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WIDE BAND...
HIGH SENSITIVITY...
STABLE...

® Wide 3and . ..

DC to 5 magacycles to accu-
rately show colorburst.

® High Sencsitivity . . .
10 millivolts per inch RMS.

@ llluminated Calibrated
Screen.

gagagaeq

® Available with long
persistence or high
actiniz CR tube.

@ Built-in voltage
calibrator.

@ Ideal For many industrial
electronic laboratory uses.

'_ - Pl (Similar to o *Scope recently de-
Test? ieads are included. veloped for -he Armed Services).

Frequency Range: Deflection Sensitivitys

a. Vertical Amplifier: a. Yer’oi;:’l Amc‘ifl'terzl AWidthSwi % b
1. DC to 5 MC, 3db D ith Band WIidth Switch = RIAS Volts/Inch withBand WidthSwitch in Narrow position.
in Wide position. o . 2. D35 RMS Voits/Inch with Band Width Switch in Wide position.
2.DC to 2.5 MC, 3dk Down, with Band Width spz;irf;':::"ﬂ'sf"“"'"e“ o e
Switch in Narrow position. (B"f’e'f than standard a. llluminated, Calibrated Screen backed with a green fliter for
IRE standard roll-off characteristics.) reducimg incidental illumination in the room—for accurate
b. Horizontal Amplifier: DC io 500 KC, 3db Down. nreasurements and comparisons.
c. Sweep Circuit Oscillator: 2 cycles to 30 KC. b. BuiMt-ie calibrated Voltages: Peak-to-Peak— 100, 10, 1, .1 Volts.
d. Fixed Sweep Frequencies: 30 cycles (vertical fram- c. Ideal for Observation of Color
ing), and 7875 cycles (horizontal framing). Burst ot 3.58 MC. >
i ' d ) d. ANracfive laboratory gray port-
Nput T naes ’ able steelcase. 12””W, 14”7 H,18°/D.
a. Vertical Amplifier: 2.2 Megohms—50 MMF. 50 lbs. met. 105-125 volts.
b. Horizontal Amplifier: 2.2 Megohms—50 MMF. 50-70 cycles. 150 watts.

THE HICKOK ELECTRICAL INSTRUMENT COMPANY

10531 Dupont Avenue ° Cleveland 8, Ohio
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J. E. SMITH, Pres.dent
National Radio Institute
Washingten 9, D. C.

YouPracticeBroadcasting
with_Equipment | Send

As part of my Communications Course

-
¥ -t

vy

i

‘_-'.: 3 1 send you kits of parts to build the low-
1 power Broadeasting Transmitter shown
% o _"\ at Jeft. You use it to pet practical experi-
ence putting this station “‘on the aw.” to

< perform procedures required of broad-
-asting station operators. An FCC Com-
mercial Operator’s license can be your
icket to a better joband a bright future.

need to get your lizense. Mail caupon
below. See in my hook other valuable
equipment you baild
and keep.

You Practice Servicing”
with Equipment | Send =

Nothing takes the place of PRACTICAL EXPER:- i
ENCE. That's why NRI training is based on LEARM- ]
ING BY DOING. You use kits of parts |
furnish to build many circuits common to
both Radio and Television. With my
Servicing Course you build the modern
receiver shown at right. You also build
an Electronic Multitester which you can
use to help fix sets while training at
home. Many students make $10, $15 #
a week extra fixing neighbors’ sets in/
spare time, starting soon after enroll-¥
ing. [ send you special booklets that
show you how to fix sets. Mail coupon
for 64-page book and actual Servicing
Lesson, both FREE.

—? €

I TRAINED THESE Men AT Home

“Started repairing Radios six ’ ‘'Am with WCOC. NRI
T~ -

months after enrolling.
Earned $12 to $15 a week,
spare time.”’—ADAM -
KRAMLIK, JR., Sumney-

town, Pennsylvania. Ve
“I’ve come a long way in

Radio and Television since
graduating. Have my own
business on Main Street,”- »
JOE TRAVERS, Asbury
Park, New Jersey.

*“Manager of meat market
m when I began. Answered ad
P <

t all,’’—JES

books.’’

AVAILABLE TO

for Radio serviceman. Got
C WL job. Pay increased 50% in
A; year.”—C. CARTER, San
-‘3

Bernardino, California. UNDER GI BILLS

1955

My course gives ycu the training you.

course can’t be beat. Passed
exam for first class Radio-
phone license with no trouble
a SE W,
PARKER, Meridian, Miss.
“Am with WNET as video
control enginees on RCA
color project. Owe a lot of
my success to your text-
WARREN
DEEM, Mzlverne, N. Y.

VETERANS

TRAINING plusOPPQRTUNITY
isthe PERFECT combination.The
sample lesson I send will prove to
you that it is practical to kee
your job while TRAININ
right in your own home for better
pay and a brighter future. My 64-page
book should convince you that Radio-
Television is truly today’s field of
OPPORTUNITY.

TELEVISION MAKING
JOBS, PROSPERITY

Radio, even without Television, is bigger
than ever. 115 million home and auto
Radios create steady demand for service.
3000 Radio stations § Y
give interesting,
ood pay jobs to
operators, techni-
cians. NOW ADD
TELEVISION. 25
million Television
homes and the total o,

growing rapidly. 200 Television stations
on the air and hundreds more under con-
struction. Color Television soon to be a
reality. Government, Aviation, Police,
Ship, Micro-wave Relay, Two-way Com-
munications for buses, taxis, trucks, rail-
roads are growing fields providing goo

\ jobs for men who know Radio-Tele-

vision. All this adds up to good pay now,
a bright future later for men who qualify.

man will call. Please write plainly.)

write in date
of discharge

VET
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Good for Both - FREE

Mr. J. E. SMITH, President, Dept. SDF 1
National Radio Institute, Washington 9, D. C.

Mail me Sample Lesson and 64-page Book, FREE. (No sales-

N B T o o et e AN -
Address........
City. . i Lone, . State.

I Will Send You

START SOON TO MAKE
$10, $15 A WEEK EXTRA

An important benefit of Radio-Television
training is that you can start to cash i
fast. Many men [ @
train fix neighbors’
sets, make extra
meney, starting
soon after they en-
roll. Multitester
built with parts I M
send helps locate #8.° =

and eorrect set troubles. Read at left how
you build actnal equipment that gives
you practical experience, brings to life
what you learn from my lessons.

MEN OF ACTION NEEDED
MAIL COUPON TODAY

Act now to enjoy more good things of life.
Get the benefit of my 40 years’ experience
training men at home. Take NRI training
for as little as $5 a month. Many NRI
graduates (some with only a grammar
schoo! educaticn) make more in two weeks
than the total cost of training. Find out
about this tested way to better pay.
Mail coupon bzlow today for Actual Les-
son and 64-paze Book—BOTH FREE.
J. E. SMITH, President, National Radio
Institute, Dept. SDF, Washington 9,
D. C. OUR 40TH YEAR. '

o

i ABC’d A
LErviCING @

[ e
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ADVANCE! Raise your

GOOD JOBS AWAIT THE
TRAINED RADIO-TV TECHNICIAN

There is a place for you in the great Radio-Television-
Electronics industry when you are trained as National
Schools will train you at home!

Trained technicians are in growing demand at good pay
—in manufacturing, broadcasting, television, communica-
tions, radar, research laboratories,home Radio-TV service,
and other branches of the field. National Schools Master
Shop-Method Home Training, with newly added lessons
and equipment, trains you in your spare time, right in
your own home, for these fascinating opportunities.
OUR METHOD IS PROVED BY THE SUCCESS OF
NATIONAL SCHOOLS TRAINED MEN, ALL OVER
THE WORLD, SINCE 1905.

EARN WHILE YOU LEARN

Many National students pay for all or part of their train-
ing with spare time earnings. We’ll show you how you can
do the same! Early in your training, you receive “‘Spare-
time Work" Lessons which will enable you to earn extra
money servicing neighbors’ and friends’ Radio and Tele-
vision receivers, appliances, etc.

T.R.F. Receiver

Signal Generator " Audio Oscillator

National Schools Training is All-Embracing
National Schools prepares you for your choice of many
Jjob opportunities. Thousands of home, portable, and auto
radios are being sold daily—more than ever before. Tele-
vision is sweeping the country, too. Co-axial cables are
now bringing Television to more cities, towns, and farms
every day' National Schools’ complete training program
qualifies you in all fields. Read this partial list of opportu-
nities for trained technicians:

Business of Your Own « Broadcasting

Radio Manufacturing, Sales, Service « Telecasting

Television Manufacturing, Sales, Service

Laboratories: Installation, Maintenance of Electronic Equipment

Electrolysis, Call Systems

Garages: Auto Radio Sales, Service

Sound Systems and Telephone Companies, Engineering Firms

Theatre Sound Systems, Police Radio

And scores of other good jobs in many related fields.

TELEVISION TRAINING
You get a complete
series of up-to-the-
minute lessons cov-
ering all phases of re-
pairing, servicing and
construction. The same
lesson texts used by resi-
dent students in our
modern and complete Television broadcast studios, lab-
oratories and classrooms!

APRIL, 1955

RADIO-TELEVISION-ELECTRONICS
by SHOP-METHOD
HOME TRAINING N\Asﬂ‘-“

You also
receive this
Multitester

“Superheterodyne Receiver

LEARN BY DOING

Youreceive and keep all the
modern equipment shown
above, including tubes and
valuable, professional qual-
ity Multitester. No extra
charges.

FREE! RADIO-TV BOOK
AND SAMPLE LESSON!
Send today for
National Schools’ new,
illustrated Book of Oppor-
tunity in Radio-Television-
Electronics, and an actual
Sample Lesson. No cost—
no obligation. Use the
coupon now—we’ll
answer by return

airmail.
APPROVED FOR
VETERANS
AND Both
NON-VETERANS | Resident and
Home Study
ek g tisls Courses Offered!

NATIONAL SCHOOLS /& ¥

TECHNICAL TRADE TRAINING SINCE 1905

Los Angeles 37, California e Chicago: 323 W. Polk
Street. ll;n Canada: Bil West Hastings Street, Van-
couver. B.

GET FACTS FASTEST! MAIL TO OFFICE NEAREST YOU!
i {mail in envelope or paste on postal card)
NATIONAL SCHOOLS, Dept. RG-45
4000 S. Figuerca Street 323 West Polk Street
Los Angeles 37, Calif. Chicago 7, Il

Send FREE Radio-TV Electronics book and FREE sample
lesson. No obligation, no salesman will call.

or

NAME. BIRTHDAY. 19__
ADDRESS ___ - e e an ..
CITY ZONE STATE

[] Check here if interested ONLY in Resident Training at Los An-
geles. YETERANS: Give Date of Discharge

|
|
|
1
!
|
|
|
|

www.americanradiohistorv.com
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low cost
CRYSTAL

MICROPHONE

the NEW

926

Another value-leader in the
complete line that gives you
better choice than ever in
crystal microphones! Com-
bines E-V quality features
with handsome new slim de-
sign—for attractive and
effective use in public ad-
dress, home tape recording
and communications. Fre-
quency response is smooth,
peak-free 70-8000 cps. High
output level. Omnidirec-
tional polar pattern. Can be
used in upright or angle posi-
tion. Hi-Z. Moisture-sealed
crystal. Pressure cast case,
finished in rich Satin Chro-
mium. % ”-27 thread stand
coupler. Size 1%” x 6% ”
including swivel mount.
18 ft. cable. Net wt. 11 oz.

Model 926. List Price $24.50

Ask your E-V Distributor or
write for Condensed Catalog 119

NO FINER CHOICE THAN

ElecthoYorce

ELECTRO-VOICE, INC.- BUCHANAN, MICH.
Export: 13 E. 40th, N.Y. 16, U.S.A.

NEW AM RADIO TRANSMITTER,
known as the Ampliphase and devel-
oped by RCA, represents a significant
advance in AM transmitter design. It
requires half the space of comparable
broadeast equipment and will reduce

operating costs by 509 . The unit will
be available to radio broadecasters late
this year.

Producing 50 kw, the
power type transmitter

maximum
uses phase-

| modulation principles to produce stand-

ard broadcast amplitude modulation.
Its circuitry permits two phase-mod-
ulated amplifiers to produce a combined
power equal to the output of much
larger AM transmitters.

To produce 50 kw of modulated sig-
nal, a conventional AM transmitter
must be able to generate about 35 kw
of audio power. The Ampliphase trans-
mitter makes it possible to produce the
same signal with only a few watts of
audio power.

The Ampliphase circuit has been used
successfully in foreign equipment and
is particularly advantageous for high-
power transmitters operating at 50 kw

| and above.

TRANSISTOR MANUFACTURE by
automatic means is foreshadowed by
an experimental machine that carries
out a series of 15 steps in making
transistors. The equipment was demon-
strated recently at the Bell Telephone
Laboratories by R. L. Wallace and
R. P. Riesez, who originated and devel-
oped the equipment.

In an n-p-n transistor there is a
narrow layer of positive type germa-
nium sandwiched between two pieces
of negative type. The whole forms a
fine wire, and the only way to find the

wwWw americanradiohistorvy com

positive layer is to explore the wire
slowly with an even finer one while
watching a meter for an indication
that the nature of the material has
changed.

Transistors for research must be
highly precise, Dr. Wallace pointed out.
The careful process of searching for
the positive layer, to which the base
connection must be attached, is ex-
tremely fatiguing, and tired workers
turn out a large percentage of tran-
sistors that must be rejected.

The automatic device causes a fine
gold wire (to be used as the base
connection) to travel along the length
of the junction transistor in steps of
1/20,000 inch. The machine discovers
the positive layer and measures its
width. Then—on a return trip—it
welds the wire to the exact center of
the p layer. The other end of the gold
wire is then connected to the external
base lead of the transistor.

If the transistor is to be of the
tetrode type (the machine was de-
signed especially for such transistors),
the unit is flipped over and another
base terminal is attached to the other
side of the p layer. The transistor
tetrode thus produced is then given
three electrical checks which indicate
its most important characteristics. The
whole process can be performed in less
than a minute.

LIFE EXPECTANCY of radio and tele-
vision receivers made with printed
circuits was estimated at from 8 to
10 years by D. E. Yost of G-E at a
symposium on printed eircuits at the
University of Pennsylvania. He said
the survey also disclosed that silver
migration, at one time considered a
(Continued on page 10)

Completed tran-
sistor shown next
to dime.

RADIO-ELECTRONICS
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All Electronic Parts

YOURS TO KEEP!

Now/
Work over

200

practical projects

WITH THESE
PARTS.ve

T

= 1))

B

 ....TO '
HELP YOU LEARN

RADIO-ELECTRONICS Now ...at home in spare time you can get BOTH the very
training and subsequent Employment Service you need to help you start earning real monay in
America’s thrilling, multi-billion dollar opportunity field of Television-Radio-Electronics. Now

hat Television is coming to almost every community, here is a chance ot a lifeme to prepare
to cash in on one of Television's great expansions.

S

D.T.l.'s amazingly practical home method enables you to set up yeur own HOME LABORA-
TORY. You get many Electronic parts which you mount on individeal bases with spring clip
connectors. Tops for experimenting! Add or remove parts in a jiffy. No wasted hours of
soldering and unsoldering for each project. You spend minimum time to get maximum
knowledge of important circuits that really work. In fact, you get exactly the same type of
basic training equipment used in our Chicago training laboratory—one of the nation’s
finest.

Build and KEEP This VALUABLE TEST EQUIPMENT

Your home laboratory projects also include building and keeping a versatile 5 inch
Oscilloscope and precision Jewel Bearing Multi-Meter. These quality commercial test
instruments help you EARN WHILE YOU LEARN and will prove mighty valuable,
should you later decide to start your own full time TV-Radio service business. You
also build and keep a quality 21 inch TV SET.

D.T.1. Provides EVERYTHING YOU NEED to master TELEVISION

in addition to your home laboratory and easy-to-read lessons, you even use
HOME MOVIES—a wonderfully effective and exclusive D.T.l. training
advantage. You watch hidden actions. .. see electrons on the /
march. Important fundamentals ... become "“movie //{
clear,” helping you learn faster . . . easier .. . better.

Build and keep this BIG DTI
Engineered TV set—easily
converted to U.H.F. (DTl ofers
another home training, but
without the TV set.)

Full time Residential training in D.T.l's great
Chicago laboratories also available. MAIL COU-
PON TODAY for all facts. (If subject to Military
Service, you'll espe-
cially welcome the
information we have A .
|\ for you.) — L g

D.T.1.'s Training S Ofﬂ ._MO IS
\ is available in Canada R

MAIL COUPON TODAY!

DeVRY TECHNICAL INSTITUTE
4141 BELMONT AVE., CHICAGO 41, ILL. DEPT. RE-4-L

| would like your valuable information-packed publication

“‘ONE OF AMERICA’S FOREMOST
TELEVISION TRAINING CENTERS’’

f i . showing how | can get started toward a good job or my own
» T I 1 ok ] E business in Television-Radio-Electronics.
; ‘ Name __Age
DeVRY TECHNICAL INSTITUTE
AFFILIATED WITH Street Apt
DeFOREST'S TRAINING, INC. )
CHMICAGG 41, ILLINDIS City. Zone___State

APRIL, 1955 7
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A SPECIAL GROUP OF TUBES
THAT GIVE YOU MANY
ADVANTAGES AT NO EXTRA COST

For example Raytheon 6SN7GTB
has these advantages:
© Bumper point micas top and bottom —

mount is held rigid in bulb to reduce vi-
bration and microphonics.

© Slot in micas to reduce leakage between
sections.

© Cathode pinched above top mica for
tighter mica cathode fit — lower micro-
phonic level.

@ Short strong leads support mount at
several points.

© AIll plate tabs pinched or welded above
top mica and below bottom mica to
strengthen mount.

O Improved grid design for sharper cut off.

@ High conductivity grid winding wire to
eliminate grid emission.

O Short leads — direct to pins.

© Strict control of plate diameters (Geom-
etry) for uniform characteristics.

@ Shorter over all length to improve rigidity.

The lessons learned in structural strength of
tubes while developing “‘rugged’’ types; the
vast warehouse of knowledge about how to
make tubes reliable gathered while develop-
ing and producing RELIABLE tubes; the
revolutionary new thinking and pioneering
resulting from the development of the rigid,
straight lead Raytheon BANTAL Tubes; the
boundless skill, know-how and craftsmanship
gathered while designing and producing
more than 250 million receiving tubes, mil-
lions of special purpose and picture tubes,
and millions of semiconductor products; all
this experience, gathered through more than
30 years, makes the new Raytheon 6SN7GTB
and other tubes in this series — the finest
Raytheon Receiving Tubes that we've ever
produced.

I
DA 70 FOCLOME

They're Right .. . for Sound and Sight...
Always New . .. and Right for You.

RAYTHEON MANUFACTURING COMPANY

RAYTHEOB MAKES ALL THESE:

RADIO-ELECTRONICS
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Let me send you FREE
the entire story

Just fill out the couron and mail it.
I will send you, free of charge., a
copy of “How to Pass FCC License
Exams.” plus a sample FCC-type
Lesson. and the amazing new book-
let. **Money-Making FCC License
{ntormation.*

CARL E. SMITH, E.E.
President

| can traln you to pass your FCC
License Exams in a minimum of
time if you've had any practical
radio experience — amateur, Army,
Navy, radio servicing, or other, My
time-proved plan can help put you,

too, on the road to success. [

pxst EXAE

|

ATIONS

=t ||E GUARANTEE

TO TRAIN AND COACH YOU AT HOME IN
SPARE TIME UNTIL YOU GET

men:\a
Com iy completing
exam we guaran-

If you have had any practical experience—
Amateur, Army, Navy, radio repair, or

HE
GUARANTEE

ass your

1f you fail t<‘> pL‘cense

experimeniing

Empl ,
TELLS HOW |[rsd it i

OURS
g'l"“ULDvV

JOB OFFERS Like These wHiC
EXAMI
E

to Our Graduates Every Month WITH A
SONS A

Letter from nationally-known Letter from nationally-known NAL TES

Airlines: manufacturer:

‘Radio Operators and Radio Mechanics ‘We have a very great need at the
are needed for our company. Perlodic wage present time for radio-electronics tech-

increase with opportunity for advancement.

Hoth positlons inelude many conipany nicians and would appreciate any
benefits such as pald vacations. free flight helpful sugeestions that you may be
mileage allowance and group insurance. able to offer.””

These are just a few examples of the job offers that come to our ofice periodically,
Some licensed radloman fiiled each of these jobs . . . it might have been youl

HERE'S PROOF FCC LICENSES ARE OFTEN SECURED
IN A FEW HOURS OF STUDY WITH OUR COACHING
AT HOME IN SPARE TIME

Name and Address License Time
Harry G. Frame, Box 429, Charleston, W. Ya, 2nd Class 13 Weeks
Charles Ellis, Box 449, Charles City, lowa Ist Class 28 Weeks
Omar Bibbs, 1320 E. 27th St., Kansas City, Mo. Ist Class 34 Weeks
Kenneth Rue, Dresser, Wisconsin 2nd Class 20 Weeks
8. L. Jordan, Seattle, Washington 1st Class 20 Weeks

CLEVELAND: INSTITUTE OF RADIO ELECTRONICS

CARL E. SMITH, E. E.,, Consulting Enginecr, President
Desk EI/ER — 4900 Euclid Bidg., Cleveland 3, Ohjo

APRIL, 1955

FREE

Tells where to apply
and take FCC exami-
nations, location of
examining office, scope
of knowledge required,
approved way to pre-
pare for FCC exami-
nations, positive meth-
od of checking your
knowledge before tak-
ing the examination.

Our Amazingly Effective
JOB-FINDING SERVICE
Helps CIRE Students Get Better Jobs

Here are a few recent examples of Job-Finding results

Pass [ {2

License

BROADCASTING

“Your ‘Chief Engineer's Bulletin® is a grand way of obtaining employment for your
oraduates who have obtained their Ist ¢lass license. Since my name has been on
the list | have received calls or letters froni five stations in the southern states, and
am now employed as Transmitting Enqlnoer at WMMT."”

Elmer Powell, Box 274, Sparta, Tenn.
CIVIL SERVICE

Junior Electronic Equipment Repairman. The Employment Application you pre-
pared for me had a lot to do with my landing this desirable position.

|

|

I

|

|

|

|

|

|

| “) have ohtained a position at Wright-Patterson Air Force Base, Dayton. Ohio, as
|

|

|

|

I

I

ll 5 as proof of your technical obility.
|

|

)

Charles €. Loomis. 4516 Genessee Ave., Dayton 6, Ohio.
E AIRLINES
E ““Due to your Job-Finding Service. | have been getting
OURSE many offers from all over the country, and have taken a job
- with Capital Airlines In Chicago, as Radio Mechanic.”
E Harry Clare, 4537 S. Drexel Blvd.. Chicago, lil.

ND FI- Your FCC ticket is recognirzed by employers

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Desk RE-75, 4900 Euclid Bldg., Cleveland 3, Ohio
(Address to Desk No. to avoid delay)

1 want to know how I can get my FCC ticket in a minjimum of time. Send
me your FREE booklet, “How to Pass FCC License Examinations™ (does

not cover exams for Amateur Llcense . as well as a Sample FCC-type lesson
and the amazing new bhooklet, ‘‘Money-Making FCC Iicense Information.’
Be sure to tell me ahout your Telerision Engineering Course.

ADDRESS — v

|
|
|
| NAME.
|
|
: CITY...

ZONE STATE. ...evemsaza.
FOR PROMPT RESULTS SEND AIR MAIL
Special tuition rates to members of the U. S. Armed Forces

www.americanradiohistorv.com
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TUNG-SOL

PICTURE TUBES

Gun made of best grade non-magnetic

S!

teel.

Glass bead type assembly is stronger
both mechanically and electrically —gives
greater protection against electrical leak-

a

ge.

Rolled edges in gun minimize corona.

Custom built stem with greater spacing
between leads assures minimum leakage.

L

ow resistance of outside conductive

coating minimizes radiation of horizontal
oscillator sweep frequency.

Double cathode tab provides double
protection against cathode circuit failure.

S

i

elected screen composition resists burn-
ng (X pattern).

Rigid control of internal conductive coat-
ing provides utmostservice reliability.

Designed for use with single or double

fi

eld ion trap designs.

One-piece construction of parts assures
better alignment.

Maximum dispersion of screen coating
assures uniform screen distribution.

You Can Build a Reputation On Tung-Sol Quality

Tung-Sol makes All-Glass Scaled Beam
Lamps, Miniature Lamps, Signal Flashers,
Picture Tubes, Radio, TV and Special Pur-
pos¢ Electron Tubes and Semiconductor
Products.

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

TUNG-SOL

RADIO AND TV TUBES

10

THE RADIO MONTH

serious problem with printed circuits,
was virtually nonexistent in radio and
television receivers.

Silver migration caused deteriora-
tion of printed circuits after a time,
rendering the instrument useless. Yost
said this was particularly true in areas
with high humidity. However, the high
heat of radio and television receivers
dissipates the moisture, even in areas
of high humidity.

AMERICA-EUROPE TV LINK by
way of a television submarine cable is
not far fetched. In a paper deseribing
details of the proposed trans-Atlantic
telephone cable between Newfoundland
and Scotland, presented at the Winter
General Meeting of the American
Institute of Electrical Engineers, sev-
eral internationally known engineers
brought up the possibility of America
and Europe exchanging television pro-
grams in the future.

They stated, “A trans-Atlantic sub-
marine cable is a long-range goal

| worthy of serious study and by no

means to be dismissed as impractical
of eventual attainment. The transistor
looms as a development which has the
potentialities for making possible long,
deep-water submarine cables with much
greater communication capacity than
can be realized with repeaters employ-
ing thermionic tubes.”

It is expected that 1956 will see the
completion of the first trans-Atlantic
telephone connection via submarine
cable.

TV SERVICE MONTH, a nationwide
promotion campaign, is being spon-
sored by G-E. It will run from April
19 to May 19 and feature a $25,000
($10,000 first prize) cash prize contest.
Mr. J. M. Lang, general manager of
G-E’s Tube Department, in announcing
the plan said that the concept of a
TV Service Month will be publicized
through every possible channel to focus
attention on the service dealer as a
friend and neighbor and to call for
direct action in ordering long-put-off
repairs.

The program will be kicked off by
publication in Look magazine of a
directory of the thousands of service
dealers who handle G-E tubes. A TV
Service Month emblem that identifies
each dealer’s shop as a headquarters
for the $25,000 jingle contest is one of
the many promotional aids. Another is
a talking postcard which customers
can play on their phonograph.

LONG - DISTANCE WAVEGUIDE,
a new and radically different medium
for transmitting television and tele-
phone conversations over long dis-
tances, has been used successfully in
experiments by Bell Telephone Labor-
atories. Bell scientists believe the new
waveguide may someday simultaneously
carry tens of thousands of cross-
country telephone conversations along
with hundreds of television programs.

The waveguide is made of hollow

wWWW-americanradiohistorv com

(Continued)

tubing (see photo) approximately 2
inches in diameter. The tubing is con-
structed of a thin copper wire, very
tightly coiled—like a spring under
pressure—and wrapped inside a flexible
outer coating which holds the coiled
wire in place. The tube need not be

Bell Labs new long distance waveguide.

straight and can carry signals around
corners.

Although this new form of trans-
mission, markedly different from mod-
ern cable or radio relay systems, is still
in the experimental stage, a recent
long-distance test was made in a copper
pipe 500 feet long. Engineers bounced
signals back and forth in the tube for
distances of 40 miles. They calculated
that in comparison the same waves
could have traveled only 12 miles in
a coaxial cable with the same loss in
strength.

The new transmission system operates
in a frequency range so high that it
does not have a name. The super-high-
frequency range goes to 30,000 me—
the carrier frequency for the new wave-
guide is about 50,000 me.

A major difference between trans-
mission through the new waveguide
and through previous systems is that
the higher the frequency in the wave-
guide, the less the loss through attenu-
ation. This is exactly the reverse of
other forms of transmission.

FACSIMILE playing important role in
revolutionary new type of ticket and
reservation center at the Pennsylvania
Railroad’s Thirtieth Street Station in
Philadelphia. When ordering a reserva-
tion, the ticket seller selects a pre-
printed coupon showing date, time and
place of departure, destination, accom-
modation and car number. He places
this coupon in a high-speed facsimile
machine which immediately reproduces
a Pullman or reserved seat coach ticket.

The new setup also provides for
direct facsimile transmission of re-
served space tickets into offices of sub-
scribers in the Philadelphia area. An
order form is transmitted by rfacsimile
from the subscriber’s office to the ticket
office, and the ticket ordered is imme-
diately transmitted to a subscriber. END

RADIO-ELECTRONICS
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1955 ALLIED \

308-PAGE CATALOG

the only COMPLETE catalog
for everything in TV, Radio
and Industrial Electronics

oulds longest: Stockss

e All TV and Radio Parts

o All Electron Tube Types —=
o Test and Lab Instruments =

e High Fidelity Equipment @7
e Custom TV Chassis X
e AM, FM Receiving Equipment —

® Recorders and Suppliers -
e P.A. Systems, Accessories '

e Amateur Station Gear

e Builders’ Kits, Supplies
e Equipment for Industry

——m———— !'2 i .

ultra-modern facilities for the

FASTEST SERVICE IN ELECTRONIC SUPPLY

SEND FOR THE LEADING
ELECTRONIC SUPPLY GUIDE

EASY-PAY TERMS HI-FI SPECIALISTS

Use ALLIED’S liberal Easy
Payment Plan—only 10%
down, 12 months to pay—
no carrying charges if you
pay in 60 days. Available

on Hi-Fi and P.A. units,
recorders, 1V chassis, test in-
struments, Amateur gear, efc.

APRIL, 1955

To keep up with the latest
and best in High Fidelity,
look to ALLIED. Count on us
for all the latest releases and
largest stocks of Hi-Fi equip-
ment. We specialize, too, in
TV supply, and are foremost
in the field of Builders' Kits.

ALLIED ngg}?
00 M. WESTERN AVL ‘_,“,L,...\.a\um

e 955

WOAE O PAOL 30U

& tndustriol l’nnnmi::

CATALOG MO. 140

< L)
_:" Everything in Rodio, Televisio

I SEND FOR IT TODAY!

Get ALLIED’S 1955 Catalog—308 pages
packed with the world’s largest selection. of
J quality electronic equipment at lowest,
© money-saving prices. Select from the latest
in High Fidelity systems and components;
custom TV chassis, TV antennas and
accessories; AM and FM receiving equipment;
— P. A. systems and accessories; recorders and
‘! supplies; Amateur receivers, transmitters
(3 A and station gear; specialized industrial
electronic equipment; test instruments;
builders’ kits; huge listings of parts, tubes,
tools, books—the world’s most complete stocks
of quality equipment. ALLIED gives you every
buying advantage: fastest shipment, expert
personal help, lowest prices, assured
f satisfaction. Get the big 1955 aLLIED Catalog.
Keep it handy. Send for your FREE copy today.

i IT’S VALUE PACKED...SAVE ON
: EVERYTHING IN ELECTRONICS

ALLIED RADIO

world’s largest Electronic Supply House

ALLIED RADIO CORP., Dept. 2-D-§
100 N. Western Ave., Chicago 80, lllinois

O Send FREE 308-Page 1955 ALLIED Catalog.

Name

Address ; —

City Zone State
------------J

1
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l MODEL DSS
: 3-speed, 4-pole motor

On any job, large or small—from a single-speed
nursery phonograph to a super-deluxe ‘“hi-fi”
instrument—you’ll always be right if you follow
the lead of America’s foremost manufacturers and
Specify GI phonomotors. GI is America’s only
complete line—the one source for every phono-
motor need—with quality and dependability
backed by over half a century of design leadership!

MODELD-10
4-pole, shaded pole AC In-
duction type for tape, wire
or disc recorders

MODEL RM4
Single speed, 4-pole motor

LW

MODEL DR—2.speed,
4-pole motor

MODEL AX
Single speed, 2-pole motor

MODEL S5—3-speed,
2-pole motor

-(B THE GENERAL INDUSTRIES co,
®

DEPARTMENT GE + ELYRIA, OHIO

OVER 97,000 TECHNICIANS HAVE LEARNED
HOW TO GET THE MOST OUT OF for AM
BASIC TEST EQUIPMENT FM-TV

‘Servicing hy Signal Substitution  *ns
i e A

The Modern, Simplified, Dynamic Approach to
all Receiver Adjustment & Alignment Problems

'

'

1
v

ONLY 40¢

£ 103 pages.
tnvaluable
information
that will help
you redouble’
the value of
your basic fest
equipment.

Signof

5Ul75ll'fu,,'0 "

W Nothing complicated to learn

% No extra equipment to purchase

¥ Universal ... non-obsofescent

W Employs only Basic Test Instruments

Ask for “S.S.5.” at your local Radio
Parts jobber or remit 40¢ in small
stamps or coin directly to factory.

ing dp,,

PRECISION APPARATUS COMPANY. INC.
70.31 84th STREEY, GLENDALE 27, L. 1., N. V.

wWwWwW americanradiohistorvy com

@rreSpondence

PIANO CORRECTION

Dear Editor:

Unfortunately there is an error in
Fig. 1 of the Stringless Electronic
Piano article (February, 1955). As
shown, the dual pickups are at the tip
end of the reed, whereas they actually
are located at points which are about

| 229, of the total reed length from the

: Carlson

tip end, where the second partial has
a node. This was stated in the text.

COPPER MICARTA

i
T st
STEEL REED:65.4CPS | ¢

& 1 [
3L —tstRike n'*N-gg%'I
{ ]

ALUMINUM
‘

—— )L

PLAN VIEW OF NEW PICKUP

::x:&z:::: o}
REED ENLARGED *

A later model uses only one pickup
at this same point, in a hole in the
reed. This dual-opposed pushpull action
also neutralizes translation of any
accidental lateral reed vibration. Addi-
tionally and importantly, it increases

| the output tone dynamic range, from

high to low reed vibration amplitudes,
by shortening the air gap between the
reed and the pickup head at high-
amplitude vibrations. This is due to the
slight double curvature of the reed
while the second partial is initially
present, which shortens the distance
between its fixed end and the tip end
side of the reed hole, where the pickup
capacity is concentrated.
B. F. MIESSNER

Morristown, N. J.

1-TUBE CIRCUIT?

Dear Editor:

I wish to exelaim as did Mr. Noble D.
(January) on Color Coded
Clips. On page 166 of your January
issue vou have a novel British one-
tube deflection circuit. This ecircuit
contains two tubes—it has a damper.

The circuit was apparently aban-
doned years ago by U. S. set manufac-

RADIO-ELECTRONICS
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An Invitation. ..

To men who want to "gv places”

in TV SERVICING

Find out about this NEW,
ALL-PRACTICE WAY

of becoming a Professional
TV SERVICEMAN

If you have some Radio or Television
experience, or if you know basic Radio-
Television principles but lack experience—
NRI’s new Professional Television Serv-
icing course can train you to go places in
TV servicing. This advertisement is your
personal invitation to get a free copy of our
booklet describing this training in detail.

Learn-by-Doing “‘All the Way’’

This is 1009, learn-by-doing, practical
training. We supply all components, all
tubes, including a 17-inch picture tube, and
comprehensive manuals covering a thor-
ough program of practice. 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, isolating, 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-
" jcemen will be graduates of this training.
Mailing the coupon involves no obligation,

APRIL, 1955

Train af 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
training, including all equipment, available now for a low intro-
ductory price—under $200 on easy terms.

Meopw B._ = _ B _ - mm ST o k!

I National Radio Instifute, Dept. 5SDFT I

| 16th and U Sts., N.W., Washington 9, D. C. =

How TO } Please send my FREE copy of “How to Reach the Topk |

ReacH THE | In TV Servicing.”” I understand no salesman will call. :
REACH THE

TOP | |

i~ TV | Name.......c.... <Joral oLl o0 900 oo d Age.eeeacan I

SERVICING : i

- | Address...... o o, o Ao a5 000066 0/6 90100 30 6,0 5.l

i l

| City...oovviiieeeninnnn. Jus N Zone. .. .State...... |

Y SO 5 J
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WHO’S THE ONE YOU TALK TO

Itsa

AND WOMEN BUY

A Crossley, Incorporated survey shows
that this Seal influences 539, of all women
in their purchases of everything from

raisins to refrigerators . . .
and . . . CBS TUBES have the Good
Housekeeping Guaranty Seal! When you

S0-0-0-0
ADVERTISES

CBS is the first and only tube manufac-
turer to address its advertising to women.

CBS tubes will be con-
sistently advertised
throughout the year in
Good Housekeeping and
Life, reaching 17,171,419
readers every time an ad-
vertisement appears!

CBS-HYTRON Main Office: Danvers, Massachusetts « A DIVISION OF CBS ... THE COLUMBIA BROADCASTING SYSTEM, INC, -
A member of the CBS family: CBS Radio . CBS Television . Columbia Records . CBS Laboratories

14 RADIO-ELECTRONICS
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ON MOST SERVICE CALLS ?

Woman...

\}.(ft“““ OR . REFUND 0,4,
" (uaranteed by

Good Houseke epmg
the tubes you supply. Keep your customers [/ 2

7 N}
happy — with CBS tubes, the tubes with O’ A4S ADVER“SED "\“—“"
the Good Housekeeping Guaranty Seal on ¥

-« « BY THIS SEAL

install CBS tubes you leave no question in
your customer’s mind about the quality of

the carton.

...CBS

TO WOMEN

And it's women you lalk lo on most service

calls.
Quality products through ADVANCED-ENGINEERING
CASH IN WITH THIS NEW [~~~ ~7———77-====7=== 1
. ' ass.
I CBS-HYTRON, Danvers, Mass ‘
Please rush me the new CBS TUBE SALES PROMOTION KIT, i
CBS T u B E I PA-70, containing: 1
I 1. Three Truck Posters 2. Metal Frame for Truck Posters i
I 3. Window Display with three-dimension Giont CBS Tube I
SALES PROMOTION KIT' I Carton  4.New Inside /Outside Decal i
= : I enclose $2.00 to cover the cost of this kif. i
| N T B o o o o e, A :
Ask your distributor for special offer, or mail coupon | (please print nome and address) i
today. 1 Street. . et v bt e e e e ing s e eiea eels i
| YL o otelefetoogtohe o) e ote e oot State..veeercenonssnns |
CBS-Columbia  «  CBS International ¢  and CBS-Hytron !________ ______________ ol |
APRIL, 1955 15
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PERMOFLUX

The NEW

ANNOUNCES

New, complete two-way speaker system —
with all the time-tested, proven features of the “Largo 8"

plus:
e More powerful Super Royal 12" Speaker
e New, larger, back-loaded horn enclosure
e Full 20-watt power-handling capacity
e Smooth peak-free response ... 30 to 16,000 cycles

Combined with: e Scientifically matched 32KTR Super
Tweeter o Slanted speaker panel for proper sound focusing
e High-frequency balance control e Horn loading of back

wave thru unique cabinet base. The Largo 12 is precision-
constructed of beautiful 34" Mahogany or Korina
Blonde cabinet woods. Impedance, 8 ohms.
Size: 23%" H, 272" W, 15%" D.
Audiophile NET........____. . . .....$149.50

(Alsa available in Walnut at slightly higher price.)

A @
} The Largo 12 is available under the exclusive Permoflux insured Home
Trial Plan (HTP). Try it in the comfort and quiet of your own home for

15 days—with your own records and associated equipment. For a limited
time only, each HTP participant will receive—absolutely FREE—the new
'Permoflux ‘“Maestro’”’ speaker-Headset Control Box ($10.00 value). Also
available under HTP: the Diminuette ($49.50); the Largo 8 ($99.75).

*
Only Permoflux gives you all the features you should have in a 2-
way high-fidelity speaker system. See and hear the Largo 12 and
other Permoflux systems at your hi-fi dealer today. Also ask him

about HTP—or write:

Dept.D, 4912 West Grand Avenue e Chicago 39, lllinois

West Coast Plant * 4101 San Fernando Road ° Glendale 4, California
Canadian Licensee * Campbell Manufacturing Co., Ltd., Toronto, Canada

wWWwW americanradiohistorvy com

CORRESPONDENCE (Continued)
turers. Refer to Photofacts folders
around 1949 or look up an old Bendix
diagram. They really had a one-tuber.

CHARLES SAMUELSON
Youngsville, Pa.

(Combination horizontal oscillator
and output stages using one single-
purpose tube have been used by several
manufacturers in a few models. This
practice: was not widely adopted and
the number of sets using one-tube hori-
zontal deflection circuits is so small
that many technicians have never seen
or heard of them. The one-tube British
horizontal deflection circuit was de-
seribed not because we felt that it was
previously unheard of but because we
believe it is rare and unusual.

We still consider the circuit a one-
tuber because the 6CD6-G will oscillate
with the damper removed from the
circuit. If you want to see a one-tube
oscillator and output eircuit without
a damper, take a look at the circuit of
the Muntz M-158 or M-159.

The output tube, called the horizontal
output and oscillator, is fed directly
from the output of the sync separator.
—Editor)

CLARIFYING THE ISSUE
Dear Editor:

Some people seem to feel that I
advocate very complex articles that
cannot be understood by any but the
best trained individuals in the elec-
tronics field. Possibly this feeling is
the result of reading the Correspond-
ence column, December, 1954.

Prior to October, Mr. Dorf (author
of the articles I questioned) accused
me of advocating involved articles be-
yond the comprehension of his readers.
His language is much the same as that
in the December column.

Please allow me to quote from a
letter that I sent Mr. Dorf on October
3, 1954, a date considerably prior to
your December issue. “You have missed
the point of my letters. I’m not accus-
ing you of overly simplifying discus-
sions or of lacking to give full develop-
ment to background and math involved.
I realize as well as you that the major-
ity of readers of RADIO-ELECTRONICS
do not have the technical tools to under-
stand all the math and development
that could accompany an article. I'm
accusing you of leading the readers to
a wrong conception of some of the
points you discuss. Any diagrams,
equations and statements of principle
in my letters are for your benefit, so
that you can see your error demon-
strated, as I do not feel you would be
inclined to believe me if I merely tell
you that you are wrong. It is one
thing to simplify and another thing
to tell an untruth. And it is precisely
the readers without the technical
understanding and background who
should be protected from the possibility
of an author starting them down a
path of misconception. . . .”

WiLLiam HoLm
East Lansing, Mich.

16 RADIO-ELECTRONICS
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Get this FREE Booklet Tadyy

LOADED WITH CAREER-BUILDING FACTS —IT CAN
LEAD YOU TO A BIGGER JOB, BETTER PAY, SECURITY
AND SUCCESS IN RADIO — TV — ELECTRONICS

““YOUR FUTURE

IN THE NEW WORLD OF ELECTRONICS''—

contains a proved plan for your successful career in:

% BROADCASTING
“ MANUFACTURING
% SERVICING

% TELEVISION
Y COMMUNICATIONS
w AERONAUTICAL ELECTRONICS

% ARMY, NAVY, AIR FORCE, COAST GUARD ELECTRONICS

A PROVED CAREER-PREPARATION
PLAN THAT WORKS!

This free book has brought success
home to thousands of men just like you!
They are now enjoying responsible jobs,
good pay and the good things of life. So
can you! In less time than you think!
We tell you how you can carve out a
bigger better-paying job. Our proved career-
preparation plan works because it was
written by authorities who know exactly
what the varied electronic industries want,
need and expect from you!

ELECTRONICS’ FUTURE CAN BE
YOUR FUTURE

You can’t keep up with the tremendous
changes in the electronic industries. What’s
predicted for next year hecomes outdated
in a few months! All phases of the elec-
tronic indusiries are experiencing phenom-
enal growth. There are thousands of career
openings, big ones. Industry can’t find
enough trained manpower to fill them—in
manufacturing, tesling, servicing, hroad-
casling and telecasting.

TAKE TV FOR EXAMPLE!

Four hundred and six stations are on
the air! Many more are building or in

CAPITOL R ADIO

ENGINEERING
INSTITUTE

Accredited Technical Institute Curricula
Founded in 1927.
3224 — |6th Street, NW.
Washington 10, D.C.
CREl olso offers resident instruce
tion: at the same high technical
level, day or night, in Washington,

D.C. New classes start frequently CHECK

during the year. If this type of in- FIELD OF

struction meets your requirements, GREATEST [ Practical Television Engineering

check the coupon for Residence INTEl;EST 5[:] Aeronautical Electronics Engineering

School cotalog. Qualified residence 0] TV, FM & Advanced AM Servicing

graduates may earn the degree of

Associate in Applied Science.

INFORIIATION FOR - VETERANS N e W Iyt T S M
1f you were discharged ofter

June 27, 1950—let “the new G.L ST 10 O, it s s ey s e i .

Bill of Rights help you obtain resi-

dent instruction. Check the coupon (e e Zone........ State.... .

for full information.

APRIL, 1955

the plans stage; 32,859,915 sets are in use.
Color TV is just starting to really come
alive! This same phenomenal growth pic-
ture is repeated in every phase of business
employing electronics — crime prevention,
aeronautics, fire-fighting, communications,
to name but a few. CREI has the plan to
keep you moving upward, to help you as-
sume your rightful place!

CRE! GRADS ARE IN DEMAND!

The big companies know CREI men have
what it takes! CREI grads are at work in
America’s biggest corporations, in positions
ranging from technicians to engineers to
top management. Conpanies such as United
Air Lines, Canadian Broadcasting Corpor-
ation, Trans-Canada Airlines, Sears-Roe-

o, .,"'_‘“: — o \. e/
Act Now!

TAKE THAT FIRST BIG STEP!
NO OBLIGATION

buck and Co., Bendix Products Division,
All-American Cables and Radio, Inc., and
Radio Corporation of America, are now
paying for CREI training for their own
technical staffs. Our placement bureau has
more requests for CREI-trained men than
we can presently supply.

CREl GRADS EASILY PASS FCC EXAMS!

You start feeling the benefits of CREI
training right away. either with your pres-
ent conneclion. or with a future employer.
You'll have all the training you need to
secure your FCC commercial license.

ACT NOW! TAKE THAT FIRST BIG STEP!

Fill out and mail the coupon. When
you do, you’ll be on the way to higher
pay, a better job and complete career
security. Act right away. Send for your
free hook today.

THOUSANDS LIKE YOU HAVE SUCCEEDED WITH CREI'S PLAN! “CREI TRAINING IS BEST”

“—1 chose CREI training upon rec-
ommendation of two top engineers.
Before 1 had completed the course I
became transmitter chief of a 5 KW
station. am now employed as a
technician at a 100 KW TV siation
and in spare time have a good TV
soles and service business. A4nyone in-
terested in his electronic future should

- have CREI training.” . . —Arlie D.
| Patton, San Antonio, Texas

CAPITOL RADIO ENGINEERING INSTITUTE
Dept. 144-B, 3224 1sth St., N. W., Washington 10, D. C.|

Please "send me your course outline and FREE lllustrated
Booklet "Your Future in the New World of Electronics' . . .
describing opoortunities and CREl home study courses in
Practical Electronics Engineering.

[ Practical Radio Engineering

CHECK:

www.americanradiohistorv.com

[ Residence School [ Veteren

“—1I know of no case in which a man who applied
himself and completed the CREI course failed to
bewter himself through promotion and increase in
salary.” . —Wendell L. Fraser, San Diego, Calif.

““—CREI has raised me to professional status as a
radioman. Thanks to your instructors whe always
gave me needed help.”” —Victor Mentzer, Wilmington,
De!

“—I have been in radio and electronics for 24
yeers. I fully recommend CREI as the best school
1 have seen.” —L. McManus, Montreal, Canada

|To help us answer your re-

quest intelligently, please give
the following information:

EMPLOYED

TYPE O

D Broadcast Radio Eng]neering (AM' FM' TV) PIRIESIENTE AW O R G mma-egepeities e i et gy

| CHOOIL R
BACKGROUND

IN WHAT BRANCH OF ELECTRONICS
ARE YOU MOST INTERESTED?
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CHANNEL MASTER

steers you to the

greatest

u ]
con Ical values model no. 30] g !J model no. 302 J 41.5
model no. 34] s 5? model -no. 342 $ Grj

ever offered!

[ ]
\2 at

$Q89
fh e N eW o model no. 303 model no. 343 sy

45
$

mode! no. 304

17
model no. 344 Tt

Never hefore such
a complete line
of conicals at such

a u ous c s MAVERICK 300" [l "MAVERICK 340" o N
ma d ] mod 1 ) s 56
ld tis 3 ack’d s 5
Low-priced conicals? Here is the LOW- e N R T 3‘”_" oot ”’ml 306 i
EST-PRICED, fullest conical line you've gg:: 28 | 31 875 | Saalzaey | 3 739
ever seen—a complete series of 22 differ- 02| Vbay QK .2‘;*‘ oo | 1 ::f
5 X 47 Bay | |
ent models. Checked out and approved §2§§ Too {1 ess | sezz(zser | 3] 700
by the Channel Master laboratory, every ECl R e Sl 017
P ) Ly N = 343 1-Ba: 6| 389
““MAVERICK’’ antenna provides out- [2038] 280y | 11042 m;"ﬁ,:__ 3| sa1s 1000/0
. . 304 | 1-B, 6 K — — 3
standing Broad Band reception wherever Socil zam |3 Jroun | 348|280y | 1] o7 aluminum
: ; - g H 3048| 2Bay_ | 1 [10.97 | 344 |[1-Bey (W Ay |
conical antennas find application. Avail- e Y Kod T T ,
able both ‘‘Super-sembled’”’ and non- s0s2[28ay | 301097 | “sussf2sey | 1] o3
) 3058 | 2-80 1[ns3 | [T ey e (R
nssembled, the “MAVERICKS"’ are, with- 306 'IBa: O ) e e A ) B
' . | [3062[28ay | 3[t1ss | 24521 28er = 3} 1903
out doubt, today’s most sensational v06s |2ty | y]vaes | 358[2ser [ 1] 0ss
antenna buyn. 301:3[Conn.Rods | .56 | 3413]|Conn.Rods 56

wWwWWwW americanradiohicetorv com
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Extra “sleeve”

on element provides
400% greater strength
where it is needed most,

Conical “"head.”

The first and only full line
of comcal antennas complefely

Saten-cembled”

No hardware,

no tools, no tightening—
pops open,

ready for the mast!

Divector bracket. Bratket of X-type reflector. Bracket of straight- bar reflector,

'MAVERICK 340 j

10 different models

Clamp Plate

Elements can’t turn . NON-ASSEMBLED *
or twist loose!

This exclusive feature, This quality line carries the lowest

until now, has been price-tags ever seen on conical antennas!

available only in much )
higher-priced models e Installs in a matter of minutes. e Mcst popilar conical arrangements.
o Finest materials; durable, tugge¢ construction.

*Extra Preassembly Feature!

g@ CHANNEL MASTER CORP. On all models with.:fraight-bar reflectors,

the reflector element is completely precssembled for
ELLENVILLE, N. V. snap-open installation.

WORLD'S LARGEST MANUFACTURER OF TELEVISION ANTENNAS Write for complete technical literature Copyright 1955, Channel Master Corp.

www.americanradiohistorv.com
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your KEY
TO EXCELLENCE

" metal-cased

MULTIMETERS

the NEW LOOK in

o o - -

ooooo

an instrument | in a case

of R N S A LV that
\A.C. W i3 2 V_?}‘{-,Zd;%o
P[RMA NENT E * 0082171y 500 ng’ 50

o g u WON'T
ACCURACY wit. BREAK

POCKET SIZE WITH A 473" LENGTH SCALE

AC CURRENT RANGES

WE LEAVE IT TO YOU i e RancE FUNCTION' SWITCHES
WOULD YOU BUY A PLASTIC-CASED WRIST WATCH . . .

if you could buy the finest movement in a magnetically
shielded metal case?

Phaostron, world famous manufacturer of ENVIRON-
MENT FREE PRECISION AIRCRAFT EQUIPMENT for Mili-
tary and Industrial uses introduces a new concept in
Multimeters, This magnetically shielded, metal-cased
555" compares with plastic-cased multimeters as a
fine watch in a precious metal case would compare with
a plastic wrist watch.

COLOR CODED SCALES ARE RED, GREEN, BLUE & BLACK
ACCURACY 3% DC, 4% AC

The shielded, shatterproof and anti-magnetic case in-
sures continved accuracy and integrity of this instru-
ment for years to come.

Phaostron ““555" Multimeter incorporates more ranges,
including AC current, greater visibility, simplified and
functional controls and the greatest value offered to
date.

See the Phaostron ‘555", note its many outstanding
features, its beautiful satin chrome case, its compact-
ness and light weight, and you will know why

555" MULTIMETER
complete with probes and batteries
‘““YOU CANNOT BUY BETTER” Y w at your PARTS DISTRIBUTOR

Manufactured by PHAOSTRON COMPANY e 151 Pasadena Avenue e South Pasadena, Calif., U.S.A.

20 RADIO-ELECTRONICS
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FIRST HOME srum- —

IN COLOR TV SERVICING

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

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

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

SEND FOR FREE BOOKLET
Mail coupon in envelope or paste on
postal card. Check course you are inter-

ested in. We will send you a booklet that
gives you complete information. No sakes-

man will call,
r/ . \
A
) 7
\
o\ /

RCA INSTITUTES, INC.

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

Home Study Courses in

TELEVISION SERVICING

offered by

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

/

~HOME STUDY COURSE IN
BLACK-AND-WHITE TV SERVICING

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

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

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

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

RCA INSTITUTES, INC.
Home Study Dept. RE-4-55
350 West Fourth Street, New York 14, N. Y.

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

H: Study Course in TELEVISION SERVICING
{1 Home Sty urse in Coror TV SgrviCcING,

Name
(please print)
Address
City Zone State

B SN
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Tuning in for radio transmission. Each item
of equipment is not much bigger than a suitcase.

A leapfrog telephone system
for the Armed Forces !

A new communications system, wlich takes to the air when water or
rough terrain prevents the stringing of wires, has been developed for the
U.S. Signal Corps by Bell Telephone Laboratories.

The system uses cable and radio relay interchangeably over a 1000-
mile range. It is easily portable, unaffected by climate, and rugged cnough
for global usc. Twelve voices travel at once over a pair of wires or radio
waves—as clearly and naturally as over the regular tclephone system.

This is the first time a completely integrated wire and radio system
of this large a channel capacity has been available for tactical use by the
Armed Forees. Tt is alrcady in production at Western Elcctric, manufactur-
ing and supply unit of the Bell Systemn.

The ncw system is a joint achicvement of the Signal Corps, Bell
Laboratorics and Western Elcctric ... one of the many results of long and
fruitful co-operation. It shows again how techniques which the Laboratories
develop contribute to our national strength.

Bell Telephone Laboratories

Improving telephone service for America provides careers
for creative men in scientific and technical fields

24

Amplifiers like this are used
every 53 miles in the cable por-
tions of the system. They are
weatherproof, can be used on a
pole or the ground, and will even
work under water. The system
uses a spiral wound cable devel-
oped by the Signal Corps.

Easily raised antennas
send or receive for the radio links. |

RADIO-ELECTRONICS
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LOOKING FOR JOB SECURITY AND SUCCESS?
LET MY STUDENTS AND GRADUATES TELL YOU — [

ABOUT MY TRAINING —-

$60 A WEEK IN SPARE TIME

I have the skill and know-
how to do the work | fove
best and to enjoy better
things in life, thanks to
RTTA. | am working al TV
servicing and making $60 a
week sparetime.

Harold Gimlen, Flint, Mich.

AIRCRAFT INSPECTOR

e -

e’

. 4

With RTTA training and
through repairing radios and
televisions for the right peo-
ple at the right price, | was
able to make the right con-
tacts. | am now an Inspector
for Douglas Aircraft at about
$125 o week.

Hugh Maddox, Los Angeles, Calif.
ELECTRICAL TESTER

”..L
F,

RTTA training has helped me
understand TV and many vari-
ations of simple circuits. The
course covers all subjects very
clearly, 1 am now an Elec-
trical Tester for Western
Electric (0. at $83.42 a
week.

Raymond Lapan, Burlington, N. C.

YOU, TOO, CAN GET A BETTER-PAYING JOB IN THE EVER-EXPANDING

HAS OWN BUSINESS

1 have a shop a! home and
have been working on radio
and TV after working hours
of my regutar job. I average
$50 o week for this part time
work. RTTA training helped
me in making extra money
and giving me experience in
the electronic field.

Richard Hennis, Little Rock, Ark.
SERVICE MANAGER

I manage two radio and
television shops, one here
and one in Pompano Beach.
RTTA ftraining increased my
knowledge of TV circuits and
showed me new, quicker
methods of repairing. Les-
sons as presented are very
concise and clear.

William Phillips, Fort Lauderdale, Fla.#
REPAIRED EVERY SET

RTTA training helped me 1o
understand - TV more thor-
oughly. | have repaired ev-
ery set that | was called on
to repair.

Andrew Busi, Jr., Iselin, Pa.

RADIO-TELEVISION-ELECTRONICS FIELD

Why [imit yourself and your earnings because of your lack of training. learn
AT _HOME in your SPARE TIME to be an electronic technician, television repair-
man, or studio technician.” You don’t need any experience whatsoever. Many
students earn up to $25 weekly in spare time while learning.

After you finish my Radio-FM Television Course or FM-
Television Course you can have, if you want it, two
weeks of laboratory training at my associate resident
school in New York City—AT NO EXTRA COST.

If you have had previous radio and television experi-
ence you can take my practical TV Cameraman and Studio
Technician Course to qualify for a good-paying job in
a TV studio.

Write to me today and let me show you how you can
begin now to put yourself on the road to a better future.

VETERANS!

My school fully approved to train veterans under new
Korean G.I. Bill. Write discharge date on coupon.

Rodio T division T raiming A ss0ciation

YOU GET AlLL

Combination Voltmeter-

L. C. Lane, B.S., M.A.
President, Radio-Tele-
vision Training Asso-
ciation. Executive
Director, Pierce School
of Radio & Television.

— ABOUT MY

EQUIPMENT

YOU GET ALL THIS EQUIPMENT AND MORE
Public Address System

Super-Het
Radio Receiver

Ammeter-Ohmmeter

(-W Telephone
Transmitter

7

. a money making little gem.”
I have completed kit #6 and wos omazed ot how it works.
1 showed it fo o friend of mine ond he asked me to sel it
up for one of the picnics his social cJub was having. That
sure is o money making little gem,

John Fernandex, Fresno, (alif.
"We get excellent pictures , . ."”
! would like to compliment you on an excellent and complete
course. We get excellent pictures on my TV set from WSYR
{Syracuse, N.Y.), approximately 110 air miles oway. The
sel is working good ond | have had to replace only three
tubes since | assembled it two years ago.
Larry H. Stafford, Kingstan, Ont., Canode

’” ’”

. very good reception . . .
I have really enjoyed the course and have come o long way
in TV servicing. | om getting very good reception on my TV
station considering that the nearest VHF stotion is 120 miles.
J. W. Hanlon, Jr., Henderson, Texas

" FREE

52 EAST 19th STREET e¢ NEW YORK 3, N. Y.
Licensed by the State of New York ® Approved for Veteran Training

APRIL, 1955
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MAIL THIS COUPON
NO SALESMAN WILL CALL

Mr. Leonord C. Lune, President
RADIO-TELEVISION TRAINING ASSOCIATION Dept. R-4
52 East 19th Street, New York 3, N. Y.

Dedr Mr. Lome: Mail me your NEW FREE BOOX, FREE SAMPLE
LESSON, ond FREE oids that will show me how | can moke BIG
MONEY IN TELEVISION. t understond ! am under no obligation and
no solesman will call.

(PLEASE PRINT PLAINLY)

Nome Age.

Address,

TODAY!

State.

City = _Zone
i AM INTERESTED IN:

{7 Rodio-FM-TV Technician Course Write discharge date
[3 FM-TV Technicion Course

[] TV Comeraman & Studia
Technition Course

25
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NOW...RADIART makes available

to commercial users of communications
Based On Rigid equipment, a new line of vibrators

U. S. Government . )
based upon experience of producing

Englneering Specifications
over 2 million similar units to
the exacting requirements of U.S.

Signal Corps Specifications.

It's ready now!

These Eight Types Offer Complete Replacement

for ORIGINAL Communication Equipment: The new 1955
Old No. New No. Radiart Vibrafor
5515 5715

5518 s718 Replacement Guide

S721
S5722 /

=ade .
5821 T~ /

ss22 /

THE RADIART CORPORATION

CLEVELAND 13, OHIO

TV ANTENNAS ¢ AUTO AERIALS ¢ VIBRATORS « ROTORS ¢ POWER SUPPLIES

26 RADIO-ELECTRONICS
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\ BUY IN THE WORLD
JEICOS

St

ATNV’SH%NAILGE%UH%ATZH%#324
KIT $26.95 WIRED $39.95 You could pay scores of dollars more and not get all the

% Expanded frequency range: 6 fundamental bands: 150 advances EICO gives you in the new Model 324—teday!
—400 kc, 400—1200 ke, 1.2—3.5 mc, 3.5—11 mc, 11— Compare . . . and you'll buy EICO!
37 mc, 37—145 mc, 1 harmonic band 111 mc—435 mec.

» Y% Variable gain ext. mod. ampl.; only 0.8 v for 30% mod.

% Colpitts RF osc.,-directly plate-modulated by cathode
R)llower.for xmpmved mgdulguon.

% = 15% frequency accuracy; 6:1 vernier tuning knob & __<
excellent spreadat mos@ 1mpou;a,nt ahgnment

frequencies. /
q - % Tureet- -mounted,. slug tuntd eolls:

% Etchedtuningdial, prexiglasswin-jo’;;vs,edge lit hairlines. % Fine &\Coarse(3—step)RFattenuatoxs;SQ-ohm output Z.
* Vana)é‘ depth of int. ' mod. ¥ 15 50% by 400 cps Calt * RF output\100,000 uv; AF output to 10'y.
pittscosc, % Uses 12AU7, 12AV7, sel. rect.; xfmr-operated,

% Supplied with shielded output cable.

% Satin aluminum panel and grey wrinkle steel case!

You could spend 2
and 3 times more

[eet~4ll THE BEST VTVM
BUYS IN THE WORLD,

VTVMs. Compare
.and you’il buy

Dual Purpose
UNI-PROBE

NEW! PEAK-TO-PEAK VTVM # 232, complete

 with{fni-Pnobe .. ...,
*KIT $29.95 _Wired $49.95

Zero-center for TV-FM _diserimimator alignment.
One zero-adjustment for all functions and ranges.

Frequency response: 30 cps-3mce (up to 250mc with
“PRF probe).

1% precision ceramic multiplier resistors.
Exceptional circuit stability and accuracy.

New compact size for extra-easy portability (8Vsx
5x5”)

Smart professional styling—rniew satin finish etched

panel with contrasting knobs and meter and grey
% Uniform 3 to 1 scale ratio for extreme wide-range wrmkle steel case,
accuracy. % Leather handle.
% Large 412” meter in can’t-burn-out circuit.

.Cahbrauon without removing from cabinet.

NEW! DELUXE PEAK-TO-PEAK VTVM #249 with
7%:" Meter and exclusive UNI-PROBE®* (pot. pend.)
KIT $39.95 WIRED $59.95
All the outstanding & exclusive Ieal'u!es

of Model 232—plus the extra convenience

84 Withers Street * Brooklyn 11, N. Y. ot o e

An ideal bench instrument.

A half turn selects
DC or AC-Ohms.

% Measures directly p-p voltage of complex and_ sme
= waves: 0-4, 14, 42,140, 420, 140054200 volts p-p.

% DC/RMS sine voltage ranges: 0-1.5, 5, 15, 50, 150,
500, 1500 volts. Reads up to 30, 000 V. with HVP A\~
probe. V

% Resistance ranges: 0.2 ohms to 1000 megs in 7 ranges.
% 7 non-skip ranges on every function.
% 4 functions: DC Volts,-DC Volts, AC volts, Ohms,

* ***‘w#*

Write for FREE Catalog CG-4

@ss e Sk Moher TURN PAGE FOR OTHER EICO INSTRUMENTS
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RADIO -
ELECTRONICS

Hugo Gernsback, Editor

ATOMELECTRONICS IN 1980

e oo The sew art will soon be a grantyy g

1940s, the wedding of atomics with electronics

has blossomed into an important new art. This
is but natural, because the electron is an integral
part of the atom — neither can exist without the
other. “Atoms for Peace” will not be an idle hope
by 1980, twenty-five years hence — indeed, it may
well be the greatest civilizing force humanity has
ever experienced.

The reason for this is found in the tremendous
energies locked up in the atom — a power that now
is beginning to be set free for the emancipation of
mankind.

We already have actual working prototypes of
atomic batteries in use today — scientific toys, to
be sure, just like Volta’s battery of 1800. It, too,
was a toy, but nevertheless the forerunner of the
electrical age of the twentieth century.

The great difference between the two batteries
is that the galvanic type tranforms chemical energy
into electricity in comparatively small quantities,
while the atomic type — due to its vastly greater in-
herent power — gives us atomic-generated electri-
cal energy, not for a few puny hours, but for many
years continuously.

We must be careful at this point to differentiate
always between present-day atomic power plants
and future ones of 1980. Today, we obtain atomiec
power in a roundabout manner, by using only the
thermal or heat effects of the atomic reaction. We
go back to the ancestral steam engine by heating a
boiler with atomic energy and finally running an
electric generator with it. As beautiful a twentieth-
century anachronism as you will ever find!

The thermal reaction of the atomic pile is in real-
ity an undesirable one from the energy viewpoint—
and, indeed, the atomic engineer of the future will
try to eliminate it as far as possible. The reverse is
true today — we use the atom only for heat pur-
poses and suppress its far greater energy — the
electromagnetic power — by useless, massive shield-
ing. It is precisely here that the great strides of the
future will be made, and the atomic battery — pre-
dicted by the writer in 1945 — points the way. The
atomic energy of 1980 will be mostly electrical, not
thermal, except for specialized purposes where it
will be more practical to use direct atomheat.

Automobiles, motorbikes, pistonless airplanes,
locomotives, power plants, all will run on directly
generated atomelectric energy. So will most port-
able tools and appliances, which will have a tiny
inbuilt atomelectric power supply.

The same will be true of our radios and tele-

SINCE the advent of the atomic age early in the

APRIL, 1955

vision receivers, none of which will depend upon
the present-day electric house current.

Possibly the greatest boom of atomelectronics
will come through new and highly perfected future
semiconductors, intimately linked directly to the
atom. We have already made laboratory and ex-
perimental models of atom-powered transistors;
this is but a beginning, with revolutionary advances
certain to follow in the not-too-distant future.

The greatest engineering development will come
in the extensive simplification of most of our elec-
tronic instrumentation. Our radios and television
sets by 1980 will bear little resemblance to pres-
ent-day ones. They will in the main be tubeless and
transformerless. Even the capacitors and resistors
will be unrecognizable by today’s standards. Much
of the wiring will have disappeared: integral self-
components will be directly fashioned into a homo-
geneous block. Hence, the present-day bugaboo of
loose connections will largly fall by the wayside.
This will then be the service technician’s paradise.

Recent radio-astronomical research tends to show
more and more that radio waves in free space are
created atomelectronically. This means nothing less
than instrumentless transmitters. Imagine an al-
most weightless yet powerful radio transmitter!
Translate this into a mundane portable broadcast-
ing unit the size of a matchbox, and you can visual-
ize the great possibilities. The day will come when
all of us will be able to carry a miniature compact
dial phone in our pocket for instant communication
with the entire world. A tiny buzzer will “ring
you” via your pocket phone, no matter where you
are, for instant, world-wide personalized communi-
cation.

Far more important than all this, however, will
be the atomelectronic role in the coming great
emancipation of the world’s underprivileged and
starved populations—a vast reservoir of potential
communism.

We can visualize tens of thousands of special
atomelectric farm tractors all over the world which
do not require refueling for years. They can sow
and reap automatically by means of modified com-
puters and photocells, moving back and forward
between special rows of markers which flag the pho-
tocells. These tractors will also furnish all the en-
ergy for even the largest farms, supplying them
with light and power for every imaginable purpose.

One hundred thousand such tractors, opening
new farmlands on the five continents, could do
away with the ageless starvation threat and bring
prosperity to every land under the sun.—H. G.
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AUDIO—HIGH FIDELITY

PE
SPEAKER SYSTEMS

By GEORGE L. AUGSPURGER

Part I—Fundamentals of horn
speakers; the folded horn; in-

troduction to the corner horn

HE salesman pointed out enthu-

siastically that only with horn

loading could a high-fidelity speak-

er system give true distortionless
bass response. “Just listen to those
low notes,” he said. “That’s the real
thing. No more of that boomy juke-
box bass.”

All of which was common enough
sales talk except that the man hap-
pened to be selling juke boxes.

Another demonstrator explained that
his product used real Klipsch-licensed
folded-horn construction. Said he, “We
don’t believe in the boomy resonant
bass you get with bass-reflex systems.”
He pointed to a little cabinet about the
size of a cigar box which sounded very
much like a bass-reflex system. “Now-
adays,” he chortled, “anyone can afford
genuine corner-horn reproduction with
the ‘Little Gargoyle’ portable corner
horn.”

You may have recognized the scene
as one of the recent audio fairs. Except
for a few stubborn manufacturers who
retained modified bass-reflex or R-J
enclosures, it seemed that you were
simply nowhere unless you had some
sort of “four-dimensional reintegrated
axis nonparallelepiped corner horn”
to offer the panting audiophiles.

Horns have been used as integral
parts of musical instruments for years.
The horn in reverse, used as a some-
what obvious candid microphone, trans-
mitting conversations to an eaves-
dropper in another chamber, was a
plaything in the time of Leonardo da
Vinei, and came down to us as the ear
trumpet—the first hearing aid. When
a sound-reproducing device was finally

30

invented, it was inevitable that a horn
would be used to amplify the delicate
shudders of its tiny diaphragm. I say
inevitable because at that time, prior
to any sort of electronic audio equip-
ment, the horn was the only known
method of coupling a small vibrating
reed or diaphragm to the surrounding
air. And in that word “coupling” lies
the whole secret of the horn.

Nowadays even the greenest audi-
ophile knows that a horn is an acoustic
coupling device similar to a trans-
former in electrical circuits. The bass
response of a horn depends both upon
its rate of flare and its mouth area.
An exponential horn which doubles its
cross-sectional area every foot is said
to have a 60-cycle flare. If it doubles
every 2 feet, its flare is said to be 30
cycles, and so forth. If the horn is
mounted in a flat wall, the mouth
diameter should be equal to at least
one-quarter the wavelength of the low-
est frequency to be reproduced. If the
same horn is mounted at the inter-
section of two walls, the mouth area
can be cut in half. Similarly, if mounted
at the intersection of two walls and
ceiling or floor, the mouth area can
be reduced to one-quarter that of the
flat wall model.

All these rules are derived math-
ematically in Olson’s FElements of
Acoustical Engineering, or one can use
the optical analogy of Gately to con-
struct the effective mouth diameter of
a particular design as in Fig. 1. But
this isn’t the only space-saving trick
handed us by the acoustic engineers.
The horn need not be straight—it can
be bent, folded, curled, split or tied

www-americanradiohistorv-com

in knots—a la Sousaphone. Further-
more, the cross-section need not be
circular. The horn can be triangular,
square, rectangular, hexagonal or
shaped like an “F” slot. (The last
configuration is especially good for
snob-appeal installations.)

The various configurations possible
and the basic design considerations
behind them were covered in an article
in the November, 1951, issue of Audio
Engineering. In that article I made
the point that, all other things being
equal, a straight horn is preferable to
a folded model. Since the publication
of that manuseript there have been
placed on the market, by actual count,
over 30 folded, curled, twisted, knotted
or kneaded exponential horns of various
shapes and sizes. One straight horn
has appeared. Of course, the argument
of straight versus folded horns always
resolves itself once the problem of size
arises, since a full-sized straight horn
is a monstrous affair.

The folded design isn’t the only
compromise made in the interests of
expediency. All the configurations now
on the market are built with the fol-
lowing assumptions being taken for
granted:

1. The wave front in a horn is a
plane surface perpendicular to the axis
of the horn for relatively small rates
of flare.

2. Bends or folds in themselves will
not introduce objectionable distortion
as long as the cross-section is relatively
small at that point.

3. The horn is made of some fictional
material which neither transmits nor
absorbs any sound at all. (Don’t laugh,
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this statement is lifted right out of
Olson!)

With these design axioms in mind
let’'s take a look at what can be done
with the basic exponential flare idea.

Straight exponential horn

With the exception of the familiar
horn type tweeter, nobody makes a
wide-range unit of this type, so the
discussion is practically ended right
here. A full-sized horn is shown in
Fig. 2 in case you want to build one.
Made of concrete block or some such
material, this design will perform al-
most exactly aeccording to theoretical
expectations.

Folded horn

Here we begin to get into the region
where good designs are often acci-
dental. T don’t mean to imply that a
great deal of careful preliminary de-
sign and sweat are not included in the
price of even the least expensive de-
sign. My point will become clear, how-
ever, if we take a look at a few such
horns.

The Frazier-May horn (see photo) is
a brand-new addition to the fraternity
of folded horns. It is a square wooden
variation (Fig. 3) of the re-entrant
public-address horn. Naturally the
Frazier-May is deseribed as revolu-
tionary and a completely new concept.
(These are advertising terms that carry
about the same semantic implications
as “hello.”)

The Frazier-May horn is built of
three conic sections driven by an 8-
inch cone speaker. The first fold bends
around a double partition lined with
Fiberglas. This gives a reasonable
amount of acoustic insulation between
the first two sections of the horn. But
in the case of the second fold, a common
piece of plywood is used between the
terminating sections. It seems reason-
able that, if this single barrier trans-
mits any acoustic energy at all, the
cabinet is no longer operating as a
true horn. To aggravate this acoustic
short ecircuit further, six wooden
spacers fasten the two sections of the
cabinet together. These spacers prob-
ably act just as the bridge in a piano,
transmitting vibrations from the inner
wall (where sound pressures are fairly
high) to the outer shell which now acts
as a sounding board in addition to its
other function.

The mouth area of the Frazier-May
is in the neighborhood of 225 square
inches. Since the manufacturer claims
a frequency range equal to that of a
symphony orchestra, this implies that
the horn will reproduce a 30-cycle bass
fundamental. Obviously this does not
jibe at all with my original rules for
optimum mouth diameters, and yet the
model 8-50 actually doesn’t sound bad.

The paradox has already been ex-
plained in the statement that the unit
is not operating as a true horn. It is
partially a horn, partially a large
vibrating sounding board, partially a
tuned air column resonating at about
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The Frazier-May is a modified re-entrant horn.

80 cycles and partially a cluster of
separated sound sources mutually
coupled. The mutual-coupling principle
is a feature its designers make no
mention of. (It is discussed in the
Permofiux Diminuette system described
in the October, 1954, issue of RaDIO-
ELECTRONICS. Due to the mutual
coupling effect the 8-50 has a virtual
mouth area in all probability of some-
where around 400 square inches. If the
wooden spacers were replaced by stand-
off bushings the mouth would become
a radial-slot sound source and the bass
efficiency would probably be increased.
I’H talk about the radial slot later on,
but to return to the Frazier-May—I
may be sticking my neck out by making
the guess that some designs are partly
accidental, but I can’t see any other
way to explain the very passible per-
formance of a unit which seems to
violate the principles of good exponen-
tial horn design.

Another horn type system which
achieves its results by departing from
basic exponential design is the new
Jensen Laboratory Standard model RS-
100 (¥Fig. 4). The main difference in
approach is that in this case the depar-
ture is a deliberate one, carefully cal-
culated. The RS-100 is basically a
vertical horn terminating in a hori-
zontal slot mouth. In this case the
mouth area, horn length, flare (Jensen
uses the refinement of a hyperbolic-
exponential formula) and driver cone
resonance are all ingeniously juggled
in such a way as to give genuine low-
distortion response down to 35 cycles.

It is a source of personal satisfac-
tion to me that the Laboratory Stand-
ard achieves its results in part from
a horn which is curved rather than
folded and which uses no partition
common to two sections of the horn.
A thorough analysis of the design of
this really excellent speaker is found
in the October, 1954, issue of Audio
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magazine. Since the Jensen is not only
considerably more expensive, but seems
to be more painstakingly designed than
the Frazier-May, I wasn’t surprised
that to my ears it sounded a good deal
more unobtrusive. (The word “un-
obtrusive,” by the way, is rapidly
becoming the definitely “all right” term
to use in describing the performance
of the very finest high-fidelity speaker
systems.)

Of course, an exponential horn can
be squashed into all sorts of configura-
tions with varying degrees of success,
depending generally on the degree to
which factors other than true horn
loading enhance or detract from the
performance of the system. Fig. 5
shows the interior construction of the
University Classic, representative of
folded-horn design.

Almost all these systems, by the way,
use horns for mid- and high-frequency
sources as well as bass generation.
Most of the high-frequency units are
carefully, conventionally designed
straight exponential units. The horn-
type tweeter has become familiar to
anyone who knows anything about hi-fi
and I suppose that it was because of
its very familiarity I forgot about it
when I said that nobody made straight
horns. All the basic assumptions of
horn design are very nearly met in
these small horns. The fine perform-
ance of the better tweeters indicates
that the problem of size, rather than
mere engineering conceit, is responsible
for the lack of straight exponential
bass horns.

Corner horn

There is some squabbling among
audio bigwigs as to just who first
thought of the idea of a corner horn.
The basic concept is simple enough and
immediately attractive. The solid angle
formed by the intersection of two walls
and floor in an ordinary room forms
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Above is the Jensen Laboratory Standard horn.

a conic horn of triangular cross-section.
If an exponential horn can be built
into the corner in such a way as to
couple effectively a loudspeaker to the
horn formed by the corner itself, a
great saving in space with a corre-
sponding increase in efficiency can be
realized.

Audak claims the honor of thinking
of this scheme for their own Maxmillian
Weil and in the opposing camp Paul
Klipsch is widely known as the orig-
inator of the hi-fi corner horn. How-
ever, a Frenchman named Ephraim
probably was the first consciously to
exploit the corner itself as a conic horn.
Ephraim’s idea (Fig. 6) was to use a
headphone or a diaphragm type driver
unit coupled to a coniec horn which was
then hung in a corner from the decora-
tive molding that usually graced rooms
of that period. Voila! . a small,
portable, true corner-horn system. (On
May 25, 1929, E. K. Sandeman filed a
patent claim for a “Loud Speaker”
that contained *. . . a sound generator
located in a corner provided by three
planes intersecting each other at right
angles to form a solid angle into which
the diaphragm discharges . . .” The
patent, No. 1,984,550, was issued Dec.
18, 1934.—Editor)

Ephraim’s patent, while not an
exponential horn and definitely not
high fidelity as we think of the term,
can nevertheless be recognized as the
true parent of such systems as the
Brociner model 4 and the Lorenz sound
corner. Klipsch, on the other hand,
approached the concept a little dif-
ferently and, because his design is
much easier to adapt as a piece of
furniture, almost all corner horns today
are offshoots of the original Klipsch

model K introduced in 1941.

In the next installment we will dis-
cuss the basic Klipsch design and the
numerous commercial variations based
on it. TO BE CONTINUED
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Improving Low-Priced

ELL over 959% of what most
people consider pleasurable ‘
music lies within the 50—
9,500-cyele range. A tape re- rS
corder having an essentially flat re-
sponse over this range at 7.5 i.p.s., no
noticeable flutter, very low distortion
and a very low noise level is an item of
which no high-fidelity system need be
ashamed. Yet, unlikely as it may seem,
such a recorder can be had for less than _ T 11171127
$150 plus several hours of labor. This Part I Md(lﬂg 4 Pl‘f/l))]lll(l/y
does not include a power amplifier. . . .
Starting with a Pentron PMD-1, survey; tmproving  the .rzg/za/—
which consists of a transport mecha-
nism and preamplifier (equipped with X . i i
VU meter) in one case, I made changes n0ise ratio, ll/.ff(l//l)/g new
resulting in a tape recorder that sounds
excellent in comparison with machines .
costing two or three times as much. The /1‘—’[7(/-"; C”ttl”g down the hum
same can be done with other inexpen-
sive tape recorders.
The setup of Fig. 1 was used to plot
frequency response and observe wave-
forms. The v.t.v.m,, flat far beyond the
audio range, was carefully observed

during recording, and the oscillator, By HERMAN BURSTEIN

which has two outputs, was regulated

TAPE RECORDER DUAL QUTPUT AF 0SC

SCOPE AF VTVM

Fig. 1—Equipment setup for measuring
a tape recorder’s frequency response.

to maintain a 1-volt input to the re-
corder at all frequencies. Tests were
made on Audiotape 1251 (regular) and
1861 (long playing) with no signficant
differences observed between the two.
Frequencies for testing were: between
30 and 100 cycles, 10 cycles apart; be-
tween 100 and 1,000 cycles, 100 cycles
apart; between 1,000 and 12,000 cycles,
1,000 cycles apart.

To facilitate frequency identification
on the oscilloscope during playback, a
50-cycle signal was inserted after 100,
500, 1,000 and 10,000 cycles.

The output of the tape recorder dur-
ing playback was displayed on the os-
cilloscope, using a fine-ruled grid
screen. A little practice, together with
the 50-cycle benchmark, made frequen-
cy identification easy. Using 1 ke as a
reference frequency, its amplitude was
adjusted to fill exactly 20 vertical
spaces on the oscilloscope screen. The
relative value of all frequencies could
then be read with an accuracy of better .
than 0.5 db. The v.t.v.m could have ;lhe_ Pentron PMD-1
been used to measure output amplitude, ;i?ilcthteax?eew {)ec;);txine;'
but the oscilloscope had the advantage hi-f recordingy li!ea(i
of providing frequency recognition as :
well as indicating distortion.
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Taking the Pentron PMD-1 as it
came, tests showed three areas for im-
provement:

1. Swmoothness of response. Although
the frequency range was acceptable—
3 db down at 60 and 9,000 cycles—re-
sponse was not smooth. Between ap-
proximately 2,000 and 5,000 cycles
there was a gradual rise to a peak of
about 4 or 5 db. This was confirmed by
taping a good-quality LP record, play-
ing back the tape simultaneously with
the record and making rapid A-B com-
parisons between tape and record with
a selector switch. The tape had ap-
preciably more treble.

2. Distortion. When signals were re-
corded at the VU level recommended by
the manufacturer, there was consider-
able distortion during playback of fre-
quencies below 500 cycles, especially
below 100 eycles. To reduce distortion
to an acceptable point, it was necessary
to record at levels producing an un-
satisfactorily low signal-to-noise ratio.

3. Signal-to-noise ratio. It was pos-
sible to record the mid-range and treble
frequencies at a level producing a toler-
able signal-to-noise ratio—one associ-
ated with moderate-price tape record-
ers. However, the recorder was not
really quiet in the sense associated
with good audio equipment. Tape hiss,
preamplifier hum, white noise and other
noise were still objectionable at all but
very low listening levels.

Before attempting to smooth and
possibly extend frequency response I
decided to attack the more important
problems of distortion and signal-to-
noise ratio.

Signal-to-noise ratio and distortion

With the record-playback head and
VU meter circuit disconnected, the pre-

amplifier (Fig. 2) was tested and found
free of distortion. The PMD-1 has a
fair amount of degenerative feedback
in the form of unbypassed cathode re-
sistors. An oscilloscope check showed
no visible distortion in the range of 20
to 15,000 cycles.

However, with the VU meter circuit
restored, there was distortion, partic-
larly of frequencies below 1 ke. A 400-
cvele signal recorded at any level was
heard in playback with a great deal of
harmonic content. Thus the lower
notes of a piano had a tinny ring.

The following steps were taken to
improve the signal-to-noise ratio and
at the same time reduce distortion be-
low audibility:

1. Substitution of Dynamu heads. At
the 1954 Audio Fair in New York City
I saw a demonstration of the recently
marketed Dynamu record—playback
head (made by Dynamu Magnetronics
Corp., Minneapolis, Minn.) This mini-
ature head (see photo) provides pro-
fessional performance in terms of fre-
quency range, distortion, output level,
smoothness of low-frequency response,
hum pickup and tape hiss.

The head’s gap is only .00015 inch
wide, compared with widths of .00025 to
.0005 inch in other heads, so that under
suitable conditions it potentially has a
high-frequeney playback limit of 25 ke
at 7.5 i.p.s. Furthermore, a resonant
frequency as high as 85 ke, depending
on lead length, enables the head to be
most efficient in playback at high fre-
quencies, the ones most subject to at-
tenuation. Not only is the gap extreme-
ly narrow, but also extremely straight;
the manufacturer claims a deviation of
no more than two wavelengths of light
from top to bottom. Linearity and nar-
rowness of gap provide a high degree
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Fig. 2—Schematic of the Pentron
PMD-1 preamplifier. All values are
shown.
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of resolution in reproducing informa-
tion on tape. They reduce intermodu-
lation distortion, high-frequency losses
due to azimuth misalignment, and dis-
tortion and losses produced by flutter
and weaving of the tape as it passes the
head.

Instead of a dielectric shim, the gap
is occupied by electrolytically deposited
copper that reduces eddy losses. Min-
iaturization of the head decreases hum
pickup and enables it to perform well
in playback at low frequencies, espe-
cially those below 50 cycles, where flux
changes are very slow. Because it is
small, the head is close to the tape and
relatively efficient in the low range.
Low-frequency vesponse 1s also ex-
tended because the coil is wound very
close to the core, improving the cou-
pling between the two.

To investigate the head’s perform-
ance, I purchased Dynamu kit D801, in-
cluding erase head, whieh had just be-
come available for the Pentron 9T3C.
(The transport mechanism of the 9T3C
and PMD-1 are substantially the same.)
Similar Dynamu kits are available for
many of the popular tape recorders.

Precise positioning of the heads is
necessary, requiring a ruler accurate to
1/64 inch. The heads are half-track
and must be mounted with respect to
the tape and each other so that they
funetion on the lower track of the tape.
Moreover, the height of the tape guides
should be set to run tape to the reels
without scraping the top or bottom of
the reels. The heads were therefore
mounted slowly and carefully.

To replace the original Pentron heads
it was necessary to remove the black
plastic cover over them. This proce-
dure is tricky in the case of the PMD-1.
First, take off the two oblong knobs at-
tached to the idle-run and wind-re-wind
control shafts; then unscrew the hex-
agonal nuts on these shafts, enabling
the black metal cover over the shafts to
come off. Second, remove the five per-
imeter screws on the copper plate of
the transport mechanism. Third, re-
move the feed and takeup spindles by
taking off the pulleys attached to them
beneath the chassis of the transport
mechanism. These steps permit remov-
ing the copper plate on top of the trans-
port, and attached to the plate is the
plastic cover that is over the tape re-
corder heads.

Connecting the shield wire of the
record—playback head to ground, as in-
structed, produced a large amount of
hum pickup. However, when the shield
wire was left floating, satisfactory re-
sults were obtained. Connecting the
red lead of the record-playback head
to ground gave minimum hum pickup.
Azimuth alignment was at first per-
formed by eye, although, as described
in the section on frequency response, an
accurate alignment was later made.
For proper contact between tape and
heads, the felt pressure pads were de-
tached, carefully trimmed to fit the new
heads, and reglued.

The Dynamu heads eall for an oscil-
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lator frequency of 60 to 100 ke. A fre-
quency of 96 ke was obtained by replaec-
ing the .0025-uf capacitor across the
primary of the oscillator coil with a
.001-¢f ceramic capacitor and turning
the oscillator-coil slug nearly all the
way out. A change in wiring was re-
quired to supply the correct amounts
of bias current to the Dynamu erase
and record-playback heads. Fig. 2
shows that the original Pentron circuit
feeds bias current to the record—play-

V2
0K 100K B+
*

6AUB

* CHANGED TO LOW-NOISE TYPE

® NEW VALUE (SEE Fig.2)

A gemoveD

Fig. 3—Schematic of the first stage of
the modified Pentron playback circuit.

back head via the capacitance between
the hot lead to this head and that to
the erase head. As shown in Fig. 3,
separate coaxial cables were run to the
two heads, and the correet amount of
current to each was supplied through
limiting resistors. To minimize capaci-
tance across the record head, Belden
8401 cable, with a capacitance of only
25 puf per foot, was used to feed sig-
nals and bias current from the pream-
plifier to the record-playback head.

Changes in bias current through the
erase head have a significant effect
upon current through the record—play-
back head. Since the record-playback
head current is the more critical, the
limiting resistor for the erase head was
determined first. The Dynamu erase
head should be fed a maximum of 13
ma. A 3,900-ohm 1-watt resistor pro-
vided this current. Dynamu recommends
a bias of 0.4 to 0.8 ma for the record-
playback head. I decided to use the
higher figure because distortion de-
creases with increased bias current.
Therefore, a 43,000-ohm limiting re-
sistor was used to supply bias to the
record head., To measure bias current
to the erase head, a 100-ohm resistor
was inserted between the ground lead
of the head and ground; the voltage
across it was read, and the current cal-
culated. Record—playback head current
was similarly calcuiated by the voltage
across a 1,000-ohm resistor. Voltages
were read on a high-gain wide-band
oscilloscope (flat to about 500 ke),
calibrated with accurate voltages from
a tube checker.

A preliminary check of the Pentron’s
performance with the new heads was
very pleasing. Program music and
speech could be recorded with peaks at
about zero on the Pentron’s VU meter,
whereas previously it had been neces-
sary to keep peaks at about —10 for
the same degree of distortion. A tape
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recorded at 1 ke with the original Pen-
tron head was played back with the
Dynamu head and gave about 6 db more

output. Moreover, the Dynamu head
produced significantly less hum and
tape hiss.

2. Modification of VU circuit. I con-
sidered either doing without the VU
meter or substituting a 6E5 or similar
electron-ray indicator to eliminate the
distortion caused by loading the VU
circuit directly onto the audio signal.
However, the Pentron’s meter together
with the meter rectifier has sufficient
bandwidth to be very useful—about 3 db
down at 50 and 10,000 cycles. There-
fore, I decided to isolate the VU cir-
cuit from the audio signal by adding a
VU amplifier stage (Fig. 4).

A 6BH6 was selected because it is
miniature (the PMD-1 chassis is
crowded), inexpensive, and draws only
0.15 ampere filament current. Adequate
room to mount a seven-pin socket was
found between the 6X4 rectifier and the
6AU6 first record stage.

The values in Fig. 4 are approxi-
mately such that when program trans-
sients read 0 on the VU meter, the
actual transient level is about 6 to &
db above 0. This is because the meter,
a mechanical device, cannot fully fol-
low transients. Tape tests showed that

TO PLAY-RECORD SW

100K B+
AAA T0 VU METER
05 IoK RECT(SEEFg2)

17212AT7 15K
AAA

iH

Fig. 4—Amplifier stage for VU meter.

most frequencies could be recorded with
negligible distortion at levels 5 to 8 db
above 0 on the VU meter. The record
stage was monitored by an oscilloscope
(the Pentron PMD-1 provides a moni-
toring jack on the panel), calibrated to
read 20 spaces on a grid screen when
a 400-cycle signal was fed in at a level
6 db above 0 on the VU meter. Then a
live FM program was fed to the tape
recorder. Generally when transients
reached 0 to 2 db above the calibrated
level on the oscilloscope, the VU meter
hit about 0.

Professional standards call for the
VU meter to have a safety factor of
10 db with respect to transients. In
other words, when a steady sine wave
of 400 cycles is fed to the record head
at a level 10 db below the level which
produces maximum allowable distor-
tion, the VU meter should read 0. In
practice, the writer and others have
found that a safety factor of about
6 db is satisfactory, if judgment is
used. For example, in recording ma-
terial, such as piano music, with very
sharp transients, peaks should not ex-
ceed —2 or —4 on the meter.

If a somewhat different calibration
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of the VU meter is desired, moderate
changes in the 900,000-ohm resistor
leading to the grid of the 6BH6 would
provide the required difference of a few
db in meter reading.

3. Low-noise resistors. The plate load
and grid resistors of the first stage
tubes were replaced by Aerovox type
CP% Carbofilm low-noise precision re-
sistors (Figs. 3, 5). Also, the 47,000-
ohm grid resistors of the push-pull bias
oscillator (Fig. 2), which uses a 12AU7,

6AU6 ==y
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GAIN:=25°K
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Fig. 5—Schematic of the first stage of
the modified Pentron record circuit.

were replaced by Aerovox low-noise
resistors. Altogether, six resistors were
replaced, resulting in a considerable
reduction of white noise. The resistors
are available in values within 109
or less of the Pentron design, so
that there was no significant change in
performance other than noise reduction.

I experimented with the British Z729
pentode, which has characteristics sim-
ilar to those of a 6AUS6, in the attempt
to reduce white noise and hum in the
first playback stage. Although the
7729 is a nine-pin tube, only seven pins
are used. I made an adapter from a
seven- and a nine-pin socket and pins
fashioned from internal elements of
several old and otherwise worthless
tubes. It was wired so that Z729
could be inserted via the adapter
into a socket wired for a 6AU6. The
Z729 produced perceptibly less white
noise than the 6AU6; also somewhat
less hum. However, the Z729 had about
5 db less gain, so that its initial ad-
vantage of less noise was virtually can-
celled because the Z729 or 6AU6 is
used before the volume control. Conse-
quently the 6AU6 was retained in the
Pentron circuit.

4. Hum reduction. While the pream-
plifier of the Pentron PMD-1 is good
as to hum level, I found that a worth-
while improvement could be made by
adding a 60-uf 450-volt capacitor to the
filter circuit at the junction of the
1,000- and 560-ohm resistors (Fig. 2).
It was mounted on the small chassis
by strapping it to one of the original
filter capacitors with a generous amount
of tape.

A further attempt to reduce hum was
made by disconnecting the center tap
of the filament supply from ground and
connecting it at a potential of about
35 volts d.c. Although hum was lowered
slightly, a frying noise was introduced.
Therefore the attempt was abandoned
and the center tap restored to ground.
However, in the case of other recorders
this hum-reducing method might be
more successful. TO BE CONTINUED
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SILEN'T
OUND

This revolutionary new advance
in high-fidelity reception may
prove as important as the nven-

tion of the telephone receiver

By MOHAMMED ULYSSES FIPS, I. R. E*

HE other day the big boss called

me into his sanctum after lunch.

He was smoking one of his eight-

inch Havana cigars, after an
evidently satisfactory lunch. I noted
this immediately because he wasn’t
scowling, as is his usual custom. In-
deed, much to my astonishment, he was
in an expansive mood, with a broad
smile on his unplowed, rough counte-
nance.

“Fips, my boy,” he began his lecture,
“sound, the way we work it today, is an
anachronism. We haven’t invented a The printed circuit submicrowave antenna and the templepieces.
new thing in acoustics in thirty years!
Then we added insult to injury by
taking on high fidelity—I call it hi-
fiddlesticks! Hi-fi indeed—for whom?
Less than half the population can hear
above 10,000 cycles. Once you reach 35,
your hearing becomes progressively
worse. Only the very young hear well, ANT EHF-4155
and they are too young to appreciate
good music. So what!?!

“Here we knock ourselves silly with
expensive records and equipment, when
half of the population doesn’t get a
thing out of them. It’s like sending the
inhabitants of a town to a technicolor
movie if half of them are color blind!
What good is that, I ask you? TUNER & MIXER 218MC IF AMPL

“Now let’s start at the beginning of
broadcasting. What do we do? Do we
broadcast audio sound? Of course not.
We take the low audible sound and = oV,
transform it into high-frequency elec-

+Institute Radiation Engineers
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The receiver is based on a modified tric currents—radio waves. These we

commercial FM set. now send into space from our trans-
mitter aerials at frequencies from 550
kilocycles to 108 megacycles (for FM).

“In our homes, the aerials of our
receivers intercept these radio waves;
we retransform them down into audio
currents and feed these into loudspeak-
ers—and we finally hear the music or
sounds in our ears. About as intelligent
and roundabout an idea as secratching
your left cheek with your right foot!

“Why do we need audio currents at
all? Yes, I know—you will tell me that
we have no suitable organ to intercept
and hear radio waves. I know that too,
but listen:

“We know that the human brain is
an electric generator. Scientists have
proven this with the electroencephalo-
graph that records the output of the
brain, which in turn generates elec-
trical current day in and out. But just
as an electric generator can be reversed
and become a motor, so the animal
brain can also be reversed under cer-
tain conditions and become a receiver,
i.e.,, a motor, for electromagnetic waves.
Example: carrier pigeons, when flying
near a powerful broadecast station, can
no longer orient themselves. They be-
come confused by the action of the

TYPE OF VIBRATION NUMBER OF VIBRATIONS radio waves on their brains. All this
OR RADIATION (CYCLES) PER SECOND is well authenticated.

“Evidently, there IS a way to reach
Electric and sound the brain directly with radio or similar
Subsonic . . Under 20 waves, so let’s hop to it and eliminate
Power distribution and transmission. . 25 to 500 the archaic sound waves of our pre-
Audio (sound) . e g U 20,090d fini historic past—at least as far as our
Ultrasenic  {sound) ...t AU Sl s iy almost useless ears are concerned. Let’s
Radio be modern and really enjoy music that
Fixed, maritime, mobile, IS musie, from 16 to 32,768 cycles—
radio-navigation .......10,000 to 150,000 THE ENTIRE RANGE, not just a
Broadcasting, sea and air radio- pitiful 26% of it! And that, Fips, will
E?:;%ac::fr;ngméblle' Ly éggggg 12 ?3:020&0 be your job for the next three months!

Get busy. I want results, less any and

Industrial, safety, goverament, all alibis!”

international broadcast, mobile,

fired, scientific, medical... . 1,605,000 to 54 million With th?t the boss 'pUShed one of his
Broadcasting (television). 54 to 72 million Havanas into the middle of my face
Mobile . .72 to 76 million and simultaneously whacked me on the
Broadcasting {television) . . 76 to 88 millio.n back and out of his office.

Broadcasting (FM) ... ... .. .88 to 108 m'!!'?" Let’s draw a merciful three months’
Air radio-navigation, mobile. . .. 108 to 132 million curtain over the intervening laboratory
Government, amateur, fixed, Pt

mobile, safety 132 to 174 million € y: . .
Broadcasting (television) 174 to 216 million After some le.Sea'TCh,. I decided to
Fixed, mobile, government, eliminate all audio circuits from a spe-
amateur, radio-navigafion ....... 21610 460 millien cially designed FM radio receiver, and
Citizens radio band. 460 to 470 million instead of stepping the radio-frequency
Broadcasting {uhf TV} . .. 470 to 890 million output down, I stepped it UP.
Broadcasting, government, I had reasons to believe that, if there

radio-navigation,

amateur, fixed, mobile 890 to 1,300 million
Fixed, mobile, radio-navigation,

amateur, industrial, scientific,

was a solution, it would be found in the
little-known and almost completely un-
explored region of the electromagnetie

commercial communications, etc.... 1,300 to 30,000 million spectrum which is found _between the
Experimental and amateur. ... 30,000 to 100,000 million radio and television region and the
Millimeter waves, infra-red frequencies. See chart, next
quasi-radio frequencies. . . ... 100,000 to I,900,000 million column. My figures showed that pigeon
Infra-red, light, X-rays brains probably responded to the broad-
Quasi-infra-red 1,000,000 to 10,000,000 million | cast waves in a peculllar manner
Infra-red, radiant heat. 10,000,000 te 400,000,000 million through their wings, which acted as
Visible light 400,000,000 to 800,000,000 million effective aerials while in flight. The
Ultra-violet light . . -..........800,000,000 to 50,000,000,000 million beating wings modulated, or rather
Soft X-rays. .........50,000,000,000 to 100,000,000,000 million polarized, the radio-frequency waves
I’_r;du;h)ial X-rays..... 100,000,000,000 o 10,000,000,000,000 milfion | emanating from the broadcast station.
ar rays, . A
industrial X-rays _____________10,000,000,000,000 o |00,000,000,000,000 million U5 “"qsral;? kt“‘(’i“’" 12 the.lp‘g;e‘,’“s
X-rays, unexplored region Above 100,600,000,000,000,000,000 were never affected, say, a mile away
from the station. Why?
APRIL, 1955 37
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The simple answer: HEAT! Close
to the station, the energy (watt) out-
put runs very high. So here we have a
high-frequency radio effect PLUS a
simultaneous infra-red-frequency effect.
The two added together affect the ani-
mal brain, as predicted in my calcula-
tions.

Intensive tests soon confirmed the
fact that at a critical point somewhat
above 1,000,000 megacycles, there was
a narrow band where sounds of all
types could be ‘“heard,” NOT through
the auditory nerve, but DIRECTLY
through the consciousness of the brain.

I quickly proved this by bringing
music to people who had been born
deaf and those whose auditory nerves
had been destroyed.

How does this silent music “sound”?
It is quite indescribable! How would
you describe a scent? The music and
other sounds have a rather eerie effect
—something quite ethereal—that fills
and permeates your entire conscious-
ness. And the experience of listening
to sounds above 30,000 cycles is magical
and breathtaking—at times it makes
you actually shiver with delight when
the music ascends into the fantastically
high reaches never before sensed by
mortal man. Such music, so far, is in-
deed rare—obtainable from only the
best FM stations.

Truly, humanity will experience new
and astounding thrills and pleasures,
once silent sound is widely introduced
to the world.

For important patent reasons, I
naturally cannot divulge all the tech-
nical data of silent sound at this time.
JFor this reason I will give only an out-
line of the new development.

The circuit diagram, page 36, shows
the elements of the silent sound, to be
known as S.S. system. It will be noted
that it is an FM receiver which has
no audio but an extra-high-radio-fre-
quency amplifier—e.h.f. Instead of the
usual speaker, the S.S. set has a special
e.h.f. radiator, a peculiar type of an-
tenna which radiates frequencies above
1,000,000 (one million) megacycles. This
radiator is shown in the photograph,
page 37. It is only 1 inch high.

The problem is, of course, how to
produce the extra high frequencies. I
solved it first by employing an Infra-
dyne (recently called Summadyne)
circuit, a superheterodyne which uses
the sum instead of the difference fre-
quency of the received signal and local
oscillator. Thus the signal supplied to
the e.h.f. amplifier was at 218 mec in-
stead of the standard 10.7-mec i.f.

The signals were applied to the con-
trol element of the Transitime tube, a
voltage and frequency multiplier that
operates on the transit-time principle.
1t is well known that microwaves can
be amplified by ordinary tubes if the
frequency is so chosen that the transit
time of the electrons results in their
being in phase at each of the tube
elements. The 10 anodes of the Trans-
itime tube are arranged at evenly de-
creasing distances from each other, to
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take advantage of this principle.

The distance between the first two
plates is selected to favor a low—and
therefore strong—harmonic of the in-
put signal. The plates are too close
together to accommodate the funda-
mental and @& few of the lowest har-
monics, which are suppressed as a
waveguide suppresses a wave below its
cutoff frequency. The amplification at
the pass frequency is 50 to 100, de-
pending on voltage, and is due to
secondury emission of electrons from
the plate. Higher harmonics are passed
in the same proportional strength as
in the unamplified signal.

The distance between the second and
third plates accepts a harmonic of the
frequency amplified by the first two,
and so on, each path between plates
suppressing the former fundamental
and producing a new and higher funda-
mental and harmonics. Since harmonics
are always much weaker than the
fundamental, the greater part of the
tube’s amplification capabilities are
used restoring that difference, but there
is a continual gain of amplitude
through the tube.

The 1,000,000-mc signal at the last
plate is radiated by a system tuned
to the correct frequency by means of
printed-circuit techniques. The antenna
is a thin conductive layer, the thickness
of which is a half-wave at 1,000,000
me. The shape and other dimensions of
the antenna are not important and
were chosen in this case to make the
antenna slightly directional, increasing
the forward range.

How does the human brain receive
these high frequencies? Through a dis-
tinctive type of headband illustrated
at top of page 36. The headband is made
of a special high insulating new plastic
called Metavynol. It is thus not af-

With the aid of
a new FElectronics
Hobby Kit now on
the market, it
won’t be long be-
fore children inter-
ested in this field
will be performing
experiments that
will provide most
of the answers
they seek. The kit
was prepared by
RCA in collabora-
tion with the En-
cyclopaedia Britan-
nica and the Muse-
um of Science and
Industry.

Working with
the kit, youngsters
start with experi-
ments in static electricity and batter-
ies. Additional experiments involve
making an electromagnet, experiment-
ing with capacitors, understanding
the function of electronic tubes, learn-
ing the Morse code. Advanced experi-

-
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EDUCATIONAL HOBBY KIT

fected by the perspiration of the fore-
head. Note that the receiving antenna
is in the center. It is appliquéed—a
printed circuit. Two metal econtact dises
go over the temples; the discs in turn
are connected by printed circuit with
the tiny antenna. The contact disecs are
made of a recently invented highly
porous metalloid foam. It heats up to
about 101° F. under the impact of the
e.h.f. waves. These waves are now con-
ducted to the sound perception center
in the interior of the brain, making
S.S. reception possible.

It is in the metalloid foam that the
transmissions are changed from FM
to AM. The center frequency of the
e.h.f. waves is the resonant frequency
of the molecules of this substance. Any
deviation from the center frequency
due to modulation affects the amplitude
of their vibration and hence the
strength of the signal sent to the brain.
Incidentally, the signal is transmitted
along the headband to the templesets
by the principle of the G-line, the waves
being imprisoned in the thickness of
the printed line and reflected back by
each of the boundary surfaces.

The S.S. radio set is tuned just as is
any regulation set, through a station
selector; thus one can select any desired
channel. Good reception usually can be
effected up to about 30 to 40 feet from
the radio set antenna. The e.h.f. waves
are stopped by walls or ceilings, thus
neighboring sets cannot interfere with
each other.

Naturally people in the room not
wearing the special headbands do not
hear « sound, a special blessing of the
S.S. system.

Further details must be withheld
until next vear in our issue to be

published
APRIL 1

ments include the construction of a
simple low-powered radio transmitter
and a one- or two- tube radio receiver.

The kit, designed for ages 8 to 18,
is being distributed by Central Scien-
tifie Co., Chicago, and retails at $29.95.

RADIO-ELECTRONICS


www.americanradiohistory.com

AUDIO—HIGH FIDELITY

FOR K IV EA'BEFVYNESE ONLY

The Hartley 215 speaker and the
Boffle; Altec 303C tuner; new

records review

NE of the more remarkable
personalities in the high fidel-
ity field is Mr. H. A. Hartley.
And my tests on his 215

speakers—which are very unconven-
tional in design—and PBoffle indicate
that his products are equally remark-
able. Mr. Hartley makes the startling
claim that the 215’s are nonresonant
within the audio range. So far as I can
determine this claim is true! I could
find no resonance anywhere in the
range above 20 cycles, the bottom of
my generator.

Mr. Hartley also claims a response
of from 20 to 20,000 cycles. Since I do
not have an anechoic chamber and a
precisely calibrated mike, my tests can-
not be considered conclusive. However,
for what 1t’s worth I report that in the
Boffle the pair of 215 speakers produced
an excellent response down to 40 cycles
and continued to give audible reproduc-
tion of fundamental (with very little
doubling) for some distance below 380
cvcles. 1 consider it very likely that
in a suitable horn or larger infinite
baffle, the response would continue
down to 20 cycles. On the high end the
response goes easily to 17,000 cycles
and may extend beyond this with some
slope to 20,000.

I have pointed out repeatedly that
personal taste and preference must be
taken into account in listening tests for
loudspeakers. Like Mr. Hartley, I have
always preferred nonresonant speaker
systems and have gone to a great deal
of trouble to approximate nonresonance
in my own. I am, therefore, thoroughly
accustomed to the sound of such a sys-
tem and, naturally, prefer it to resonant
or even horn systems.

In any case, I like the sound produced
by the 215 speakers very much indeed.
The transient response is remarkable;
the whole range is covered as smoothly
as a piece of chrome-plated metal with
light oil. Especially notable is the fact
that although the treble response at the
extreme end is flatter than with most
speaker systems, the reproduction is
not at all shrill. The bass is outstand-

APRIL, 1955

By MONITOR

ingly natural and the bass definition
exceptional. People accustomed to the
more accentuated bass of resonant en-
closures and speakers will no doubt feel
at first hearing that it is short on bass.
I consider the combination at least as
good as anything I've heard (short of
theatre type installations). Achieving
all this in an enclosure only 30 inches
high, 18 inches wide and 17 inches deep
is a noteworthy achievement.

The Boffle is by no means as funny
as its name. In fact, for my money, the
principle is nothing short of a stroke of
genins. Mr. Hartley’s problem was to
provide in very compact form an in-
finite baffle free of internal resonance.
To provide infinite baffling the rear
wave has to be suppressed or prevent-
ed from reaching the front wave and
producing out-of-phase cancellation at
low frequencies. But when one uses a
small box to accomplish this, the stiff-
ness of the enclosed air produces res-
onance at some point between 20 and
200 cycles, depending on the size of the
box.

Mr. Hartley’s solution is so simple
that at first it reduces one to speech-
lesness. Instead of using a solid ma-
terial for the back, Mr. Hartley uses
some sort of loosily stretched sound-
absorbing burlap and fiber material
nearly one inch thick. This provides a
very loose back which prevents com-
pacting within the enclosure and there-
fore avoids resonance. In addition, the
enclosure has seven layers of felt, each
separated by about 2 inches and form-
ing an acoustic filter that absorbs almost
all the rear wave. Thus, only a small
fraction escapes to meet the front wave
and cancel it. In this way he achieves
both infinite bafling and nonresonance
with incredible simplicity and cheap-
ness. The principle is widely applicable
and experimenters might well try us-
ing it.

There is a price to pay for every-
thing and the Hartley system does not
achieve its fine performance without
some sacrifice, namely somewhat lower
efficiency. This is because the rear

Wwww.americanradiohistorv.com

wave is wasted instead of being used
to reinforce the front wave as in re-
flex and horn-loaded speakers, and
neither the speaker nor enclosure is
resonant. In the two-speaker combina-
tion this loss is almost made up by the
increased efficiency due to mutual cou-
pling of the two radiators; in the four-
speaker combination the efficiency is
about average. More bass boost and
power output will be needed for the
simpler Hartley combinations, but the
loss of efficiency does not exceed 6 db
in the case of the single speaker and is
far less in the larger combinations. No
modern high-fidelity amplifier should
have any trouble supplying plenty of
undistorted drive for any home-listen-
ing purpose.

I obtained permission to remove the
speakers and their mounting board and
to install the combination in my wall-
type infinite baffie. As I suspected the
two Hartley speakers produce a really
superb sound in a wall mount. The bass
extends to 20 cycles, though the slope
is fairly severe below 30 cycles. Given
a good bass boost (and the Hartleys
can take it smoothly) the quality is ex-
tremely real. I would judge that a
single Hartley in a closet would be very
pleasing for small-apartment use, and
a battery of four ought to provide
really spectacular sound.

Altec 303C tuner

The latest in the series of Altec Lans-
ing tuners is a more sensitive refine-
ment on a now well proven design. It
uses two independent tuners for AM
and FM reception. The AM portion is
entirely adequate though it does not
pretend to offer extreme sensitivity.
the i.f. hbandwidth provides an excellent
compromise between adequate selec-
tivity and good audio quality. The tone
quality is good for AM; interchannel
beat-note and monkey-chatter inter-
ference is low enough not to be annoy-
ing. It will provide adequate reception
in most locations with the simplest an-
tenna—even the FM antenna. Adding
an outdoor antenna can extend the
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Side view of the
Hartley 215
speaker. Unit is
nonresonant
through audio
range.

range greatly where more sensitivity is
necessary.

The FM portion is excellent in all
respects. A cascode r.f. stage, two if.
stages, one limiter and a ratio detector
result in very good sensitivity—about
4 microvolts for 40 db of quieting. In
my location this was sufficient to pro-
vide noisefree reception on all but one
of the available high-fidelity stations,
including two some 140 airline miles
distant. A third station in the same
city was still somewhat in the noise.
The sensitivity would be higher if a.v.c.
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Fig. 1—Response of the audio channel.
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Fig. 2—IM distortion characteristic.

were not applied to the r.f. and first i.f.
stage. However, the a.v.c. is good in-
surance against the phase distortion
which often occurs through overloading
on strong local stations. The passband
appears to be close to 200 ke at 6 db
down. The distortion is very pleasantly
low.

The a.f.c. can be disabled by a func-
tion selector switch; however, it is easy
to tune a weak station adjacent to a
strong one with the a.f.c. on. An “eye”
indicator permits accurate tuning and
the receiver is as easy to tune on FM
and AM.

The audio control portion is com-
pletely satisfactory. There are two
jacks on the back for additional inputs
—a magnetic pickup and a higher-level
input such as a tape recorder or a
crystal or ceramic pickup. The input in
use is indicated on the dial. The audio
channel is fairly flat from 20 to 20,000
cycles (Fig. 1). The slight rise in the
bass is probably due to the fact that the
bass control was not precisely neutral.
This curve was taken with the gen-
erator applied to the spare (high-level)
input channel and does not include the
phono preamp. The IM distortion is
below 29, (Fig. 2) for all levels of out-

o5 RE?PO]NSIE-DB{ ! ! DUBBINGS DIOI RECORD & G-E CARTRIDGE
8ASS MAX | | || 4 i A
-0 1 .
o e 1 L e
il I | . l TREB MAX o 0 NN 11 F
0 Tl N ] 2 — i
BASS NORMAL N + < g -0 - i
= T P \T E NO?MM[. g g -T\ —— LP
—t T & , =T
R 11 -1 A
0 - N 3
BASS MIN | | TREB MINTN 0
! | A ] LRIAA
[ L] I L o -
20 00 1KC 0 20 0 100 IKC 10
FREQ FREQ

Fig. 3—The bass and treble response.
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Fig. 4—AES equalizer response curve.
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put less than 38 volts. Much higher
output is available at higher distortion
levels, but 2 volts will be suflicient with
most amplifiers to obtain maximum
output.

Separate bass and treble controls
provide both boost and attenuation.
The curves of Fig. 3, supplied by the
manufacturer, indicate the range of
control honestly and accurately. The
treble boost is not great. This may be a
disappointment to treble hounds but
seems to me a wise precaution against
misuse and consequent headaches, par-
ticularly since the response of the entire
tuner is flat in the treble and requires
no further treble boosting.

The record equalization follows previ-
ous Altec practice and is rather un-
usual. The phono switch offers three
choices, AES equalization; crossover of
250 cycles but no treble equalization
and 800-cycle crossover and no treble
equalization. Treble equalization for the
latter two positions can be obtained by
manipulating the treble control. Since
most records with 200- or 800-cycle
crossovers are recorded flat in the tre-
ble, this is very satisfactory. The four
curves in Fig. 4 show the response I ob-
tained with the four American curves
recorded on a Dubbings D-101. These
were made with the tone controls in the
neutral or flat position and the phono
switch turned to AES equalization. It
is evident that by and large the AES
equalizer produces acceptable results
from all the recording curves and does
very well with the new ORTHO-RIAA
curve. The bass and treble controls can
be used to shape the phono response
further.

The 303C is well built, handsome and
reflects quality design throughout. It is
primarily designed for use in custom-
built home music systems where high-
quality radio reception and phonograph
reproduction are prime requisites. A
front-view photograph of the 303C
AM-FM tuner appears at the top of
the opposite page.

New Records

Note: Records are 12-inch LP and
play back with RIAA curve unless other-
wise indicated.

BARBER: Adagio for Strings
DIAMOND: Rounds
COPLAND: Quiet City
CRESTON: Two Choric Dances
Capitol P-8245

This particular Capitol dise, I am sorry to say,
is not one of their best. The definition is inferior
throughout and the sound is dead, though this
is partly a matter of miking. Quiet City and
Adagio for Strings are duplicated in recent Mer-
cury offerings and personally I found the Mercurys
cleaner with better bass. better definition and
more presence. Not that these are bad—by no
means—they simply aren’t up to the high stand-
ards achieved by others and Capitol previously.

All this music is worth listening to and, with
a little patience, easy to listen to. The Two
Chorie Dances seem to me the most interesting
in instrumentation. They would be excellent for
indicating the contrast between the various types
of basses, but unfortunately the recording itself
does not show this too well.

The Rounds shows that Capitol can do better
and this is the best of the lot. The highs are
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bright and clean, the bass growls more, the fid-
dling strings have a nice sharp bite.

Good enough to enjoy and appreciate the music
fully ; but not for test, demonstration or show-
off.

HINDEMITH :
phoses on
von Weber

SCHOENBERG: 5 Pieces for Orchestra.
Op. 16.
Mercury 50024

This is definitely not for the layman or cven
the average music lover: it is for those who real-
ly like modern music. Don’t let that part of the
title about themes from von Weber fool you. Von
Weber himself could listen for a month of Sun-
days without being aware that he contributed
the themes, which, anyhow, are from obscure
piano pieces, not the familiar overtures. Having
made these reservations, let me add that those
who can take it at all will find this music stimu-
lating and with a fine sound. freer of artificial
hi-hi effects than some of Mercury’s more spec-
tacular discs, clean and with a remarkably fine
orchestral tone. The Scherzo of the Hindemith
has excellent clean percussives of rather individ-
ual tone. The crescendos are exceptionally clean.
There are very fine brasses and winds, and the
sound of Orchestra Hall comes through faith-
fully.

The Schoenberg is remarkable for its sharp,
snarling, snorting, growling brasses and winds

I know of no brasses like these. The whole
work is excellent test material for definition,
partly because of the 12-tone scale, but also be-
cause of the rather unique polyphony. There are
some very subtle tonal nuances, even in the per-
cussive sectlons. The opening of the second move-
ment has some vibratos similar to those produced
by multiple bell ringing. Later there is a very
percussive bass, very deep. The whole thing is
excellent for distortion testing because the ex-
quisite dissonances (if you insist on calling them
that) would be unbearable if compounded by
distortion, especially in the finale. Unless the
family and neighbors are connoisseurs of music
this is certain to bring violent complaints If you
play it. loud enough to get the full benefit of the
music. But that’s your problem. I live in the
middle of the woods and my wife has the facul-
ty of mentally plugring her ears.

Symphonic Metamor-
Themes by Carl Maria

WALTON: Belshazaar’s Feast
London Philharmonic Promenade
Orchestra
London Philharmonie Choir
Sir Adrian Boult conduecting.
Westminster WL 5248

I have never cared much for cantatas, even
Bach’s, though I can listen to anything else he
wrote all day long. But this disc may convert
me. It is a moving work, displaying skillful use
of voices and instruments produce a highly
emotional effect. The recording is possibly the
most realistic treatment of mixed voices and
orchestra in the catalogs.

The definition of both voices and instruments
is phenomenal. The sibilants and other vocalizing
transients are brilliantly reproduced. On occa-
stons you can hear, not only the soloist, but the
entire chorus drawing in its collective breath.
The work employs an extraordinary number of
instruments and, if you listen carefully, you can
pick them out from the ecrowd. The percussives
are notable and the bass is both very low and
terrific in spots. Unquestionably one of the best
recordings so far made. Even if you don’t care
for choral music, you'll find this useful for dem-
onstration.

RIMSKY-KORSAKOV: Scheherezade
Argeo Quadri conducting the Or-
chestra of the Vienna State Opera.

Westminster WL 5234

RIMSKY-KORSAKOV: Capriccio
Espagnol

RAVEL: Bolero
Paul Paray condueting

Symiphony
Mercury MG 50020
The trouble with most xood hi-fi test and dem-
onstration records is that, more often than not,

the Detroit
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The Altec 303C
tuner, designed pri-
marily for use in
custombuilt home
music systems.

The “Grand” Bof-
fle for two, three
or four Hartley non-
resonant speakers.

the music is in the modern idiom which the or-
dinary layman and many music lovers find rath-
er hard to take. It's pretty silly to demonstrate
a system with material the listener doesn’t like,
but I concede I've been guilty of it myself. Here
then are some discs which will make a hi-ti sys-
tem sound stunning and still provide tuneful
unheadachy listening—well calculated in all re-
spects to win admiring comments.

The Mercury Bolero is very clean and sharply
defined. If you know your instruments, you
should have no trouble listing the 18 charuses
and the instruments involved in each one. The
doubling of two dissimllar instruments in umison
but a couple of octaves apart, is clearly audible
in the ninth, tenth and twelfth.

The Capriccio has a tremendous opening, ex-
cellent definition In peaks, a tone which is not
only realistic but lovely throughout, sharp znare
drums and a nice big, low-toned bass drum. The
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instrumental coloring, so distinctive of this mu-
sic. comes through very nicely,

Westminster's Scheherezude is also stunning.
The fine recording reveals every facet of the
music. Even those who have heard it too often
to be really fond of it should find it interesting.
There is a fine double bass in the opening: the
fingering on the solo violin is occasionally audi-
ble and the percussive highs in the third move-
ment are as realistic as the dropping by a waiter
of a trayful of cutlery. The resonance of the
famous Konzerthaus comes through well: the
fiddles in the fourth are very sharp; the drums
in the final mevement are really frizhtening—
like Death itself knocking impatiently at the
door or thunder shaking the foundations of the
house.

Both these records are examples of the best
of today’s techniques and evidence how small is
the gap between us and complete realism. END

1]
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Junior Record Player- Amplitier

The junior record
player-amplifier.

Internal view shows
parts mounted.

IDS love to play records. Even
the little 1-year-old reaches for
the turntable or the arm to try
to operate the record player. But

for him most machines are too complex.
There’s the on—off switch, the volume
control, the arm and finally the opera-
tion of shutting the machine off after
the record is played or turning off the
motor between records. On most chil-
dren’s record players the volume con-
trol and switch are one. Turning off the
record shuts off all power and delays
the start of the next record while the
set warms up.

I’ve known youngsters to leave a rec-
ord player on over night because the
shut-off operation was forgotten. Oth-
ers have cried because, when the record
was started, there was no sound during
the warmup delay—a half minute or
more. This is nearly half of the play-
ing time of some children’s records. It
was to eliminate these problems that
this phonograph* was built.

The only operation necessary to set
both the motor and amplifier in opera-
tion instantly is to lift the arm. By the
time it is moved from the arm rest to
the turntable the amplifier is warmed
up. The motor starts even faster.

The circuit (Fig. 1) contains a one-
*U. S. Pat. No. 2,680,786
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tube power amplifier (battery type), a
selenium rectifier and a Microswitch.
The selenium rectifier provides plate
and filament power for the 3V4 pentode
amplifier. A dropping resistor from
B plus to one side of the filament and a
resistor from the other side of the fila-
ment to B minus make up a 50-ma
bleeder system for filament current.
The resistor in the B minus side pro-
vides grid bias.

A Microswitch built into the chassis
assembly or attached to the underside
of the top of the cabinet, directly be-
neath the arm rest, is the on—off control
for motor and amplifier. It is normally
closed; the weight of the pickup arm
opens it. A rod through the pickup rest
acts as a piston to depress the leaf of
the switch. This opens the circuit as
long as the pickup remains on the rest.
The moment the arm is lifted, the pres-
sure is released and the switch closes
the circuits to both the amplifier and
the turntable motor. There is no delay
in the operation of selenium rectifiers,
and it takes only a second or two until
the filament of the 3V4 is heated.

No particular wiring precaution is
necessary. Mount the volume control
on the motor board (see photos). The
output transformer is mounted on the
speaker. The speaker and transformer
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Phonograph features quick

warmup, automatic shutoff

By NORMAN L. CHALFIN

are mounted on the front of the plastic
wraparound. The important feature of
this unit is the switch circuit and its
operation through the pickup rest (Fig.
2). All other constructional details are
arbitrary and any convenient cabinet
arrangement will do.

A finer circuit that permits use of
low-output pickups for three-speed
operation is shown in Fig. 3. A three-
speed motor is, of course, required. The
leads between pickup, volume control

3V40r3Q5
34V XTAL PICKUP

65MA

56:3,50' 22500
k! 10° +
80+:‘I: 150v J-loonov

B— BUS DO NOT GND

§270K ]-.VGOOV

Fig. 1—The one-tube phono amplifier.
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MICRO SW %

and amplifier input should be shielded
because the low level and higher gain
will make the circuits more sensitive to
hum pickup. The tube lineup for the
three-speed circuit is a 1U5 or 114 pre-
amplifier and 3V4 power output stage.

(This record player uses a trans-
formerless type power supply with one
side of the line connected directly to a
common B minus bus, so all precautions
to minimize shock hazard must be
taken.

The amplifier must be fully enclosed
within a nonmetallic cabinet or case
with all protruding screws or bolts
which touch the chassis carefully coun-
tersunk and insulated. Note the au-
thor’s cabinet construction. Be sure
that the push rod in the pickup rest is
made of nonconducting material. The
pickup arm should be plastic and the

Fig. 2 (Left)—De-
tails of the pickup

IL40r1US
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nsf)zo,ov 3V40r3Q5

rest.
% g;
‘\
\ LEAF NAP SW
DLER OB SNAP SW _ TSEL RecT- 65ma -
. . + Oa
Fig. 3 (Right)— —AA~ ¥
3 3 HTVAC ] 270 WW 10w
Schematic diagram a7 - 2
of phono amplifier PHONO MOTOR ao]‘lsov |oo‘[|ov
. | ————— ]
for 10“.-0utput &L B— BUS - DO NOT GND
cartridge.
Parts for 1-tube amplifier pedance: 3.2 qhms; |—78-r.p.m. motor and turn-
. . table; |—chassis; |—board for mounting chassis,
5::::"’]'11‘Sa—ozzm:’h’ril‘;/2000“‘:';;"5"“;‘:‘2"7“86’& oIP:nbsB motor, pickup arm and volume control; I—rod for
1—250,000 ohms. s watt; |—2.250 ohms, wirewound,  PiCKUP rest (nonconductive); |—cabinet; |—power

10 watts; |—Il-megohm potentiometer.
Capacitors: |—0.25 pf, paper; 1—50 pf, 1—80 pf,

150 volts, electrolytics; 1—100 uf, 10 volts, electro-
lytic.

Miscellaneous: |—pickup arm (nonconductive); |—
crystal cartridge; 1—3V4 or 3Q5; |—Microswitch,
leaf type (normally closed; open when leaf is
depressed); |—selenium rectifier, 65 ma; |—PM
speaker, 3.2-ohm voice coil; |l—output transformer,
primary impedance: 10,000 ohms, secondary im-

cable between the cartridge and ampli-
fier should be two-conductor type with
an insulated shield. All ventilating
holes should be adequately screened

Parts for 2-tube amplifier

All parts previously listed (less motor, pickup arm
and cartridge) plus the following: t—250,000-ohm
resistor; |—| megohm, !4 watt resistor; 1—3-
megohm, !4-watt resistor; 2—.05-uf, 200-volt capac-

itors; |.—8-uf, 150-volt electrolytic capacitor; |—
IL4 or 1US; l—3-speed motor, pickup arm and
cartridge.

against tiny prying fingers. With these
precautions, the phonograph is per-
fectly safe for even the smallest child.
—Editor) END

HIGH-FIDELITY DICTIONARY

By ED BUKSTEIN

Overcutting

The result of excessively wide excur-
ston of a cutting stylus, causing it to
break through to an adjacent groove.

Overhead cutter

A cutting head assembly suspended
above the disc as distinguished from
a cutter mounted in the end of a swing-
arm mechanism. The overhead cutter is
mounted on a threaded shaft known
as a lead serew, rotation of which moves
the cutter from the edge of the dise
toward the center.

Pad

A configuration of resistors designed
to attenuate the signal without intro-
ducing impedance mismatch. (See
Attenuator.)

Port

An opening in a loudspeaker enclo-
sure other than the one behind which
the loudspeaker is mounted. (See Reflex
baffle.)

Preamplifier

An additional amplifier preceding the
main amplifier. The preamplifier is
generally used to build up the signal
from a microphone or pickup to a value
sufficient to drive the main amplifier.
The preamplifier is usually, but not
always, built on a separate chassis and
may have its own power supply. The
program selector (AM, FM, television,
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phono, ete.), equalizer, loudness control
and bass and treble tone controls are
often located in the preamplifier.

Pre-emphasis

The process and result of boosting
the high frequencies during recording
to increase the signal-to-noise ratio.
This is necessary because the lateral
swing of the cutting stylus becomes
progressively smaller at the higher
frequencies. In the playback equipment,
the high frequencies must be de-
emphasized to restore them to their
correct relative level. Pre-emphasis and
de-emphasis are also used in FM radio
systems to improve the signal-to-noise
ratio.

Presence

That quality of a sound-reproducing
system that creates the illusion of
listening to the original sound rather
than to its reproduction.

Printing

The transfer of magnetic patterns
from one layer of tape or wire to an
adjacent layer on the spool.
Record noise

Noise voltages produced as the stylus
passes over the granular surface of the
record. Record noise is also known as
record scratch or surface scratch.
Reflex baffle

(See Bass reflex enclosure.)
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Reluctance

That property of a material which
opposes the establishment of a mag-
netic field. Reluctance in a magnetic
circuit corresponds to resistance in an
electrical circuit.

Rumble

Low-frequency sounds introduced
during recording (or during playback)
by vibrations of the turntable or motor.

Shot effect

The random emission of electrons
from the cathode of a tube. Since the
number of electrons emitted per unit
of time is not constant, the plate cur-
rent is modulated by random fluctua-
tions. These fluctuations increase the
noise level.

Stereophonic

A sound-reproducing system de-
signed to preserve some of the realism
of the original sound by overcoming
the point source characteristics of the
loudspeaker.

The number of loudspeakers used in
the reproducing system is equal to the
number of microphones, and the phys-
ical arrangement of these loudspeakers
corresponds to the arrangement of the
microphones. In this way, each loud-
speaker reproduces the sound the lis-
tener would have heard had he been
located at the position of the corre-
sponding microphone. TO BE CONTINUED
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Adding

VERSATILITY
fo FEBFFP

MASTER

INTERCOM

UNITS

By JOHN T. FRYE

ECENTLY a contractor came to

me with a problem, the solution

of which may interest other serv-

ice technicians. To understand the
problem fully, the following facts must
be known:

Several departments in the contrac-
tor’s establishment were connected by
Talk-A-Phone model KS-60 units in an
all-master setup. A skeleton diagram of
the input and output circuits of one of
these units is shown in Fig. 1. In opera-

INPUT TRANS OUTPUT TRANS
' %2 lé LISTEN
!u§r£~ _ ALK
TALK m I I I I_]
+ w12 L 4 S X R
| ———
Fig. 1-—Basic input and output circuits.

tion, similarly numbered terminals of
all units have common connections, as do
all R terminals. On the junction block
of each station a jumper is run between
the terminal number assigned that sta-
tion and the X terminal. (Station No. 3
is shown in the diagram.)

The TALK-LISTEN switch is in its
LISTEN position; the speaker of the unit
is connected between terminals X and R.
When this switch is depressed to the
TALK position, the speaker is connected
across the input transformer for use as
a microphone, and the output of the
amplifier appears between the numbered
terminal to which the station selector is
set and the R terminal. The amplifier is
used only for talking. When one unit
calls another, the amplifier of the sta-
tion called must be turned on and
warmed up, its selector switch must be

44

set to the number of the station calling,
and its TALK-LISTEN switch must be held
in the TALK position to answer the call.
Each operator must manipulate his
TALK-LISTEN switch throughout the con-
versation.

The contractor wanted to retain the
features of this all-master system. But
in addition he wanted to use one unit as
a control station from which he could
call any other station and get an imme-
diate answer from an operator at that
station. All this without the operator’s
having to do anything but talk from
wherever he might be standing in the
roon. Furthermore, the contractor
wanted to add simple slave stations, in
the form of PM speakers, at locations
where it would not be necessary to origi-
nate calls but where the control station
could call and get an answer.

At first this seemed like a large order;
but after considerable diagram sketch-
ing, a simple solution was found. It
was only necessary to mount a d.p.d.t.
switch in a hole on the side of the cabi-
net and connect it into the intercom unit
as shown in Fig. 2.

When this switch is in the MASTER
position, the circuit is exactly the same

INPYT TRANi OUTPUT TRANS
SLAVE T | usTEN
MASTER® |
i TALK
LISTEN
L—o
TALK I l I 17
X 12 4§34 5 ETC R
bt J

Fig. 2—Schematic of the revised cir-
cuit—MASTER-SLAVE switch is added.
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as in Fig. 1 and the unit works in the
all-master system just as always. The
switch is normally left in this position.
However, when this switch is thrown to
SLAVE, the speaker of the unit to which
the station selector is adjusted is con-
nected across the input transformer in
the LISTEN position and the control sta-
tion’s own speaker is across the ampli-
fier output. In the TALK position, the
control-station speaker becomes a micro-
phone, and the output of the amplifier
goes out through the numbered terminal
to which the station selector is set and
the R terminal to the speaker of the re-
mote unit. In short, throwing the switch
on the control station to SLAVE converts
all other master units into slave sta-
tions.

An advantage of this is that stations
called by the control station do not have
to be turned on or manipulated in any
way to respond. Only the operator of
the control station needs to operate a
TALK-LISTEN switch. This is especially
helpful in calls to a location where the
person answering may not be able to
leave what he is doing. Extra slave sta-
tions can be added to the system for use
by the control station simply by running
leads from an unused numbered ter-
minal and the R terminal on the nearest
junction block to the voice coil of a PM
speaker.

A converted master station can be
used with a single slave station wired as
shown in Fig. 3 so that calls may orig-

Fig. 3—Slave-unit connections for
use with converted master station.

inate from either end as long as the
amplifier of the master station is turned
on. A s.p.d.t. switch is used, spring-
loaded to remain normally in the posi-
tion shown. The station selector of the
control station is normally left in posi-
tion No. 1, which means nothing will
be heard at either end. When the slave-
station operator wishes to originate a
call, he holds the switch down so that
the speaker voice coil is connected into
the input of the control station through
the SLAVE switch contacts. The control-
station operator answers by holding his
TALK-LISTEN switch down to talk and
letting is up to listen. If he turns his
selector switch on position No. 2, it is
not necessary for the slave-station op-
erator to hold his switch down during
the conversation.

When a control station is working
with a single slave station or is working
in an all-master system, the control-sta-
tion operator can listen in on any sta-
tion in the system simply by throwing
the MASTER—SLAVE switch to SLAVE and
by setting the station selector to the
number of that station. Depending upon
the circumstances, this may or may
not be an advantage! END

RADIO-ELECTRONICS
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By BRUCE A. MORRISSETTE

V front ends and i.f. amplifiers are

generally aligned with a setup sim-

ilar to that in Fig. 1. Unless the

marker generator can produce
multiple pips, the technician is limited
to the single marker frequency pro-
vided. Adding a simple, compact, self-
powered sideband modulator, as shown
in Fig. 2, will place additional pips on
the response curve. They will be sep-
arated from the main marker point by
the crystal frequency of the sideband
unit.

For the alignment of front ends, a
4.5-me crystal will place a sideband
marker on the response curve at a
point indicating the position of the
audio carrier, if the marker generator
is set at the video carrier frequency
(or a submultiple thereof). Fig. 3
shows an idealized front-end response
with video and audio carriers

The sideband modulator yields the
curve of Fig. 4 for i.f. alighment. Here
the marker generator is set at the video
i.f. carrier frequency (26.4 mc in this
example) and a 1.5-mc crystal is used
in the sideband unit. Pips are then pro-
duced at the adjacent-channel audio
point, at 1.5-me intervals across the
top of the curve (indicating band-
width) and at the audio i.f. carrier
(here, 21.9 mc). If the marker genera-
tor is set accurately, all important
points on the response curve will be in-
dicated simultaneously.
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Left—Top view of the sideband modulator.

Right—The sideband modulator underchassis.

SWEEP GEN
SCOPE
MARKER GEN SINGLE MARKER PIP_|
/:\ e s TV RCVR UNDER TEST
OUTPUT = [}
- ) o
TO RF OR IF TO VIDEO DET | VERT HORIZ
Fig. 1—Conventional alignment setup.
SWEEP GEN
SCOPE [ MAIN PIP
MARKER GEN
MARKER.N She TVROR UnpER TEsT | SIDEBANDPIPS
T ? SWEEP OUT o
2
O o
TO RF OR IF TO VIDEO DET | VERT HORIZ

SIDEBAND MOD

SIDEBANDS QUTPUT

Fig. 2—Using the sideband modulator.

A low-frequency crystal (100 to 250
ke) is used for sound detector align-
ment and linearity adjustment. Fig. 5
shows 100-kc¢ sideband markers on
either side of the diseriminator or ra-
tio detector response curve. For in-
tercarrier TV sets, the center frequency
of 4.5 mc may be spotted by inserting a
4.5-mec crystal into the sideband modu-
lator unit and turning the marker gen-
erator off.

A triode Pierce crystal oscillator
with cathode-follower output is capaci-
tively coupled to a wideband ecrystal
diode modulator (Fig. 6). Values are
chosen to permit operation over a wide
range of crystal frequencies. Connect-
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ing the grids and plates of the 6J6 in
parallel produces strong oscillation.
The 100-ohm resistors at the input and
output connectors give wideband char-
acteristics to the 1N84 crystal diode
series modulator, so polarized as to
strengthen sideband amplitude.
Surprisingly, no d.c. plate supply is
required. I noticed no difference in per-
formance when the unit was supplied
with rectified and filtered d.c. This not
only saves space and the cost of a recti-
fier and electrolytic filter capacitors, but
provides an added feature—the crys-
tal oscillator output is strongly modu-
lated at 60 cycles. Thus, the sideband
unit may be used as a crystal calibrator,
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the modulation permitting identification
of fundamental and harmonics on stand-
ard AM communications receivers.

The modulation does not affect the
appearance of the response-curve pips,
which have the typical “birdie” agita-
tion of beat-frequency markers. When
operating the unit, be sure that the
“on” period of the modulator crystal
corresponds to that of the sweep gen-
erator oscillator if blanking is used.
The procedure is simple: If sideband
pips appear, the two instruments are in
phase. If no sidebands are visible, re-
versing the a.c. line plug of either unit
will restore the pips.

If for any reason the constructor
wants to use a d.c. plate supply (Fig.
7), it should be inserted at point X in
I'ig. 6.

Pip size is controlled by a carbon po-
tentiometer, useful in setting the output
level below the point which may cause
distortion of the alignment curve. Since
the entire device is designed to work at
a low level, only a minimum of r.f. sig-
nal from the marker generator should
be inserted at J1. Alternate manipula-
tion of the marker generator ampli-
tude control and the PIP SIZE control
will establish the proper amplitude ra-
tio for best sideband operation.

Construction

Eliminating the d.c. supply permits
the entire device to be housed neatly in
a 2 x 3%-inch aluminum Minibox. The
power transformer, of the miniature
type used in TV boosters, was at the
time of writing available from Burstein-
Applebee in Kansas City (stock No.
19C714). Half-watt resistors and ce-
ramic capacitors help conserve space.
I had Amphenol type 83-IR u.h.f. con-
nectors on hand; others may be substi-
tuted.

Arrangement of parts, as shown in
the photos, is straightforward. If a
miniature power transformer is not
available or a d.c. plate supply is de-
sired, a larger Mintbox can be used. The
entire unit may also be built into a
marker or sweep generator. The addi-
tional heater drain is slight and should
not overload the marker or sweep gen-
erator transformer. The oscillator plate
current can be taken.from the d.c. B
plus line through a dropping resistor
(about 120 volts is required with the
PIP SIZE control at maximum).

Additional applications

There are several worth-while addi-
tional uses of the sideband modulator:

1. Crystal calibrator. A 100-ke, 1,000-
ke or other crystal standard can be
plugged in and the output taken from
connector J2. The 60-cycle modulation
permits easy identification of all har-
monics, which extend well into the tele-
vision intermediate frequencies (as high
as 50 me). A signal or marker genera-
tor may be calibrated or checked
against the crystal standard by con-
necting it to terminal J1 and viewing
successive beats on a high-gain oscil-
loscope connected to J2.
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2. Response-curve calibrator. This
function should not be confused with
the production of sideband markers.
Sideband markers are fixed only in re-
lation to the main movable marker pip,
and all pips move together as the mark-
er generator is tuned across the curve.
In response-curve calibration, the pips
are stationary and represent fixed fre-
quencies across which the marker pip
may be moved. To secure this absolute,
not relative, calibration of a response
curve, the marker generator is not fed
through the modulator unit.

With J2 connected to the marker in-
put terminals of the sweep generator
(or otherwise coupled to the ecircuit
under test), a crystal with harmonie re-
lationship to the i.f. passband—4.5 mec,
for example—is inserted. At the
point on the passband corresponding
to the appropriate harmonic (the fifth
harmonic of 4.5 me, or 22.5 mc) a sta-
tionary pip will appear. This pip may
also be used to calibrate the marker
generator, fed into the eircuit under
test beyond the point where the side-
band unit and the sweep generator are
connected. Crystals with fundamentals
of 1 or 1.5 me will place check points
across the entire curve. Once a spe-
cific point on the curve is marked with
a high-frequency crystal (such as a 4.5-
me unit), the close-spaced pips may be
used to identify the frequency of points
all along the response curve.

3. High-frequency crystal detector
and heterodyne mixer. With the power
disconnected, the crystal diode circuit
of the sideband modulator may be used
to indicate r.f. power at frequencies ex-
tending through the u.h.f. television
bands. A microammeter connected to
either J1 or J2 (observe polarity of
current flow) will indicate r.f. fed into
the opposite connector. If enough r.f.
voltage is present in the sources, two
signals may be fed into one connector
and the difference frequency recovered
from the other. The difference signal
can then be amplified by any appropri-
ate amplifier (i.f. strip, video amplifier,
scope or audio amplifier, depending on
the range of difference frequencies in-
volved). Variations in the output ampli-
tude of sweep generators across a given
sweep band can be checked by feeding
the swept signal into J1 and viewing
the output from J2 on a high-gain os-
cilloscope.

4, TV horizontal linearity bar-pat-
tern generator. For this function, the

Parts for sideband modulator (Fig. 6}

Resistors: 2—I100, 1—I150, [—47,000, 1—556,000 ohms,
, watt; 1—500,000 ohms, potentiometer.

Capacitors: |—25 puf, 1—250 puf, 2—.001 uf,
—.006 f.
Miscellaneous: |—IN34 crystal; |—power trans-

former, primary: 117 volts, secondary: 110 volts @
20 ma, 6.3 volts @ 0.3 amp {Burstein-Applebee No.
19C714 or equivalent); 2—connectors (Amphenol
83-IR or equivalent); |—on—off switch (may be
mounted on potentiometer); i—crystal holder; |—7-
prong minjature socket; |—6J6; |—Minibox chassis,
2x 3, inches; |—knob for potentiometer.

Parts for d.c. power supply (Fig. 7)

1—2,200-chm resistor, !z watt; 1—35-ma selenium
rectifier; 1—20-20 uf 150-volt electrolytic capacitor.
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sideband unit is supplied with a marker
frequency corresponding to any con-
venient video channel, or a submulti-
ple thereof. A low-frequency ecrystal
(100—250 ke) inserted into the modu-
lator will produce a number of vertical
bars on the picture tube. Adjustments
can then be made to give the best equal
spacing of the bars. For best results as
a bar-pattern generator the unit should
have a d.c. plate supply. END

VIDEO CARRIER MARKER 4.5MC AUDIO CARRIER SIDEBAND PIP
~ P

Fig. 3—A front-end response pattern.
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Fig. 4—Sideband unit provides pips.
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Fig. 5—Sound detector response curve.
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Fig. 6—Schematic diagram of the side-
band modulator without a d.c. supply.
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Fig. 7—Diagram of d.c. plate supply.
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A LABORATORY TYPE TUBE TESTER

A checker to meet the demands of

increasingly complex equipment

RANSCONDUCTANCE tube test-

ers are a great improvement on

the emission type but have their

limitations. The instrument de-
scribed in this article (Fig. 1) is su-
perior to them in that it tests tubes
under working conditions: grid bias and
plate and sereen voltage can be set to
any desired value. Plate and sereen
currents are metered and transcon-
ductance is read divectly by applying a
1-volt r.m.s. signal on the grid and
measuring the output in a.c. milli-
amperes,

The instrument is not as complicated
to operate as the large number of con-
trols would suggest and, while it takes
longer to test a tube, it actually saves
service time by accurately establishing
a tube’s condition.

A Heath emission type tester built
in the unit simplifies construction. It
can be used as an emission tester, as
originally designed, to test diodes, recti-
fiers and for short-circuit tests. For
transconductance tests the Heath tester
supplies the sockets, heater voltage, line
meter, and line voltage adjust for the
bias supply and audio oscillator. Any
free-point tester can be used in the same
way.

Oscillator and bias supply

Fig. 2 shows the half-wave rectifier
that supplies up to 40 volts negative
bias, the full-wave rectifier that sup-
plies the oscillator and the meter that
measures injection signal voltage. Po-
tentiometer R1 adjusts the negative
grid bias. The 1-volt grid input signal
is adjusted by R2 and metered by the
6C8-G and 0-2-ma meter. One section of
the 6C8 is used as an isolating cathode
follower to prevent clipping of the
signal voltage; the other seection is a
d.c. amplifier, making a sensitive meter
unnecessary. The 0-2-ma meter was
calibrated to read 0-3 volts a.c. at 2,000
cyeles.

An audio oscillator operating in the
region of 2,000 cycles was chosen in
preference to the 60-cycle line frequency
because it produces less loss in the plate

MICROMHOS
— oUTPUT
33 {SOLATION
e & RECTIFIER
AUDIO
936 = VOLTS
VOLTS
8IAS SCREEN PLATE | CURRENT
SUPPLY POWER
S SUPPLY
—l— CURRENT

Fig. 1—Block diagram shows basic lay-
out of the laboratory type tube tester.
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a.c. meter. For instance, with the setup
shown in Fig. 3, a 1-volt 60-cycle signal
shows only 30% of the output com-
pared to a 2,000-cycle signal.

The oscillator transformer is a 1:1
push-pull input in a Hartley circuit.
Since the center tap overexcites it, some
juggling with plate voltage, grid re-
sistor and capacitor was necessary to
produce a good sine wave. It may be
necessary to depart from specified
values when a transformer of another
make is used. Loading the secondary
with the 10,000-ohm potentiometer de-
creases the effective primary inductance,
increasing the frequency and improving
the waveform.

Plate and screen supply

The 1619 tubes act as rectifiers (Fig.
3) and variable voltage controls at the
same time—the two 500,000-ohm poten-

By JOHN A. DEWAR

tiometers vary the grid voltage. The
power transformer is a replacement
type for 2.5-volt radios (can be taken
from an obsolete radio). It should have
two 2.5-volt windings or the b5-voit
winding can be reduced to 2.5 volts with
a series resistor.

Screen voltage can be varied from
50 to 400. The plate supply ecan be
varied from 50 to 400 volts except with
output tubes drawing a large current,
which drops it to 250 volts at 50 ma.
A higher voltage transformer would in-
crease the plate supply voltage but 250
volts is adequate. Since the sereen cur-
rent requirements are small, any high-
resistance choke or audio transformer
winding can be used for filtering.

The a.c. component of the plate cur-
rent is the measure of a tube’s trans-
conductance. With 1 volt a.c. applied to
the grid, the a.c. plate current can be

R2 2SIGNAL VOLTS ADJ
10K <,

=3

AA

> T0 GRID
14

10! 50'L50
K‘? 4:T v

0-40V
= b

Fig. 2—Schematic diagram of the audio oscillator and the grid bias supply.
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Fig. 3-—Schematic of plate and screen supply of the transconductance meter.
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easily translated into micromhos; that
is, 1 milliampere a.c. is equal te 1,000
mieromhos. Measuring this a.c. poses
several problems: the d.c. plate current
component must be isolated, losses must
be kept to a minimum, and the im-
pedance introduced in the plate circuit
must be kept to a low value compared
to the tube’s load resistance.

Many arrangements were tried and
the circuit shown in Fig. 3 proved best.
For izolation, a line mixing transformer
is used. This has a center-tapped 500-
ohm primary and a 500-ohm secondary

48

Front of the lab-
oratory type tube
tester.

Rear view—chassis
and wmajor com-
ponents.

with 250- and 500-ohm taps. Its current
rating is 100 ma. Secondary current is
rectified by a 1N34 crystal diode and
measured on a 0—1-ma meter. This com-
bination is efficient but some losses
occur so it is necessary to increase the
signal voltage to slightly above 1 to
compensate for them.

The 3-inch meter used has a basic
movement of 1 ma, with 400 ohms in-
ternal resistance. It is from a surplus
altimeter and has a 260° scale which
gives lots of room for calibration. A
total of four calibration ranges were

wWWW americanradiohistorv com

used with the 1-milliampere meter:
1. Basic 0-1 ma—0-1,000 umho
2. 100-ohm shunt, 0-5 ma—0-5,000

umho

3. 44-ohm shunt, 0-10 ma—0-10,000
umho

4. 28.5-ohm shunt, 0-15 ma—0-15,000
umho

A new meter scale, calibrated in

micromhos, was made by cementing

numbers (cut from a tube manual) on
thin black card pasted over the original
scale. For a meter of different internal
resistance other values of shunt re-
sistance must be calculated.

In testing filament type tubes the a.c.
in the filament causes an a.c. voltage to
appear on the grid, giving a reading
on the output meter. To balance this
out a 100-ohm potentiometer (Fig. 4)
is connected from 0 to the 3.3-volt tap
on the filament transformer (in the
Heath kit tester) and the B minus or
ground connection to the moving arm.
This is adjusted for zero reading on the
output meter before the tube is tested.
For cathode types it is set to off posi-
tion.

Construction

Standard 19-inch steel panels were
used, screwed to a wooden rack. I rec-
ommend some more easily worked ma-
terial than steel. The instrument shown
in the photos is larger than necessary.
This was an experimental model and I
allowed space for changes and additions.

The outlay in time and material to
build this tester is considerable but well
worth while in view of its usefulness.
A similar manufactured job costs in
the neighborhood of $1,000.

Ten single-pole 5-position rotary
switches are grouped, five on either
side of the emission tester. These are
numbered and connected as follows (sce
Fig. 5): Switch 1 connects to pin 1 on
all sockets; switch 2 connects to all No.
2 pins, and so on. On the Heath tester
the lead from pin No. 1 on all sockets
is removed from switch A and connected
to position 1 on switch 1. This is marked
RETURN and connects back to lever
switch A. Similarly with switches B
through to k. All tube-element selector
switches are marked:

Position

1. Return—back to emission tester
2. Plate—to output meter and plate
supply
3. Screen—to screen supply
4. Grid—to audio oscillator and bias
supply
5. Off—open circuit
The five meters on the top panel are:
Plate volts, 0-400; plate current,
0-5-50 ma (value of shunt must be
calculated from 1meter’s resistance);
screen volts 0-400; screen current, 0-5
ma; grid bias volts, 0—40. To keep con-
struction costs down surplus meters
with 5-ma movements were used. These
act as light bleeders on the power sup-
plies, a desirable feature. To have all
pertinent measurements simultaneously
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indicated without switching is a great
advantage since plate, screen and bias
variations interact and must be ob-
served for a final adjustment. The
meters are shown in the schematies with
their associated equipment and not
separately, as on the panel.

Calibration

Seale multiplication can be checked
by setting a tube to read exactly 1,000
umho. Switeh to the 5,000-y,mho range
and check that it reads 1,000. Similarly
adjust another tube to 5,000 ymho and
switch to the 10,000-umho range, and
S0 on.

TI

SET LINE CONT
FIL TRANS [N TESTER

Fig. 4—Connecting the hum-bucking
potentiometer to the filament trans-
former.

Accuracy of measurement can be
checked by using a number of known
good tubes of the same type and taking
an average of them. They will vary
because of production tolerances. Plate,
screen, bias and heater voltages must
be accurately set. Check accuracy of
instrument meters with a v.t.v.m. known
to be accurate. The signal-voltage meter
(basic 0-2 ma) was calibrated against
an a.c. v.t.v.m,

High - transconductance type tubes
tend to oscillate at u.h.f. in some testers,

Parts for tube tester

Resistors: 1—270, 3—|,000, (—47,000, 1—470,000
ohms, |—megohm, Y, watt; —2,500 ohms, | watt;
3—precision resistors (meter shunts, see text); |—
100-ohm wirewound potentiometer; 2—10,000, 2—
500,000 ohms, potentiometers,

Capacitors: 1—.0068 pf, t—.001 uf, 1—0.1 pf, 200
volts; |—8 uf, 1—8-20 uf, 150 volts, electrolytics,
1—50 uf, 50 volts, electrolytic, 2—16-15 uf, 450 volts,
electrolytics,

Miscellaneous: 1—7Y4, |—7A4, |—6H6, |-—4C8-G,
3—1619, tubes; 2—0-400 volts, 2—0-5 ma, |—0-1 ma,
1—0-2 ma, [--0-40 volts, meters; 1—IN34; |—pilot
lamp and holder; |—power transformer, 2.5 volts
@ 4 amp, 2.5 volts @ 2 amps, 750 volts ct. @ 75
ma; l—power transformer, 300 volts c.t. @ 20 ma,
6.3 volts @ 1.5 amp; |—choke, 10 h @ 75 ma: I—
choke (see text—any high-resistance choke or audio
transformer winding}; {—osciltator transformer, [:1
ratio, 1 side center-tapped; |—line mixing trans-
former, primary 500 ohms, secondary, §00 ohms
with a  250-ohm tap; 3—s.p.s.t. switches; 10—
single-pole 5-position switches, rotary non-shorting:
|—chassis for oscillator and bias supply; |—chassis
for plate and screen power supply; |—emission type
tester; |—single-pole 4-position rotary switch; |—
mounting panel.

APRIL, 1955

giving an inaccurately high reading.
This tester has not shown such a fault.
In fact in several months’ use it has
proven accurate, very useful and free
from bugs.

Operation

Since the emission tester’s lever
switches A to K represent pin con-
nections 1 to 10, these have been so
numbered on the panel for ready ref-
erence. In center (neutral) position all
connections are to the filament tap.
Similarly, the other 10 element switches
are on RETURN. Using a tube manual,
let us test a 6K7. Plate supply off. Test
for shorts. Then:

Pin 1—shield. Lever switch down,
to ground.

Pin 2—heater—center, as is.

Pin 3—plate—lever down, switch
3 to plate.

Pin 4—secreen—lever down, switch
4 to screen.

Pin 5-—suppressor—lever down to

ground.
Pin 6—no connection—center, as
is.

Pin 7—heater—lever down. Fila-
ment selector to 6.3 volts.

Pin 8—cathode — lever down to
ground.

Cap —grid — lever 10 down.
Switch 10 to grid.

Turn on B plus. Consulting tube
manual set:

Plate current range to 50 ma.

TEST INSTRUMENTS

Sereen volts to 100.

Grid bias to — 3 volts. (It is ad-
visable to keep the bias high at
the start to prevent plate cur-
rent meter overload.)

Set output range to 5,000 gmho.

Depress test switch, set signal volts
to 1, read micromhos,

Plate current should be around 7 ma,
sereen current 0.8 ma.

Transconductance should read around
1,450.

The tubes indicated were used be-
cause they were on hand. Any other
tubes of similar type can be substituted,
such as: 6X5, 6X4 for 7Y4; 6J5, 6C5,
etc. for 7TA4; 2A3, 6L6, 307, ete. for
1619. Of course 6L6’s or 807’s will re-
quire a different power transformer,
with 6.3-volt windings and the B plus
switeh changed from the line to the B
minus return because they are slow to
heat.

Substituting for the 6C8 would re-
quire circuit changes. Values chosen for
the d.c. amplifier were picked for this
tube and meter. A few additional notes:
Always have the plate supply off when
setting switches. Start setup with the
10 element switches on RETURN and
lever switches in ecenter—neutral. Check
to see that all switches are correctly set
before turning on power supply. See
that line voltage meter is on “line test”
to insure correct heater voltage.

Complete flexibility allows tests under
widely varying conditions and the draw-
ing-up of E,-I, curves and other char-

Plate volts to 250. acteristic graphs. END
TO PLATE TERM ON T2 SAME CONNECTIONS AS 0PPOSITE SIDE
RETURN
} 1o
| PLATE 2 2
TO N°T PINS TO N°6 PINS
SCREEN 3 3
GRID__4 4
5 5
oFf® o
5% ® o]
TO N°2 PINS T N7 PINS
=% o—a
o o
Lo oJ
70 N°3 PINS TONBPINS ©
Lo o—
o o
G @ o
TO N°4 PINS O 19 PINS
o o—"
o ' o
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Fig. 5—Tube-element selection switches connected to the emission tester.
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with your

OHMMETER

Used with multimeter, unit
provides reliable check

By SOL D. PRENSKY

HE ohmmeter, so tremendously use-

ful for continuity and resistance

checks, is no great shakes for

capacitor testing. The service tech-
nician generally makes fine use of the
versatile volt-ohm-milliammeter; but
when it comes to testing capacitors, he
finds that the resistance-measuring ecir-
cuit of the ohmmeter gives him only a
very limited ability to spot an open or
a badly shorted capacitor. It fails to
give any effective overall “good-or-bad”
test on many important in-between
defects.

The weakness of the ohmmeter cir-
cuit in testing capacitors stems from
the fact that it basically measures cur-
rent flow in a low-voltage battery cir-
cuit. Thus, the ohmmeter is virtually
useless for indicating critical capac-
itor leakage at rated voltage.

Consequently, when the occasion
arises where a capacitor must be tested,
the technician has two alternatives:
He may use a capacitor tester which
provides leakage and capacitance meas-
urements under rated-voltage condi-
tions, or stoop to the time-wasting
system of substituting good capacitors
all over the lot.

Many manufacturers of 20,000-ohm-
per-volt multimeters include directions
for capacitor testing in their instruec-
tion booklet. Such directions, in general,

50

APACITOR
TESTING

Underchassis view | ) et

of the test unit. 2 f;

point out that it is possible to use the
current ranges (and sometimes voltage
ranges) to measure leakage by placing
the milliampere range of the meter into
the power supply of the set, in series
with the suspected capacitor. This
method, while theoretically giving a
much better test, is not very satis-
factory from a practical standpoint.
Among other things, it involves using
the current range of the meter on the
live set. It would be much better if
we were able to retain the advantage
of test-prod probing with the multi-
meter without the danger of damage
to the meter by incorrect operation
with the set turned on. Such a method
is described in this article.

The primary objective of this unit
is not to measure capacitance, but to
provide on the meter a practical good—
bad indication of the merit of the
capacitor. The neon lamp serves in a
minor role, absorbing large discharge
currents. While doing this, it shows
the heavy discharge currents to be
expected from large electrolytics (4 to
40 pf). Though the neon flash might
be used for a fast check on these
capacitors, the determination of dis-
charge ability is available on the meter
at all times.

The capacitor tester (see photo) is
compact, small enough to be attached

wwWw americanradiohistorv-com
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to the side of a multimeter without
interfering with the portability of the
instrument. It provides:

1. A power supply for 25, 50, 150,
300 and 450 volts d.c. output.

2. A leakage measurement by the
current scale of the meter, on charging
a capacitor—with the meter ecircuit
fully protected during this test.

3. A discharge test with indication,
in the meter circuit, of the charge-
holding ability of a capacitor.

4. Switching circuits for applying
the proper value and polarity of test
voltages, according to the type of
capacitor being tested.

Circuit operation

The d.e. test voltages are obtained
from the self-contained power supply
and are selected by the six-position
switch. The test voltages are produced
in the power supply (Fig. 1) by a
selenium rectifier stack arranged in a
voltage-tripler circuit. The current re-
quirements for these test voltages are
very modest, being no more than around
50 ma for short periods—the maximum
leakage expected from even the largest
good electrolytic that would commonly
be tested (100 uf at 450 volts). Cur-
rent demand for more than 50 ma
occurs only with defective capacitors.
In these cases, any larger current need

RADIO-ELECTRONICS
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flow only for the few seconds it takes
to determine that the capacitor is bad.
There is, therefore, no problem with
temperature-rise effects from con-
tinuous current, and the power supply
can be made inexpensive and compact.
Operating from an isolation trans-
former, the supply uses three miniature
(65-ma) selenium rectifiers and instant-
ly produces the required test voltages.
The maximum current delivered by the
supply is limited by R1 and R2 to a
safe value for the meter, so that rela-
tively large instantaneous charging
currents or even a dead short will not
cause excessive meter overload.

g3t The test chassis in
| operating position,

= =
$

~Pr REIN

we.

’* |
= S

Capacitors are tested in the charge
(Fig. 2) and discharge (Fig. 3) cir-
cuits. The capacitor to be tested is
first isolated by lifting one end free
while the set or other device of which
the capacitor is part is de-energized.
Jumper leads from the capacitor tester
pin jacks are plugged into the meter,
and the regular test leads are used at
two other pin jacks of the tester. Up to
this point no testing action takes place,
since the charge-discharge switch is
still open, allowing the connections and
the meter-range switch positions to be
checked for correct test conditions, as
given in the tables.

+a50v
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When a capacitor is to be tested,
turn on the power to the capacitor
tester. The testing steps follow the
order given in the test table. The fol-
lowing points are in addition to the
directions in it.

1. Set selector switch to test volt-
age desired (25, 50, 150, 300 or 450),
preferably using wherever possible the
test voltage next higher to the rated
d.c. working volts.

2. The meter range for CHGE posi-
tion is set for MA (d.c.) or D.C. volts
as directed by the tables. (On the d.c.-
volt range, the charging current flows
through the input resistance of the
meter and gives a very sensitive but
safe current range—about 50 pa—even
though we read on the voltage scale.)

3. Press CHGE switch. The meter
pointer will swing over and then sta-
bilize. (With electrolytics, allow time
for the capacitor to form, especially
if it has been out of use for some time.)
If leakage current is excessive after
the needle stabilizes—within a few
seconds—the ecapacitor should be re-
jected. Otherwise, proceed with the
next step.

4. Return the CHGE-DISCH switch to
neutral mid-position.

5. The meter range for DISCH posi-
tion is then set. This is usually some
a.c. volts range on the multimeter,
where the nonlinear action of the meter
rectifier is used to produce a more
easily read discharge indication. Up-
scale deflection of the meter on pISCH
is obtained by the -circuit-reversing
action of the switeh in DISCH position.
This also produces forward current
through the meter rectifier in the usual
20,000-ohm-per-volt type of multimeter
circuit. (This can easily be checked
for a particular multimeter by re-
versing the leads to the multimeter
terminals before pressing the piscH
switch and observing which connection
gives the larger reading.)

DISCHARGE
L OF chamce

PAR SUPPLY MELER

PIN JACK
11 7VAC g g
—o
CAPACITOR
—o
e PALELY
MULTIMETER
R2 = +
2.2¢

Fig. 2-—Schematic of the charge circuit.
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x5 |©
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Fig. 1—Schematic diagram of the capacitor test unit. All values are shown.
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Fig. 3—The basic discharge circuit.
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6. Press lever switch to DISCH posi-
tion. Observe movement of the meter
pointer for its maximum swing past
the value indicated in the discharge
column of the tables. If the required
needle swing is obtained, it shows ade-
quate charge-holding ability, and the
capacitor may be considered good.

As an example of operation, let us
take a good 20-uf 150-volt capacitor.
After making the necessary connec-
tions, set the selector switch of the
unit to position 3 (150 volts) and the
meter range to 120 ma. When the lever
is pressed to CHGE (charge), the meter
pointer swings over for the forming
and charging current and then quickly
stabilizes at a low value. With the
meter range reduced to 12 ma, the read-
ing is still low. When the meter range
is further reduced to 1.2 ma, the leak-
age current can be read as, say, 1 ma,
which is much less than the allowable
0.2 ma per pf (4 ma in this instance).
Return the lever to its neutral (center)
position. With the meter range now
set at 300 volts a.c., press the lever to
DISCH. The meter pointer swings past
the half-scale reading required and the
test is completed. (The flashing of the
neon is incidental but it may be used
by noting its duration, especially if
a quantity of 20-uf 150-volt capacitors
are to be checked.)

The test tables may be made more
detailed by adding specific good-bad
values for commonly used sizes of
capacitors, in much the same manner
as in a good-bad tube-testing chart.

Further development versions

For construction purposes, the capac-
itor tester has been presented here in
a form that may be conveniently built
for use with the most commonly avail-
able meters such as the Precision model
85. The usefulness of the tester may
be further developed by greater com-
pactness and use with a v.t.v.m.

One version of the miniaturized unit
is shown in the photo: the components
have been fitted into a box small enough
to become a permanent addition to the
multimeter. The small size is made
possible by using a Switcheraft type

Parts list for capacitor tester

Resistors: 1—27, 2—5600, 2—39,000, 1—220,000
ohms, !/ watt; 2—2,200, 1—10,000 ohms, | watt.

Miscellaneous: 3—20-uf 450-volt electrolytic capaci-
tor (Astron MM 20-450 or equivalent); |l—s.p.s.t.
switch; 1—d.p.d.t. switch (neutral center position);
I—2-pole 6-position rotary switch (Mallory 3226 J
or equivalent); I—dial plate for rotary switch; I—

isolation transformer, 10 watts, 120 volts to 120
volts (Stancor PS-8415 or equivalent); 3—selenium
rectifiers, 65 ma, approximately '-inch cube (Inter-
national Rectifier Corp.}; 4—pin [acks; |—line cord
(removable, TV type); 2—jumper leads with phone-
tip plugs, 6-inches or longer; |—NE5I lamp and
assembly; |—4-watt neon lamp and holder, for
discharge; f—chassis.

TEST TABLE I—ELECTROLYTICS

CHARGE. TEST

Sw Igefermgel _AWt:wabl_eiLeakaE2
D.C.W.V.| Pos. {ma) {(for 20-uf unit)

DISCHARGE TEST
|

Allowable Indication
_ (for 20-uf unit)

‘\ Meter Range

50 5 | Startat 120 4 ma (0.2 ma/uf) 2 ma & ma (past s scale) ‘
| 300 4 Start at 120 2 ma (0.t ma/uf) 300 v.a.c. 200 v (past % scale)

150 3 Start at 12 | ma (0.05 ma/uf) | 300 v.a.c. 150 v (past /> scale)

50 2 | Start at 12 0.5 ma (.025 ma/uf) 60 v.a.c. | 30 v (past !/, scale)

25 | Startat 12 | 0.5 ma (.025 ma/uf) 60 v.a.c. 15 v (past /s scale}

_'For meters y«ifh d.c. resistance of 20,000 and a.c. resisfupcejf 1.009 ohms per volt

1after charging (or forming) surge, reduce range to lowest safe scale for accurate stabilized reading.
*Allowable leakage for practical replacement purposes.
[These values are about twice the RETMA standard for new capacitors given by the formula: Leakage
current = (factor X uf + 0.3) ma. Factor varies from .01 at 25 volts to .04 at 450 volts.] ‘

TEST TABLE II—NONELECTROLYTICS

where v.t.v.m. is indicated)

| ' |  CHARGE TEST | DISCHARGE TEST |
’ ! Allowable Altowable
| Leakage® {ndication
Sw Capacitance | Meter Range (meter Meter Range _(approx.
Pos. (uf) ‘ Voltage {volts d.c.) divisions!) | (volts d.c.) |pointer swing?) ‘
5 | 1 or over ‘ 400 1,200 Below 6 1,200 ' 2 scale |
= o
5 0.5-0.9 288 [ 1,200 Bell?w 4 1,200 I/ scale ’
| 7
5 0.1-04 600 1,200 Below 2 { 1,200 /3 scale
400 I "4
5 | 0.5-0.9 600 300 Below 2 l 300 % scale
400 " |
5 | .01-04 400 300 Below 2 ‘ 300 | Vs scale i
| 0 o4
i 5 .001-.009 600 300 | Below ; | 300 I 1712 scale |
400 ‘ u !
5 .005-.009 600 l 150 Below 2 150 I I3 scale
400 {v.t.v.m.) . o4 {v.t.v.m.)
5 .001-.004 €00 | 150 Below 2 | 150 | Va scale
i 400 I {v.tv.m)) o4 {v.t.v.m.) |

(Based on resistances of 20,000 ohms per volt d.c. and 1,000 ohms per volt a,c., except |

1Each division on 20,000-ohm voltmeter equals 50 pa divided by number of divisions.

2For critical applications such as coupling capacitors, reading should be practically zero and
definitely less than Iua. All indications are for stabilized readings.

3Discharge swing should be approximately equal to charge swing. For comparing swings be sure

to obtain full swing of each, using lever action, repeated if necessary. Exact readings are not
necessary—appreciable difference will be noted with bad capacitor.
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B’ er vus

Miniature tester mounted on meter.

miniature switch and dual-section com-
mon-negative can type of electrolytic.
The temperature rise of the selenium
rectifiers is small enough to be neg-
lected, permitting the close placement
of components. An Alden miniaturized
pilot light and neon lamp would save
still more room.

Extension of the range to smaller
capacitor values by the use of a v.t.v.m.
as indicator is indicated in the last
items of the test table. The test results
for capacitors between .001 and .009
uf are given first for the multimeter
and then repeated for the v.t.v.m. The
v.t.v.nn is a Heathkit V-6 model, having
an input impedance of 11 megohms, as
compared to the 20,000-ohms-per-volt
type multimeter impedance of 6 meg-
ohms on its 300-volt d.c. range. What
is more important, the v.t.v.m. (on its
150-volt d.c. range) gives a current
sensitivity for leakage measurements
many times as sensitive as the approx-
imate 1-ga-per-division sensitivity of
the multimeter on its d.c. voltmeter
range.

The v.t.v.m. will give, not only a
more sensitive leakage indication (de-
sirable for mica and ceramic capaec-
itors), but also a much larger pointer
swing on charge and discharge tests,
when the pointer swing becomes too
small for good readings. The v.t.v.m.
range scale (of the Heathkit meter)
can be successively reduced from 150
volts d.c. down to 50, 15, 5 and 1.5 to
handle smaller capacitor values. These
more sensitive ranges must be used
with proper care, switching them in
only when the higher range gives too
small a deflection. END
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The polariscope produces color patterns
similar to those shown on our front cover.

in VACUUM
TUBES

Tube manufacturers check the
glass  envelppes of  tubes to

aisure strength and long life

By VINCENT C. De MARIA*

HE residual stresses in an evac-
uated electron tube envelope are
of major concern to tube manu-
facturers. Any strain weakens the
glass and makes it more liable to failure
when treated roughly, as when insert-
ing or removing the tube, subjecting
it to blows or friction or even to the
expansion and contraction due to tem-
perature changes in the equipment.

Strains in glassware can be observed
with a polariscope, the instrument used
to produce the photograph shown on
the front cover. It consists essentially
of a light source, two Polaroid films
with optical axes at right angles to each
other and a tinted plate for imparting
color. The photograph on this page
shows a technician checking for strains
in the neck of an experimental cathode-
ray tube. Strains are seen as color
patterns and give an approximation
of the amount of stress. The polari-
scope indicates the nature of the strain
forces, either tensile or compressive,
by hues comparable in beauty to
nature’s rainbow.

In the ever-continuing search for
means of reducing strain, alloys have
been developed' for glass-to-metal seals
in which both g¢lass and metal contract
at the same rate when cooled from the
high temperatures of the manufactur-
ing and sealing processes. Electron-
ically controlled annealing furnaces
further relieve the stresses created

*Sylvania Eleetric Products Inc., Bayside,
N. Y
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recent

during manufacturing. The
application of strain gauges® to obtain
strain data further aids in providing
larger and safer cathode-ray tubes.

Television technicians and others re-
sponsible for the placing or mounting
of electron tubes play an important
role in maintaining stress-free, and
therefore long tube life, conditions.
Many cases of glass envelope failure
in sealed tubes have been due to failure
to follow established precautions:

1. When fastening vacuum tubes by
the glass envelope, as is often done
with picture tubes, a resilient rubber
or felt material should be used between
the metal mounting bracket and the
glass tube envelope.

2. Surface abrasion should be pre-
vented—it weakens the glass structure
appreciably. Surface scratches may be
caused by placing cathode-ray tubes on
a table top or other hard surface with-
out a compressible material between
the tube face and table. Other causes
of surface abrasion are adjusting ion-
trap magnets and inserting tubes in
cramped locations while wearing hard
gem rings, and storing spare tubes in
bulk without their protective cartons.

3. Any leverage effect which results
in tensile forces must be eliminated.
Such forces are produced when pres-
sure is applied at the neck or base of a
securely mounted tube when adjusting
or mounting deflection yokes, focusing
coils or magnets and ion traps.
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Do not conclude from the above that
all strains in glass are harmful. Strain
has its brighter side and is often intro-
duced intentionally under controlled
conditions. Mechanical strength and
resistance to thermal shock are in-
creased when the surface of glass is
placed in compression. This so-called
tempered glass is used in rear-view
automobile windows, glass doors and
some airplane windshields.

The electronics industry takes advan-
tage of controlled stresses in fabricat-
ing the tube presses (stems) which con-
tain the wires that support the elec-
tronic elements. By properly adjusting
the annealing cycle, strains are left in
the glass and can be seen when viewed
in the polariscope at room temperature.
When the tube is operated at high
temperatures, reverse forces are created
and the glass stem becomes stress-
relieved.

The colors seen in the polariscope are
among the most valuable aids in detect-
ing and correcting harmful strain pat-
terns. The manufacturers’ efforts to-
ward eliminating weakening factors,
plus proper handling by those respon-
sible for installation, will go far to
provide safe and economical operation
of electron tubes. END
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SCANNING WITH

UL TRASOUND

A fascinating application

By S. M. MILANOWSKI

LTRASONIC scanning techniques
are among the most important
methods of locating hidden flaws
in materials such as brass, steel,
aluminum, plastics and ceramies—many
of which could not be satisfactorily
tested with X-rays or other means.

Some engineers still maintain that
ultrasonic scanning will eventually be-
come a standard feature of all televi-
sion receivers, since light modulated by
ultrasound produces exceptionally
sharp and bright images. But they also
agree that such scanning will not be-
come completely practical until present
television systems have been greatly
simplified.

Initial efforts to use ultrasound for
industrial test purposes in both the
United States and Europe consisted of
projecting high-frequeney vibrations
from a transducer through a material,
to a receiving device—much the same
as X-rays are used. This was an ef-
fective method of testing relatively thin
sheet or plate materials, because the
intensity of ultrasonic vibrations pene-
trating a material is proportional to
the density (and thus the quality) of
the material.

It was not a practical method of test-
ing most materials because sonic im-
pulses traveling from one medium into
another have a tendency to become
echoes and thus lose their ability to
penetrate. For example, if an ultra-
sonic impulse is sent through a heavy
forging, much of the energy of the im-
pulse will be lost when:

1. The surface of the forging that
is closest to the transducer or generator
produces an echo.

2. Flaws of foreign matter, if any,
within the forging produce echoes.

3. The surface of the forging far-
thest away from the transducer or gen-
erator produces an echo.

Industrial engineers soon began to
investigate the possibility of using
ultrasonic echoes to determine the pres-
ence or absence of flaws in various in-
dustrial materials. This was a difficult
task, despite the fact that ultrasonic
echo devices had been used as depth
finders aboard vessels since about 1912,
and much had to be learned about the
acoustical properties of numerous ma-
terials.

The first industrially practical echo
test devices were developed almost si-
multaneously in England, Germany and
the United States during World War II.
Most of these were similar to, if not
precisely the same as, the Ultrasonic
Reflectoscope produced by Sperry Prod-
uets, Inc., Danbury, Conn.
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of sound energy

Ultrasonic equip-
ment indicated
crack in specimen
and was sustained
when specimen was
cut. X-rays did not
show flaw.

Scanning image.
L.ong white line
represents upper
surface of materi-
al. Dots and lines
beneath it indicate
flaws.

This instrument generates ultrasonic
impulses by using radio-frequency cur-
rent to vibrate a piezoelectric crystal

(usually a quartz crystal, although
barium titanate crystals have been
used). Impulses with frequencies of
1 mc or more are commonly used, since
echoes of maximum intensity cannot be
produced with ultrasounds at lower fre-
quencies. The exact frequency used in
any given circumstance depends on the
ability of a test material to pass a sonic
impulse with maximum efficiency: no
two different materials have the same
acoustical properties.

The metal holder for the Reflecto-
scope’s output crystal is usually held in
close contact with the surface of a ma-
terial to be inspected because high-fre-
quency ultrasound will not penetrate
the thinnest layer of air. However, the
need for close contact between the crys-
tal and a test specimen has been elimi-
nated in many cases by immersing both
units in a fluid such as water.

After the energy from each ultra-
sonie impulse is reflected, the output
crystal of the Reflectoscope serves as a
detector, making it possible to amplify
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each echo and produce visual signals on
the face of a C-R tube. The positions
of the signals or visual images on the
face of the tube vary with the amount
of time required to produce different
echoes.

Therefore, signals on the extreme
right or left side of the tube indicate
nothing more than the existence of two
material surfaces; images near the
center of the tube indicate internal
flaws.

Devices of the Reflectoscope type
have saved millions of dollars for rail-
ways and airlines during recent years
by locating small flaws in rails, axles,
crankshafts and other components
whose failure could cause serious ac-
cidents. Similar defects couldn’t have
been detected with X-rays in most cases
because they were either too small to
vary the density of X-ray pictures or
they existed in materials such as lead
and brass alloys which cannot be pene-
trated by X-rays.

Yet, for many industrial purposes,
ultrasonic instruments had one serious
shortcoming: They couldn’t be used to
distinguish small, unimportant flaws

RADIO-ELECTRONICS
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Material immersed
in tank is scanned,
the image appear-
ing on the C-R
tube screen.

Components of
search unit. Quartz
crystal is mounted
on right-hand end
of long metal tube.
Cone-shaped unit
fits over tube and
beams ultrasound.
Remaining parts
used to align tube
and material.

from the major defects which can cause
some articles to we virtually useless.

This shortcoming has now been elim-
inated by a television type scanning
technique that makes it possible to ob-
serve on a C-R tube a complete cross-
sectional image of a test specimen—a
view that could otherwise be obtained
only if the specimen were cut into two
pieces. This technique was originated
by Electro-Circuits, Inc., Pasadena,
Calif., but similar methods have re-
cently been developed by other firms
producing ultrasonic test instruments.

An ultrasonic search unit is moved
over the surfaces of a material speci-
men so that as many as 1,000 energy
impulses per second can be echoed, am-
plified and indicated on a C-R tube
screen. A phosphor coating on the
screen causes the visual signals to glow
for many seconds after they are pro-
duced.

As a rule, both the output end of the
search unit and the test specimen are
immersed in a water-filled tank so that
ultrasonic impulses and echoes can be
transmitted and received without run-
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ning the risk of damaging a thin quartz
crystal by rubbing it over a rough-sur-
faced test specimen. Where an immer-
sion tank is impractical, as in testing
underground gas pipes for corrosion,
special fixtures transmit the ultrasonie
impulses to the surfaces of test speci-
mens through a stream of running wa-
ter.

As much as 909 of the energy trans-
mitted by the search unit is echoed
when it comes in contact with the near-
est surface of the test specimen. This
produces an intense reference line
which indicates the relative position of
that surface on the C-R tube screen.

Energy entering the test specimen
is echoed either by flaws or the farthest
surface, and the visual images produced
on the screen indicate the precise shape
and locations of flaws below the speci-
men surfaces.

Scanning movements of the ultra-
sonic search unit can be produced by
either manual or mechanical means,
and the position of the search unit can
be varied to beam energy at a specimen
from different angles. “Angular beam-
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ing” is essential to the accurate evalu-
ation of many flaws. For instance, an
internal erack which appears to have
pinpoint dimensions if it is viewed
from one end may turn out to be a seri-
ous flaw when scanned from a different
angle.

The images produced by rapid scan-
ning may be either larger or smaller
than the details of a specimen or area
being tested, since their size can be con-
trolled by a potentiometer mechanically
coupled to the search unit.

Thus, if the potentiometer is proper-
ly adjusted, the cross-sectional details
of a test specimen with a length of
many feet can be compressed and
viewed on a 16-inch screen. Or, the
cross-sectional details of a very small
specimen or limited test area can be
magnified so that the most minute
flaws can be easily observed.

Ultrasonic test methods will prob-
ably never replace X-ray testing tech-
niques, since gamma radiations can be
used to locate flaws in many materials
with nonuniform composition—for ex-
ample, in extremely porous castings
and plastic laminates which would
cause ultrasonic testing devices to pro-
duce a confusing variety of echoes and
visual signals. However, ultrasonic
techniques do appear to represent the
least expensive and most effective
means yet devised for the location of
internal flaws in materials with uni-
form compositions.

It is worth noting that, while intense
sound waves can be destructive, energy
impulses that won’t penetrate the thin-
nest layer of air create nothing remote-
ly comparable to a radiation hazard. In
fact, ultrasounds of the types used for
test purposes have an established
therapeutical value. And, according to
recent report from researchers at the
Massachusetts Institute of Technology
and the University of Minnesota, they
may soon be widely used to supplement
X-rays for the accurate diagnosis of
many internal diseases, including can-
cer types, which could not heretofore
be identified without surgery. END
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By F. J. G. van

den BDOSCIH

HREE years ago I suggested sev-

eral new approaches to electro-

encephalograph (EEG) technique.

One that I used with success in
certain of my experiments is the beat-
frequency technique—the circuit is
shown in Fig. 1. It consists of the well-
known Toennies input circuit, using a
6SC7 selected for low input noise and
grid current. It is followed by a single
6SJ7, followed by a bridge system of
the type used by Mr. Grey Walter. The
output of the bridge is fed into the con-
trol grid of a pentagrid converter (a
6A8 has been found suitable). On grid
4 of this tube is injected the oscillator
voltage.

The oscillator is a 6SN7-GT in a
resistance—capacitance circuit. Its fre-
quency can be varied by changing the
value of C1, C2 and C3. I have found
that the required frequencies (2 to 50
cycles) can be covered by using a vari-
able capacitor for C2.

The oscillator tube is followed by a
6J5 buffer stage. The pentagrid stage
is followed by a 6AK5 amplifier before
being applied to the oscilloscope or a
pen recorder, Wave analysis is very
much simplified and can be made
almost instantaneously if visual obser-
vation is sufficient; otherwise photo-
graphic records will show clearly in-
phase signals as compared with other
frequencies. I recommend this proce-
dure strongly to anyone wanting to
start in EEG. Compared with compli-
cated wave-analysis apparatus, it sim-
plifies matters very much and has
enabled me to study the relative effici-
ency of different types of electrodes.

Let me remind the reader that these
recordings (EEG) are made by apply-
ing to the scalp several small electrodes
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Fig. 1—Schematic of instrument used

soaked in a saline solution. The poten-
tial difference between two electrodes
is then recorded. The value of this
potential can differ greatly, and
practitioners have agreed on certain
positions for the eclectrodes so that
potential differences measured might be
interpreted uniformly. The recordings
have thus acquired a clinical signifi-
cance. It has been possible to diagnose
with certainty several diseases of the
brain as well as identify and localize
brain tumors.

EEG may still be considered in its
infancy. Though it is proving of great
assistance to the medical profession, it
is—from the physicist’s point of view—
a very rudimentary method of ascer-
taining the electrical functioning of the
brain.

Let us look at the input circuit. Fig.
9_a shows the method of applying elec-
trodes to the head. Fig. 2-b is the
equivalent circuit. Capacitors C1 and
C2 are very small. Resistor R2 is the
skin resistance between electrodes
(they are in saline solution) and is
usually between 5,000 and 15,000
ohms. When we consider the fre-
quencies, the network is very ineffici-
ent. The electrodes applied to the head
have a capacitance ranging from 1 to
about 5 wuf. This is of course an aver-
age, for the value varies from indivi-
dual to individual and is governed by a
series of factors outside the reach of
either the physicist or neurologist
(thickness of the skull, temperature of
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in beat-frequency technique experiments.

the tissues, etc.). I have found varia-
tions from 2 to 6.2 in the dielectric
constant.” The virtual surface of the
electrodes is also subject to slight varia-
tions. The same can be said of the
resistance of R1, which is constituted
by the neurons. But even with such an
inefficient network, voltages averaging
50 microvolts are recorded.

The most commonly used system of
recording EEG is by the potential
gradient method, the voltages being
recorded between two electrodes situ-
ated on the head. This is no doubt a
very efficient and easy method for lo-
cating brain tumors. Another method
of recording EEG potentials consists of
taking the potential between one elec-
trode on the head and one attached to
an ear lobe as a reference electrode.
I believe this method, when properly
developed, should yield better results.

For some of these experiments I
have used a double-tetrode elec-
trometer tube manufactured in Eng-
land by Ferranti (type DBM12A) as a
separate preamplifier. Electronically
speaking, it can better be considered as
an impedance conversion device. The
tube lends itself to the same applica-
tions as the American FP54, though
this is a single tetrode. Fig. 3 shows
this tube in the Dubridge-Brown cir-
cuit, which gives excellent results. Be-
ginners should guard against tempera-
ture fluctuations which might influence
readings. The circuit as shown together
with the Ayrton shunt and galvanom-

RADIO-ELECTRONICS


www.americanradiohistory.com

I G GG P, oS
e e -

sSEIRETEsT

[} ‘ s

eter constitutes an excellent control
apparatus. It is also recommended to
physiologists who are interested in a
single recording only.

Great progress has been made in the
last few years in medical science in the
anatomical, pathological, biochemical
and surgical fields. What in my view
has been left too far behind is the
purely physical aspect. When a patient
dies from an unknown cause, the
anatomist may look to the pathologist
to tell what happened. But cell strue-
ture alone (and these are dead cells)
will not solve the riddle completely. I
am sure that on the day when all the
physical parameters are added to the
normal medical diagnosis, medical
science will really progress.

Fig. 2—Actual and equivalent circuits
for applying electrodes to the head.
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To enlarge the point a bit further,
let us consider the human body a
moment purely from the physical as-
pect. It can be considered a vast com-
munications network with the brain as
a kind of central and upper governor.
Let us consider-—for example—a pin-
prick in the hand: Immediately a train
of pulses is sent to the brain, which in-
terprets this message and sends out
another train of pulses, apparently
similar to the first, but with the result
that there is an immediate withdrawal
of the hand. If at the same moment the
foot gets a comfortable feeling of
warmth, the train of pulses will be in-
terpreted differently.

Anatomists and neurologists tell us
that the brain is a very complicated
mechanism and that various centers
deal with specific functions and that
certain nerve fibers conduct only cer-
tain impulses. This does not take away
the physical fact that the brain is able
to detect, using the methods of fre-
quency discrimination, pulse height and
pulse modulation. That is, it is able to
compare certain voltages and to

ELECTRONICS

Author conducts
an experiment in
electroencephalog-
raphy in his lab-
oratory.

ascribe to those voltages specific funec-
tions, and in accordance with this, set
in motion messages traveling along
nerves, resulting in the control of
muscles or glands.

If certain nerve fibers conduct only
certain pulses, it is probably due en-
tirely to the perfect matching networks
these nerves possess to convey the par-
ticular messages. I suggest here that
the modulation carried by nerve pulses
most nearly approaches the coded-
pulse type of modulation; a suitable
oscilloscope display will show this. The
average potential of such messages is
in the order of several millivolts. This
potential is produced by the central
nervous system. When recording EEG
with potentials of, say, 50 microvolts,
a great loss must occur somewhere. In
the interest of progress I hope some-
one will spon produce a new approach
to the recording of EEG potentials,
without having to wuse the corto-
encephalographical method (recording
direct from the exposed brain). Elec-
tronics is bound to find the correct

answer to this problem in time. END
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Fig. 3—The Dubridge-Brown circuit with the Ayrten shunt and galvanometer.
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HE 1955 Winter General Meeting
of the American Institute of Elec-
trical Engineers—held in New
York Jan. 31-Feb. 1—witnessed
further advances of electronics into the
field of electricity. Television was the
subject of one of the sessions; others
discussed semiconductors. Transistor
time-delay circuits and transistor de-
modulators for magnetic amplifiers
were among other subjects covered, as
was a paper on calculating the voltage
gain of a resonant dielectric amplifier.

One paper dealt with an all-mag-
netic audio amplifier system. The ampli-
fier is powered with an a.c. supply at
10,800 cycles, permitting amplification
of signals from 90 to 3,000 cycles. The
supply is obtained from a three-phase,
400-cycle line by three cascaded fre-
quency triplers. Power output is about
2.5 watts. The audio range could have
been extended upward if desired by
using a higher-frequency supply.

Two of the most important develop-
ments presented to the meeting were
revealed by General Sarnoff of RCA in
an introductory speech. These were an
electronic tone synthesizer and an elec-
tronic cooler or refrigerator. The tone
synthesizer was discussed in greater
detail at a later session by Dr. Harry
F. Olson, who developed it. General

Sarnoff also referred to RCA’s recent
work in recording television programs
and developing a light amplifier.

The tone synthesizer works on the

Tone synthesizer—Dr. Olson at keyboard, H. Belar at controls.
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By FRED SHUNAMAN

Managing Editor

prineciple that a tone can be analyzed
into its various characteristics: fre-
quency or pitch, amplitude, attack or
growth, duration, decay, waveform or
timbre, frequency and amplitude modu-
lation (vibrato and tremolo) and ab-
ruptness or gradualness of transition
from one note to another. It is then
possible to construct a device consisting
of oscillators, filters, amplifiers and
trees of relays which can reproduce any
tone exactly, or produce tones like those
of no presently known instrument.

The work of breaking a piece of
music into its various components is
slow and laborious. Once accomplished,
however, the results can be placed on
a perforated paper roll vaguely resem-
bling that of an old-time player piano
and reproduced as often as desired.
One of the main uses of the instrument,
according to Dr. Olsen, is to make pho-
nograph records.

The electronic refrigerator is the
work of Nils E. Lindenblad of the RCA
Laboratories. Its principle is an old
one—discovered by Peltier more than
120 years ago. When current is passed
through the junction of certain dis-
similar metals (such as copper and
bismuth), the junction absorbs heat.
For years attempts have been made to
put the effect to practical use, but with
little success. The RCA scientists point
out that—unlike earlier workers—they
had the advantage of new knowledge
provided by recent studies in solid-state
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physics. With new alloys they have
been able to achieve usable temperature
drops and feel that ‘“our continuing
quest for improved materials so far
has discovered no indication that a
limit has been reached.”

Bell Laboratories presented a com-
puter type device called the “outguess-
er.” It utilizes a person’s (or ma-
chine’s) past performance to predict
future actions. Limited at present to
playing a game much like coin-match-
ing, it may find practical applications
in the development of future phone
systems.

Another possibly more interesting,
though less serious, device exhibited by
Bell, was “Little Audrey,” a machine
that plays a version of the ‘“take a
number” game. The machine is in-
tended to demonstrate what the tele-
phone company can do with relays.
Little Audrey understands three words,
“yes,” “no” and “0O.K.” spoken into a
microphone, and communicates with
the world by flashing words on a screen.
The operator mentally selects a number
from 1 to 8, then answers a number of
questions asked by the machine, which
always guesses the correct number.
According to the scientists who devel-
oped it, Little Audrey can play the
game with more finesse than any human
player because she can hold a number
of computations in her ‘“memory”

(composed of relays) that no human
being could carry in his head.

END

Nils Lindenblad shows Peltier elements in electronic cooler.
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ORE than one technician has

been fascinated by the pat-
terns that can be obtained on his
oscilloscope and has juggled the con-
trols to bring in more interesting
and intricate Lissajous figures.
Some scope patterns have occasion-
ally been printed for their beauty
alone. It has remained for an lowa
experimenter to create a whole
group of Electronic Abstractions,
composed of sine, square and saw-
tooth waves, combined in various
ways and with the help of phase
splitters, amplifiers and distorting
devices.

Mr. Ben Laposky of Cherokee,
Towa, is the electronic artist who
produced the designs on this page
as well as a multitude of others.
Those shown here are among the
simpler ones in his collection, which
includes many remarkably delicate
figures, numbers of striking three-
dimensional effects, and some pat-
terns very reminiscent of natural
figures such as butterflies and ballet
dancers.

More than 30 electronic instru-
ments of various types, especially
constructed or modified for the work,
were used by Mr. Laposky to pro-
duce his collection of nearly 6,000
photographed designs. These oscil-
loins, or electronic art forms, have
been exhibited in more than a dozen
art galleries and museums through-
out the United States. END

This is made by a sine wave to scope,
with modulation by a sawtooth wave.

APRIL, 1955

Sine-wave generator to scope through a
phase-splitting network modulated by
another acress part of the phasing net.

ELECTRONICS

The above pattern was made by
sine-wave generators connected
to the H and V terminals
through a phase-splitting net-
werk and another one connected
directly across the H and V
terminals.

Two sine-wave generaters, an
electronic switch and a phasing
network produced this pattern.

This is a sine wave through a circular Two sawtooth generatorg in
amplifier, modulated by another sine series through phase-split-

wave,
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ting network.
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Intercarrier

BUZ-2-2-2-2-

Vartous causes and cures

HE intensity of 60-cycle sync buzz

from the sound channel of an inter-

carrier receiver usually increases

to a maximnum when the picture
and sound carriers are placed at equal
heights on the response curve (Fig. 1).
Incorrect placement of the carrviers is
usually caused by incorrect adjustment
of the local oscillator, but may also be
caused by incorrect alignment of the
signal circuits at excessive bandwidth
or mistuning of sound traps.

OVERALL RESPONSE CURVE

Fig. 1—Picture and sound carriers are
incorrectly set at equal heights.

Even when the carriers are properly
placed on the response curve, with the
picture carrier at a point 6 db down
from the top of the curve and the sound
carrier 20 db down, nonlinear amplifi-
cation of the TV signal causes cross-
modulation of the picture and sound
signals. This generates unwanted volt-
ages, some of which are recognized as
syne buzz in the sound.

A d.c. scope should be used to deter-
mine whether the residual picture
carrier is being limited or clipped. It
must be connected at the output of the
picture detector if the video amplifier
is a.c. coupled. If the video amplifier
is d.c. coupled, the d.c. scope may be
connected at the output of the video
amplifier.

As shown in Fig. 2, the video signal
rises above the zero-volt line on the
d.c. scope screen, showing the amount
of residual picture carrier present.

Except during test-pattern time,
when the transmitter is being adjusted
or during switching operations at the

* Field Engineer, Simpson Electric Co.
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Jor this common trouble

By ROBERT G. MIDDLETON*

transmitter, the maximum picture
modulation is 85%, leaving a margin
of 15% of unmodulated picture carrier
present at all times to produce proper
heterodyning of the sound and picture
signals in the i.f. amplifier and picture
detector, for developing a buzz-free
4.5-me sound signal.

Nonlinearity in single-ended r.f.
amplifiers almost invariably produces
sync-pulse compression (Fig. 3) with-
out affecting the residual picture
carrier. However, double-ended r.f.
amplifiers in distribution systems and
similar arrangements will occasionally
develop residual carrier compression.
The presence of this distortion can be
checked easily with a d.c. scope.

The appearance of sync buzz in the
sound (Fig. 4) when the video signal
is completely unaffected and only the
sync tips are clipped or compressed
may seem strange. But, when a sync
tip is clipped, the video carrier is being
clipped. During the clipping interval
cross-modulation of the sound signal
and picture carrier takes place, generat-
ing harmonics and sum-and-difference
frequencies. The difference frequencies
are heard as 60-cycle sync buzz in the
sound channel.

Nonlinearity in the r.f. and i.f. am-

O'VOL?,LINE Of DC SWOPE

RESIDUAL PIX NO RESIDUAL PIX
CARRIER (85% MOD ) CARRIER (100% MOD)

Fig. 2—Video pattern on d.c. scope.

Fig. 3—Sync-tip compression pattern.
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plifiers is usually caused by low a.g.c.
voltage, permitting grids to be over-
driven. However, other incorrect oper-
ating voltages, such as low plate and
screen voltages, can cause nonlinear
operation even when the grid bias is
correct. Likewise, a weak tube can
cause this type of sync buzz.

When the signal levels on various
active channels differ widely, buzz may
be heard when receiving a strong signal
but disappear when receiving a weak
one. Likewise, picture distortion may

/COMPRESSED SYNC TIP

FM SOUND $IG
= BLANKING PEDESTAL

TO VIDEG AMPL

Fig.4—Producing sync-buzz modulation.

accompany the sync buzz when a strong
signal is being received but disappear
on a weak signal, because the non-
linearity of a stage is usually reduced
when the grid drive is reduced. In
some cases the buzz level becomes
annoying only when a weak signal is
being received. One of the reasons for
this is that many intercarrier receivers
have a partial limiter ahead of the
ratio detector, and limiting action falls
off as the signal level is reduced. There
is always some buzz modulation in the
4.5-mc sound signal, often sufficient to
be audible unless good limiting action
is provided ahead of the ratio detector.

Another reason for buzz increase on
weak-signal reception is unbalance in
ratio-detector operation — the center
frequency of the ratio detector shifts
with changing signal level. This un-
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balance can be seen easily with the aid
of a sweep generator and marker. As
the output from the sweep generator
is reduced, the S curve should decrease
symmetrically in height and the 4.5-
me marker should remain exactly at
the center point of the S curve. Un-
balance in ratio detectors is a major
problem. Some of the more commnion
causes are: unbalance in the duo-diode
tube, defective stabilizing capacitor
(single-ended circuits), out-of-tolerance
bleeder resistors and ratio capacitors.

In still other cases the signal circuits
regenerate at low bias values, causing
serious deterioration of both i.f. and
ratio-detector response curves during
weak-signal reception. Regeneration is
an involved problem. However, system-
atic tests are available for regenerative
signal tracing and provide localization
of the feedback loop. A feedback loop
is always present when regenerative
distortion exists. Once the loop is
traced out, the search for the fault is
narrowed down considerably.

Probes for troubleshooting

Suitable probes must be used with
a d.c. scope when checking the 4.5-mc
sound signal and when checking am-
plifiers for shift of the operating point.
Two arrangements are shown in Fig. 5.

3
PROBE T} )

250upt 200K

VERT T0 SCOPE

CATH| INJ4A
GND GND

DEMODULATOR PROBE

PROBETIP oo VERT T0 SCOPE

GND GND

RESISTIVE ISOLATING PROBE

Fig. 5—DProbes for checking sync buzz.

The crystal demodulator probe is espe-
cially interesting. The output of the
demodulator probe has an a.c. and a
d.c. component, as shown in Fig. 6.
When a demodulator probe is applied
in the 4.5-mc signal ecireuits, the dis-
play rises above the zero-volt level
by an amount equal to the voltage of
the FM sound signal.

The top of the FM sound signal, as
seen in Fig. 6, is not uniform, but con-
tains AM components generated by
cross-modulation and by slope detec-
tion. Chief of these, from the stand-
point of buzz troubleshooting, are the
60-cycle buzz pulses, usually appearing
as a downward noteh in the 4.5-me
signal, as shown. This noteh is the
stripped vertical syne pulse. Stripping
results from passage through narrow-
band ecircuits—in particular, from pas-
sage through the demodulator probe
output network. When the buzz volt-
age is higher, the notching is deeper,
as shown in Fig. 7. Using the zero-
volt level on the screen of the d.c. scope
as reference, the percentage of modula-
tion of the 4.5-me sound signal by the
60-cycle buzz pulse can be found.

A conventional ratio detector can

APRIL, k955

reject about 409, of downward modula-
tion, but higher percentages ride
through the ratio-detector circuits and
appear in the sound output. Hence,
the modulation must be kept below
409% or a limiter must be used ahead
of the ratio detector.

The resistive isolating probe (Fig.
5) is useful for checking for shift in

e e, o 48 ccega

Fig. 6—The demodulator probe output.

operating point. It is used with a d.c.
scope and can be applied at the plate
of any tube in the signal circuits. The
test is made by observing the level of
the trace on the scope screen with the
antenna connected, and then discon-
nected, from the receiver. Any shift
in the level of the trace indicates a
shift of operating point in the amplifier
tube; hence nonlinear operation which
increases the amount of buzz modula-
tion in the 4.5-mc sound signal.

Lead-in mismatch buzz

Buzz is sometimes the result of an
impedance mismatch between the lead-
in and the front end of the receiver.
This occurs because the impedance mis-
match generates standing waves on the
lead-in. These offer a different imped-
ance to the front end at different fre-
quencies, which distorts the response
of the receiving system. As a result
of this distortion, the sound-carrier
voltage may be boosted, while the pic-
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Fig. 7—Deeply notched sound signal.

ture-carrier voltage is attenuated. The
heterodyning process through the pic-
ture detector then takes place at im-
proper voltage levels and the 4.5-mc
beat contains an abnormal amount of
vertical-syne modulation.

Discontinuities of the lead-in cause
similar trouble. Discontinuities are
caused by taping the lead-in to metal
pipes, draping the line over metal
gutters and running the line under
metal window sashes. Mismatch buzz
varies in intensity from channel to
channel and usually can be heard on
only one or two channels; alignment
buzz, in most cases, is apparent on all
channels.

When the front end is mismatched
to the lead-in, various corrective meas-
ures are possible. The input imped-
ance of the front end is controlled
primarily by the closeness or looseness
of coupling of the r.f. grid coil to the
antenna coil on the tuner strip.
Although such adjustments require
knowledge of how to use the scope to
determine impedance matches and mis-
matches, the operation is no more
difficult than that of tuned-circuit
alignment. It is only the unfamiliarity
of impedance adjustment which makes
it look hard.

Detailed discussion of these matters
will appear in an early issue. END

TELEVISION MASTS OVER RUSSIA

Marguerite Iigging

TV antennas on an apartment house in Zagorsk, 40 miles from Moscow. TV recep-
tion in Russia is concentrated in areas within 100 miles of a few large cities.
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HORN ANTENNA construction

it

¢

M radio had its advantages. Ordi-
nary wire 20 to 30 feet long
would bring in more than

enough stations from any di-
rection. In fringe areas TV reception
is much more complicated. Aside from
boosters, u.h.f. converters, local-fringe
switches, ete., the choice of a proper
antenna installation is often complex.
For example, in Kingston, Ont., one
might like to receive:

Distance
Channel Location Direction (miles)
9 Toronto W 150
4 Buffalo WSW 150
6  Rochester SwW 85
10  Rochester SwW 85
3  Syracuse S 75
8  Syracuse S 75

The average family up here beams
a couple of Yagis or a broad-band
antenna at Syracuse and settles for
channels 3 (100 kw) and 8 (200 kw).
With this arrangement channel 3 comes
in well, channel 8 not as well, despite
its extra power. This indicates that it
is more difficult to pull in the high-
band than the low-band v.h.f. stations
in fringe areas. The problem was still
more complicated due to our home be-
ing in a valley.

What we needed was an antenna
reasonably sensitive on the low band,
very sensitive on the high band and
extremely sensitive for u.h.f. stations.
Because of children in the family, we
wanted one lead-in. Channel 48 (soon
to go on the air) would be tuned by a
uw.h.f. strip in the turret tuner. At the
present stage of the art antenna sensi-
tivity is directly related to directivity
—sensitive antennas must be rotated
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Unit provides

excellent

wh.fo—v.h.f.

Jfringe-area

/ reception

for optimum reception from different
directions. I tried to get around this
by designing a long-wire type of an-
tenna that, in one position, would be
correctly oriented for most or all of
the stations listed above. It wouldn’t
work. I turned to studying the various
types of broad-band v.h.f—u.h.f. an-
tennas.

I couldn’t find any antennas that met
the sensitivity requirements for u.h.f.
as well as v.h.f. However, I did find a
technical article describing a type that
seemed to do what was needed—an
article on horn antennas by Dean O.
Morgan in the October, 1951, issue of
Electronics. This antenna was based
on that article. It must be rotated for
stations in different directions, but it
meets my rather exacting demands in
all other respects. We have not had
any u.h.f. yet, but are confident that
the antenna will pull in channel 48
when it comes.

Antenna design

The “horn” is the shape of a pyr-
amid laid on its side with the top and
bottom sides left open (see photo).
The two other sides are electrically
isolated and feed the transmission line
at the apex. All angles are 60°—the
sides are equilateral triangles and are
flared at 60° from each other. These
sides could be built in a number of
ways, but it seems most practical to use
chicken wire for lightness and low wind
resistance.

The sensitivity of the antenna is a
funetion of its mouth size with respect
to the wavelength to be received—
greater sensitivity for larger size.
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Gain is directly proportional to diree-
tion, and this holds true in practice.
On the high band the antenna must
be beamed very accurately; on the low
band the beaming can be fairly sloppy.
Syracuse and Buffalo are some 60-70°
apart, yet channel 4 in Buffalo will
come in relatively well when the horn
is beamed at Syracuse. As a matter of
fact, there is a suspicion in my mind
that, for channel 3, the antenna just
approaches being a huge dipole, as air-
plane flutter occurs when bplanes fly
to the rear of it. Nevertheless, the
picture-pulling power for channels 3
and 4 seems to compare well with other
types of fringe antennas.

With a rising-gain-rising-frequency
characteristic, one would expect tre-
mendous sensitivity at channel 48. Such
would not be desirable in practice, for
the tremendous gain would be accom-
panied by pinpoint directivity. Even if
the antenna could be pointed accurately,
it could not be held on the beam con-
stantly for ‘such a large structure is
sensitive to even the very lightest
breeze. Fortunately, there is a simple
means of holding down u.h.f. sensitivity
to a practical value.

If the mesh spacing of the chicken
wire exceeds .05 wavelength, there is
loss of sensitivity. At 200 me, .05 wave-
length is approximately 3 inches. At
600 me, it is 1 inch. The use of 2-inch
mesh wire for the antenna with a 36-
inch wide strip of 1l-inch mesh at the
apex should have the effect of an elec-
trical mouth size of 3%%—4 feet at 600
me. This should allow the directivity
at channel 48 to be less critical.
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Fig. 1—The sides of the horn antenna.
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Some months after his article was
published Mr. Morgan wrote in Elec-
tronics in reply to letters written him
by experimenters who had built the
horn. Most of these reported excellent
results electrically. Mechnically, results
were poorer—it was hard to keep the
antenna in the air.

You can’t appreciate the size of an
11%-foot horn antenna until it is
erected. Mine has become almost a land-
mark. When first put up 6 months ago,
it was not only a curiosity, but also
the butt of many nasty predictions of
what would happen come the first blow.
I freely admit that despite the thought
given to this weakness—the large wind
resistance—and the steps taken to offset
it, many nervous hours were spent
when the weather acted up. Apprehen-
sion has now ended; a local newspaper
reported the sad ending of a great
many TV antennas as a result of “one
of the worst sleet-and-wind storms in
years.” Our horn weathered it un-
scathed.

Success in keeping this antenna up
is probably due to sturdy construction
of the antenna, reinforcing the mast
above the topmost guy support, and
heavy guy wires at not too great an
angle from the horizontal (see con-
struction diagrams).

Antenna construction

Construction details on the horn an-
tenna are given in Figs. 1, 2 and 3 and
the method of mounting is shown in
Fig. 4. Each side of the antenna (Fig.
1) is first covered by butti