents are used throughout to insure years of trouble-free
operation. No technical background or training is required
for assembly. Step-by-step instructions are provided for
every stage of construction, and large pictorial diagrams
illustrate exactly where each wire and component is to be
placed. An amplifier for music lovers who can appreciate
subtle differences in performance. Just ask the audiofile
who owns one!

PO OGO OOOOOOIODOOOOOROGOPCEOCOCOEDOOSPOEOPNOPOROOPROINOGSSOONDSINOSIOINOGOEOSIONOEBSLOIOLOONOEIO

HEATHKIT SINGLE CHASSIS—WILLIAMSON TYPE
HIGH FIDELITY AMPLIFIER KIT

The 20-watt Model W-4AM Williamson type amplifier is a
tremendous high-fidelity bargain. Combining the power sup-
ply and main amplifier on onc chassis, and using a Special-
design output transformer by Chicago Standard brings you
savings without a sacrifice in quality. Employing 5881 output
tubes. the frequency response of the W-4AAN s = | DB from
10 CPS 10 100 k< at | wall. Harmonic distortion is only 1.5
at 20 watts. Output impedance is 4, 8, or 16 ohms. Hum
and noise are 95 D13 below 20 watts.

MODEL W-4AM: Shpg. Wit. 28 Lbs. Express only $39.75

MODEL W-4A: Consists of Model W-4AM plus Model WA-P2 pre-
amplifier. Shpg. Wt. 35 Lbs. Expressonly....... .$59.50

HEATHKIT 20-WATT HIGH FIDELITY AMPLIFIER KIT

This high-fidelity amplifier features full 20-watt output using
push pull 6L6 tubes. Built-in preamplifier provides 4 separate
inputs, selected by a panel-mounted switch, It has separate
bass and treble tone controls, each offering 15 DB boost and
cut. Output transformer is tapped at 4. 8, 16. and 500 ohms.
Designed primarily for home installations, but also used ex-
tensively for public address applications. True

high-fidelity performance with frequency re- AT A0
ponse of = | DB from 20 CPS 1o 20,000 CPS. 535 50
Total harmonic distortion only 1%, (al 3 DB U
below rated output). Shpg. Wt. 23 Lbs.

RADIO & TELEVISION NEWS
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All prices mo,

ked with a

ncreasing o

HEATHKIT HIGH FIDELITY

Range Extending

SPEAKER SYSTEM KIT

* High quality speakers of special design — 15" woofer
and compression-type super-tweeter.

* Easy-to-assemble cabinet of furniture-grade plywood.

including this i * Attractively  sivled 1o fit into any living room.

T"lOnk you,
HEATH Ccompany

This range extending unit is designed especially for use with the Mode! SS-1 speaker
system. It consists of a 15" woofer, providing output between 35 and 600 CPS, and
a compression-type super-tweeter that provides output betwecen 4,000 and 16.000
CPS. Cross-over frequencies are 600, 1,600, and 4,000 CPS. The SS-1 provides the
mid-range, and the SS-1B e¢xtends the coverage at both ends of the spectrum. Together,
the two speaker systems provide output from 35 to 16,000 CPS within = 5 DB.
This easy-to-assemble speaker enclosure kit is made of top-quality furniture-grade
plywood. All parts are pre-cut and pre-drilled, ready for assembly and the finith of
your choice. Complete step-by-step instructions are provided for quick assembly by
one not necessarily experienced in woodworking. Coils and capacitors for proper
cross-over network are included, as is a balance control for super-tweeter output
level. The SS-1 and SS-1B can provide you with unbelievably rich audio reproduction,
and yet these units are priced reasonably. The SS-1B measures 29" H. x 23" W. x
17V2" D. The speakers are both special-design Jensens, and the power rating is 35
watts. Impedance is 16 ohms.

Matches Model §8-1.

MODEL
SS-1B

SO 095
Shpg. Wt. 80 Lbs.

HEATH COMPANY .subidiory of Daystrom, In. BENTON HARBOR 15, MICH.
|
' ORDER

HEATHKIT HIGH FIDELITY SPEAKER SYSTEM KIT

This speaker system is a fine reproducer in its own right, covering

50 to 12,000 CPS within = 5 DB. However, the story does not end

MODEL there. Should you desire to expand the system later, the SS-1 is
§S§-1 designed to work with the 8S-1B range extending ynit — providing
additional frequency coverage at both ends of the spectrum. It can

s 995 fulfill your present needs, and still provide for the future. The SS-1
uses two Jensen speakers; an 8” midrange-woofer, and a compression-

type tweeter. Cross-over frequency is 1,600 CPS, and the system is

Shpg. Wi 30 tbs.  rated at 25 watts. Nominal impedance is 16 ohms. The cabinet is a
ducted-port bass-reflex type. Attractively styled, the Model SS-1

* Special design ducted-port, bass-reflex enclo-  features a broad “picture-frame” molding that will blend with any

sure. room decorating scheme. Pre-cut and pre-drilled wood parts are of
X Two separate speakers for high and low fre- furniture grade plywood. The kit is easy-to-build, and all component
quencies. parts are included, along with complete step-by-step instructions for
* Kit includes all parts and complete instructions  assembly. Can be built in just one evening, and will provide you with
for assembly. many years of listening enjoyment thereafter.

Name

SHIP VIA

BLANK

NOTE: All prices subject fto
change without notice.

Enclosed find ( ) check (
money order fos_ .-
Please ship C.0.D. ( ) postage
enclosed for_________ pounds.
On Express orders da nol in-
ciude tronsportotion charges
- they will be collected by
the express agency af time of
delivery.

ON PARCEL POST ORDERS in-
clude postage for weight shown.
ORDERS FROM CANADA and
APQ'S must include full remit-
tance.

January, 1957

QUANTITY

|

[ Parcet Post
Address. - _ [ Express

[ Freight
City & Zone State__ — [ Best way
(PLEASE PRINT)

ITEM MODEL NO. PRICE

|

[ ——— Ca |

93
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FINEST QUALITY
STEEL SHANK
AND SLEEVE

o

BRIGHT PLATED
FINISH
o

STRONG
PLASTIC HANDLE

P—
————ma

STEVENS WALDEN INE, -
| e, - .
SRIP-SPINTIE 15
_—"h;—‘:“_-r e

SIZES

Ne” 10 6"

BY THE MAKERS OF
THE ORIGINAL

SPINTITE

WRENCHES

OVER 150 STYLES
AND SIZES .

Write for

¢atalogue

RIP /

PINTITE -

PATENTS PENDING

WRENCHES

WITH THE EASY "FINGER.CONTROL"

GRIP ano RELEASE ACTION

FOR THOSE

HARD-TO-GET-AT PLACES -

=~ PUSH SLEEYE 710 GRIP NUT _—

+— pULL SlEEVE TO RELEASE

ONE HAND OPERATION—

® GRIPS nuts or bolts of any material
e HOLDS firmly in any position

¢ TIGHTENS nut or bolt securely
RELEASES at the pull of the fingers

t01-4

STEVENS WALDEN Inc.

450 SHREWSBURY STREET — WORCESTER, MASSACHUSETTS

MAKERS OF WORLD-FAMOUS HAND TOOLS FOR OVER 50 YEARS

94

CuT
CHASSIS
HOLES
FAST!

ROUND SQUARE

Smooth, accurate openings made
in 1¥2 minutes or less with
Greenlee Radio Chassis Punch

Save hours of tedious work. Quickly

make smooth, accurate holes in metal,
bakelite, or hard rubber with a GreenLEE
Chassis Punch. Easy to operate . . . simply
turn with an ordinary wrench. Roum,,
square, key, and "D types . . . wide
range of 1izes to make openings for sockets,
plugs, controls, meters, terminal strips,
transformers, pzm.[ llghts ¢te. Assure
perfect fic olt; p{l\l;ts and professional finish
to cvery jo rite
for dcsc)nptnc liter- S,
ature. Greenlee Tool GﬁEéNLEE
Co., 1881 Columbia ~ =
Avc Rockford, lll

PREPARES YOU FOR
YOUR LICENSE
EXAMINATION!

* Questions on Basic Law
¢ Basic Operating Practice
¢ Basic Radioteleplione

¢ Advance Radiotelephone

study-guide queslions with clear,
answers for preparation for all
commercial
cense examinatians.

Paperbound

$3.75

BUY FROM YOUR DISTRIEUTOR

in US.A.

Add 10% on direct moil orders to
| EDITORS ond ENGINEERS, Ltd.
Summerland 2, California

www americanradiohistorv com

Now, In one convenient volume, complete
concise
U.S.A,
radic-telephone operatar’s li-

[plus sales
tax where applicable}

What's Ahead for

the TV Industry

Dr. W. R. G. Baker takes
optimistic view, expects
growth, but also change.

lN HIS report to the fall meeting of
the Institute of Radio Engineers and
the Radio-Electronics-Television MMan-
ufacturers Association. Dr. W. R. G.
Baker, president of RETMA and vice-
president of the General Electvic Com-
pany, anticipated a bright future for
all facets of the TV industry. He
accompanied his predictions with the
observation that many forecasts for
the electronics industry made in re-
cent vears turned out to be not
optimistic enough.

Since Dr. Baker was unable to ap-
pear in person, his report was delivered
by Arthur V. Loughren. president of
IRE. Some of the highlights, statistical
and non-statistical. included the fol-
lowing “‘guesstimates’:

As compared to about 7% million
TV sets being sold annually now,
about 10 million a year will be the
annual sale by 1960.

Closed-circuit  industrial TV  will
quadruple over the next four years.
with sales, now at the $6 million mark
reaching $24 million by 1960.

With the rapid development of
scatter transmission techniques, trans-
oceanic TV broadcasts are only a
matter of time.

With many other nations throughout
the world ready to begin TV broad-
casting for the first time in 1957, the
sales potential for foreign markets will
continue to forge upward.

Truly portable transistorized TV
sets will be on the market within two
vears.

Color TV will always cost more than
monochrome receivers, and there will
surely be no drastic downward revi-
sion of color prices in the immediate
future, although eventually less ex-
pensive color sets are in the offing.

Looking into the immediate future.
1956 will end up as one of the best
vears for TV receiver sales despite
the slackening off that characterized
the first 9 months.

On the uh.f.-v.h.f. dispute, Dr. Bak-
er advised a go-slow attitude until a
thorough study has been made.

Stating that there has been no
precedent in industrial history for
the growth of clectronics, Dr. Baker
pointed out, “Ten years ago it was
an industrial infant and now it pro-
vides employment for one-and-three-
quarter million Americans, which rep-
resents one person in every 40 in our
total work force. And the amazing
thing is that 75 per-cent of these jobs
didn’t exist just 10 yvears ago.” —30—
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Here's how to

New Tube Tester Data 1 cer wore work

3 L]
Keep your Jackson tube checker up-to-date with U I | c 0 e '
this information on testing recent tube types. sc I os I] .
JACKSON MODEL 648
Tube  Filament Circult Plate Tube Filament Circuit Plare
Type 3] E Test Type D E Test
283 1.55 12 9 0NXZ 6M3 63 139 6 13W
2BNY 20 ACI23  AS7 38v BAUSIES N x &
Al24 A35 58V
3Ar4 1.0 A235 Ao 28V
e 8AWSH 8.1 A129 78+ 18XZ
aRUs 3.0 A1249 358 65XZ Al121 AdS 29\ 7
ADB567 65XZ
8BAS8 8.4 A28 679+ 32WZ
3C2 3.0 12 9 32XZ : Iy
124 A5 25\WZ .
. ) A Complete, easily understood
e G HCC N e AB A guide to using the handiest service
0" 19 ~ ; G 5WY q
e LZITZs Ei GoRY A8Y 15WA instrument of them all
41BU8 1.2 Al1249 358 65X7Z 8I3HS8 8.4 Al128 679* 657 MODERN OSCILLOSCOPES
ABT 65XZ Al24 A35 36Y
4B3X8 4.2 \1237 A5 38V BCM7 8.1 AlZ3 AR9 65V AND THEIB . USES
Aso 38y 126 AT 387 By Jacob H. Ruiter, Jr.
413Z8 4.2 A1237 A5 v 8CN7 8.4 A28 A9 32WX Enlar ed _059i|105C°P¢5_ are gold
122 s P e b abahs iy
ICB6 42 ACI2 B67% 16WY { 60X znd Edlflon fully and accurately on all
: o *- 1234 B contains the latest 1ypes of work—and here is
. e - I 8CS7 8.4 126 AC34 357 data everything 2 De€W, enlarged 2nd edition
ACES 1.2 AC123 967+ S0YZ : b 2 - : I o of THE_ BOOK THAT
ADT6 1.2 A2347 ACIS6 “5NZ st . ;'” ’:3: :‘S):VY about 'scopes! }(l%-:\l;l.\ bll().\\ S YOU
SHQ7 56 AIZI A5 Al Y e ke - MORE THAN 30 ., G5 £ i
ABS 11V 2H8 ACS6 LoViRY NEW PICTURES ;:/hcn. whereh and_exaetly
. g A ; G ow 1 the oscilloscone
5827 56 A3 A5 4IV MUT et Vi OWE o Bl of Mavopes Tin - how to interpret pat.
A89 a1y 127 AB9 40WZ Color TV servicing . . . lcrm s ‘Im\i to nscl tmlar
Industrial Electronies 'scope to handle tough johs
5CG8 5.0 AL26 AC789* 022XZ 9U8 9.4 A125 C 189+ 20WY ‘n_ uTearchiEg o re'\lven easier. faster, and better. :
w : in Atomic Energy work. It contains na involved
Al123 AC1i5 207 127 A6 62 : v m:nll1emnt|ct no complhi
. = E G oK 20\ cated discussions. Instead
5CIL.8 5.0 Al27 ACE89 /27 10¢8 L0°5 A127 ACHEO - 20WH it gets right down to “hrass tacks™ in explaining
A123 ACIS 657 123 AdS 20YZ how oscilloscopes operate. Then you learn exactly
B i how to use them in lal; work and on all 1ypes of A M,
5CNI8 5.0 AL25 A3C389% 16WY 12AC6 12.6 A2347 AC156 80X FM and television service—from locating troubles
to handling tough realignment jobs.
A127 Adb 45X7Z 12AD6 126 A237 AC156 100X2
6BN4 63  ACIz3  A57 8V ACI6  I5NZ 'SCOPES ARE "GOLD MINES” , . .
6BUS 63  A1219 358 r— 12AE6 126  A237 ACI14 95X When You Learn to Use Them Right!
) ) = 5 80X Each operation is explained step by step. Yon
A1BET GSNXZ ) learn 1o determine just where and how to nse the
GBVS £ o R e 6 80X 'anpe on specific jobs: how to make com;lections n;ul
D 2 i 5 il jIIFY circuit components: how to set the controls:
129 6 GUN 12AF6 12,6 Azma7 AC156 80X and HOW TOANALYZE
. ‘ . ) . . OSC|LLLOSCOPE PAT-
6IINE 6.3 A1237 A4S 48V 1218 12.6 A1269 357 70X TERNS fast and aceu-
. 124 4 80X Tl
ABY 38v N 5 370 illnstrations mcln}ul-
6BY8 63 1266 B479 10WZ o s ‘zl]u“;:zlsmr:llo::l:%
123 60X 12K5 12.6 Ci123 197 35Y clear
. No other type of specific -
61378 6.3 A1237 AIS 11V 1207 12.6 Al23 AlS 83X service training can mean  'SCOPE EXPERTS
- Al127 A89 ‘3N so much to you in booshnq .
A89 av i e L e BT get better jobs
. . powerl Send coupon W .
ACGB B3 AIZ6  ACTBY+  22XZ ARG/ 24 B 139 for 10day FREE exami- < - - bigger pay!
A123 AC45 20X7 17C5 17 Ci123 156 /YW nation !
i ‘ PRACTICE 10 DAYS—FREE!
oCH8 6.3 A129 C358* 16WY 17CUs 17 Ci123 467 227 e S e e S .|
X . Dept. AN-17. RINEHART & COMPANY. Inc.
124 ACR7 16YZ 17DQ6 17 1237 AB569 15W l 232 Madison Ave.. New York 16. N. Y. |
GCLE AT NP N | MODERN 0SCILLOSCODES AND TIIEIR USES I
! /\ 12; :\c i 827 17H3 17 121 3 207 It e mrn]'}.f‘.:ul'nl"‘,a‘:'ﬁnsﬁ-;o:‘ sramotts " "1uii ]
125 4 657 ’ X . payvment. ) not, 1 will return e posipad in
6CN8 6.3 Al25 AC389* 16WY s Tk i Gt 74D : f:? ;‘I,I:."‘"E:':" 1':%2::‘::‘ Zfén‘;vg:‘n:%?:?::ﬁa:;- s:m';" 1505_‘-’5.“; I
J : ¢ v ) ivi wi .
25F5 25 Cciz23 A456 252 |
A127 A6 15\ 7 | name .o : A o W - W
35CD6 35, 124 AB3GY  15W { AT . o :
*When testing (his section for shorts. the K (Cathode) and G1 (Grid no. 1) positions of the shorts C‘J\S ;:\:; BTATY . £ o |
test switch will be reversed. ?ﬂ :‘m' pEnl) ;unm If(l'n_ :‘n «hi only. Money back if vou |
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SUILD THE BEQT-

uo ALLIED’S own
night-
Kits

BN [ | |[ED stakes its 36-year reputation in the

tlectronics field on your complete success
nd fullest satisfaction with KNIGHT-KITS.

_in the thousands who have discovered
e ultimate in kit value in. ..

night-kits

LOWEST COST because our
giant buying power passes biggest
savings on to you...you do the
easy assembly and your finished
instrument is equal in performance
and appearance to equipment selling
for several times the KNIGHT-KIT cost.
(Easy Payment Terms available, too.)

knight=kits

EASIEST TO BUILD because
KNIGHT-KIT "Step-and-Chek" instruction
manuals are marvels of clarity-—it's
just like having a good instructor at
your side. Proved professional design
and premium quality parts help
insure your building success.

knight=kits
MONEY-BACK GUARANTEE:
When properly assembled, KNIGHT-KITS

fully meet published specifications,
or we refund your money.

WHEN YOU BUILD A KNIGHT-KIT

YOU BUILD THE BEST

L

For a Complete Selection of

Famous knight-kits

SEE PAGES 105-111

Available Only From

ALLIED RADIO
100 N. Western Ave., Chicago 80, III.

Mac's Service Shop
(Continued from page 76)

bellow like a bull into the mike with-
out the least sign of an arc or without
popping a fuse.”

“Well, I'm certainly glad you found
your trouble,”” Mac remarked as he
hung up his street coat and shrugged
his way into his shop coat. **"Now how's
about helping me with mine? Listen
to how badly this cussed record player
distorts. It has a lot of years on it, but
it still should sound a lot better than
that.

He turned on the straight 78 rpm
record player, and the music that is-
sued from the speaker made Barney
wince.

“Sounds like a bad needle.” he sug-
gested as he picked up the tone arm
from the record.

“That was my thought, too; so I put
in a brand new needle. If anything
that made it worse. Then I decided it
must be the cartridge, but a new one
did not make a particle of difference.
Finally T went over the amplifier with
a fine-toothed comb. changing tubes,
checking voltages. looking for leaky
capacitors, etc.: but there is absolutely
nothing wrong with that record player
except that it sounds horrible!”

While Mac was talking. Barney had
been carefully scrutinizing the needle
with the tone arm practically rubbing
his pug nose. Finally he removed the
needle from the chuck and took it over
to the bench light for an even closer
inspection. Next, without saying a
word, he got a new needle from a dis-
play card and installed it in the tone
arm. When the arm was lowered to
the still-spinning record. the music
came forth clear and undistorted.

“Well I'll be darned!” Mac ex-

claimed. “I know I changed that nee-
dle. The new one must have been bad
right from the start.

“Is that so hard to believe?” Barney
wanted to know. “You recall that ev-
ery now and then we find a defective
new tube, a leaky new capacitor, or a
new resistor that is not of the value
indicated on it. It's true this happens
very, very rarely; but it stiil happens.
Why couldn’t a phonograph needle slip
through inspection once in a blue
moon? Obviously this one did, for it
has a point on it like a postoflice pen.”

“Well, Irish, that's one time you
certainly showed up the old man,” Mac
said ruefully.

“Aw, don’t take it so hard,” Barney
consoled; “it was just my younger
eyes that allowed me to spot the
trouble.”

“Nope. I'm not going to beg off on
that excuse,” Mac said firmly. “In the
first place, I'll not admit I ean't see
Just as well as you can. In the second
place, I was guilty of doing something
I've bawled you out for a dozen times:
disregarding the obvious symptom.
That sounded exactly like a bad needle
right from the start, but after I put
in a new needle and it sounded worse

and that should have tipped me off
at once-—-I dismissed the needle possi-
bility from my mind entirely and went
looking for something clse. 1 was just
plain stupid, and I'l not deny it -or
let you deny it."

“Okay! Okay! Have it your own
way,” Barney said agreeably; “but I'll
wager if all the time service techni-
cians have wasted bhecause theyv failed
to suspect a new component could be
placed end-to-end, it would add up to
a light-year or so.”

“Which is about the same length of
time it would take to straighten out
that mixed metaphor,” Mac remarked
as he picked up his solder gun. —3j

An extensive program is under way at Bell Telephone Laboratories to develop travel-
ing-wave amplifier tubes for communications applications. Here tests are being
conducted on an experimental tube designed to provide 5 watts output with a band-

width of 500 me. in the 6000 mec. band.

In this particular test, designed 1o de-

tect and measure a certain type of nonlinearity in the tube, o 6000 mc. amplitude-
modulated signal is fed to the traveling-wave tube. If nonlinearity exists. some
of this amplitude modulation will be converted to phdse modulation. which can
then be detected in the amplified signal at the ocutput of the traveling-wave tube.
Note the very extensive use of elaborate r.f. plumbing in the test setup shown.
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Manufacturers’

NN Literature

CAPACITOR REPLACEMENTS
Cornell-Dubilier Electric Corporation
of South Plainfield, N. J. has an-
nounced publication of its annual Re-
placement Capacitor Catalogue.
Prepared especially for distributors,
Catalogue 200D-3, covers electrolvtic,
paper tubular, industrial. mica, ceram-
ic. filter. and motor starting units. The
44-page. 3-color catalogue is sectional-
ized and thumb-indexed for quick ref-
erence.
Copies of the new catalogue will be
supplied by the company’s distributors

or upon letterhead request direct to |

the manufacturer.

METAL BOX LINE

Zero Manufacturing Company, 1121
Chestnut Street, Burbank, Cal. has is-
sued an elaborate 60-page catalogue
which describes its line of deep-drawn
and fabricated cases of aluminum,
brass, and steel.

Inctuded are special cases designed
especially for electronic and instru-
ment applications. The company stocks
some 1400 standard items while cus-
tom sizes are available on special
order.

Manufacturers are invited to write
for a copy of this catalogue.

TRANSISTOR SPECIFICATIONS

General Transisior Corp., 130-11
90th Ave., Richmond Hill 18, N. Y. has
issued a tentative specification and
cross reference sheet on its line of her-
metically sealed germanium p-n-p al-
loved junction transistors.

Technical bulletin No. G-7 lists
types, uses, maximum ratings, charac-
teristics. and comparahle reference
tvpes as manufactured by Raytheon,
G-E, Sylvania. RCA, CBS, Texus In-
struments, and Philco.

The company will supplv a copy of
this handy wall chart on request.

CAPACITOR CATALOGUE

Corunell-Dubilier Electric Corpora-
tion, South Plainfield, N. J. has issued
a colorful 20-page brochure describing
its line of "Tiny Mike” ceramic ca-
pacitors.

Catalogue No. 616 includes complete
physical and electrical characteristics,
photographs of the capacitors. and
graphs of capacitance variation with
temperature changes.

Write the manufacturer direct for a
copyv of this catalogue.

ASSOCIATION ENCYCLOPEDIA
Gule Research Company. 424 Book
Tower, Detroit 26, DMich., has an-
nounced the publication of its “Ency-
clopedia of American Associations”
which lists more than 5000 associa-
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100,000

Hi-Lo is covered by a $100,000.00 insur-
once policy issued by one of the largest

insurance companies.*

New...
Just what
you asked

for!

4
#l'.lﬂ Model 505 — Channels 2-83

The spiral antenno that is designed for maxi-
mum performance featuring the NEW TELE.
SCOPING DIPOLES. This versafile antenna
swivels on ball and socket in any dircction.
Gold spirals, plastic base blend

with any room. LIST. .. .514.95

NeW...

For every
TV

owner

>
#'_ Model 404 Channels — 2-83.
llo NEW INDOOR ANTENNA

GUARANTEED
PERFORMANCE

Each and every Hi-la is backed by a maney
back gquaorantee. Far the best reception,
unsurpassed clear pictures, specify Hi-la,
with the exclusive highest goin, spiral de-
signs which are cavered by the foliowing
U.S. potent numbers: 2,495,579: 2,583,745,
2,724,773; 2,748,387; 2755,466; ond Ca-
nadian Patents 1951 and 1956; other pot-
ents pending.

g

#'_l Mode! 101 — Channels 2.13.
¢ olhe original and world famous
antenna that is wonted, demanded ond
used for GUARANTEED FINEST RECEP-

TION. No rods to adjust. Provides cleor-
est pictures faster. LI15T. .. .99.95

— ,‘:::(l"a*, e
|

o>

Y, ’_l Model 303 — Chanrels 14-83.

, 0 The UHF ANTENNA with the
highest signal gain that is specially de-
signed for ALL UHF creas. Luxurious
gold vpright and crosshar. LIST. . $5.95

Aff APl fEPEF

L4
7/!’[0 Model 202 — Chonnels 2-83

thot swivels with a gentle touch of your
little finger. Dipoles swivel on ball and
socket in every-direction. Golden spirals
and decorative plastic base blend with
all furniture. RECEPTION |15 GUARAN-
TEED. LIST....$12.95

“nome vpon request

PEAK PERFORMANCE which is unsurpcssed is
guaranteed with this antenna . . . for ANY and
EVERY areo. The gleaming geld upright, shiny
spirals, bakelite base, aluminum bars, modern
design

all make this YOUR BEST ANTENNA BUY.

LIST. .. .$9.95

INSIST ON THE GENUINE Hi-Lo Spiral Antennas!
Known and accepted everywhere, Hi-lo is monufaciured and
GUARANTEED by the best antenna manufacturer in the world. Hi-lo is

consumer ac<cepled ond approved.

¢ TV ANTENNA CORP.
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tions, societies, and chambers of com-
merce.

The associations are listed in six
basic sections covering: trade. busi-
ness, agricultural, and governmental;
scientific and engineering; educational
and social welfare; medical and health:
general associations; and chambers of
commerce.

The book sells for $15.00 a copy and
is available direct from the publisher.

TERMINAL BLOCKS

Curtis Development & Manufactur-
g Co., 3266 N. 33rd Street. Milwau-
kee 16, Wis.. has compiled data on its
line of terminal blocks and terminal
block kits which it is issuing as con-
densed catalogue No. 556.

This 8-page brochure includes a tech-
nical description, specifications, and
current prices on the firm's entire line.
A new selector chart designed to pin-
point the best block for each applica-
tion is also included.

The catalogue suggests combinations
of various types of terminals within
the same block for most convenient
terminating of high current. control,
and power circuits in a minimun space
and with reduced cost.

This publication may be had by writ-
ing to John Eschweliler, sales engineer
of the firm.

“"MAGNEMITE” PORTABLE

Amplifiec Corp. of America, 398
Broadway, New York 13, N. Y., has
issued a 4-page data sheet giving com-
plete information or its “Magnemite”
portable, a battery-uperated, spring-
motor tape recorder.

The brochure describes in detail fea-
tures of all fifteen models available
in the line. A variety of single and
multi-speed models is offered and the
brochure tabulates all the pertinent
data. Various mechanical and electri-
cal components are fully described
and individually illustrated.

Copies of this brochure will be sup-
plied upon request to the manufac-
turer.

METER CATALOGUE

Greibach Instruments Corporation
has issued a new 8-page catalogue de-
scribing its line of meters for factory,
field, and laboratory use.

The publication includes two full
pages of charts and diagrams describ-
ing the variety of scales and ranges
available while another section illus-
trates some of the accurate meters.

Copies of this catalogue are avail-
able by writing Lawrence C. Qakley.
engineering sales manager, in care of
the company at Metuchen, IN. J.

DUAL-RANGE POWER SUPPLY

Electro Products Laboratories, 4500
Ravenswood Ave., Chicago 40, Ill., has
1issued an illustrated catalogue sheet
which describes its two-range d.c.
power supply for servicing transistor
radios.

The unit described. the Model D612T,
offers power ranges of 8 and 16 volts
and is designed to operate, test, and
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Hi-Fidelity AM FM Radio

FAMOUS MAKE
RCA LICENSED
fcg, Price $139.50
FOR RADIO ALONE

Compleic
Ready to Play

*59°

SALE Price

o

_‘,.ﬁ’ﬁw MODEL

Here iy a compleie HI-Fidelity FM-AM radio made by one

of the toP manufdcturers. This set
stallations. Built-ln 14 watt Hi-Fi Push:pull ampli-
fier. Scparate bass and treble contrals, buit-in AM and
FM antennas, phono jack, output Jack for tape recorder.
Frequency Range 20-20.000 cycies +2db. OutPut t-ans.
tapped for 3.2, 8 and 16 ohms. This 11 tube set comes
complete with :ryﬁml and magnetic phono inputs, {nclud.

ideal for custom in.

ing a2 12 RCA extended range speaker. Size 121g%71/ax
Ti”. Amplifier, Pre-amplifier, AM-FM tuner—ALL ON ONE
CHASS515. Schematic Diagram on Request

Provides Endicss Mours of Slatic.Free
and Drift-Free FM Lislening Pleasure
Just Out—-Webcor 4:Speed Magic Mind Intermix chord
Changer w/fip over Cartridne $27.9
Collaro RC-5a4 Chanaer w,/GE-RPX-50-A. $32 SD
Come in for free demonstration or send for yours today
Scnd for our low prices on the
Hi-Fi components you requlre

BRAND NEW—GUARANTEED
Prompt aurnuon ngn to mail omcrs
s20 €.0.0. orde
A 35 dep. w.ll rolwvn Your set tlll necded
UNITED AUDIO CENTER
564 GRAND AVE., DEPT. RN, ENGLEWOOD, N. J.

2 Blocks South of Route 4—LO 8-1264
5 Minutes from Geo. Washington Bridge

RADIO and TELEVISION ELECTRONICS

in all Technical Phases

ew Classes ay and

Evening) Start 1st of

Dec.. Mar.. June, Sept.

Free Placement Service for Graduates

For Free Catalog write Dept. RNT5

RCA INSTITUTES, INC.

A Service of Radio Corporation of America
350 WEST 4TH ST.. NEw YORK 4. N. Y.

Save time — Step up
efficiency in
ELECTRONICS

DESIGN

Here's a wealth of technieal help
for etfficlently handling electronics de-
sign problems—help that Elves You
answers alreadY worked out by the
country's top electronlcs menl—help
that can save vou hours of research
and experimentation!

You'll find electronics mathematlcs
and theory In conclse form—desizgn practices for
hundreds of pieces of electronics equmm(-nl—and
even the results of advanced electronic experiments.
Radio, televizion, facsimile. sound, and scores of
other phases of electronics are covered—si ind it's all
condensed. classified. and indexed for quick, easy use.

ELECTRONICS DESIGN LIBRARY

Edited by Markus and Zeluff, Electronics Magazine
4 vols., 2151 pp., 9 x 12, 3534 illustrations
Contains 1083 articles culled from recent issues
of Electronics—the cream of information essential
to design of electronics
equipment. The 4 big vol-
umes are: Electronics for
Engineers, 1tandbook of -
dustrial Electronic Civcvits
Electronics Mannal for Ra-

Special price
saves you $6.00
Regular cata-
logue price of

2309005 s I:::el: die Enginecrs, and Llcetron-
;his‘ offer. price fes [or ommunicCation
is only $33.00, Lngineers.

on Casy ternis. EASY TERMS!

FREE EXAMINATION

Dept. RTN-1
330 West 42nd St., New York 36, N, Y.

Send me for 10 davs’ Hamlnnllon the ELECTRON- |
€8 I)bSlG\ LIBRARY 10 days 1 will remit
£8.00 few cents dellrery. then $5.00 a month |

McGraw-Hill Boek Co.. Inc.,

i

until $33 is paid. If not satisfied. 1 will retnrn
I hooks postpaid. (We pay delivery if you remit with
| this coupen: same return privllegel
| (PRINT) [
| Name «voviiriucinncanesesstpgriorissssasnsese
I Address ., ..vsccscsstsiisni s it naaa :
JCwy oo .Zone. . ..State...... 000
| Gamnany) o et e e e e e ]
I Iositlon b [ e S e € W bt 0 |
| For price and terms outside U.S. write MeGraw-iiill |
: N Y.C. RTN-1 |
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service all auto radios, including those
using transistors from a.c. lines.

This data sheet is available by wurit-
ing R. C. Crossley in care of the com-
pany.

CRYSTAL CATALOGUE

U. 8. Crystals, Inc.,, 1342 S. La Brea
Ave., Los Angeles 19. Cal. has issued a
6-page catalogue listing hundreds of
crystals which the company carries in
stock.

Crystals for the amateur. experi-
menter, and commercial user are all
listed in tabular form. Special fre-
quencies can be supplied on a custom
basis, the company doing the regrind-
ing.

Information on crystal sockets for
use with the units described is also
included in this free catalogue shect.

"MURDER IN THE MODEL SHOP"

Servo Corporation of America, New
Hyde Park, N. Y. has issued an amus-
ing catalogue-cum-“detective story”
entitled “Murder in the Model Shop.”

Written in “thriller” fashion, the
story recounts the solution of servo
system and instrument design prob-
lems by use of the company's “Servo-
board” electro-mechanical assembly
Kits.

Copies of this 48-page booklet will
be supplied without charge as long as
the present printing lasts. Write the
manufacturer direct.

NEW MILLER CATALOGUE

J. W. Miller Company, 5917 South
Main St.. Los Angeles 3, Cal. has just
released its new general catalogue. No.
57-A.

This 32-page puhlication lists nearly
1000 different replacement coils for
television sets, radios, ete. Of particu-
lar importance is the new series of
transistor antenna rods, oscillator coils,
and i.f. transformers. The listing also
includes a complete line of adjustable
r.f. coils and chokes.

The components are pictured, with
complete electrical and mechanical
specifications provided on each iten.
An elahorate and complete index fa-
cilitates locating a specific eomponent.

SHURE FACILITIES

Shure Brothers, Inc., 222 Hartrey
Ave.. Evanston, Ill. is now offering a
descriptive bhrochure covering its new
plant and manufacturing facilities.

The brochure outlines the scientific
reasons why the firm will be able to
serve its manufacturers and distribu-
tors more efliciently than ever. The
new plant will be used for the manu-
facture and design of miecrophones,
phonograph pickup ecartridges, mag-
netic tape recording heads, and other
precision electronic components.

A copy of the brochure is available
fromy the Sales Department of the
company.

INDIVIDUAL SCHEMATICS
In response to a steady demand for
individual schematic diagrams cover-
ing receivers dating back to 1926, Su-
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Short description of a Small
Efficient TV System...

1 antenna..IN
8 set lines .. OUT
10 db signal..GAIN

all with
the

DISTRIBUTION
AMPLIFIER

model DAS-B

approved
for
Color-TV

58950 List

ldeal for garden apartments, motels, TV showrcoms, de-
Juxe home installations and other small TV systems. The
DAB8-B is a broadband, all-channel unit that requires no
tuning, impedance matching devices, preamps or other
special fittings.

Features and Specifications:

Low m;se all-triode cireuit

More f;un 10db gain on all VHF Channels
InIer-se.I' isolation in excess of 22db

Provisi:n for 75-ohm cable or 300-ohm twin lead
Preven’s overload through 10:1 gain control range

o
Built-in power supply
L ]

Designed for continvous duty operation

NOTE: For larger systems, Blonder-Tongue will furnish Free planning service on request.
Sold by Radio-TV Parts Distributors and Jobbers.
Write for Installation Detoils and FREE Booklet—"TV for 2. or 3. or More"
Dept. KA-4

BLONDER-TONGUE

LABORATORIES, INC.
Westfield, New Jersey

Manvufacturers of TV Cameras,

TV Amplifiers, Boosters, Converters,
Accessories and Originators of the
Masterline and ‘Add-A-Unit’
Master TV Systems.
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FIELD
TECHNICIANS

Broaden the scope

of yar career with Bendix Radio !

Get
these BIG
ADVANTAGES!

If you have 5 or more years of electronics experience. you
benefit many ways as a Bendix Radio Field Engineer.
You will receive full pay while yon go to our company-
sponsored school in Baltimore. Then. vou will be
given a keyv assignment in the United States

® Professional stotus

® The prestige of representing
the leader in its field.

® Top salaries
@ Liberal field allowances

W rite, or overseas with responsihilit_\‘. of
call or wire maintaining search and surveil-
EMPLOYMENT lance radar equipment made

SUPERVISOR Dept. R by Bendix Radio.

“BendX¥ _
“Radlo

DIVISION OF BENDIX AVIATION CORP
Towson 4, Maryland
[Phone Yalley3.2200)

GET INTO ONE OF THESE i

ELecTriciTy |

= Electronics o1

TELEVISION

\'SENCORE!
AR FILAMENT!

Hew

7w~ /CHECKER!

auver |
=Radio-Color TV L moort reea |
TRAIN IN THE GREAT SHOPS OF : Sy
OLOEST, BEST EQUIPPED ‘--'. . 3

E SCHOOL OF (TS KIND IN V.S,
Vaterans ond Non.Veterans—}’repare for a better
job NOW that offers a real [uture, too! Get
practical training in TELEVISION — RADIO |
ELECTRICITY — ELECTRONICS — (Re-
frigeration & Electric Appliance Hepair can be I
included). iearn on rear equipmenl —no ad-

* COMPLETELY NEW
% MORE VERSATILE
* LOWER COST

vn_lncod education or previous experience needed.
Lifetimme emplovment service to graduates. I

Finance Plan-—enroll now, pay most of tuition
later. Part tame employment help to students.

FREE BOOK

B W.COOKE
President

Clip coupon for Big Free [Nuscrated
Book. No salesman will call. Act NOW
FOUNDED
1899

Quickly finds ony open fil.
oment. Especially bhandy
for servicing series fila-
ment TV sets and radios;
only checker that checks
all octals, loctols, 7 and
9 pin  miniatures oule-

A TECHNICAL TRADE INSTITUTE OPERATED '
NOY FOR PROFIT DEALER Ny

560 5. PAULINA St., CHICAGOD. Dept. 17.88H WiTHOUY LEAD

ELECTRICITY » TELEVISION ® AADID » REFRIGERATION » ELECTRONICS $2.75 - I

| e e e =1 matically.
| B. W. COOKE. Pres., COYNE ELECTRICAL Schos! | Continuity and voltage POPULAR |

500 S. Paulina St., Chicago 12, Iil., Dept. 17-85H | e '_'M"M"m SENCORE |
l Send FREE BOOIK and details on: iy g iR 60 Iec;ds. PRODUCTS
1 TELEVISION-RADIO | » Transistor !
] ELECTRICITY-ELECTRONICS | AT LEADING DISTRIBUTORS I“'"
] ] - EVERYWHERE ’ 4 ::*:9:

P cker

I NAME o - e o s s o O W T a l i ﬁr Mig by | . ;ilomenf
e | )T SERVICE) . ..
I L P ' |N5|'RUMEN'|’5 CORP' ] :l_ecgll'sc'cr
I ciry costatE ' 171 OFFICIAL RD., ADDISON, 1L L= Supnly l
o et eyt it PR L A Vomm e e e S S NS SREE R
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preme Publications, 1760 Balsam Road,
Highland Park, Ill. has established a
service whereby radio data will be
available for 40 cents each while TV
service material is priced at 75 cents
per section for any one model.

The publisher will ship all material
airmail, which should be a hoon to
technicians who have old sets on their
benches and find they have no service
data covering the receivers.

Full details on this new service and
a free 4R8-page list of available mate-
rial will be supplied on request.

C-D CAPACITOR DATA

Cornell-Dubilier Electric Corpora-
tion of South Plainfield, N. J.. is cur-
rently offering copies of engineering
bulletin No. 179 which describes and
illustrates its new line of rectangular
case a.Cc. capacitors.

The Type KGN units, rated at 236,
330, 440. and 680 volts a.c. and avail-
able in capacities from 1 to 60 wfd.,
are housed in compact. space-saving
cases. Complete electrical and physical
specifications are given on each of the
units currentiy in the line.

The company will supply a copy of
this bulletin on request.

BINDING POST BROCHURE

The Superior Electric Company,
Bristol, Conn., is now distributing a
colorful brochure descrihing its line of
5-way binding posts for a variety of
electronic applications.

Bulletin BP656 describes the binding
posts as being available in five differ-
ent colors. in nickel-plated and nylon
plastic types. and with a new soldering
tip. Mechanical and electrical specifi-
cations are provided on these com-
ponents along with a tabulation of the
various units in the line.

SENSITIVE RELAYS

Hedin Tele-Technicul Corporation,
87 Dorsa Ave., Livingston, N. J,, is
now offering new literature on its line
of sensitive relays.

The sensitivity of these relays is
described as starting as low as 5 mw.
per contact up to several watts. They
are available for either a.c. or dc.
applications in contact combinations
from s.ps.t. to t.p.d.t.

Those wishing full details on the line

should contact the manufacturer for

| titled “Lee de Forest.

literature.

BOOK ON DE FOREST
The Mercer Publishing Company, 16
E. 52nd Street, New York 22, N. Y. has
issued a 12-page, 5" x